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ARASTIRMA MAKALESI / RESEARCH ARTICLE

Diisiik Sosyoekonomik Statiiye Sahip Ogrencilerin Basarisim Etkileyen
Faktorlerin Belirlenmesi: Bayesyen Model Ortalama Yaklasimi*

The Bayesian Model Averaging (BMA) Approach for Determining the Factors
Affecting the Achievement of Students with Low Socioeconomic Status

Derya Topdag' @, Ebru Caglayan Akay?

1(Ar§. Gor.), Bandirma Onyedi Eyliil Universitesi, Iktisadi ve Idari Bilimler Fakiiltesi Ekonometri Boliimii, Bandirma, Tiirkiye
2(Prof. Dr.), Marmara Universitesi, Iktisat Fakiiltesi, Ekonometri B6liimii, Istanbul, Tiirkiye

* Bu calisma sorumlu yazarin Marmara Universitesi Sosyal Bilimler Enstitiisii Ekonometri Ana Bilim Dali doktora programi
kapsaminda yazmis oldugu "OECD iilkelerinde dayanikli 6grencilerin akademik basarisim etkileyen faktorlerin nonparametrik
bayesyen regresyon tahmini” baslikli doktora tezinden tiiretilmistir.

(077

Akademik basar1 ve sosyoekonomik arka plan arasindaki iliskinin analizi, egitim arastirmalarinda 6nemli konulardan biridir.
Tiirkiye’de diisiik sosyoekonomik statiiye sahip 6grenci yiizdesinin uluslararasi ortalamanin iistiinde olmasina ragmen, bu 6gren-
cilerin 0zellikle ortalama matematik bagar1 puanlarinin uluslararasi ortalama puanina gore nispeten yiiksek oldugu goriilmektedir.
Bu makalenin amaci, Tiirkiye’de diisiik sosyoekonomik statiiye sahip 6grencilerin matematik basarisini etkileyen degiskenleri
Bayesyen yaklasimin sundugu kii¢iik 6rneklem boyutu ve modelleme esnekliginden yararlanarak belirlemektir. Calismanin ver-
ileri Uluslararas1 Matematik ve Fen Egilimleri Arastirmasi (TIMSS) 2019 sekizinci sinif matematik degerlendirmesinden elde
edilmigtir. Calismada, ¢cok sayida bagimsiz degisken igeren biiyiik dl¢ekli egitim verileriyle ¢aligsirken hangi degiskenlerin modele
dahil edilmesi gerektigini belirlemek icin Bayesyen model ortalama (BMA) yaklagimi kullanilmistir. Bayesyen model ortalama
sonuglarina gore, evdeki kitap sayisi, 6grencinin akademik beklentisi, okula ait hissetme, matematige kars1 tutum, devamsizlik
ve zorbaliga maruz kalma, matematik performansinin en 6nemli agiklayicilar: olarak tespit edilmistir. Diislik sosyoekonomik
statiiye sahip d0grencilerin matematik basarisizliginin okula ve matematik dersine karsi olumsuz tutumlar, zorbaliga maruz kalma
ve artan 6dev siklif1 ile yakindan iligkili oldugu belirlenmistir. Ayrica diisiik sosyoekonomik statiiye sahip 6grencilerin matem-
atik basarisinda annenin egitim seviyesi ve cinsiyetin etkisi olmadigi tespit edilmistir. Sonuclar diisiik sosyoekonomik statiiye
sahip 68rencilerin okul i¢inde ve okul disindaki esitsizlik unsurlarindan etkilendigini gostermektedir. Sonug olarak, egitim poli-
tikalarinin sosyoekonomik esitsizlikleri dikkate alarak diisiik sosyoekonomik statiiye sahip dgrenciler icin firsat esitligi sunmast
beklenmektedir.

ABSTRACT

Analyzing the relationship between academic achievement and socioeconomic background is an important subject in educational
research. Even though the percentage of students with low socioeconomic status in Tiirkiye is higher than the international average,
these students’ average mathematics achievement scores can be shown to relatively higher than international average scores. This
study aims to identify the variables that influence the mathematics achievement of students with low socioeconomic status in
Tiirkiye using the small sample size and modeling flexibility provided by the Bayesian approach. Data were employed for this
purpose from the 2019 International Survey of Mathematics and Science Trends (TIMSS) 8th-grade mathematics assessment.
The study uses the Bayesian model averaging (BMA) approach to determine which variables should be included in the model
when working with large-scale educational data and a large number of independent variables. According to the Bayesian model
averaging results, the number of books at home, students’ academic expectations, sense of belonging to school, attitudes toward
mathematics, absenteeism, and exposure to bullying are the strongest predictors of mathematics achievement. The findings from
this study show the mathematics failure of students with low socioeconomic status to be closely associated with negative attitudes
toward school and mathematics courses, exposure to bullying, and greater frequency of homework. Furthermore, the study has
determined mother’s educational level to have no influence on the mathematics achievement of students with low socioeconomic

Corresponding Author: Derya Topdag E-mail: dtopdag@bandirma.edu.tr
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status, while gender does have an effect in terms of father’s education level. The results show students with low socioeconomic
status to be impacted by the components of inequalities inside and outside of school. Consequently, education policies are expected
to provide equitable opportunities for students with low socioeconomic status by taking socioeconomic inequalities into account.

Anahtar Kelimeler: Bayesyen Model Ortalama (BMA), TIMSS, Matematik Basarisi, Diigiik Sosyoekonomik Statii (low-SES)

Keywords: Bayesian model averaging, BMA, TIMSS, mathematics achievement, low socioeconomic status

EXTENDED SUMMARY

Ensuring the academic achievement of all students has now become necessary to satisfy the increasing demands of the global
economy and improve people’s welfare. According to long-standing research, family is the most reliable predictor of a student’s
academic and future achievement. Researchers commonly focus on socioeconomic inequalities regarding academic achievement.
Socioeconomic inequalities generally explain differences in students’ reading and mathematics achievement across Organisation
for Economic Co-operation and Development (OECD) countries. Many empirical studies have demonstrated that students with
low socioeconomic status perform worse academically. Based on the findings, students with high socioeconomic status tend to
outperform students with low socioeconomic status. In this framework, education systems are supposed to provide an equitable
opportunity to students with low socioeconomic status by developing policies that deal with socioeconomic inequalities. The
percentage of students in Tiirkiye with low socioeconomic status has been observed to exceed the international average. For these
reasons, identifying the factors that influence the mathematical achievement of students with low socioeconomic status in Tiirkiye
is critical for the education system and policymakers. This study aims to identify the variables that influence the mathematics
achievement of students from low socioeconomic status in Tiirkiye using the modeling and small sample size flexibility provided
by the Bayesian approach. For this purpose, data have been employed from the 2019 International Survey of Mathematics and
Science Trends (TIMSS) eighth-grade mathematics assessment.

The Bayesian model averaging (BMA) approach is used to determine what variables should be included in a model when
employing large-scale educational data. This approach takes into account model uncertainty in addition to parameter uncertainty.
BMA considers the uncertainties in the model format and assumptions and incorporates them into inferences about the unknown
parameter being studied. The BMA approach solves the problem of how to choose a model by incorporating multiple competing
models into the estimating procedure. This study considers the BMA approach as a solution to the model uncertainty problem.

According to the analysis results, the strongest predictors of mathematics achievement are the number of books at home, students’
academic expectations, sense of belonging at school, attitudes toward mathematics, absenteeism, and exposure to bullying. The
variable that most increases student performance is observed as the number of books, which as an indicator of home education
resources. As expected, the frequency with which the test language is spoken at home is also found to have a positive and significant
effect on mathematics achievement. The findings indicate the variables of academic expectation and positive teacher expectation to
also be important in explaining mathematics achievement. In accordance with previous studies, these variables have been identified
as the most influential factors increasing the performance of students with low socioeconomic status. Furthermore, having a positive
attitude toward mathematics has been reported to positively influence student achievement, whereas having a negative attitude
negatively influences student achievement. The findings show that having a negative attitude toward mathematics is the most
harmful factor affecting mathematics achievement. On the other hand, the study suggests a student’s sense of belonging to school
to decrease mathematics performance because of negative school-related thoughts. Increases in the frequency of homework and
exposure to bullying (e.g., name calling) are shown to have a negative effect on students’ mathematics performance. Another
important finding involves the mother’s level of education not being a significant factor in students’ mathematics performance,
while having a father with a higher level of education is shown to increase those student’s mathematics performance. The fact that
only the father’s education level has an impact on student performance demonstrates the presence of a gender effect. Overall, the
results indicate that students with low socioeconomic status are impacted by the components of inequalities inside and outside of
school.

GIRIS

Kiiresel ekonominin artan taleplerini karsilamak ve bireylerin yasam kalitesini yiikseltmek icin tiim 6Zrencilerin akademik
basarisini saglamak kiiresel bir zorunluluk haline gelmektedir. Egitim sadece bireyin refahin1 degil gelecek nesillerin kosullarini
da iyilestirebilir. Daha iyi egitimli ailelerin daha basaril1 ve isgiicii piyasasinda daha iyi sonuglar alan ¢ocuklara sahip olma
olasiliklarinin yiiksek oldugu goriilmektedir. Diger taraftan zorlu sosyoekonomik kosullarla karg1 karsiya kalan 6grenciler temel
okuma ve matematik becerilere sahip olmak i¢in miicadele etmektedir (OECD, 2011: 14). Birlesmis Milletler Kalkinma Programina
(UNDP) gore diisiik sosyoekonomik statiiye sahip ogrenciler hem okul icinde hem de okul disinda esitsizlik unsurlarindan
etkilenmektedir. Egitim sistemindeki bu esitsizliklerin ele alinmast, bir iilkenin ve kiiresellegsen toplumlarin genel performanslarini
yiikseltmede hayati bir oneme sahiptir. Birlesmis Milletler Siirdiiriilebilir Kalkinma Hedeflerinden “Hedef 4 (SDG4)” egitim
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ile ilgili bir hedeftir. Bu hedef “kapsayict ve esitlik¢i kaliteli egitim saglamay: ve herkes icin yasam boyu 6grenme firsatlarini
tesvik etmeyi" amaglamaktadir. Burada bahsedilen kapsayici egitim, 6grencilerin sosyoekonomik statiisiine bakilmaksizin, kisisel
durumlar1 ne olursa olsun tiim ¢ocuklarin egitime erigiminin saglanmasi olarak tanimlanmakta ve egitimde esitligin saglanmasinin
temel sart1 olarak goriilmektedir (OECD, 2019: 54). “Sosyoekonomik statii (SES)” bir ailenin veya bireyin servet, prestij ve
giice erisimlerine veya bunlar iizerindeki kontrollerine dayali olarak, hiyerarsik bir sosyal yap: iizerinde goreli konumu olarak
tanmimlanabilir. SES, 6grencilerin egitim firsatlarini, basarilarini, belirli iggiicli piyasalarina erigsimlerini ve Omiir boyu kazanglarini
etkilemektedir (Willms ve Tramonte, 2015:16). Ayrica SES sadece geliri degil ayn1 zamanda egitim kazanimini, finansal giivenligi
ve sosyal statiiyli de kapsamaktadir. Sosyoekonomik statii, egitim ve sosyal bilim alaninda kisilerin yagsam kalitesi, fiziksel ve
psikolojik saglik dahil olmak iizere ¢esitli sonuglarin giivenilir bir gostergesi olarak kullanilmaktadir (APA: 2017). Sosyal bilimciler
ve egitim teorisyenleri tarafindan diisiikk SES (“dezavantajli” etiketi de kullanilmaktadir), diisiik gelirli ailelerden gelen ¢ocuklari
ifade etmektedir (Wang ve ark. 1998: 5).

Uluslararasi Matematik ve Fen Egilimleri Aragtirmast (TIMSS) ve Uluslararas1 Ogrenci Degerlendirme Programi (PISA) gibi
uluslararasi egitim degerlendirmeleri zaman icerisinde ve farkli egitim sistemleri arasinda 6grenci basarisindaki farkliliklari ortaya
koyabilmek i¢in uygulanmaktadir. TIMSS, sosyoekonomik statiiyii 6grencilerin ev esyalar1 (evde bilgisayar, internet baglantisi,
caligma masas1 ve 6grencinin kendi odasi), evdeki kitap sayist ve ebeveyn egitim diizeyi gibi ii¢ bilesen igerecek sekilde tanim-
lamuistir (TIMSS, 2020). Ogrencilerin temel 6zellikleri de basar1 performanslarim etkilemektedir. Egitim sistemleri iilkelere ve
okullara gore farklilik gosterse de 0grenci basarisindaki onemli degisiklik SES ile agiklanmaktadir. Bu nedenle SES egitim
aragtirmalarinda onemli bir faktor olarak goriilmektedir (Broer ve ark., 2019: 1-9).

Cesitli ampirik aragtirmalar, diigiik sosyoekonomik statiiye sahip 6grencilerin daha yliksek sosyoekonomik statiiye sahip 6gren-
cilere gore nispeten daha diisiik performans sergiledigini gostermektedir (TIMSS, 2020; OECD, 2019; UNDP, 2019). Tiirkiye
acisindan bu durumu ele alirsak, diisiik sosyoekonomik statiiye sahip 6grenci yiizdesinin uluslararasi ortalamanin {iistiinde ol-
masina ragmen, bu 6grencilerin 6zellikle ortalama matematik basari puanlarinin uluslararasi ortalama puanina gore nispeten
yiiksek oldugu goriilmektedir (TIMSS, 2020).

Bu calismanin amaci, Tiirkiye’de diisiik sosyoekonomik statiiye sahip 0grencilerin matematik basarisim etkileyen faktorlerin
neler oldugunu Bayesyen yaklasim ile belirlemektir. Calismada TIMSS 2019 matematik degerlendirilmesine katilan diisiik SES’e
sahip sekizinci sinif 6grenci grubu ele alinmaktadir. Tiirk egitim yapisi geregi sekizinci sinif, dort yil ilkdgretim ve dort yil
ortaokul egitimi olmak {iizere lise egitimine gegmeden Onceki son asamadir. Bu nedenle bu sekiz yillik birikimli egitim siirecinin
bir degerlendirmesinin sunulmasinin énemli oldugu diisiiniilmektedir. Ayrica ortaokulda fen dersi fizik, kimya ve biyoloji gibi
birka¢ bagimsiz konuyu icerdigi i¢in bu ¢calismada sadece matematik bagarisi ele alinmustir. Diisiik SES’e sahip bu 6grenci grubu
TIMSS veri setinin bir alt 6rneklemidir. Bu nedenle ele alinan bu 6zel 6grenci grubuna ait gdzlem sayist kiigiiktiir. Bunun yaninda
incelenecek bagimsiz degisken sayisi da fazladir. Bu degiskenlerin belirlenmesi, diisiik SES’e sahip 6grencilerin matematik
derslerinde hangi kosullarda basarili olduklarin1 anlamaya ve sonug olarak egitim politikalarina yon vermeye yardimci olacagi
diisiiniilmektedir.

Bildigimiz kadariyla bu calisma, Bayesyen Model Ortalama yaklasimi kullanilarak TIMMS verilerini analiz eden ilk ¢calismadir.
Bayesyen yaklagiminin kullanilma nedeni, bu yontemin dagilimlara dayanan ¢ikarimlar sayesinde daha zengin ¢ikarimlar sunmast,
biiyiik 6rneklem teorisine dayanmadigindan kii¢iik 6rneklemler icin daha dogru tahminler saglamasi ve karmagik veri yapilartyla
birlikte karmagik modellerin daha esnek bir sekilde tahmin edilmesine olanak sunmasidir. (Konig ve van de Schoot, 2018: 497).
Calismamizda diisiik SES’e sahip 6grencilerin matematik basarisini etkileyen faktorler belirlenirken bu motivasyonlarin yan sira
model belirsizligi sorununa da kullanigl bir ¢6ziim sunan Bayesyen Model Ortalama (Bayesian Model Averaging, BMA) yaklagimi
kullanilacaktir.

Calismanin giris boliimiinii takip eden ikinci boliimde literatiir ele alinmustir. Uciincii boliimde Bayesyen model ortalama
yaklagimi, ilk olasiliklar ve son olasilik dagilim algoritmasint iceren metodolojik aciklamalar yer almaktadir. Dordiincti ve
besinci boliimde sirast ile veri setine ait bilgiler ve analiz sonuglar1 ayrintili olarak sunulmustur. Caligsma sonuclara iligkin genel
degerlendirmeyi igeren sonug¢ boliimii ile tamamlanmaktadir.

Literatiir

Sosyoekonomik statii ile 6grenci bagarisi arasindaki iligski belgeleyen teorik ve ampirik bir¢ok calisma mevcuttur. Coleman ve
ark. (1966) sundugu rapor temel olarak okullarin 6grencinin gegmisinden bagimsiz olarak dgrencinin akademik basarisi lizerinde
cok az etkisi oldugunu ve Ogrencilere ev ve arkadas cevresi tarafindan dayatilan esitsizliklerin okul sonunda yasamlarinda
karsilastiklar1 esitsizliklere doniistiigiinii ortaya koymusgtur. Ayrica egitim siirecinin birikimli oldugu ve ge¢miste uygulanan
girdilerin, 6grencilerin mevcut basar: diizeylerini etkiledigini tespit edilmistir (Coleman ve ark., 1966: 325). Bu iligkiyi inceleyen
diger 6nemli bir calismada Sirin (2005), 1990 ve 2000 y1llar1 arast literatiirii gdzden gecirdigi SES ve akademik bagar1 aragtirmasina
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iligkin meta-analizinde, SES o6lciimiindeki farkliliklara ragmen 68renci basarisi ile SES arasinda orta dereceli bir iliski oldugunu
tespit etmistir.

Insani Geligsme Raporu (2019), neredeyse tiim iilkelerde 6grenme sonuglarinin en giiclii belirleyicileri olarak ebeveyn egitimi,
sosyoekonomik durum ve ev kaynaklar (kitaplara erigim vb.) gibi faktorlerin oldugunu ortaya koymustur. Ayrica diisiik sosy-
ockonomik gegmise sahip 6grencilerin daha az egitim alma firsatina sahip oldugu ve bu sosyoekonomik esitsizliklerin son yirmi
yilda yiiksek ve sabit kaldig1 tespit edilmistir (UNDP, 2019: 48). Buna ek olarak 6grenme firsati ve SES arasindaki iligkiyi
inceleyen calismalar yiiksek SES’e sahip 6grencilerin genellikle 6nemli matematik konularini 6grenmek i¢in daha ¢ok firsat elde
ettigini gostermektedir. Schmidt ve ark. (2015), 6grencilerin 6grenme firsat1 ile SES arasindaki iligkiyi inceleyen caligmalarinda
ozellikle matematik basarisina iligkin diisiik SES’e sahip 6grencilere daha zayif icerikler sunulduguna dair kanitlar sunmuglardir.
Bu nedenle bagarili egitim sistemlerinin, sosyoekonomik esitsizlikleri dikkate alan sistemler gelistirerek diisiik SES’e sahip 6gren-
cilere 6grenme icin firsat esitligi sunmasi beklenmektedir (OECD, 2011). Diger taraftan, PISA (2009) raporu diisiik SES’e sahip
bir 6grenci olmanin diisiik performans olasiliinm artirdigin1 gostermektedir (OECD, 2010). Daha giincel PISA 2018 sonuglarina
gore, degerlendirmeye katilan 79 iilkenin 20’sinde 6grencilerin sosyoekonomik statiisii, okul performansindaki degisimin yaklagik
olarak %15’ini agiklamaktadir. Ayrica sonuglar 6grencilerin sosyoekonomik statiisliniin matematik performansi iizerinde etkili
oldugunu ve SES’in matematik performansinin yaklasik %13,8’ini, agikladigin1 gostermektedir (OECD, 2019: 56).

Coleman raporunun yayinlanmasindan sonra gecen siire icerisinde SES faktoriinlin 6grenci basarisi lizerindeki etki boyutu-
nun degistigi, ancak bir d6grencinin sosyoekonomik statiisii ile akademik basaris1 arasindaki iligkinin kalici1 ve dnemli oldugu
goriilmektedir. Sosyoekonomik statii ile 68renci basaris1 arasindaki iligskiyi belgeleyen bircok ¢alisma mevcutken, diisiik SES’e
sahip 0grencilerin basar1 performanslarini etkileyen faktorleri analiz eden ¢alismalarin sinirlt oldugu goriilmektedir.

Findik ve Kavak (2013), Tiirkiye’de diisiik sosyoekonomik gecmise sahip 6grencilerin okuma basarisini, genel tarama modeli
kullanilarak incelemislerdir. Genel olarak yiiksek basarili 6grencilerin iiciincii yeterlilik diizeyine diisiik basarili 6grencilerin
ise ikinci yeterlilik diizeyine ulastigini tespit etmislerdir. Ayrica ¢aligmada yiiksek basarili kiz 6grenci oraninin erkek 6grenci
oranindan fazla oldugu bulgusuna ulagilmistir. Kalender (2015), diisiik sosyoekonomik statiiye sahip diisiik basarili ve yiiksek
basaril1 6grenciler arasindaki performans farkliliklarini etkileyen okul ve 6gretmen faktorlerini inceledigi caligmasinda, lojistik
regresyon analizi sonuglarina gore yiiksek basarili 68rencilerin okul ve 6gretmene karst olumlu tutumlara sahip oldugunu tespit
etmistir. Diger taraftan Onder ve Uyar (2018), matematik basaris1 acisindan diisiik basarili ve yiiksek basarili 6grencilerinin
ogrenci Ozelliklerini yapisal esitlik modeli yarimiyla inceledikleri calismalarinda diisiik basarili 6grenci performansini okula
yonelik tutumun, yiiksek basarili 6grencilerin performansini ise matematige yonelik duyussal 6zelliklerin pozitif yonde etkiledigini
bulmuslardir. Ulkeler aras1 karsilastirmali bir degerlendirme sunan Erberber ve ark. (2015), 28 egitim sistemi icin sosyoekonomik
dezavantajli yiiksek basarili 6grencilerin oranin1 ve bu 6grencilerin matematik performansini etkileyen faktorleri lojistik regresyon
yardimi ile incelenmistir. Analiz sonucunda sosyoekonomik dezavantajli yiliksek basarili 6grencilerin akademik beklentileri,
matematige deger vermeleri ve daha az zorbalia maruz kalmalar1 6nemli faktorler olarak belirlenmistir. Bes Asya iilkesini ele
alindig1 ¢calismada Hernandez ve Bialowolski (2016), diisiik SES’e sahip 6grencilerinin matematik basarilarini etkileyen faktorleri
lojistik regresyon modeli yardimiyla incelemislerdir. Sonuglar, 6grencilerin matematige kars1 olumlu tutumu, 6gretmenin 6grenciye
giiveni ve test dilinin evde konugma siklig1 degiskenlerinin daha yiiksek akademik basar1 olasilig1 ile iligkili oldugunu gostermistir.
Son olarak Agasisti ve ark. (2021), 56 iilke i¢in diisiik sosyoekonomik statiiye sahip basarili 6grencilerin dagilimini ve 2006-2015
yillart arasinda meydana gelen degisiklikleri incelemistir. Ayrica ¢aligsma 18 iilke icin sosyoekonomik dezavantajli 6grencilerin
basarili olma olasilig ile iligkili okul faktorleri iki diizeyli lojistik regresyon modeli ile analiz etmistir. Calisma sonucunda okul
politikalarinin ve uygulamalarinin, dezavantajli 6grencilerin bagarili olma olasiligini etkileyebilecegi ve basarili olma olasiliklarini
artirabilecegi vurgulanmustir.

Literatiirdeki ¢caligmalardan farkli olarak, bu caligmada, diisiik SES’e sahip 6grencilerin matematik bagsarisin etkileyen faktorlerin
belirlenmesi i¢in hem kii¢iik 6rneklem boyutunu hem de model belirsizligini dikkate alan, modelleme esnekligi saglayan Bayesyen
yaklagimi kullanilarak, dezavantajli 6grencilerin basarilarini etkileyen faktorlerdeki benzerlik ve farkliliklar: ortaya konulacaktir.
Diger taraftan ¢aligmada giincel TIMSS 2019 verileri kullanmistir. Bu baglamda calismanin hem giincel durum degerlendirmesi
sunmast hem de farkli bir metodoloji kullanarak mevcut literatiire katki saglamasi beklenmektedir.

Bayesyen Model Ortalama Yaklasim

Leamer (1978) tarafindan onerilen Bayesyen model ortalama (BMA) yaklasimi, geleneksel yaklasimdan kaynaklanan model
belirsizligini hesaba katmak icin tutarli bir yaklagim sunmaktadir. Bu yaklagim, incelenmekte olan tiim modellerin ortalamasinin
alinmasini igermekte, yalnizca tek bir model verildiginde parametreler hakkindaki belirsizligi degil ayn1 zamanda birlestirilmis
tiim modellerdeki belirsizligin de dikkate alinmasini saglamaktadir (Rafety, 1995; Hoeting ve ark., 2002). Model ortalamasi, tek
bir en iyi model sunan geleneksel yaklagimin aksine tahmin siirecine birkag rakip modelin dahil edilmesi ile model se¢im sorununu
ortadan kaldirmakta ve model ortalamasi sonuglar1 secilen tek bir modele gore daha saglam sonuglar vermektedir (Hoeting ve
ark., 1999: 399).
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BMA yaklagimi, olas1 modeller i¢inden veriler i¢in uygun bir dizi alt model belirler ve daha sonra bu alt modellerin katsayilarini
her modelin son model olasilig1 (Posterior Model Probability, PMP) ile agirliklandirilarak ortalamasini alir. Bu siireg, veriden
gelen bilginin yaninda 6n bilginin de modele dahil edilmesine izin veren ve yeni veriler gézlemledikge son olasiliklar giincelleyen
Bayes teoremini kullanilarak yapilmaktadir.

D verisi verildiginde, My,. .. ,Mk ele alinan rakip modeller olmak iizere, M) modelinin secilmesine karsilik gelen p(My | D) son
model olasilig1,

p(My. | D) o< p(D | My)p(My) (D

olarak ifade edilebilir. Ilk terim, k model verildiginde verinin marjinal olasiligidir ve p(D|My)= f p(D| 6x,My ) p(Or|M;)dOx
olarak tanimlanir. Burada 6y,M} modelinin parametreler vektoriinii, p(D| 6x,M}. ) benzerligi, p(6x| My, ) ise 6 parametrelerinin
My modeli altindaki ilk olasiligimi ifade etmektedir (Raftery ve ark., 1997:180). Esitlik (1)’deki ikinci terim p(My) ise My
modelinin dogru olmasina yonelik inancimizi ifade eden ilk model olasiligin1 gostermektedir (Madigan ve Raftery 1994; Kaplan
ve Lee, 2018: 5).

BMA yaklagiminin uygulanabilmesi icin modeller ve model parametreleri hakkinda 6n bilgilerin (ilk olasiliklarin) tanimlanmasi
gerekmektedir. Eger 2”7 = K tane olas1 model arasinda baz1 modellerin tercih edilmesine yonelik 6n bilgimiz yoksa, tiim modellere
esit sans veren ilk model olasilig1 varsayimi yapilir. Bu durumda olast her modele esit 1/K ilk olasilig1 atanir. BMA modeli
parametreleri 8 icin ise Raftery (1998) tarafindan Onerilen zayif bilgilendirici ilk olasiliklar (unit information prior) kullanilir.
Bu ilk olasiliklar, kabul edilebilir oldugu diisiiniilen parametre degerlerini icerecek genislikte (yeterince kiigiik varyansa sahip,
zayif bilgi veren) ancak diiz (¢ok biiyiik varyansa sahip, bilgisiz) ilk olasilik kadar da asirt yayilmayan ilk olasiliklar olarak
tanimlanabilir. Model parametreleri icin ilk olasilik, bir gézlem i¢in beklenen bilgi matrisine egit varyans ve parametre ortalamasi
maksimum olabilirlik tahminine dayali olarak 6 ~N(u,1) seklinde tanimlanmaktadir (Raftery, 1998: 4; Kaplan ve Lee, 2018: 11).

BMA yaklagiminda, en olas1 modelleri i¢ceren son model olasilik dagilimina yakinsamak icin Markov Zinciri Monte Carlo Model
Bilesimi (MC3) ornekleyicisi kullanilmaktadir. Olast modeller, entegre olasilik iizerinde bir Metropolis-Hastings algoritmasi
kullanilarak ele alinir ve zincirin sonunda her model icin kesin son olasiliklar hesaplanir boylece en uygun modelleri iceren son
model olasilik dagilimina yakinsama saglanir (Raftery ve ark., 2015: 25). Bu algoritmanin adimlar1 su sekildedir:

1. Ilk olarak herhangi bir i baslangi¢ modeli secilir, yani ilk adimda 6rnekleyici p (M;|D) son model olasiligina sahip olan M;
modelindedir.

2. Bir sonraki adimda gegis dagilimindan, M;’nin yerini almas1 i¢in (i + 1) modeli M; Onerilir.

3. Ornekleyicinin yeni model M ;’yi kabul etme olasihig1 i ve j modeller i¢in PMP degerleri kullamlarak su sekilde hesaplanir
(Raftery ve ark., 1997: 182):

p(Mle)) )

pij=min|l, ————
! ( p(M;|D)

M ; modelinin en uygun model olarak kabul edilmesi durumunda mevcut model haline gelir ve bir sonraki adimda diger aday
modellere kars1 tercih edilmesi gerekmektedir.

4. M; modeli reddedilirse, tekrar sayis1 bir artirilarak 2. adima doniiliir.

Bu sekilde artan yineleme sayisiyla, her bir modelin tercih edilme sayisi, son model olasilik dagilimina yakinsamaktadir
(Zeugner ve Feldkircher, 2015:10). Boylece gercek son dagilima yakinsama saglandiginda en uygun modeller icin istenilen
kestirimler yapilabilmektedir.

Veri Seti

TIMSS, Uluslararas1 Egitim Bagsarisim Degerlendirme Dernegi (IEA) tarafindan desteklenmekte ve Ulusal Egitim Istatistikleri
Merkezi (NCES) tarafindan yiiriitiilmektedir. Matematik ve fen alanindaki uluslararasi en biiyiik egitim degerlendirmelerinden
biri olan TIMSS e ait veriler 1995’ten bu yana her dort y1lda bir dordiincii ve sekizinci sinif 6grencilerden toplanmaktadir. Yedinci
degerlendirmeyi sunan TIMSS 2019 sonuglari incelendiginde, daha varlikli okullardaki' sekizinci simf 6grencilerinin matematik
(518 puan) alaminda ortalama olarak en yiiksek puanlara sahipken, daha dezavantajli okullardaki® sekizinci simf Ggrencilerin

' Ogrenci kitlesinin %25’ inden fazlas1 ekonomik acidan varlikli evlerden gelen 6grencilere sahip okullar olarak tanimlanmugtir (TIMSS, 2020).
2 Ogrenci kitlesinin %25’inden fazlasimin ekonomik agidan dezavantajli evlerden gelen 6grencilere sahip okullar olarak tanimlanmustir (TIMSS, 2020).
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en diislik puanlara (466 puan) sahip oldugu goriilmektedir. Tiirkiye i¢in, TIMSS 2019 sekizinci sinif matematik dgrencileri ele
alindiginda, daha dezavantajli okullardaki 6grenci yiizdesinin (%45) uluslararasi ortalamanin (%32) iistiinde oldugu goriilmektedir.
Ancak bu 6grencilere puan agisindan bakildiginda Tiirkiye’deki ortalama matematik basar1 puaninin (474) uluslararasi ortalama
matematik bagar1 puanin (466) iistiinde oldugu goriilmektedir. Benzer sekilde evdeki kaynak gostergesi olarak Tiirkiye i¢in ¢ok az
kaynaga sahip 68renci yiizdesinin (%32) uluslararasi ortalamanin (%13) cok iistiinde oldugu goriilmektedir. Tiirkiye’de az kaynaga
sahip 68rencilerin 439 olan ortalama matematik basar1 puaninin, uluslararasi ortalama matematik basari puaninin (433) tstiinde
oldugu goriilmektedir (TIMSS, 2020).

TIMSS 2019 Tiirkiye arastirmasina toplam 4.077 6grenci katilmistir. Bu caligmada kullanilan veriler, 2019 yili TIMSS ulus-
lararast veri tabanindan alinan &grencilerin sosyo-demografik 6zellikleri ve basari testi puanlarina iligkin maddeleri igeren
(BSGM?7) 6grenci dosyasindan derlenmistir.> Calismamizda, diisiik sosyoekonomik statiiye sahip 6grencilerin uluslararasi bir
tamimlamast icin Erberber ve ark. (2015) takip edilerek TIMSS 2019 veri tabaninda bulunan Evde Egitim Kaynag1 (HER) in-
deksinin “az kaynak” (3) kategorisi se¢ilmistir. Az kaynaga sahip 6grenciler 25 veya daha az kitaba sahip olduklarini, ¢caligma
odas1 veya internet baglantisi destegine sahip olmadiklarini ve hi¢bir ebeveynin ortalama olarak lise egitiminin 6tesine gecmedigini
ifade etmislerdir (TIMSS, 2020). HER kisit1 ve eksik veriler i¢in satir silme islemi uygulandiktan sonra elde edilen alt 6rneklem
biiyiikliigii n=654 olarak belirlenmistir.

TIMSS, her konu icindeki alt konular i¢in puanlar hesaplamaktadir. Matematik icin alt konular cebir, geometri, istatistik gibi
konular1 igermektedir. TIMSS matematik basaris1 icin BSMMATO01’den BSMMATO05’e bes makul deger hesaplar ve bunlar
ortalama 500 ve standart sapma 100 olan yaklasik puanlardir (Martin ve ark., 2020). Bagiml1 degisken matematik basaris1 (MAT)
i¢in bu bes makul puanin ortalamasi alimustir. Ogrenci gegmis dosyasindan literatiire dayali olarak dnemli goriilen ve diisiik
sosyoekonomik statiiye sahip 6grencilerin matematik basarisini etkileyecegi diigiiniilen 30 bagimsiz degisken secilmistir. Bu
bagimsiz degiskenlere ait tanimlamalar Tablo 1’de verilmistir.

Tablo 1. Degisken Tanimlari

Degisken Tanim Deger

ITSEX Ogrenci cinsiyeti 1(K1z)-0(Erkek)

BSBGO03 Test dilinin evde konusma sikhig1 1 (Asla)-4 (Daima)

BSBG04 Evdeki kitap miktar 1 (0-10)- 4 (200'den fazla)

BSBGO5A Kendine ait bilgisayar veya tablet var mi? 1(Evet)-0(Hayir)

BSBGO05B Kendine ait masa var mi? 1(Evet)-0(Hayir)

BSBGO5C Kendine ait oda var mi? 1(Evet)-0(Hay1r)

BSBGO5D Internet erisimi var mi? 1(Evet)-0(Hay1r)

BSBGO5E Kendine ait telefon var mi? 1(Evet)-0(Hayir)

BSBGO6A Annenin en yiksek egitim seviyesi 1(ilk ogretim/yok)-7(Yiiksek Lisans/Doktora)

BSBGO06B Babanin en yiiksek egitim seviyesi 1(ilk 6gretim/yok)-7(Yiiksek Lisans/Doktora)

BSBSG07 Ogrencinin akademik beklentisi 1(Orta 6gretim)-6(Yiiksek Lisans/Doktora)

BSBSG10 Devamsizlik durumu 1(Asla)-4(Haftada bir kez)

BSBG13A Okula gitmek isterim 1(Pek katilmryorum)-4(Cok katilryorum)

BSBG13B Okuldayken kendini glivende hissediyorum 1(Pek katilmryorum)-4(Cok katilryorum)

BSBG13C Okula ait hissediyorum 1(Pek katilmiyorum)-4(Cok katilryorum)

BSBG13E Bu okula gitmekten gurur duyarim 1(Pek katilmiyorum)-4(Cok katilryorum)
Fiziksel gortiniisim hakkinda kotu seyler sdylenir (sag,

BSBG14A kilo vb.) 1(Asla)-4(Haftada bir kez)

BSBM15 Matematik dersine kendi basima caligirim 1(Asla)-4(Genellikle)

BSBM16A Matematik 6grenmekten zevk aliyorum 1(Pek katilmryorum)-4(Cok katilryorum)

BSBM17D Ogretmenim matematigi iyi aciklar 1(Pek katilmryorum)-4(Cok katilryorum)

BSBM19A Genelde matematikte basariliyim 1(Pek katilmiyorum)-4(Cok katiliyorum)

BSBM19B Matematik benim igin daha zordur 1(Pek katilmiyorum)-4(Cok katilryorum)

BSBM19G Qgretmenim matematikte iyi oldugumu soyler 1(Pek katilmiyorum)-4(Cok katilryorum)
Universiteye girebilmek icin matematikte basarili olmam

BSBM20C gerekiyor 1(Pek katilmiyorum)-4(Cok katilryorum)

BSBM20H Ebeveynlerim matematigin 6nemli oldugunu distnir 1(Pek katilmiyorum)-4(Cok katilryorum)
Matematik dgrenmek, ileride bana daha fazla is firsati

BSBM20G verecek 1(Pek katilmiyorum)-4(Cok katiliyorum)

BSBM26AA Ogretmeniniz size ne siklikla 6dev veriyor 1(Asla)-5(Her guin)

BSBM26BA Odevleriniz icin yaklasik kag dakika harcarsimz 1(0 dakika)-6(90 dakikadan fazla)

BSBM27BA Son 12 ay icinde ek derslere veya 6zel derse katildiniz mi 1(Katilmadim)-4(8 aydan fazla)

BSDAGE Ogrenci yast Minimum (9)-Maksimum (19)

3 IEA (2019). TIMSS 2019 Student Questionnaire. https://timss2019.org/international-database/
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Analiz Sonuclar

Caligmada ele alinan 30 bagimsiz degisken olmasi nedeni ile K = 23° olas1 model ortaya ¢ikmaktadir. Bu durumda BMA tam
model su sekilde yazilabilir:

MAT =6y +6,(ITSEX) + ... + 030(BSDAGE). A3)

Bayesyen model ortalamasi uygulamasinda bagimsiz degisken sayisinin fazla olmasi nedeni ile ortalamasi alinacak model
smifinin belirlenmesi gibi zorluklar bulunmaktadir. Madigan ve Raftery (1994) toplam model sayisinin azaltmak i¢in Occam’in
pencere kriterini onermislerdir. Bu yaklagimda, dnceden secilen bir C pencere genisligi degerine dayali olarak, bir model, diger
modelden ¢ok daha az ongoriiyorsa elenmektedir. A kiimesi, My model icin model ortalamasinda dikkate alinacak modelleri
gostermek lizere su sekilde tanimlanmaktadir (Madigan ve Raftery, 1994: 1537):

@

A:{Mkiwsc}

p(My|D)

Burada en biiyiik PMP’ye sahip model max{p(M;|D)}, verilen belirli bir model p(M,|D) ile karsilastirtlir. Hesaplanan oran
secilen C degerinden biiylik ise model ortalamasina dahil edilen A model kiimesinden ¢ikarilir (Kaplan ve Lee, 2018: 8).
Boylece baglangigtaki biiyiik bagimsiz degigken kiimesi dogru tahminler saglayan az sayida degisken kiimesine indirgenmis olur.
Calismamizda, Occam’1n pencere kriterine dayali olarak model say1sim1 daralttiktan sonra en iyi bes model (Model 1-5) segilmistir.*
Matematik basarisini agiklama oram yiiksek olan degiskenlerin modelde bulunma olasiligi, BMA son dagilim ortalamasi ve BMA
tarafindan secilen en iyi beg regresyon modeline ait sonuclar Tablo 2’de verilmistir.

Notlar: n= 654 gozlem. PIP (Posterior Inclusion Probability): herhangi bir k degiskeninin modelde olma olasiligini p (6 # 0|D)
% olarak ifade etmektedir. PIP %50°den azsa k degiskenin modelde olmasina dair kanit olmadiginit eger bu olasilik %50-%75
arasindaysa zayif bir kanit oldugunu, %75-%95 arasinda ise pozitif bir kanit %95 iizerinde ise gii¢lii bir kanit oldugunu ifade
etmektedir. Giiglii kanit ilgili degiskenin bagimli degigken {izerinde anlamli ve 6nemli bir etkiye sahip oldugunu ve secilecek
modelde bulunacagini ifade etmektedir (Viallefont ve ark., 2001:3218). BMA Ortalama: Bayes model ortalama son dagilim
ortalamasini, BMA SD: Bayes model ortalama son dagilim standart sapmasini ifade etmektedir. Bulunan en iyi bes model icin,
R?, BIC: Bayes bilgi kriteri, PMP: Son model olasiligina ait sonuclar sunulmustur. Koyu punto ile yazilan degiskenler en iyi bes
modelin tiimiinde bulunan degiskenleri ifade etmektedir.

Calismada, ele alinan 30 degiskenin yalnizca on tanesi (BSBG03, BSBG04, BSBG07, BSBG10 BSBG13A, BSBM14A,
BSBM15, BSBM19A, BSBM19B ve BSBM19G) en iyi bes modelin tamaminda yer almaktadir. BMA sonuglarina gore bu
degiskenlerin matematik basarisi iizerinde anlamli ve 6nemli etkiye sahip oldugu goriilmektedir. Tablo 2’deki bulgulara gére, en
iyi model olarak en yiiksek PMP degerine sahip Model 1 secilmistir.

Eniyi model olarak secilen Model 1’e ait sonuglar incelendiginde, kitap sayis1 (BSBGO04), bilgisayar (BSBGO05A), calisma masasi
(BSBGO05B), kendine ait oda (BSBGO5C) ve internet erisimi (BSBGO05D) gibi evde egitim kaynagi gosterge degiskenleri icerisinde
diisiik sosyoekonomik statiiye sahip 6grencilerin matematik basarisini etkileyen tek faktoriin kitap sayisi oldugu goriilmektedir.
Ayn1 zamanda kitap sayisinin bu 6grencilerin basar1 performansi iizerinde giiclii ve en fazla etkileyen (PIP=100 ve son dagilim
ortalamasi 24,3) degisken oldugu tespit edilmistir. Bu 6nemli etki Milli Egitim Bakanliginin, tiim 6grenciler igin esit firsatlar
saglamak amaciyla, dezavantajli evlerden gelen bir¢ok 6grenciye licretsiz okul kitaplar1 ve Sartlt Egitim Yardimi dahil olmak iizere
destek saglamasi sonucu ortaya ¢ikmig olabilir (Kelly ve ark., 2020: 9).

Test dilinin evde konusma sikligi (BSBGO03) degiskeni ile evde Tiirk¢e konusma siklig1 ve matematik basarisi arasinda pozitif
iligski oldugu belirlenmistir. 2019 yili TIMSS raporuna gore Tiirkiye’de matematik dersine katilan sekizinci sinif 6grencilerin
yaklasik olarak iicte ikisi (%77) evde test dilini “her zaman” konustuklarini bildirmistir (Martin ve ark., 2020). Beklenildigi gibi,
akict konugmalar ve sinifta konusulanlar1 anlamak matematik performansi iizerinde olumlu ve 6nemli bir etkiye sahiptir.

Model sonuclari incelendiginde, 6grencilerin yiiksek akademik beklentisi (BSBGO07) ve pozitif 6gretmen beklentisi (BSBM19G)
matematik bagari lizerinde 6nemli etkiye sahip faktorlerden biri olarak goriilmektedir. Ayrica 6grencinin matematige karsi olumlu
tutumu (BSBM19A) matematik basaris: lizerinde pozitif etkiye sahipken, (BSBM19B) matematige karst olumsuz tutumunun
basar1 puani iizerinde negatif etkiye sahip oldugu tespit edilmistir. Hernandez ve Cortes (2012), Asya iilkeleri iizerine yaptigi
caligmasinda dezavantajli 6grenciler icin benzer sekilde, 6grencilerin matematige karsi olumlu tutumu, pozitif 6gretmen beklentisi

4 C pencere genisligi p degerleri icin uygun olan 0.05 kesme noktasina benzer sekilde c=20 olarak ayarlanmistir (Madigan ve Raftery, 1994: 1536).
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Tablo 2. Bayesyen Model Ortalama Sonuclar:

BMA BMA
Katsayilar PIP_ Ortalama SD Model 1 Model 2 Model 3 Model 4 Model 5
Sabit 100 327,5534 31,22 341,9 312,6 3443 335,8 304,4
ITSEX 5 -0,4526 2,33 - - - - -
BSBGO03 100 13,539 3,11 14 13,5 14 14,2 13,7
BSBG04 100 24,837 4,31 243 26,3 23,9 23,9 26,1
BSBGO5A 29,2 3,6655 6,47 - - - - -
BSBG05B 0,2 0,0127 0,38 - - - - -
BSBG05C 0,5 -0,0286 0,58 - - - - -
BSBG05D 1.2 0,0943 1,07 - - - - -
BSBGO5E 0 0 0 - - - - -
BSBGO6A 0 0 0 - - - - -
BSBG06B 55,1 4,6774 6 - 11,5 - - 10,8
BSBGO7 100 12,1569 2,29 12,4 12,4 11,8 11,7 12,1
BSBG10 100 -12,3092 2,48 -12,6 -12,6 -11,3 -11,8 -13
BSBG13A 100 -16,711 4,31 -16,8 -16,9 -17 -16,5 -16,4
BSBG13B 3,2 -0,1953 1,27 - - - - -
BSBG13C 40,3 -2,5669 3,28 -6,1 - - -5,6 -55
BSBG13E 0,6 0,0197 0,38 - - - - -
BSBM14A 75,8 -6,5546 5,02 -8,7 -8,5 -8,8 -9,1 -89
BSBM15 100 17,7851 3,53 17,3 17,5 18,2 17,6 16,8
BSBM16A 0 0 0 - - - - -
BSBM17D 15 -0,0949 0,95 - - - - -
BSBM19A 100 16,831 4,01 17,8 16,8 16,3 16,8 17,2
BSBM19B 100 -16,8427 2,76 -16,7 -16,6 -16,6 -17,1 -17,1
BSBM19G 68,5 6,6188 5,36 10,1 9,6 9,8 10,4 10,2
BSBM20C 0,1 0,0036 0,17 - - - - -
BSBM20H 2 -0,1137 0,98 - - - - -
BSBM20G 21,8 1,8036 3,84 - - - - -
BSBM26AA 64,7 -4,6581 4,07 -7 - -7,1 -7,2 -
BSBM26BA 20,1 1,044 2,36 - - - - -
BSBM27BA 28,6 1,7557 3,14 - - 7 6,4 -
BSDAGE 0,3 -0,0117 0,38 - - - - -
Degisken sayisi 12 11 12 13 12
R? 0,489 0,483 0,489 0,494 0,488
BIC -302,4 -302,3 -302,2 -301,8 -301,7
PMP 0,096 0,093 0,086 0,080 0,071

ve evde konusulan test dili gibi degiskenlerin daha yiiksek akademik basar ile iligkili oldugunu gostermistir. Bulgular {ilkemizde
de diisiik SES’e sahip 6grencilerin basarisinin benzer faktorler tarafindan etkilendigini gostermektedir.

Ogrencilerin okulda bulunmay1 sevme (BSBG13A) ve (BSBG13C) okula ait hissetme degiskenlerinin matematik basarisim
diisiirdiigii goriilmektedir. Akademik basarty1 azaltan bu bulgular baz1 6grencilerin okullar1 bir baski ortami olarak algilamalari
ile ilgili olabilir (Topcu ve ark., 2016). Diger taraftan bulgularimiz, devamsizlik siiresinin (BSBG10) beklendigi gibi kagirilan
derslerle ilgili olarak matematik bagarisini azalttigini ortaya koymustur. Tiirk okullarinda 6grenci devamsizlig ve sinifta kalma gibi
faktorlerin bazi OECD iilkelerine gore daha yaygin oldugunu ve 6grenme iizerinde olumsuz bir etkiye sahip oldugu bilinmektedir
(OECD, 2016). Bu sonuglar, olumlu ve destekleyici bir okul ortaminin diisiik sosyoekonomik statiiye sahip 6grencilerin matematik
bagaris1 lizerinde 6nemli bir faktor oldugunu gostermektedir.

Ogrencilerin fiziksel goriiniisii (sac, kilo vb.) hakkinda kétii seyler soylenmesi (BSBM14A), lakap takma, sdylenti yayma gibi
akran zorbalig1 olarak kabul edilen bu degiskenin matematik bagarisi iizerinde negatif bir etkiye (-8,7) sahip oldugu goriilmektedir.
Ogrenciler bu tiir zorbaliklara maruz kaldiklarinda hem fiziksel hem de duygusal olarak etkilenebilirler ve bu durum akademik
basarilarinin diigmesinde 6nemli rol oynayabilir. Akyiiz (2014), Tiirkiye, Singapur, ABD ve Finlandiya i¢in matematik basarisini
inceleyen calismasinda benzer sekilde zorbaligin Tiirkiye’de matematik bagarisini olumsuz etkiledigini tespit etmistir.

Verilen 6dev sikligi (BSBM26AA) arttiginda matematik basarisinin diistiigii goriilmektedir. Verilen 6dev sikliginin matematik
basaris1 iizerindeki bu olumsuz etkisi diigiik sosyoekonomik statiiye sahip ogrencilerin yeterli zaman ve calismak igin sessiz
bir alana (kendine ait oda vb. kaynak) erisimi olmamasindan kaynaklaniyor olabilir (OECD, 2016). Ayrica matematik dersine
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kendi bagima calisirirm (BSBM15) degiskeninin 6grencilerin matematik basarisini artirdigi ve basariin 6nemli bir belirleyicisi
oldugu goriilmektedir. Bu durum diisiik sosyoekonomik statiiye sahip 6grencilerin 6zel ders alma imkani olmamasi ve 6dev yapip
yapmadiklarinin kontrol edilmemesi ile iligkili oldugu diisiiniilmektedir. OECD Egitimde Olgme ve Degerlendirme incelemeleri
sonuglarina gore Tiirkiye’de 6grencilere diger OECD iilkelerine gore sinif egitim saatleri diginda sinirli caligma yardimi saglandigs
tespit edilmistir. Tiirk 6grencilerin yaris1 (%49) 6devler icin ayrilmig odalar1 olmayan okullara giderken, ¢ogunlugu (%63)
ev Odevlerine yardimci personel saglamayan okullarda e8itim gormektedir (Kitchen ve ark., 2019: 72). Bu sonuglar diistik
sosyoekonomik statiiye sahip 6grencilere sinif egitim saatleri diginda ¢caligsma yardiminin saglanmasinin 6nemli bir konu oldugunu
gostermektedir.

Ebeveynlerin egitim seviyesi ile akademik bagar1 arasindaki iligkiyi inceleyen ¢aligmalar 6grenci basarisinda babanin egitiminin
annenin egitiminden daha etkili oldugunu tespit etmislerdir (Ermisch ve Pronzato, 2010; Topal, 2021). Bizim bulgularimiz
ise Ogrencilerin matematik basarisinda annenin egitim seviyesinin (BSBG06A) ¢nemli bir faktor olmadigin1 (PIP=0) ancak
babanin egitim seviyesinin (BSBG06B) 6nemli bir faktor oldugunu (PIP=55) ve matematik basarisimi artirdigin1 gostermektedir.
Ogrencilerin basarist iizerinde yalnizca babanin egitim durumun etkili olmasi cinsiyet etkisinin varligim gostermektedir. Ayrica
matematik basarisinda cinsiyet farkinin 6nemli oldugunu gosteren ¢alismalar mevcuttur (Bielinski ve Davison, 2001; Rodriguez,
2004). Ancak bulgularimiz cinsiyet farkliliginin diisiik SES’e sahip 6grencilerin matematik basarisinda 6nemli bir etkiye (PIP=5)
sahip olmadigin1 gostermektedir. Bu sonug¢lar mevcut calismalardan farkli olarak diisiik sosyoekonomik statiiye sahip 6grencilerin
matematik bagarisinda annenin egitim seviyesi ve cinsiyetin etkisi olmadigin1 gostermektedir.

Sonuglara gore, test dilinin evde konusma sikl1g1, evdeki kitap sayisi, 6grencinin yliksek egitim beklentisi, devamsizlik durumu,
okulda bulunmay1 sevme, zorbaliga maruz kalma, kendi bagina ¢alisima ve matematige kars: tutum diisiik SES’e sahip 6grencilerin
bagaris1 lizerinde onemli ve anlamli etkiye sahiptir. BM A yaklasimi1 aym1 zamanda literatiirdeki otuz degiskenden sadece on tanesinin
diisiik SES’e sahip 6grencilerin basarisini etkileyen 6nemli faktorler olduguna ve digerlerinin 6nemli olmadigina dair sonuglar
sunmustur. Sonuglar ayrica degiskenlerin modele dahil olma olasiligini (PIP) sunarak bu faktorlerin bagimli degisken iizerindeki
onem dereceleri ile ilgili kanit saglamustir.

Sonug

Calismada Tiirkiye’deki diisiik sosyoekonomik statiiye sahip dgrencilerinin matematik basarisini etkileyen degiskenlerin segi-
minde belirsizligi dikkate almanin bir yolu olarak Bayesyen model ortalama yaklasimi kullanilmistir. Bayesyen yaklagimin kiigiik
orneklemde iyi sonuglar sunmasi ve karmagik veri yapilarinin daha esnek modellenmesini saglamasi ve bdylece model belirsi-
zligine ¢6ziim sunmasi bu ¢calismanin temel motivasyonunu olusturmustur. Tek bir en iyi model belirleyen ve parametre tahminlerini
bu modele gore kosullandirilan klasik yaklagimin aksine, Bayesyen yaklasim incelenmekte olan tiim modellerin ortalamasinin
alinmasini saglayarak model belirsizligi problemine bir ¢6ziim sunmustur. Boylelikle model belirsizliginin dikkate alinmasi ile bir
dizi rakip modeli birlestirirken tahmin dogrulugu agisindan "daha giiclii" bir model elde edilmistir. Model belirsizligini dikkate
alan ve modelleme esnekligi saglayan Bayesyen model ortalama yaklagimi kullanilarak, sosyoekonomik dezavantajli 6grencilerin
basarilarini etkileyen faktorler, faktorlerin etki dereceleri belirlenmis ve ¢ikarimlar yapilmigstir. Bu baglamda calisma hem giincel
durum degerlendirmesi sunmast hem de farkli bir metodoloji kullanmas1 agisindan mevcut literatiire katki saglamustir.

Diisiik sosyoekonomik statiiye sahip 6grencilerin matematik basarisini etkileyen en 6nemli faktorlerin, test dilinin evde konugsma
siklig1, evdeki kitap sayisi, 0grencinin yiiksek egitim beklentisi, devamsizlik durumu, okulda bulunmay1 sevme, zorbaliga maruz
kalma, kendi basina calisima ve matematige kargs1 tutum oldugu tespit edilmistir. Ayrica pozitif 6gretmen beklentisi, babanin egitim
seviyesi ve verilen ev 6dev siklig1 faktorlerinin de matematik basarisin etkiledigini gosteren kanitlar bulunmugtur.

Arastirma sonuglarina gore, Tiirkiye’de diisiik sosyoekonomik statiiye sahip 6grencilerin matematik bagarisizliginin okula ve
matematik dersine karst olumsuz tutumlar, zorbaliga maruz kalma ve artan ddev siklig1 ile yakindan iligkili oldugu belirlenmigtir.
Sonug olarak diisiik sosyoekonomik statiiye sahip 6grenciler okul i¢inde ve okul digindaki esitsizlik unsurlarindan etkilendigi
goriilmektedir. Zorbaligin akademik basar lizerindeki olumsuz etkisi ile ilgili olarak egitim yoneticilerinin bu konuyu dikkate
almasi, 6grencilerin ve velilerin bilinglendirmesinin faydali olacag diisiiniilmektedir. Diisiik sosyoekonomik statiiye sahip 6gren-
cilerin akademik bagaris1 icin egitim saatleri disinda calisma yardimlarinin artirilmasi onemli bir konu olarak goriilmektedir.
Kapsayici, esitlik¢i ve herkes i¢in yasam boyu 6grenmeyi tesvik eden siirdiiriilebilir kalkinma egitim hedefleri (SDG4) kap-
saminda yardim ve burslarin sosyoekonomik dezavantaja sahip 6grencileri hedef almasi beklenmektedir. Bu baglamda calismadan
elde edilen sonuglarin benzer sosyoekonomik yapi, benzer egitim sistemi ve benzer diisiik sosyoekonomik statiiye sahip 6grenci
oranlarina sahip iilkeler i¢in kapsayici olacag: diisiiniilmektedir.
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ABSTRACT

This study aims to measure the impact of sectoral investment on economic growth in Algeria through an econometric model
including a panel of eight key sectors over a 25-year period from 1996 to 2020. The study uses static panel data models based
on several economic variables, where the dependent variable is Gross Domestic Product (GDP) and the independent variables
are Gross Fixed Capital Formation (GFCF) and Compensation of Employees (COE). The results indicate that the fixed effects
model is the appropriate model; i.e., the investment in the different sectors does not have the same impact on economic growth
in Algeria. After examining the validity of the fixed effects model, it was found that it suffers from cross-sectional dependence,
autocorrelation, and heteroscedasticity of errors. This complication was eliminated by using fixed effects regression models with
robust Driscoll and Kraay standard errors.

Keywords: Sectoral investment, economic growth, fixed effects model, random effects model, pooled data, Algeria

Introduction

All countries seek to achieve economic growth and stimulate it by supporting the factors that influence it. Investment is one such
factor that positively influences growth and contributes significantly to the wheel of development and economic progress.

Perhaps the most striking feature of developing countries’ economies is the lack of economic diversification and the dependence
on a single sector, which leads to volatility, instability, and fluctuations on the one hand and dependence on the other. Algeria is an
example, as its economy depends on the hydrocarbon sector, while neglecting the role other investment sectors can play. Sectors
such as agriculture, tourism, construction, industry, and services all have potential and, if invested in and promoted, can lead to
economic diversification for Algeria.

However, when discussing positive economic investments, the nature and type of such investments differ. Some authors call
for the support of foreign investment by preparing an adequate climate, while others call for supporting and developing domestic
investment because of the negative effects that foreign direct investment can leave by crowding out domestic investment and
limiting its effectiveness, alongside the high level of hegemony and its effects on host countries. Algeria is not an exception to
the double effect (positive and negative) of foreign investment. Moreover, it has reoriented its policy toward domestic investment,
through numerous reforms and regulatory and economic adjustments, in the face of the profound transformations that its economy
has undergone.

Theoretically, investment is a crucial component of aggregate demand and significantly affects economic growth by stimulating
capital accumulation and optimizing the use of available resources. Additionally, the effective deployment of resources for
investment across various sectors is a fundamental driver of economic growth. In a sectoral context, the significance of investment
becomes apparent in its role in efficiently allocating resources, thereby fostering productive capacities across diverse domains,
ultimately heightening rates of economic growth.

Given the pivotal role of the sectoral investment, this paper discusses the issue of investment in the economic sectors that have
a proportional advantage and those that contribute most to economic growth, and examines the impact of sectoral investment on
economic growth in Algeria. The questions addressed are: “Does sectoral investment affect economic growth in Algeria?” and “In
terms of their impact on growth, which sectors of investment should the state differentiate and prioritize?” Under these questions
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the study assumes that the relationship between investment and economic growth is nonlinear and causal in both directions; and
that the investment in Algeria’s different economic sectors positively impact economic growth with varying proportions.

The article is divided into five sections and several subsections. Section 2 reviews the literature; Section 3 describes the
methodology and data; Section 4 presents the estimations and discussion; and Section 5 is the conclusion.

Literature review

Upon reviewing the existing literature concerning the impact of sectoral investment on economic growth, studies focused on the
Algerian context are lacking. Conversely, few studies have explored this aspect in other countries such as South Africa, Indonesia,
India, and Saudi Arabia, and these studies adopted a sectoral approach to investigate the influence of investment on economic
growth.

In spite of the scarcity of research, some key perspectives emerge regarding the nature of the impact of sectoral investment.
One viewpoint asserts that sectoral investment acts as a catalyst for economic growth. This notion finds support in Abdul Khaliq
and Ilan Noy (2007), under the title “Foreign Direct Investment and Economic Growth: Empirical Evidence from Sectoral Data in
Indonesia.” Their study, which employed a panel data model, revealed evidence of a positive influence of foreign direct investment
on economic growth across various sectors.

Likewise, Daniel Francois Meyer et al. (2017) lent support to the notion of sectoral investment positively affecting economic
growth. Their study, analyzing quarterly time series data from 1995 to 2016 in South Africa under a VECM model, indicated that
investment in the financial sector yielded a positive short-term impact, while investment in the industrial sector had a favorable
long-term impact on economic growth. In another study, Jitendra Kumar Sinha (2017) gauged the contribution of investment in
major sectors to the economic growth of the Indian state of Bihar, covering 1980-2015. The estimations based on the Ordinary
Least Squares (OLS) method revealed a notably positive effect of investments in the agriculture and allied sectors on economic
growth compared to other sectors (industry and service).

Another perspective suggests a long-run relationship between sectoral investment and other economic variables (output and
the real interest rate). This is revealed by Muhammad Javid et al. (2022). Their study investigated the determinants of short-
and long-run private investment behavior in Saudi Arabia for eight non-oil sectors from 1989 to 2017 using a cointegration and
equilibrium correction approach.

The consensus and common finding among these studies suggest that custom-tailored investment policies designed for specific
sectors are more favorable and advantageous than adopting a uniform investment policy.

Aim, Methodology, and Data

The issue of the impact of sectoral investment on economic growth is of great importance insofar as it contributes mainly to
directing the state’s efforts to encourage investment and fill gaps in the sectors that have a proportional advantage and those that
contribute most to economic growth. To discuss this issue, the study will apply some econometric models based on panel data
obtained from the National Statistics Office during 1996-2020, while in the estimation part, the Stata program is used. This article
aims to estimate the impact of sectoral investment on economic growth; it is an econometric analysis of the sectoral effect.

The basic idea of the approach used in this research relies on using static models applied to panel data (estimating the three
models and their variants, selecting the best one, studying the validity of the best model, and trying to improve it). Estimating the
relationship between sectoral investment and economic growth from 1996 to 2020 is the principal focus of the econometric study.
For this purpose, the relationship was estimated through a linear model linking the GDP, as a variable reflecting the economic
growth, with the Sectoral Investment and Compensation of Employees (COE) as explanatory variables.

The static analysis methodology for panel models

To measure the impact of sectoral investment on economic growth, the models applied to panel data are used. Overall, the panel
data models fall into three categories, according to the number of cross-sectional units (N) and the time (T): “small N and large
T,” “small T and large N,” and “large T and large N.” The first case (small N, large T) follows the procedure of Zellner (1962) (the
SURE procedure); the second case (small T, large N) assumes that the independent variables are strictly exogenous; and the last
case (large T, large N) relaxes the exogeneity assumption and allows the regressors to be weakly exogenous (Pesaran, 2015).

In this study, the data consist of a large number of individuals or cross-sectional units (the investment sectors) observed over a
relatively short period (25 years); the explained variable has no lags, and the independent variables are strictly exogenous. Thus,
the models used are of a static nature, and they are set out in three main models:
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- The pooled data model, which is the simplest panel data model where all coefficients are constant for all periods, any time effect
is neglected, and the OLS method is used to estimate the model parameters; under the homogeneity assumption that characterizes
the pooled model, it can be written and estimated as:

Total
Sxy

Yie = X B+ it B = Sroran €y
XX

- The fixed effects model, where the aim is to know the behavior of each individual from the cross-sectional data separately by
varying the constant parameter from one individual to another; “fixed effects” means that the constant term is variable for each
individual in the panel and is constant over time. To estimate the parameters of the model and allow the constant term parameter
to change between individuals, dummy variables are generally used up to N-1 to avoid multi-collinearity, then the OLS method is
used, and the model is then called the least squares model for the dummy variables. For the rest of the variants, the within model
is found in which the deviations of the observations from the arithmetic means of the panels are used, and the between model, in
which the arithmetic means of the panels are used as observations of the dependent variable. As for formulating the various fixed
effects models and estimating the coefficients, it is:

SWithin
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- The random effects model, also called the components error model, considers that the constant changes randomly, where
the random effect is in both the individual and the time factor, and the appropriate estimation method is the generalized least
squares method. This model assumes that the variation of the unobserved effects across units is random and uncorrelated with the
exogenous variables X and that a composite error term is included, so the model formulation is:

Vit = Xi B+ i + i3 )

The GLS estimators of § as a function of weightsé, ﬁBgtween and ,éLSDV are

Brandom ef fects = 0 X ﬁABetween + (1 - 0) X ,BALSDV (6)

In panel models, there are several tests to differentiate or choose among models such as Fisher’s test, LM test, and the Hausman
test. Fisher’s test allows comparing the fixed effects model with the pooled model, where the alternative hypotheses for this test
indicate that the appropriate model is the fixed effects model; LM test enables comparing the random effects model and the pooled
model, in which the alternative hypotheses for this test indicate that the appropriate model is the random effects model; and the
Hausman test allows choosing between fixed effects and random effects models. As for formulating the tests:

Fisher’s test (testing the Fixed Effects):

~ FN_I;NT-N-K @)
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LM ftest (testing the Random Effects):

, 2
NT (@ (Iy ® J7)il >
LM = 1- ~ 1 8
ST 7 X~ (1) ®)
Hausman test (Fixed or Random Effects):
(BLspv = Bors) [VAR(BLspv) = VAR(BeLs)1 ™ (BLspv — BaLs) ~ x* (K) &)

Specification of the econometric model

This study first constructs a model assuming that investment is a direct nonlinear function of the evolution of GDP (assumption
based on the Cobb—Douglas production function model). In the end, depending on the variables available, the model chosen is:
GDP = F (GFCF,COE, )

With Gross Domestic Product (GDP), Gross Fixed Capital Formation or Gross Fixed Capital Accumulation (GFCF), and
Compensation of Employees (COE).

Model Variables and Data Source

In this application, panel or longitudinal data is used where the cross-sectional units represent eight sectors of economic activity
observed over 1996-2020; the number of observations is (8x25). For the estimation of the different models, there is the Stata
program.

Regarding the variables, Table 1 provides brief definitions.

Table 1. Model Variables

Variable Abb. Nature Brief Def.

The value of all goods and services produced in a country

Gross Domestic . . . . L g
during a certain period (a year). Besides, it is a good indicator

Product GDP Dependent to measure the wealth of a country.
Gross Fixed Is an accounting aggregate that measures investment, measured
Capital by the value of tangible or intangible fixed assets intended for

GFCF | Independent

Formation production. Here, it is the sum by sector of activity.

Consists in what employers pay their employees in cash and in
kind for work and tasks performed. This is also the sum per
sector of activity.

Compensation of
Employees COE Independent

The data used come from the Input—Output Tables across 1996-2020. The National Accounts Directorate of the National
Statistics Office designs these tables and the Statistics Office provides them annually [ONS, 2019 & 2015].

Estimation and Discussion

Pre-estimation: Preliminary Analysis

The preliminary and descriptive analysis of the variables allows us to identify trends and to describe the total dispersion, the
dispersion between groups, and the dispersion within groups. Below, the preliminary analysis is carried out in two stages: the first
stage concerns the chronological evolution by sector of activity; the second stage begins with some basic measures of the total
dispersion, between groups and within groups (standard deviation and coefficient of variation (CV)).

Regarding the chronological evolution by sector of activity, Figure 1 shows that the GDP of the sectors of Construction,
Agriculture, Forestry and Fishing does not cease increasing across 2000-2020; several reasons can justify this increase, among
which the government programs of expenditure and support to growth adopted are the main ones. As for the GFCF, the graph
shows an upward trend in the construction sector during 2000-2020; and fluctuations in the steel and mechanical engineering
sector and in the services sector provided to institutions. The graph also shows an upward trend in the variable COE in all sectors
of activity. This increase coincided with the increase in the volume of investments, which stimulated the demand for labor.
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Figure 1. Representation of the different variables by sector.

On the other hand, for dispersion statistics, Table 2 shows a strong heterogeneity across sectors for the different variables. In the
same sense, by partitioning the total dispersion into within-sector and between-sector dispersion, the variance estimated from the
within-sector dispersion (the dispersion around the sector means) is significantly different from the variance estimated from the
between-sector dispersion (the dispersion between sector means). For the values of the coefficients of variation of each variable,
which is equal to the ratio of the standard deviation to the mean, heterogeneity is higher for GFCF (investment) than for COE.

Table 2. Dispersion statistics

Variable Standard |N =n*T| Variable Standard |[N=
deviation deviation |n*T
LGDP Total 0.5862 200
Between sector |0.4956
Within sector 0.3574
CvV 10.32%
LGFCF |Total 1.4674 200 LCOE |Total 0.6191 200
Between sector |1.1802 Between sector 0.6345
Within sector 0.9635 Within sector 0.2511
CV 33.86% CvV 13.83%

For correlation between variables, Figure 2 shows a relatively strong correlation between GDP on the one hand and COE
and GFCF on the other; the figure also shows a significant association between these two independent variables. As a reminder,
correlations on logarithmic variables values have been calculated.

Figure 2. Correlogram of the correlation matrix.
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Estimation Results

Initial estimation

In the following, the Pooled model, FD (First-Differenced) estimator, Within and Between estimators, LSDV (Least Squares
Dummy Variable) estimator, and random effects model are used to estimate the impact of sectoral investment on economic growth.

- The “Pooled” model simply groups/stacks individuals without considering individual or temporal differences, thus imposing
a homogeneity constraint on the groups. Alongside homogeneity, this model relies on the same assumptions as the multiple
linear regression model: linearity, exogeneity, homoscedasticity, non-autocorrelation, and so on. Under these assumptions, OLS
is the most appropriate estimation method. Estimating the parameters of the model by stacking all the data (dependent variable;
independent variables) gives weak results for model quality, explanatory power and statistical significance (Table 3).

- The “FD” estimator deals with fixed effects, differentiates the sector-specific error, and solves the problem of omitted variables.
The appropriate estimation method is the OLS. Looking at the explanatory power and statistical significance of the parameters,
the estimation of the difference model (without constant) gives less efficient results (Table 3)

- The “Within” estimator is an intra-individual estimator that uses the variation within each sector, while the “Between”
estimator is an inter-individual estimator that uses the individual means of the explanatory and explained variables. Looking at the
estimation results using OLS (Table 3), the parameters of the “Between” model are not significantly different from zero and the
model is not globally significant, unlike to the “Within” model that shows good results for significance (individual and global).

- The “LSDV” estimator consists of applying OLS to the model with sector-specific indicator variables. This fixed effects model
treats the unobserved fixed effects as coefficients of the indicator variables representing the sectors. The estimation yields significant
coefficients and sector-specific coefficients that are all significant. Initially, it appears that this model has better explanatory power,
significance, and validity (Table 3).

- The random effects model is a component error model, where the error term is decomposed into three effects: random individual
effects, time effects (identical for all individuals), and an error term independent of the effects (individual and time). In this model,
the randomness of the relationship between the dependent variable and the independent variables is assumed. The estimation of
this model using the GLS method gives good results for explanatory power and statistical significance (only the coefficient of the
constant is significantly different from zero) (Table 3).

Table 3. Summary of estimation results for different static panel data models (initial estimation)

Variable | pooled FD FE_within BE LSDV RE
LGFCF| 0.038 0.107%%* 20053 0.107%%* 0.109%**
LCOE | 0.709%** 1.106%** 0.695  1.106%%* 1.095% %
dLGFCF 0.057%**
dLCOE 0.467%%*
isector

2 —0.691##*
3 0.293 %%
4 0.643 %%+
5 0.434%%%
6 0.459% %
7 —0.431 %%
8 ~0.103%*
—CONS |19 3370 - 0.233 2.808% 0.181 0306
R? | 0.658 0.228 0.904 0495 0967 0.660
F| 182.19 27.18 89221 4.42 608.56
Prob F | 0.0000 0.0000 0.0000 0.0784  0.0000
Chi? 1735.7
Prob chi? 0.0000

*p<0.10; ¥* p <0.05; *** p <0.01

Comparison of models and selection of the best one

After estimating the different models comes performing statistical tests to select the best and most appropriate model for the
study data. Diagnosis was performed in several steps, first comparing the “pooled” model with the fixed effects model using
Fisher’s test, then comparing the “pooled” model with the random effects model applying the Breusch—Pagan LM test, and finally
comparing the fixed effects model with the random effects model using the Hausman test. Table 4 presents the results.
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Table 4. Summary of Comparison Test Results

Test Test value  Prob.
Pooled vs. fixed effects Fisher test 247.49 0.000
Pooled vs. Random effects Breusch—Pagan LM test 1204.63 0.000
“Fixed effects” vs. “Random effects” Hausman test 7.38 0.025

- Fixed effects test: to select the appropriate model for the data, first comes checking for unobserved effects, i.e., whether there
is a difference between sectors or between periods, to see if there is a need for specific cross-sectional effects. The model is tested
so that the null hypothesis indicates that there is no individual effect (the coefficients of all sectors jointly equal to zero). Here, the
appropriate test for comparison between the “Pooled” model and the fixed effects model is Fisher’s test. The results in Table 4
lead to the rejection of the null hypothesis, which means that if the relevance of the Pooled model and the fixed effects model are
compared, then the appropriate model is the fixed effects model, which indicates that the impact on economic growth vary across
investment sectors.

- Random effects test: this test reveals the existence of random effects and is similar to the LM test for least squares errors.
Under the null hypothesis that there is no random effect in the model, the LM statistic follows a chi-square distribution with one
degree of freedom. Given the results of the tests presented above, the null hypothesis is rejected, which means that if the fit of the
“Pooled” model with that of the random effects model are compared then the appropriate model for the data is the random effects
model.

- Hausman test: after confirming the inadequacy of the “Pooled” model, next is finding the most appropriate model: the fixed
effects model or the random effects model. The basis of the Hausman test is the significance of the difference between fixed and
random effects, the null hypothesis assumes the absence of correlation between fixed and random effects, then the estimators of
fixed and random effects are consistent, but the ability of random effects is the most effective. However, under the alternative
hypothesis that there is a correlation, the ability of fixed effects is only consistent and the most effective. This test shows that there
is a correlation between the sector effects and the explanatory variables, indicating the acceptance of the fixed effects model as an
appropriate model with a probability of 0.025 (see Table 4).

Validity of the appropriate model

After determining the appropriate model comes examining whether it exhibits the three common econometric issues of cross-
sectional dependence, autocorrelation, and error heteroskedasticity. The results in Table 5 summarize the findings from three key
tests: the Pesaran CD test for cross-sectional dependence, the Wooldridge test for autocorrelation, and the likelihood ratio test for
error heteroskedasticity.

Table 5. Summary of the Cross-sectional dependence, autocorrelation and error heteroskedasticity tests

Problem Test Test value Prob.

g:;:fl‘g:ztci:“al Pesaran CD test 2.863 0.0042
Autocorrelation Wooldridge test 6.378 0.0395
Heteroskedasticity  Modified Wald test 51.07 0.0000

Cross-sectional dependence arises when the sectors in the dataset are not independently drawn observations but instead influence
each other. This is due to the interconnected nature of investment sectors. DeHoyos and Sarafidis (2006) note that the impact of
cross-sectional dependence on estimation depends on the strength and nature of correlations among different units. Generally,
standard fixed effects estimators are consistent but not particularly efficient, and their estimated standard errors tend to exhibit
bias. To test cross-sectional dependence, the study employs the Pesaran CD test, which is based on a scaled average of pairwise
correlation coefficients. The null hypothesis assumes cross-sectional independence, implying no association among the cross-
sectional units, while the alternative hypothesis suggests the presence of cross-sectional dependence. Table 5 indicates that the CD
test rejects the null hypothesis of no cross-sectional dependence.

Autocorrelation leads to standard deviation bias and results in less efficient outcomes. The Wooldridge test detects error
autocorrelation in the fixed effects model, under the assumption that error term values within each sector are independent, meaning
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there is no cross-sectional autocorrelation in the error term. The test results in the table 5 reveal that the fixed effects model indeed
suffers from error autocorrelation.

Regarding the assumption of homoscedasticity, the modified Wald test is employed for group heteroskedasticity within the fixed
effects regression model. The null hypothesis indicates that the residuals exhibit homoskedasticity by group. An advantage of
this test is its compatibility with unbalanced panels and its ability to work even when the normality assumption is violated. The
previous table (table 5) shows that the likelihood ratio test’s probability value is less than 5%, indicating that the hypothesis of
homoskedasticity can be rejected.

Given these issues of serial correlation, cross-sectional dependence, and heteroskedasticity, we use fixed effects regression
models with robust Driscoll and Kraay standard errors, as recommended by Hoechle (2007).

Analysis of the results of the robust fixed effects model

This approach, as outlined by Hoechle (2007), produces Driscoll-Kraay standard errors, offering robustness against heteroskedas-
ticity, autocorrelation, and cross-sectional dependence. Through the re-estimation of the fixed effects model using Hoechle’s (2007)
procedure provides updated results (Table 6).

Table 6. Summary of estimation results for the fixed effects model using Hoechle’s (2007) procedure (FE Regression with
Driscoll-Kraay standard errors)

N = 189
isector = 8
maximum lag = 4
F(2,7) = 1024.77
Prob F = 0.0000
within R-squared = 0.9088
Drisc/Kraay
LGDP Coef. Std. Err. t Prob.
LGFCF 0.10657 0.02546 4.19 0.004
LCOE 1.10595 0.02590 42.70 0.000
cons 0.23245 0.15524 1.50 0.178

Table 6 unequivocally reveal significant statistical findings. When considering student’s values and their associated probabilities,
it becomes evident that the model’s parameters are substantially different from zero. Moreover, the model demonstrates statistical
significance based on Fisher’s value and its associated probability. Notably, the independent variables exhibit a remarkable ability
to explain the variations in the dependent variable, exceeding 90% (with a within R-squared value of 90.88

Economically, the estimated model uncovers a positive relationship between the GPD of various sectors, representing sectoral
economic growth, and the GFCF within those sectors (indicating sectoral investment). The results also confirm positive elasticities
for both capital and labor, underscoring the underutilization of the labor factor (COE) and emphasizing the government’s interest in
stimulating labor demand. Concerning investment, the estimate suggests that it contributes to approximately 11% of GDP growth,
recognizing this contribution as a collective measure across sectors. However, when comparing the impact, significance, and weight
among sectors, differences emerge. These disparities are attributable to the government’s reliance on specific investment sectors at
the expense of others. Furthermore, the absence of improvements in the business climate and the lack of economic diversification
have contributed to limited investment in certain sectors with a competitive advantage. Additionally, the low competitiveness of
some investment sectors has amplified opportunities for foreign investment compared to domestic investment.

Conclusion

The econometric modeling carried out here consists of applying static models to panel data from eight economic sectors, with
GDP as the dependent variable and GFCF and COE as the independent variables. At the end of this modeling work, we came up
with the following results:

The GFCF positively and significantly affects GDP, with an effect that varies across sectors; this result is almost correct in
all models. The model choice tests also indicated that the best static model appropriate for this study is the fixed effects model,
meaning that the investment sectors do not have the same impact on economic growth. The results of the study also confirmed that
the best model is not free from cross-sectional dependence and serial correlation and that there is a heteroscedasticity problem,
and to deal with this complication, the fixed effects models using Hoechle’s (2007) procedure was re-estimated. Finally, the final
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fixed effects model (the optimal model) is quite significant, and the independent variables (GFCF and COE) explain GDP well, so
there is a positive impact.

Applying these findings to Algeria reveals several important implications for the country’s economic landscape. First, the
positive sign of the elasticities for both capital and labor, with a notable emphasis on labor (an elasticity of 0.11 compared to 1.11
for capital), underscores the underutilization of the labor factor. This presents a clear opportunity for the Algerian government to
stimulate labor demand, potentially by reinvigorating employment agencies and implementing policies that encourage job creation.

Regarding investment, the recognition of an overall sectoral participation of 11% in GDP growth is significant, but it is important
to delve deeper and analyze the variations among sectors. These differences are influenced by the government’s reliance on specific
investment sectors, often at the expense of others. To foster economic development and address disparities, policymakers need to
diversify investment strategies and promote a more balanced approach to sectoral development.

The identified disparities among investment sectors also stem from broader economic challenges. The need to improve the
business climate and diversify the Algerian economy is evident. Enhancing the ease of doing business, promoting entrepreneurship,
and removing barriers to investment can facilitate the growth of sectors with competitive advantages. These measures can further
harness the potential of domestic investment, thereby reducing the prominence of foreign investment.

Addressing these challenges represents an opportunity for Algerian policymakers to create a more conducive investment climate
that stimulates sustainable growth and unlocks the full potential of underutilized sectors. This underscores the importance in
Algeria of strategic economic planning and comprehensive policy measures aimed at enhancing competitiveness and achieving
balanced economic development.
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ABSTRACT

This study reveals the relationship between stock markets and interest rates. In this study, the Borsa Istanbul-100 Index (BIST-100)
is used to represent the stock market, and the Turkish Lira Overnight Reference Rate (TLREF) is used to represent the interest
rate. To investigate the relationship between the series, daily data between 28.12.2018- 20.10.2022 are discussed. In the analysis,
the traditional co-integration tests of Engle and Granger (1987) and Johansen (1988) were used to determine the long-term
relationships between the series. A long-term relationship could not be detected using the traditional co-integration test. Therefore,
Granger and Yoon (2002) and Hatemi and Irandoust (2012) conducted hidden co-integration tests. The series is decomposed into
positive and negative components to apply the hidden co-integration analysis. As a result of the Granger and Yoon (2002) test,
a long-term relationship could not be determined between the series; As a result of the Hatemi and Irandoust (2012) test, it was
observed that the cumulative positive shocks of the BIST-100 series and the positive and negative cumulative shocks of the TLREF
series were associated in the long term. Hatemi-J (2012) investigated the causality relations between the series decomposed into
positive and negative shocks with asymmetric causality analysis.

Keywords: BIST-100, TLREF, Hidden Co-integration Test, Asymmetric Causality Test, Unit Root Test.
JEL classification Codes : C51, C55, C58.

1. Introduction

Macroeconomic variables are statistical indicators that reflect the general economic situation of a country over a certain period
(Roger, 1998). Today, a wide range of macroeconomic variables are regularly published to indicate various trends in both the
private and public spheres (Pilinkus and Boguslauskas, 2009). Movements of changes in macroeconomic indicators impact financial
markets in particular. In this context, academic and business circles have been discussing the extent to which macroeconomic
variables affect financial markets for years. In particular, stock exchanges provide long-term capital for sectors that need financing
through the issuance of company shares, and this situation supports economic growth (Onasanya and Ayoola, 2012).

One of the basic principles of finance theory is that the value of stocks is equal to this value of expected future cash flows.
Since companies pay dividends out of earnings related to real economic activity, stock prices should reflect current and expected
future real economic activity. Macroeconomic theory also requires that there should be a strong relationship between stock prices
and macroeconomic policies because macroeconomic policies and expected future economic activity are strongly related (Lee,
1997). The relationship between macroeconomic variables and stock returns can also be interpreted in terms of market efficiency.
The efficiency of the stock market depends on the speed and accuracy with which information is incorporated into stock prices.
The speed at which information flow and accuracy are incorporated into stock prices is important for stock market efficiency.
Well-functioning stock markets are closely related to information efficiency. Fama (1970) categorises information into three levels:
weak, semi-strong, and strong in terms of the speed and efficiency of security participation. In an efficient stock market, information
and developments regarding macroeconomic activities are rapidly integrated. On the other hand, in the absence of information
efficiency, an environment may arise where market participants can earn above-average returns by developing a profitable trading
rule (Barbic and Jurkic, 2011). If the stock market is information efficient with respect to macroeconomic policies, stock prices
should quickly incorporate changes in macroeconomic policies when this information becomes publicly available. Past information
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on these policies cannot be used to explain current fluctuations in stock prices in an efficient market because this information
is already incorporated into past prices. On the other hand, in an informationally inefficient market, past information on these
policies is useful in explaining current movements in stock prices because there is a lag in the adjustment of stock prices to new
information (Lee, 1997).

The stock market and interest rates are among the important indicators that provide information about a country’s economy. The
interest rate affects many variables in a country’s economy, both at the macro and micro levels. It has important effects in many
areas such as interest rates, monetary policy, risk management, financial policies, stock market, and securities valuation (Alam and
Uddin, 2009). The level of interest rates is probably the most important macroeconomic factor to consider in investment analysis.
Interest rate estimations directly affect return expectations in fixed-income markets (Bodie et al., 2018). In general terms, different
approaches in the literature examine the relationship among interest rates, macroeconomic variables, and stock market indexes.
The semi-strong efficient market hypothesis of Fama (1970) and the arbitrage pricing theories of Ross (1976) are among the
pioneering studies on this subject. Fama (1970) defines an efficient market as “a market where prices always reflect all available
information”. According to the semi-strong form of the efficient market hypothesis, since macroeconomic factors are fully reflected
in the stock price, it can be used to investigate the negative or positive relationship between stock returns and macroeconomic
variables. Ross (1976), on the other hand, proposes a multi-factor approach to explain asset pricing through the arbitrage pricing
theory. Arbitrage pricing theory states that stock returns are not only dependent on their own internal dynamics but also closely
interact with national and international macroeconomic dynamics (Roll and Ross, 1995). For example, unexpected movements in
the term structure of interest rates, unexpected changes in risk premiums, fluctuations in exchange rates, and changes in inflation
and industrial production. Many macroeconomic variables have effects on stock returns. All macroeconomic variables that affect
cash flows and the expected rate of return of companies indirectly affect stock prices and may create pressure on stock prices.
Especially in an environment with high interest rates, investors may turn to fixed-income investment instruments with lower risk,
such as bonds instead of stocks (Prempeh, 2016).

Because of the inverse relationship between investments and interest rates, increases or decreases in interest rates can deeply
affect the entire economy (Lin et al., 2018). There are different interest rates for different types of debt in the markets. These interest
rates are shaped by conditions such as the repayment risk of the lenders, type of collateral received against the loan, purpose
of use, and maturity of the borrowed funds (Bringham and Houston, 2016). Although there are many different interest types in
Turkey, such as TRLIBOR (Turkish Lira interbank sales rate), policy interest, loan interest, deposit interest, and bond-bill interest,
a reference interest rate calculated based on the transactions in the market does not exist until TLREF is calculated. In addition,
since the use of LIBOR (London Inter-Bank Offered Rates) interest rates will cease in the world by the end of 2021, countries
are working to announce national reference interest rates (Kartal, 2019). The transition process to TLREF for the post-LIBOR
period has been initiated to address this deficiency. TLREF was created to establish a reference interest rate as a benchmark for
various contracts involving debt instruments, financial derivatives, and other financial agreements used in short-term transactions
with the Turkish Lira. The main purpose of the TLREF is to measure the TL borrowing/lending interest rate of Turkish banks
under conditions where credit, liquidity, or other risks are minimal. The dates for the calculation and publication of the TLREF
ratio are 28.12.2018 and 17.06.2019, respectively (Borsa Istanbul, 2022). Recently in Turkey, the level of interest rates and the
debates on interest rates and investment relations has been remarkable. This research contributes to the analysis of the relationship
between interest rates and stock market investments. What makes this research unique is the revealing of the hidden co-integration
and asymmetric causality relationships between TLREF, which has a calculation history of approximately three years, and the
BIST-100 index.

The remainder of this study is designed as follows. In the following second section, a literature review is provided. In the third
section, econometric methods are explained, and in the fourth section, the dataset and empirical findings are detailed. The last
section concludes presenting the results and policy recommendations.

2. Literature Review

Modigliani (1971) and Mishkin et al. (1977) concluded in their studies that stock prices increase when interest rates are low
and that this situation has a supportive effect on investments. On the other hand, Fama and Schwert (1977) revealed a negative
relationship between treasury bill interest rates and stock returns. Fama (1981) revealed that expected inflation rates negatively
affect expected real activities, and stock returns should be negatively correlated with expected inflation rates, which are generally
expressed in short-term interest rates. Akella and Chen (1990) investigated the interest rate sensitivity of bank stock returns and
the variation in sensitivity over time under alternative econometric specifications. The periods of 1974-1979 and 1980-1984 were
investigated by taking banks on the New York Stock Exchange (NYSE) as a sample. While long-term government security returns
are positively related to stock returns; short-term returns show a positive relationship only in the 1980-1984 period. Lee (1992)
used the Multivariate Vector Autoregressive Model (VAR) to investigate the relationships among stock returns, interest rates,
real activity, and inflation in the United States between 1947 and 1987. Findings partially support Fama’s (1981) hypothesis.
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Mukherjee and Naka (1995) analysed the relationship between the Tokyo stock market and macroeconomic indicators using the
Vector Error Correction Model (VECM). The findings determined that the Tokyo stock market was negatively correlated with
loan interest rates and positively correlated with government bond interest rates. Durukan (1999) analysed the macroeconomic
factors affecting ISE in the 1986-1998 period. In the research findings, it was determined that only the interest rate has statistical
significance with a negative coefficient. Similarly, Ziigiil and Sahin (2009) found a negative relationship between the interest rate
and the ISE 100 index in their research, in which they applied the linear regression method. Dritsaki- Bargiota and Dritsaki (2004)
investigated long-term relationships and causality between the Greek securities market index, industrial production index, inflation,
and interest rate. In the findings, one-way Granger causality from interest rates to the Greek Stock Exchange Index was determined.
Leon (2008) modelled the relationship between the Korean KOSPI index and precious deposit certificates with GARCH in the
1992-1998 period and found a significant and negative relationship. Omag (2009) examined the effects of changes in long-term
interest rates, inflation, and money supply (M1) on the ISE 100 Index and Financial Index in Turkey from 1991 to 2006 using
a linear regression model. Findings show that both indexes are negatively affected by interest rates. Saylgan and Siislii (2011)
examined the relationship between macroeconomic factors and stock returns in developing countries in the 1999-2006 period using
the balanced panel data analysis method. In the findings, no statistically significant relationship was found between the interest
rate and stock returns. Mukit (2013) confirmed the co-integration and negative relationship between the variables in his research,
which he repeated for the Bangladesh economy between 1991 and 2012. In addition, a one-way causality relationship between
interest rates and the stock market index was determined. Cetin and Bitirak (2015), within the framework of the Arbitrage Pricing
Model, analysed the relationship between stocks traded in the ISE between 2000 and 2009 and macroeconomic indicators using the
regression method. In the findings, it has been determined that stock returns are negatively affected by the saving deposit interest
rate. Uyar et al. (2016) analysed the relationship between the benchmark interest rate and BIST indexes (BIST-100, BIST-30, BIST
Financial, BIST Banking, and BIST All) between 2006 and 2015 using the quantile regression method. In the analysis findings, it
has been determined that the benchmark interest rate harms all indexes. Eyiiboglu and Eyiiboglu (2018) examined the relationship
between the American 10-year bond rates and emerging market stock markets (Turkey, Russia, S. Africa, Brazil, India, Poland,
and Malaysia) using the Seemingly Unrelated Regression (SUR) method between 2006 and 2016. The findings indicate that there
is a negative relationship between the stock market indexes of Brazil, South Africa, Malaysia, Poland, Russia, and the US 10-year
bond rates. Yesildag (2021), the co-integration relationship between the BIST-100 index and macroeconomic indicators in the
2009-2019 period was tested using the ARDL limit test. The results of the analysis showed a co-integration between stock and
gold, interest, unemployment, and money supply variables. In addition, significant long- and short-term relationships were found
between share prices, interest rates, and money supply. In this relationship, interest rates affect stock prices negatively and the
money supply positively. Karaca et al. (2022) analysed the relationship between the BIST-100 index and macroeconomic indicators
between 2009 and 2019. The ARDL bound test was used to determine the long-term relationship, and the Toda-Yamamoto test
was used for causality. In the findings, a long-term relationship was determined between the interest rate, inflation, unemployment
rate, and stock market index. In addition, there is one-way causality from the stock market index to interest rates. Ulu et al. (2022)
examined the relationship between the BIST-100 index and TLREF within the framework of the VAR model, Granger causality.
In the findings, a two-way Granger causality relationship was determined between the series.

When examining the national and international literature on the relationship between stock returns and macroeconomic indicators,
itis observed that there are numerous studies. With the aim of contributing to these studies, this research investigates the relationship
between the TLREF interest rate, which was published in Turkey in 2019, and the BIST-100 stock through analyses of co-integration
and asymmetric causality.

3. Econometric Method

In the case of a stationary composition of two series integrated at the same level, Engle and Granger and Johansen tests are
frequently used in the literature to test the co-integration relationship between the two series. In traditional co-integration tests,
the effect of positive and negative shocks is considered the same when examining the relationship between the series (Mert and
Caglar, 2019). Criticising this situation, Granger and Yoon stated in their research that when economic series react to shocks
jointly, they will be cointegrate, but if they give different responses, there will be no such relationship. Therefore, they developed
a new co-integration approach, arguing that the series can contain positive and negative shocks and that different responses can be
given to these shocks. They stated that even if there is no long-term relationship between the series used in the models, there may
be a co-integration relationship between different nonstationary shocks of the series.

The Granger and Yoon hidden co-integration approach is an analysis based on the Engle and Granger co-integration test. In the
Engle and Granger test, a singular integration relationship is obtained. However, we can analyse more than one co-integration or
equilibrium relationship vectorially by examining possible systems of equations between series. Hatemi J, Irandoust, and Johansen
addressed this gap in the literature by employing a method based on the co-integration approach (Mert and Caglar, 2019). In the
general operation of the hidden co-integration approach, the series is first separated into positive and negative shocks, and then
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the long-term relationships between these shocks are investigated. For the X, and Y, series, the hidden co-integration relationship
between them will be investigated. The decomposition process starts with the assumption that these two nonstationary series have
a random walk process (Granger and Yoon, 2002).

thxt_1+8t:X0+Zl{:]8[ t=1,2,...,T (1)

Yo=Y+ =Yo+S_m t=1,23...,T 2)

In equations (1) and (2), X and Y indicate the initial values. &; and 7; symbolise error terms with a zero-mean clean sequence
feature. X; and Y, are series between which co-integration is researched. Positive and negative shocks are shown in equations (3)
and (4) to investigate the co-integration relationship.

g;." = max(g;, 0), g = min(g;, 0) )

ni =max(n;,0), n; =min(n;,0) @

In addition, shocks can be expressed as &; = &} + &; and n; = 5] + ;. If the positive and negative shocks are changed in
equations (1) and (2), the X; and Y; series can be described with equations (5) and (6).

Xt = Xl—l +81 :X0+25218:+E::18; (5)

Yo=Y +n =Yo+Z_nf +Zi_n; (6)

Eq. (7) expresses the unit shocks of the series.

XP =Xl X, =S8 Y =X i Yy =X n; 0

Then, assuming X, and Y are constant, the series X; and Y; are arranged as in equation (8) under the assumption that
X, =Xo+ X/ +X  andY, =Y+ Y, +Y,.

AX] =&f,AX; =&, ,AY,; =07, Y =n; 3

The shocks obtained by Eq. (8) constitute the initial stage of the hidden co-integration approach. If Engle and Granger co-
integration analysis is performed on the decomposed series, the Granger and Yoon approach is used. If Johansen co-integration
analysis is performed on the decomposed series, the Hatemi J and Irandoust approach is used.

Hatemi J (2012) stated that investors in financial markets exhibit heterogeneous characteristics rather than a homogeneous
structure. Investors do not have the same reaction to a random shock in the markets. He argues that because the effect of random
shocks on the market will not be the same, shocks should be analysed by dividing them into positive and negative. He also bases his
opinion on the studies of Akerlof (1970), Spence (1973), and Stiglitz (1974), who pioneered the issue of asymmetric information,
which has a wide place in the literature. When determining causality relationships in a time series, it is assumed that the effect of
positive and negative shocks is the same. Asymmetric causality tests, on the other hand, argue that hidden relationships may exist
between apparently unrelated series and that these relationships can only be revealed by considering the asymmetry between the
components. Positive and negative shocks obtained as a result of asymmetric decomposition in the Hatemi J (2012) asymmetric
causality test and the Granger and Yoon (2002) hidden co-integration approach are included in the causality analysis.

Yi; =Y _1+¢e1;: =Y1’0+Z;:1811 t=12,....T ©)]
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Yo, =Yy 1+&y = Yz,o + 2;21821 t=12,....T (10)

In equations (9) and (10), Yi; and Y, series show initial values as two integrated series. The error terms £1; and &, were
determined as the clean sequences. Positive and negative shocks can be represented as s’l'l. = max(&y;,0), 8;[. = max(&y;,0), &, =
min(&y;,0), &5, = min(&y;,0). It can also be represented as £1; = &7, + &}, and &y; = &7, +&,.. With this information, the equations
of Y1; and Y, can be expressed as follows:

Yi, =Y1,-1 +8][=Y1’()+2§:18Ti+2§:]81_i (11

t + t -
th = Y2t—l + &y = Yg,o + 21’:1‘921' + 21’:1‘921' (12)

As a result, the positive and negative shocks of each series can be shown cumulatively as follows:

+_yt ot y- st o~ oyt _yt o+ y- _ st -
Yy, =X &Y, =28 Y, =56, = X 8y 13)

The next step is to determine the causality relationship between the acceptance of equation Y;” = Y[ +Y; and the positive
components (¥},andY;) and tested with the p-lag VAR (Vector Autoregression) model. Equation (14) is used for the causal
relationship between positive shocks.

YrP=0+AY  + +AY g (14)

In equation (14), ¥;* denotes 2x1 variable vector and ¢ denotes 2x1 constant vector. y represents 2x1 error term vector. The
optimal lag is determined. The hypothesis to be tested is “The k-th element of ¥;* is not the Granger cause of the w-th element of
Y;". Similarly, the same process applies to negative shocks.

4. Data Set and Findings

In this study, the relationships between stock markets and interest rates were examined. The Borsa stanbul-100 Index (BIST-100)
is used to represent the stock markets and the Turkish Lira Overnight Reference Rate (TLREF) is used to represent the interest
rate. There were 946 observations in the study, in which daily data were used between 28.12.2018 and 20.10.2022. In the study,
long-term relationships and causality between the BIST-100 Index and TLREF were attempted to be revealed. Engle- Granger and
Johansen conventional co-integration tests and Granger - Yoon and Hatemi J - Irandoust hidden co-integration tests were used to
identify long-run relationships. The causality relationships between the series were investigated by Hatemi-J asymmetric causality
analysis. The relevant series were provided through the Central Bank Electronic Data Distribution System. In this study, the series
was used in natural logarithmic form to reduce variability in scale differences and variances. In the related research, Gaussian and
R package programmes were used for analysis.

Table 1. Series and Shortcodes

Series Shortcode Reference
BIST — 100 InBIST Electronic Data Distribution System of the Central Bank
TLREF INTLREF  Electronic Data Distribution System of the Central Bank

The descriptive statistics of the series are shown in Table 2 before entering the empirical finding process in the research. In the
related table, the means, medians, maximum and minimum values, standard deviations, Jarque-Bera test statistics and probability
values of the series, and the number of observations belonging to each series are given. Although the standard deviations of the
series in descriptive statistics are close to each other; It is seen that the deviation from the average in the BIST-100 index is higher
than TLREF. According to the probability values of the Jarque-Bera statistic, which is an indicator of the normal distribution,
the probability value of both series is less than the 5% significance level, and the Hy hypothesis, which states that the series is
normally distributed, was rejected and it was determined that the series did not comply with the normal distribution.
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Table 2. Descriptive Statistics

Standard Jarque-Bera

Series Mean Maximum Minimum Median Deviation (Prob.) n
InBIST 7.238041  8.268950 6.729529 0.361300 123.8221 946
n . : : 7.188881 : (0.0000)
22.7736
INTLREF 2.71804 3.23862 2.01490 2.70597 0.304731 (0.0000) 946

The time path graphs of the series are given in Figure 1. When the time path graphs of the series are examined, the existence
of breaks in the series draws attention. Although the BIST-100 series shows fluctuations, it is seen that it is upwards. Although
there were downward breaks in the initial period of the TLREF series, it is observed that it continues its course with upward and
downward fluctuations in the ongoing process.
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Figure 1. Time Path Indicators of the Series (2018-2022)

In the next step of the research, the stationarity properties of the series were tested using Augmented Dickey Fuller (ADF)
and Philips-Perron traditional unit root tests and Zivot-Andrews (ZA) structural break unit root tests. Considering the unit root
test results, Engle and Granger and Johansen traditional co-integration tests were applied. Since a long-term relationship could
not be determined with the help of traditional co-integration tests, the hidden co-integration relationship between the series was
investigated. In this process, firstly, both series were separated into positive and negative components. The stationarity properties
of the separated series were determined by ADF and PP unit root tests. Granger and Yoon and Hatemi J and Irandoust hidden
co-integration tests were applied to determine the long-term relationships between the positive and negative components of the
series. In the last stage, asymmetric causality relationships between the series that were decomposed into positive and negative
components were tested with the Hatemi J approach.

Table 3. ADF and PP Unit Root Test Results

ADF PP
Series With With Constant & With With Constant &
Constant Trend Constant Trend
1.7438 204079 1.4828 20.6918
At Level (0.9997) (0.9872) (0.9993) (0.9726)
IBIST @ pirst -19.2336 -19.3395 -30.9640 -31.0334
Difference (0.0000) (0.0000) (0.0000) (0.0000)
-1.4847 -1.3501 -1.5813 -1.4197
AtLevel (0.5412) (0.8743) (0.4918) (0.8549)
InTLREF @ st -23.3350 -23.3416 -36.9906 -37.0279
Difference (0.0000) (0.0000) (0.0000) (0.0000)

Notes: Contents in parentheses () indicate probabilities. In the ADF and PP unit root tests, the critical values
were -3.4370 (1%), -2.8643 (5%), and -2.5683 (10%) for the fixed model; for the fixed and trend model, it is -
3.9677 (1%), -3.4145 (5%) and -3.1294 (10%). The optimal delay in all tests was decided by Schwarz Information
Criterion (SIC). In addition, in the PP test, the Bartlett kernel is decided for the Spectral estimation method, while
the Bandwith options are used for the Newey-West method.

In time series research, it is necessary to check the stationarity properties of the series in the first phase of econometric analysis.
The degree of stationarity of the series affects the progress of the research. In the ADF and PP unit root tests, two hypotheses are
tested: "Hp: The series is not stationary and the series contains a unit root" and "H;: The series is stationary and the series does
not contain a unit root". By comparing test statistics and critical values, it can be tested whether the series contains a unit root. If
the calculated test statistic is greater than the critical values, the Hy null hypothesis cannot be rejected. This shows that the series
contains a unit root, that is, it is not stationary. Stationarity can also be tested by looking at probability values at significance levels.
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According to Table 3, at 1%, 5%, and 10% significance levels, InBIST, and INTLREEF series contain unit roots in their level values
and become stationary when the first difference is taken. To control the results of ADF and PP unit root tests, ZA unit root test
results, which take into account a single break, are given in Table 4. The basic hypothesis of this test is "Hy: The series has a unit
root with a structural break, that is, there is no stationarity". According to Model A and Model C results, at all significance levels
(1%, 5%, and 10%), the series have unit roots at the level. These results are consistent with traditional unit root tests, ADF, and
PP. It is seen that the breaks found according to the ZA unit root test are not significant structural breaks.

Table 4. ZA Unit Root Test Results

Model Model A Model C
Series Test Statistic Breaking Test Statistic Breaking
Date Date
InBIST -2.473954 24/02/2022 -3.335952 11/06/2021
INTLREF -3.441433 09/09/2020 -4.388502 05/08/2020
AlnBIST -19.45507 06/10/2021 -19.52481 17/12/2021
AInTLREF -20.30472 02/07/2020 -20.29423 02/07/2020

Notes: The "A" notation indicates the first difference of the series. Model A critical values were -5.34 (1%), -4.93
(5%), and -4.58 (10%), Critical values for Model C are -5.57 (1%), -5.08 (5%) and -4.82 (10%).

Since the series are stationary at the first difference (I(1)), Engle and Granger and Johansen co-integration tests were used to
determining the long-term relationships. Table 5 shows the results of Engle and Granger co-integration test. In the model where
the InBIST series is the dependent variable, tau=1.414701 (p=1.414701>0.05) and z=2.239973 (P=0.9994>0.05) were calculated.
Similarly, in the model where the INTLREEF series is the dependent variable, fau= -1.443697 (P=0.7842>0.05) and z=-3.121065
(P=0.8702). According to both models, it was determined that the null hypothesis of "no co-integration" could not be rejected and
there was no long-term relationship between the series.

Table 5. Engle and Granger Co-integration Test Results

Null h(}gn;f.‘hests The series are not cointegrated.
0):
Dependent Variable Independent Variable tau — statistic Prob.” z Prob.”
InBIST InTLREF 1.414701 0.9998 2.239973 0.9994
InNTLREF InBIST -1.443697 0.7842 -3.121065 0.8702

Notes: *MacKinnon (1996) p-values.

The concept and theory of co-integration were first developed by Engle and Granger. The Engle and Granger test is based
on a single equation and uses the Least Squares Method (LSM). This method, although practical, is not powerful at parsing
multiple cointegrated vectors. Because of these difficulties, Johansen has developed a method that calculates the estimation of the
vectors that provide co-integration with the Error Correction Model (ECM) method and allows the estimation of all the different
co-integration relationships that may exist between the series (Tar1, 2010). In the application of Johansen co-integration test, first
of all, the stationarity levels of the series should be I(1). With the help of the VAR model, the number of lags is determined and
the appropriate model is selected. Trace and Maximum Eigenvalue (Max-Eigen) statistics are used to determine the number of
cointegrating vectors. If the Trace and Maximum Eigenvalue (Max-Eigen) statistics are greater than the critical values, the null
hypothesis of "no co-integration" is rejected. This proves that there is a co-integration relationship between the series participating
in the analysis (Seviiktekin and Nargelecekenler, 2010). In Table 6, Johansen co-integration test results of InBIST and InTLREF
series are given. In the table, the fact that the critical values at the 5% error level are greater than the Trace and Maximum Eigenvalue
(Max-Eigen) statistics (15.49471>4.74982,3.841466>0.647206,14.2646>4.102776 and 3.841466>0.647206) show that there is no
co-integration between the series. As a result, according to Engle and Granger and Johansen co-integration tests, it was determined
that there was no long-term relationship between the series.

Table 6. Johansen Co-integration Test Results

Null hypothesis (H) Trace Statistic Critical Value Prob.**
There is no co-integration 4.749982 15.49471 0.8348
There is at most one co-integration 0.647206 3.841466 04211

Null hypothesis (H) Max-Eigen Statistic Critical Value Prob.**
There is no co-integration 4.102776 14.26460 0.8483
There is at most one co-integration 0.647206 3.841466 0.4211

Notes: Trace test indicates no co-integration at the 0.05 level. Max-eigenvalue test indicates no co-integration at the
0.05 level. **MacKinnon-Haug-Michelis (1999) p-values. With the VAR model, the optimal lag length was determined
ass.
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At this stage of the research, the hidden co-integration relationship between BIST-100 and TLREEF is investigated. For this
purpose, the series were separated into positive and negative components. Positive components of InBIST+ and INTLREF* series;
InBIST" and INTLREF" represent the negative components of the series. The long-term relationships between these components
were tested with the hidden co-integration tests of Granger-Yoon and Hatemi J-Irandoust. Before the hidden co-integration tests,
unit root tests should be applied to the series that are decomposed into positive and negative components. ADF and PP unit root
test results of InBIST*, InBIST-, INTLREF* and INTLREF" series are given in Table 7. It has been determined that the positive and
negative components of the series contain unit roots at 1%, 5%, and 10% significance levels and become stationary when the first
difference is taken. Since the series become stationary at the first difference (I(1)), hidden co-integration tests can be applied.

Table 7. Unit Root Test Results of InBIST", InBIST, InTLREF* and InTLREF

ADF PP
Series
Constant Constant & Trend Constant Constant & Trend
At Level (j-gzg;) 1.6151 3.5689 1.6556
InBIST" . (1.0000) (1.0000) (1.0000)
At First -31.0159 -31.4094 -31.2637 -31.4298
Difference (0.0000) (0.0000) (0.0000) (0.0000)
At Level -0.1652 -2.8467 -0.3274 -3.0083
InBIST _ (0.9402) (0.1809) (0.9183) (0.1304)
At First -17.3817 -17.3722 -30.2220 -30.2099
Difference (0.0000) (0.0000) (0.0000) (0.0000)
At Level (é-;’jﬁj) -0.9230 1.3873 0.9472
IWTLREF" . (0.9517) (0.9990) (0.9488)
At First -30.7957 -30.8566 -30.8197 -30.8710
Difference (0.0000) (0.0000) (0.0000) (0.0000)
At Level (z-z ; ﬁ) -0.6093 0.2501 -0.8156
InTLREF (0.9779) (0.9756) (0.9627)
At First -29.4337 -29.9671 -29.9555
Difference (0.0000) ~29.4323 (0.0000) (0.0000) (0.0000)

Notes: Contents in parentheses () indicate probabilities. In the ADF and PP unit root tests, the critical values were
-3.4370 (1%), -2.8643 (5%), and -2.5683 (10%) for the fixed model; for the fixed and trend model, it is - 3.9677
(1%), -3.4145 (5%) and -3.1294 (10%). The optimal lag in all tests was decided by Schwarz Information Criterion
(SIC). In addition, in the PP test, the Bartlett kernel is decided for the Spectral estimation method, while the
Bandwith options are used for the Newey-West method.

Granger and Yoon hidden co-integration test results of the series decomposed into positive and negative components are given
in Table 8. This test is based on Engle and Granger co-integration test. In the related test, the null hypothesis of "the series are not
cointegrated" is tested. The fact that tau and z statistical probability values are greater than 0.05 (p>0.05) in all models selected as
dependent and independent variables causes the null hypothesis not to be rejected. Therefore, according to the Granger and Yoon
test, it has been determined that there is no hidden co-integration relationship between the series.

Table 8. Granger-Yoon Hidden Co-integration Test Results

Null h};};:thesis The series are not cointegrated.

D;fg’;‘;i:t Independent Variable t_a;lta tistic Prob. z Prob.
InBIST* InTLREF* -0.706130 0.9434 -1.536905 0.9500
InBIST* InTLREF- -0.472062 0.9645 -0.804234 0.9723
InBIST InTLREF* -1.657260 0.6977 -4.916352 0.7388
InBIST InTLREF- -1.283335 0.8361 -3.420811 0.8506

InTLREF* InBIST* -0.824505 0.9290 -1.799487 0.9398
InTLREF* InBIST -1.510858 0.7591 -4.482837 0.7729
InTLREF- InBIST* -0.774836 0.9354 -1.326001 0.9573
InTLREF* InBIST -1.208357 0.8565 -3.220664 0.8638

Hatemi J and Irandoust hidden co-integration test is based on Johansen co-integration test to investigate the long-term relationship
between positive and negative components of variables. First of all, the optimal lag lengths are determined between the series
with the VAR model. It was seen that the VAR models met all the stability conditions at the determined optimal lag lengths. In
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Table 9, the results of the hidden co-integration test of Hatemi J and Irandoust are given. By comparing the Trace and Max-Eigen
statistics with the critical values, the hidden co-integration relationship was determined. The positive components of the InBIST
series and the positive components of the INTLREF series; A hidden co-integration relationship was found between the positive
components of the InBIST series and the negative components of the INTLREF series. In other words, it has been observed that
the cumulative positive shocks of the InBIST series and the positive and negative cumulative shocks of the INTLREF series have a
long-term relationship.

In the study, it is seen that the results of the co-integration tests of Granger and Yoon and Hatemi J and Irandoust are different.
According to the Granger and Yoon test, there is no long-term relationship between the positive and negative components of
the series. According to the Hatemi J and Irandoust test, a long-term relationship was determined. Sener et al. (2013) attribute
the reason for this difference to the superiority of the Johansen co-integration test over the Engle and Granger test. It has been
stated that relying on the Hatemi-J-Irandoust co-integration test results based on the Johansen co-integration test will enable more
accurate decisions to be made.

Table 9. Hatemi J-Irandoust Hidden Co-integration Test Results

0.05
The Relationship . Max-Eigen . Trace- L .
Under Study Hypothesis Statistic Prob. Statistic Critical Prob.
Value
InBIST! No co-integration* 23.45709 0.0014 24.52714 15.49471 0.0017
InTLREF* .
() There is co- 1070050 03009  1.070050  3.841466 03009
integration
InBIST* No co-integration* 14.95860 0.0388 16.21089 15.49471 0.0390
[nTLREF There is co-
(1) . ) 1.252297 0.2631 1.252297 3.841466 0.2631
integration
InBIST No co-integration* 5.105207 0.7285 5.588443 15.49471 0.7435
InTLREF" There is co-
(3) . . 0.483236 0.4870 0.483236 3.841466 0.4870
integration
InBIST No co-integration* 2.655926 0.9670 2.722597 15.49471 0.9780
InTLREF There is co-
(5) . ; 0.066671 0.7962 0.066671 3.841466 0.7962
integration

Notes: * denotes rejection of the hypothesis at the 0.05 level. **MacKinnon-Haug-Michelis (1999) p-values. The ()
notation indicates the optimal lag lengths from the VAR model. It has been tested that the stability conditions of the
VAR model are met at optimal lag lengths.

At the last stage of the research, causality relationships between positive and negative components of BIST-100 and TLREF
series were tested with Hatemi J asymmetric causality test. Test results are shown in Table 10.

Table 10. Hatemi - J Asymmetric Causality Test Results

Bootstrap Critical Values

Model Number Null hypothesis (Hy) Test Value %1 %5 %10
1 InBIST* #> InTLREF* 0.671 1.7219 1.2086 0.9828
2 InBIST* #> InTLREF 1.5033 1.7503 1.1696 1.0168
3 InBIST #> InTLREF"* 6.5365 1.6306 1.2323 0.9744
4 InBIST #> InTLREF* 0.6661 1.8303 1.2469 0.9953
5 InTLREF* #> InBIST" 1.3720 1.7952 1.1930 0.9685
6 InTLREF* #> InBIST 1.9105 1.6841 1.2152 0.9806
7 InNTLREF- #> InBIST* 3.9891 1.7164 1.2424 1.0291
8 InNTLREF #> InBIST 1.3688 1.5087 1.1410 0.9533

Notes: The notation “+> " indicates the null hypothesis of no causality. While generating critical values,
the number of bootstraps is taken as 10.000. The optimal lag length was determined based on the AIC
and SIC information criteria in the VAR model.

Model 1. The null hypothesis of no causality from the positive shocks of the BIST-100 index to the positive shocks of the
TLREF (InBIST* #> InNTLREFY) is tested. If the test value is less than the critical values at 1%, 5%, and 10% error levels, the
null hypothesis is accepted. Therefore, the null hypothesis is accepted since "Test Value = 0.671 < Bootstrap Critical Values =
1%: 1.7219,5%: 1.2086,10%: 0.9828". It has been determined that there is no causality from the positive shocks of the BIST-100
index to the positive shocks of the TLREF.
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Model 2. The null hypothesis of no causality from the positive shocks of the BIST-100 index to the negative shocks of the
TLREF (InBIST* #> InTLREF") is tested. While there is no causality at the 1% error level. Causality was detected between the
series indicated at 5% and 10% error levels.

Model 3. The null hypothesis of no causality from negative shocks of BIST-100 index to positive shocks of TLREF (InBIST"
#> INTLREF") is tested. A causal relationship was determined between the series indicated at 1%, 5%, and 10% error levels.

Model 4. The null hypothesis (InBIST~ #> INTLREF") that there is no causality from the negative shocks of the BIST-100 index
to the negative shocks of the TLREF is tested. A causal relationship could not be determined between the series specified at the
error levels of 1%, 5%, and 10%.

Model 5. The null hypothesis that there is no causality from the positive shocks of TLREEF to the positive shocks of the BIST 100
index (INTLREF* #> InBIST™) is tested. While there is no causality at the 1% error level. Causality was detected between the
series indicated at 5% and 10% error levels.

Model 6. The null hypothesis of no causality from the positive shocks of TLREEF to the negative shocks of the BIST-100 index
(INTLREF* #> InBIST") is tested. A causal relationship was determined between the series indicated at 1%, 5%, and 10% error
levels.

Model 7. The null hypothesis of no causality from the negative shocks of TLREEF to the positive shocks of the BIST-100 index
(InTLREF #> InBIST™) is tested. A causal relationship was determined between the series indicated at 1%, 5%, and 10% error
levels.

Model 8. The null hypothesis that there is no causality from the negative shocks of TLREF to the negative shocks of the
BIST-100 index (INTLREF" #> InBIST") is tested. While there is no causality at the 1% error level. Causality was detected between
the series indicated at 5% and 10% error levels.

5. Conclusions and Recommendations

In this research, an attempt has been made to elucidate the relationship between stock markets and interest rates, which is
one of the most controversial issues both in theory and in practice. The study utilizes TLREF, which has a three-year calculation
history, along with BIST-100. There are 946 observations in the study covering daily data between 28.12.2018 and 20.10.2022. The
stationarity of variables has been tested using ADF, PP traditional unit root tests, and ZA structural break unit root tests. Traditional
Engle and Granger as well as Johansen traditional co-integration tests are employed to determine long-term relationships in the
analysis. Since a long-term relationship cannot be established using traditional co-integration tests, Granger-Yoon and Hatemi
J-Irandoust hidden co-integration tests are applied. To apply the hidden co-integration tests, the series are decomposed into their
positive and negative components. The Granger and Yoon test results did not reveal any hidden co-integration relationship between
the series. A more robust test, the Hatemi J and Irandoust test, is then applied. In these test findings, it is observed that there is
a long-term relationship between the cumulative positive shocks of the BIST-100 series and the positive and negative cumulative
shocks of the TLREEF series. The research findings underscore the importance of using series decomposed into cumulative shocks.
Although it is seen that there is no long-term co-integration relationship between the series with traditional co-integration tests, it
has been revealed that there may be hidden relationships between the series. What makes this research unique is the revelation of
the co-integration relationship through hidden co-integration methods.

The research indicates that many financial variables exhibit asymmetric behavior. Hidden relationships that cannot be revealed
by symmetric methods become possible through established asymmetric models. In this regard, causality relationships between
variables were examined using Hatemi-J asymmetric causality analysis. In the results of asymmetric causality tests, no causality
relationship was observed from the positive shocks of the BIST-100 index to the positive shocks of TLREF, nor from the negative
shocks of the BIST-100 index to the negative shocks of TLREF. However, there exists a one-way causality relationship from the
positive shocks of TLREF to the positive shocks of the BIST-100 index and from the negative shocks of TLREF to the negative
shocks of the BIST-100 index. Additionally, a two-way causality was detected from the negative shocks of the BIST-100 index to
the positive shocks of TLREF and from the positive shocks of the BIST-100 index to the negative shocks of TLREF. The research
findings suggest a one-way causality relationship from both the positive and negative shocks of TLREF to the positive and negative
shocks of the BIST-100 index, indicating that changes in interest rates result in changes in the stock index. The impact of changes
in interest rates on stock markets is consistent with theory and empirically supported by previous studies such as Dritsaki-Borgiota
and Dritsaki (2004), Mukit (2013), which found one-way Granger causality results from interest rates to stock exchanges. As
indicated in the research findings, changes in interest rates have the capacity to influence stock markets. High interest rates often
create selling pressure in stock markets as investors may shift towards other fixed-income investments. Furthermore, an increase in
interest rates can raise borrowing costs for businesses, narrowing profit margins and potentially leading to declines in stock prices.
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This underscores the importance of stock investors closely monitoring changes in interest rates and adjusting their investment
strategies accordingly to these changing conditions.

The existence of a causality relationship from the positive shocks of the BIST-100 index to the negative shocks of TLREEF, as
indicated by another asymmetric causality test result, can be interpreted as suggesting that positive changes in the stock market
lead to a decrease in interest rates. On the other hand, the one-way causality relationship from the negative shocks of the BIST-100
index to the positive shocks of TLREF also implies that negative changes in the stock index have a positive effect on interest rates.
Positive developments in the stock market often reduce interest rates by diminishing investors’ demand for alternative investment
instruments. Consequently, increases in the stock market can lead to a decrease in interest rates. Conversely, fluctuations in the
stock market can influence investors’ risk perception. Stocks with high return potential may increase investors’ sensitivity to interest
rates. Particularly in the event of a negative trend observed in the stock market, investors may turn to fixed-income securities such
as bonds or treasury bills, considered safer havens, thereby causing interest rates to rise. Due to the complexity of these factors,
the impact of the stock market on interest rates generally occurs in a multifaceted and dynamic manner.

The relationship between interest rates and the stock market has been extensively examined in the literature. To contribute to the
literature, this research aims to determine the asymmetric relationships between variables using both hidden co-integration and
asymmetric causality tests, which will provide insights into investors’ portfolio management. Additionally, it is believed that the
study may offer a different perspective on the relationship between interest rates and investment in Turkey, thereby contributing to
a better understanding of this dynamic.
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ARASTIRMA MAKALESI / RESEARCH ARTICLE

Finansal Piyasalarda Etkinlik Hipotezi: OECD Ulkeleri Uzerine Bir
Uygulama

The Efficiency Hypothesis in Financial Markets: An Application over OECD
Countries

Derya OZ'

listanbul Ticaret Universitesi, Meslek Yiiksekokulu, Bilgisayar Programcilig1, istanbul, Tiirkiye

0Z

Bu ¢alismada finansal piyasalarda etkinlik hipotezinin gecerliliginin test edilmesi amaciyla, geleneksel ve giincel ekonometrik
yontemler kullanilarak, OECD iilkelerine ait borsa endeks degerleri incelenmistir. Etkinlik hipotezi, menkul kiymet fiyatlarinin
modellenerek tahmin edilemeyecegi seklinde tanimlanmaktadir. Etkin piyasalarda fiyatlarin tahmin edilememesinin nedeni ise
fiyatlarin rastgele yiiriiyiis sergilemesidir. Finansal zaman serilerinin tanimlayici istatistikleri incelendiginde, genellikle normal
dagilima uygunluk gostermedikleri bilinmektedir. Bu durumda finansal zaman serilerinde normal dagilim varsayimina dayali
birim kok testlerinin kullanimi, hatali sonuglar elde edilmesine sebep olabilmektedir. Dolayisiyla ¢aligmanin ampirik kisminda
normal dagilim varsayimina dayali birim kok testleri ile birlikte Kalintilarla Arttirilmig En Kiigiik Kareler (RALS) yontemine
dayanan birim kok testleri de kullanilmustir. Etkinlik hipotezinin test edilmesi i¢in 19 OECD iilkesine ait borsa endeks degerleri
iizerinde; LM tipi bir ve iki yapisal kirilmali birim kok testleri ile RALS yontemine dayali olan RALS-LM birim kok testleri
kullanilmistir. Normal dagilim varsayimina dayanan SP ve LM testi ile RALS-LM testlerinin uygulamadaki sonuglarina gore; SP
ve LM birim kok testlerinin yardimci regresyonlarina ait kalintilarin normal dagilim gostermedigi gézlenmistir. Dolayistyla ele
alinan finansal serilere iligkin kalintilarin normallik varsayimini saglamadig1 gosterilmistir. Ayrica serilerin birim koklii bir siire¢
gosterip gostermedigi incelendiginde, RALS-LM birim kok testlerinde, SP ve LM birim kok testlerine gore daha cok iilke piyasa
endeksi i¢in birim kok hipotezinin reddedildigi, yani ilgili {ilkelerin piyasa fiyatlarinin etkin olmadig: tespit edilmistir. Bu durumda
etkin olmayan piyasalarda yatirimcilarin fiyatlar1 tahmin edebilmesi bilgisi ile etkin piyasalarda fiyatlarin tahmin edilemeyecegi
bilgisi gbz 6niinde bulundurularak yatirim kararlar1 alinmasi uygun olacaktr.

ABSTRACT

This study examines the stock market index values of OECD countries using traditional and current econometric methods to
test the validity of the efficiency hypothesis in financial markets. The efficiency hypothesis is defined as stock exchange markets’
inability to be predicted through modeling. The reason why prices cannot be predicted in efficient markets is that prices exhibit
random walks. When examining the descriptive statistics of financial time series, they are generally known to not conform to
normal distributions. Therefore, the use of unit root tests based on the assumption of normal distribution in a financial time series
may lead to incorrect results. As such, the empirical part of the study uses unit root tests based on the residual augmented least
squares (RALS) method alongside unit root tests based on the assumption of normal distribution. To test the efficiency hypothesis
on the stock market index values of 19 OECD countries, the study uses the Lagrange multiplier (LM) unit root tests with one and
two structural breaks and RALS-LM tests, which are unit root tests based on the RALS method. According to the results from
the Schmidt and Phillips (SP), LM and RALS-LM tests, the residuals from the auxiliary regressions of the SP and LM unit root
tests were observed to not show normal distributions. Therefore, the residuals related to the financial series under consideration
have been shown to not support the normality assumption. Additionally, when examining whether the series shows a unit-rooted
process the RALS-LM unit root tests reject, the unit root hypothesis for more country market indexes than the SP and LM unit root
tests. In other words, the study has determined the market prices of the relevant countries to not be efficient. In this case, making
investment decisions would be appropriate by taking into account the knowledge that investors can predict prices in inefficient
markets and that prices cannot be predicted in efficient markets.
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EXTENDED SUMMARY

The statistical feature that distinguishes financial time series from economic time series is that financial time series show
a leptokurtic distribution. Volatility clustering and positive excess kurtosis are known to occur in leptokurtic distributions. The
number of outliers in financial time series is higher than in normally distributed series. This is why, when examining the probability
density function graph, the tail parts of the distribution in these series are thicker than the normal distribution. Based on the reasons
for these explanations, financial series are known to not conform to a normal distribution. Therefore, the use of tests based on the
assumption of normal distribution regarding analyses of series that do not have a normal distribution (e.g., financial series) will
negatively affect the obtained results.As such, other methods are used in cases of normal non-dispersion that also give effective
and reliable results. The normality assumption is also important in unit root analyses performed over financial series. In order for
the obtained results to provide effective estimates, residuals related to auxiliary regression models are required to have normal
distributions. The studies of Meng et al. (2014) and Meng et al. (2016) applied unit root tests based on the residual augmented least
squares (RALS) method cases where the normality assumption was not provided, and the residuals related to auxiliary regressions
that showed a leptokurtic distribution also deviated from normality as a result of asymmetry or nonlinearity. The RALS method
has reasons related to the deviation of the higher-order moments of the residuals belonging to auxiliary regressions that do not
show a normal distribution. Therefore, this study uses this method and the second and third moments of the residuals to attempt
to resolve the problem of the normality assumption.

This study considers the efficiency hypothesis, which is defined as the inability to use modeling to predict the prices of securities.
Therefore, prices can not be predicted because they exhibit a random walk (Champell et al., 1996, p.22). When the prices for
securities bought and sold on a securities market reflect all the information and prices respond quickly or without deviation to new
information, such markets are generally interpreted as being efficient (Deckman & Dale, 1986, p.5).

This study uses traditional and current econometric methods to examine the stock market index values of the Organisation for
Economic Co-operation and Development (OECD) countries and to test the validity of the efficiency hypothesis over financial
markets. Due to the leptokurtic distribution of the financial series, the empirical part of the study uses unit root tests based on the
RALS method, which is widely used in cases where the residuals do not comply with normal distribution, as well as unit root tests
based on the assumption of normal distribution. To test the efficiency hypothesis over the stock market index values of 19 OECD
countries, the study uses the Lagrange multiplier (LM) unit root tests with one and two structural breaks and RALS-LM unit root
tests, which are unit root tests based on the RALS method. According to the practical results from the Schmidt and Phillips (SP),
LM and RALS-LM tests based on the assumption of normal distribution, the residuals from auxiliary regressions of the SP and
LM unit root tests were observed to not show normal distributions. Therefore, the residuals related to the financial series under
consideration have been shown to not support the normality assumption. Additionally, when examining whether the series shows
a unit-rooted process, the RALS-LM unit root tests reject the unit root hypothesis for more country market indexes than the SP
and LM unit root tests.

Giris

Finansal piyasalar, bir¢ok iilkede fon alanlar ve fon arz edenler arasinda fon akimlarini diizenleyen kurumlar veya akimi saglayan
araclarla bunlar1 diizenleyerek, hukuki ve idari kurallarin olusturdugu yap: seklinde tanimlanmaktadir. Bir iilkenin ekonomik
sisteminde Onemli bir yere sahip olan finansal piyasalarda, fonlarin el degistirmesi amaciyla fon talep ve arzi i¢in belgeler
diizenlenmektedir. Dolayisiyla finansal piyasalar, finansal varlik seklinde tanimlanan kiymetli evrak 6zelligindeki bu belgelerin
alig-satig islemlerinin yapildig: piyasalardir. Finansal piyasalar; para piyasasi ve sermaye piyasasi olarak stmiflandirilmaktadir. Para
piyasasi, fon arz-taleplerinin en fazla bir y1l vadeli oldugu piyasalar iken; sermaye piyasasi vadesi bir y1ldan fazla olan piyasalardir.
Ayrica finansal piyasalar varlik alig- satiglarinin yasa ve kurallara dayali olup olmamasi bakimindan organize ve organize olmamig
piyasalar seklinde de tanimlanmaktadir. Menkul kiymetler borsalari, organize olmus sermaye piyasalarina 6rnek verilebilmektedir.
Bu ozellikteki borsalarda iglem goren menkul kiymetler, borsaya kayitlidirlar ve dogrudan alim-satimi1 olmamaktadir. Ancak araci
kurumlar ile alim- satim islemleri yapilabilmektedir (Ceylan, 2000). Menkul kiymet borsalarinda yatirimeilar en aza indirgenmis
risk unsurlari ile maksimum fayda saglayabilecegi kararlar almay1 amaclamaktadirlar. Ancak piyasa fiyatlarinda artig veya azalig
yoniinde etkili olabilecek bir¢cok etken bulunmaktadir. Bu noktada yatirimeilar hangi piyasa fiyatlarinin daha az risk tegkil edecegi
konusunda cesitli yaklasimlardan yararlanmaktadir. Bu yaklasimlardan biri de etkinlik hipotezi kavramidir.

Etkinlik hipotezi, menkul kiymet fiyatlarinin modellenerek tahmin edilemeyecegi olarak tanimlanmaktadir. Dolayisiyla fiyatlarin
tahmin edilmesi s6z konusu degildir, bunun nedeni ise fiyatlarin rastgele yiiriiyiis sergilemesidir (Champell vd. 1996; 22).
Genellikle, bir menkul kiymet piyasasinda piyasada aliip satilan menkul kiymetlerin fiyatlar1 biitlin bilgileri yansitiyorsa ve
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fiyatlar yeni bilgiye hizl1 veya sapmasiz bir bicimde yanit veriyorsa, bdyle piyasalar etkindir seklinde yorumlanmaktadir (Deckman
ve Dale, 1986; 5). Mevcut bilgilerin tiim yonleri ile ele alindig1 menkul kiymetlerin iglem gordiigii piyasalar etkin piyasalar olarak
tanimlanmaktadir (Fama, 1970). Piyasalar, diger degiskenlerin sabit oldugu varsayimi altinda, diisiis ya da yiikselis beklentisi
icinde degildir. Bunun nedeni, piyasalarin sadece cari gercek fiyatlar ile ilgilenmesidir. Ayrica menkul kiymet fiyatlarina iligkin
rassal yiiriiylis modeli, matematiksel 6zelliklerin etkisi altindadir (Altun, 1992). Etkin piyasa hipotezinde fiyatta meydana gelen
degisiklikler bagimsiz ve rastgele dagilim sergilemektedir. Bununla birlikte fiyat serilerindeki degisiklikler herhangi bir hafizaya
sahip olmadiklar1 i¢in ge¢cmis degerler kullanilarak gelecege dair tahminlerde bulunulamaz (Fama, 1965). Herhangi bir piyasanin
etkin olarak ifade edilebilmesi i¢in, o piyasadaki menkul kiymetlerin fiyat hareketlerinin kisa donem hafiza 6zelliginde olmasi
gerekmektedir. Ote yandan bir piyasanin etkin olmamasi ise, o piyasanin uzun dénem hafizaya sahip olmasiyla ilgilidir. Fama
1970’te yapmus oldugu ¢aligsmayla etkinlik hipotezini asagidaki gibi ii¢ farkli sekilde tanimlamustir (Ozdemir ve Celik, 2020;
125-160):

e Zayif formda etkinlik
e Yar giiclii formda etkinlik
e Giiclii formda etkinlik

Zayif formda etkinlik, piyasa fiyatlarinin ge¢cmis fiyatlariyla ilgili biitiin bilgileri yansitmasi seklinde ifade edilmektedir. Hisse
senedi fiyatlarina iligkin biitiin bilgilerin giincel fiyatlara tam anlamiyla yansidig1 varsayilmaktadir. Zayif formda etkin piyasalara
ait yatirnmcilar yeni gelen bilgilere anlik bir sekilde erisememektedir. Bununla birlikte, bir takim kamuya acik¢a verilmemis
yeni bilgiler, bazi piyasalarda yer alan katilimcilarin bilgisi dahilinde olmaktadir (Fama, 1970; 383-384). Menkul kiymetlere ait
fiyatlardaki degisimin rassal olmasiyla, 6nceden tahmin edilemeyeceginin ileri siiriildiigii rassal yiiriiyiis teorisi ayni zamanda
zay1f formda etkinlige de 6rnek gosterilebilmektedir (Karasin, 1987; 96).

Yar: giiclii formda etkinlik, kamuya bildirilen biitiin bilgiler ve ge¢cmis fiyat bilgilerinin piyasadaki fiyatlara yansimasi; kamuya
bildirilen bilgilerin cari fiyatlara yansimasiyla ortalama iistii getirilerin engellenmesi gibi 6zellikleri tasimaktadir (Bodie, Kane ve
Marcus, 2009; 349-350). Bu formda olan piyasalar i¢in yatirimcilar normalin @istiinde getiri elde edemedigi ifade edilmektedir.

Giiclii formda etkinlik ise, arz- talep dengesinde olusan fiyatlarin ge¢misteki bilgilerini, kamuya bildirilen biitiin bilgiler ile
firma i¢i bilgiler gibi 6zel bilgileri yansitmaktadir. Bu durumda 6zel bilgiye sahip firma yoneticileriyle firma sahiplerinin ortalama
iistli getirileri olmayacaktir (Stimer ve Aybar, 2016; 75-84).

Literatiirde etkin piyasalar hipotezi ile ilgili yapilmis bir¢ok calisma bulunmaktadir. Zayif formda etkinligi ilk olarak 1959’da
ele alan Roberts, yapmig oldugu ¢aligsmasinda hisse senedi fiyatlarindaki degisikliklerin rassal yiiriiyiis sergiledigi ve dolayisiyla
zayif formda etkin oldugunu gostermistir (Koyuncu ve Aslan, 2019; 17-30). Daha sonra 1965°te Fama, piyasada bulunan biitiin
bilgileri icerdigini ileri siirdiigii hisse senedi fiyatlarini inceleyerek; borsada gerceklesen fiyat degisimlerinin rassal olarak ortaya
¢iktigin1 ve bu nedenle fiyatlarin onceden tahmin edilemeyecegini ileri siirmiistiir. Ayrica Fama 1970’te, etkin piyasa hipotezi
kavramini literatiire kazandiran bir ¢aligmayla, bu kavramin ilk kez kullanimin1 gerceklestirmigtir. Fama bu ¢aligmasinda, bir
piyasanin etkinlik derecesinin o piyasadaki fiyatlarin rassal olmasiyla yani 6nceden tahmin edilememesiyle ilgili oldugunu ileri
stirmiistiir (Yalcin vd., 2022; 100-119). Daha sonraki yillarda Burt vd. 1973 ve 1975 yillarindaki ¢alismalarinda; Kanada, Almanya
ve Ingiltere piyasalarina iliskin incelemelerinde Ingiltere ve Almanya piyasalarinin etkin piyasalar oldugunu gostermislerdir. Lee
vd. 1988 ve 1995 yillarindaki ¢alismalarinda, dokuz Asya iilkesine iligkin piyasalar ele alarak, ilgili piyasalarin etkinlik 6zelligi
gosterdigini ifade etmiglerdir (Bagarir ve Serel, 2021; 77-93). Tiirkiye’de etkinlik hipotezi ile ilgili son yillarda yapilmig ¢aligmalar
ise Tablo 1’de 6zetlenmistir:

Finansal zaman serilerini iktisadi zaman serilerinden ayiran istatistiki 6zellik leptokortik dagilim gostermesidir. Leptokortik
dagilimlar icin volatilite kiimelenmesi ve pozitif asir1 basikligin s6z konusu oldugu bilinmektedir. Finansal zaman serilerinde
outlier (aykirt deger) sayisi, normal dagilim gosteren serilere gore daha fazladir. Bu sebeple olasilik yogunluk fonksiyonu grafigi
incelendiginde bu serilerde dagilimin kuyruk kisimlari normal dagilimdan daha kalin olmaktadir. Ag¢iklanan sebeplere daya-
narak finansal serilerin normal dagilima uygunluk gostermedigi bilinmektedir. Dolayisiyla finansal seriler gibi normal dagilim
gostermeyen seriler i¢in yapilacak analizlerde, normal dagilim varsayimina dayanan testlerin kullanimi, elde edilen sonuglarin
olumsuz yonde etkilenmesine neden olacaktir. Bu durumda normal dagilmama durumunda da etkili ve giivenilir sonuclar veren
bagka yontemlere bagvurulmaktadir. Finansal seriler icin yapilan birim kok analizlerinde de normallik varsayimi onemlidir. Elde
edilen sonuclarin etkin tahminler olmasi i¢in yardimei regresyon modellerine iligkin kalintilarin normal dagilmasi gerekmektedir.
Meng vd. 2014°teki caligmast ile Meng vd. 2016 yilindaki ¢alismalarinda da, normallik varsayiminin saglanmadig1 durumlarda
kalintilarla arttirilmig en kiigiik kareler (RALS) yontemine dayali birim kok testleri; yardimci regresyonlara iligkin kalintilarin
leptokortik dagilim gostermesi, asimetri veya dogrusal disilik sebeplerinden dolay1 normallikten uzaklagmasi halinde uygulanmak-
tadir. RALS yonteminde, normal dagilim gostermeyen yardimci regresyonlara ait kalintilarin, yiiksek mertebeden momentlerinin
normallikten uzaklagmasiyla ilgili sebepler yer almaktadir. Dolayisiyla bu yontemle, kalintilara ait ikinci ve ii¢iincii momentlerin
kullanimiyla, normallik varsayimi problemi ¢oziilmeye ¢alisilmaktadir.
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Tablo 1. Etkinlik Hipotezi Literatiir Taramast

Yazar(lar) / Yayin Tarihi

Uygulama Alam

Analiz Yontem(ler)i

Bulgular

Berke, B., Ozcan, B. ve
Dizdarlar, H.I. (2014)

Tirkiye’deki doviz piyasasi
zayif ve yari gii¢lii formda
etkinlik bakimindan
incelenmistir.

ADF, PP ve LM Birim
Kok Testleri

Incelenen seriler zayif
formda etkin, ancak yar1
giiclii formda etkin degildir.

Hepsag, A. ve Yasar Akgali,
B. (2015)

G7 ve E7 iilkelerine ait hisse
senedi piyasalarinda zayif
formda etkinlik
arastirilmstir.

Sollis (2009) Birim Kok
Testi, KSS Birim Kok
Testi

G7 lilkelerinden ABD,
Fransa, Italya ve Japonya
iilke piyasalar1 zayif formda
etkin, ancak diger tilkeler
etkin degildir. Ayrica E7
tilkelerinde Brezilya, Cin,
Endonezya, Hindistan,
Meksika ve Tiirkiye
piyasalar1 zayif formda
etkin iken geriye kalan
iilkeler zayif formda etkin
degildir.

Altundz, U. (2016)

Borsa Istanbul’da zayi1f
formda etkin piyasa
hipotezinin test edilmesinde
bankacilik piyasasi ele
alinmustir.

ADF Birim Kok Testi, PP
Birim Kok Testi

Incelenen seriler birim
kokli olup, zayif formda
etkindir.

Malcioglu, G. ve Aydin, M.

BIST 100 Endeksi ve alt

Harvey Dogrusallik Testi,

Incelenen seriler duragan

(2016) endeksleri (Sinai, Teknoloji, KSS Birim Kok Testi olup, zay1f formda etkin
Mali ve Hizmet Endeksi) degildir.
etkinlik bakimindan
incelenmistir.
Gozen, M. C., Kog, S. ve TL/ABD Dolart ile KPSS Birim Kok Testi, Incelenen serilerde Tiirkiye

Abasiz, T. (2016)

TL/AVRO kurlart i¢in zayif
formda etkinlik
aragtirilmigtir.

ADF Birim Kok Testi, iki
Yapisal Kirtlmali LM ve
LP Birim Kok Testleri

i¢in zayif formda etkinlik
hipotezinin gegerli oldugu
bulunmustur.

Cevik, E. L. (2018)

BIST 100 Endeksinin
biitiinlesme derecesi
rejimlere bagh olarak zayif
formda etkinlik bakimmdan
aragtirilmigtir.

Markov-Swicthing ADF
(MS-ADF) Birim Kok
Testi

Yiiksek volatilite rejiminde

zayif formda etkinlik, diisiik

volatilite rejiminde ise zayif
formda etkinligin gegerli
olmadig tespit edilmistir.

Kayral, 1. E. ve Alagdz, H. M.
(2019)

G-20 Ulkeleri borsast igin
zayif formda etkinlik test
edilmistir.

Varyans Oran Testi, ADF,
PP, KPSS Birim Kok
Testleri

ABD, Hindistan, Suudi
Arabistan, Cin tilke
borsalarinin zayif formda
etkin olmadiklar ve geriye
kalan iilke borsalarinda
zayif formda etkinligin
gegerli oldugu tespit
edilmigtir.

Bektur, C. ve Aydin, M. (2019)

BIST 100 (Getiri) ve alt
endeksleri i¢in zayif formda
etkinlik hipotezinin
gecerliligi sinanmustir.

Fourier KPSS Birim Kok
Testi

Incelenen serilerin birim
koklii oldugu, dolayisiyla
bu serilerde zayif formda
etkinlik hipotezinin gegerli
oldugu bulunmustur.

Cevik, E. 1. ve Sezen, S.
(2020)

BIST bankacilik sektor
endeksi i¢in zayif formda
etkinlik arastirilmistir.

Uzun Hafiza Modelleri

Incelenen seriler duragan
olup, zayif formda etkin
degildir.

Sahin, 0. (2020)

BIST100, Dolar Kuru ve

Run Test ve Volatilite

Incelenen seriler duragan

Altin Fiyati Piyasalarma Modelleri olup, zayif formda etkin
iizerine bir ¢aliymadir. degildir.
Ozdemir, A. ve Celik, 1. (2020) S&P500 (ABD) ve BIST ARFIMA ve FIGARCH Incelenen seriler duragan
100 pay piyasasi model kombinasyonlar1 olup, etkinlik hipotezi

endekslerine ait getiri
serileri igin uzun hafiza
etkisi ve uzun donem
volatilitesi farkli dagilimlar
altinda incelenmistir.

gegerli olmamaktadir.

Basarir, Y. ve Serel A. (2021)

Tirkiye’deki doviz
piyasasinin zayif ve yart
giiclii formda etkinligi
arastirilmstir.

Engle Granger
Esbiitiinlesme Testi,
Gregory Hansen Testi

Doviz piyasalari zayif
formda etkin ancak yar1
giiclii formda etkin degildir.
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Ildirar, M. ve Dalli, T. (2021)

BIST bankalar endeksi ile
birlikte 12 bankanin aylik
kapanus fiyatlarinda zayif
formda etkinlik
aragtirllmustir.

ADF, PP, KPSS Birim
Kok Testleri, Varyans
Orani Testi

Tiirkiye Halk bankasi
disindaki tiim serilerde
zayif formda etkinligin

gegerli oldugu goriilmiistiir.

Eratag Sénmez, F. (2021)

G7 iilkeleri piyasalarinda
zayif formda etkinligin
gecerliligi incelenmistir.

Duragan olmayan panel
birim kok testleri

Tlgili serilerde zayif formda
etkinlik s6z konusudur.

Yal¢in, C. K.,Cevik, Y. E. ve
Tanridven, C. (2022)

Yiiksek frekansh iglemler

sonrast BIST 100 endeksi

i¢in zay1f formda etkinlik
arastirilmistir.

Varyans Orani Testi

Incelenen seriler duragan
olup, zayif formda etkin
degildir.

Buzdagli, 0. (2022)

Dolar/TL ve Euro/TL’ye ait
nominal déviz kuru verileri

Fourier ADF, Fourier
KSS, Fourier Sollis ve

Incelenen seriler duragan
olup, zayif formda etkin

zayif formda etkinlik Fourier Kruse Birim Kok degildir.
bakimindan incelenmistir. Testi
Eyiiboglu, K. ve Kiziltoprak, Metal emtia piyasalarinda Fourier ADF Birim Kok Altin, platin ve paladyum
G. (2022) altin, glimiis, platin ve Testi piyasalart birim kokli

paladyuma ait giinliik dolar
bazli kapanis fiyatlari ele
almarak zay1f formda
etkinligin gegerliligi test
edilmistir.

oldugu i¢in etkinlik hipotezi
gegerliyken, glimiis
piyasasindan fiyatlar
duragan oldugu i¢in etkinlik
hipotezi gegerli degildir.

Kiigiikkaplan, I, Kilig, E.,
Pazarcy, S. ve Kar, A. (2023)

G-8 iilkeleri borsa
endeksleri i¢in etkin piyasa
hipotezinin gegerlilgi test
edilmistir.

ADF, RALS-ADF,
Fourier-ADF ve Fourier-
KSS Birim Kok Testleri

Almanya, Fransa, Japonyo
piyasalarinda etkin piyasa
hipotezi gegerlidir. Rusya
serisi i¢in ADF disindaki

tiim birim kok test
sonuglarina gore etkin
piyasa hipotezi gegersizdir.

Bu calismada finansal piyasalarda etkinlik hipotezinin gecerliliginin test edilmesi amaciyla, geleneksel ve giincel ekonometrik
yontemler kullanilarak, OECD iilkelerine ait borsa endeks degerleri veri setleri incelenmistir. Bu amacla uygulamada, etkinlik
hipotezinin gecerliligini 19 OECD iilkesine ait menkul kiymetler borsa endeks fiyatlar1 ele alinarak; SP ve LM birim kok testleri
ile RALS-LM birim kok testi ele alinmustir. Caligmanin birinci kisminda finansal piyasalar ve etkinlik hipotezi hakkinda bilgi
verilmistir. Tkinci kistmda kullanilan ekonometrik yontemlere iligkin teorik aciklamalar yer almaktadir Uciincii kisimda kullanilan

veri seti aciklanarak, ampirik bulgular verilmektedir. Calismanin son kisminda ise sonug¢ boliimii bulunmaktadir.

Ekonometrik Yontem

Finansal serilerde etkinlik hipotezi kavrami literatiirde siklikla karsilagilan énemli bir konudur. Piyasalarin etkinliginin test
edilmesinde ise bircok farkli yontem kullanilmaktadir. Bu ¢alismada, piyasalarin etkinlik hipotezine uygunluk gosterip goster-
medigini test etmek icin 19 OECD iilkesine iliskin menkul kiymetler borsa endeks fiyatlari ele alinmustir. Ilgili piyasalarin
etkinligini test etmek amaciyla ¢alismada Schmidt ve Phillips’in 1992 yilinda 6nerdikleri LM tipi birim kok testinin yapisal
kirilmali formu olan ve Lee ve Strazicich tarafindan 2003 ve 2004 yillarinda gelistirilen bir ve iki yapisal kirilmali birim kok testi
kullamilmigtir. Ayrica giincel yontemlerden, Kalintilarla arttirilmis en kiigiik kareler (RALS) yontemine dayal1 birim kok testi olan
ve Meng, Im, Lee ve Tieslau tarafindan 2014 yilinda gelistirilen RALS — LM birim kok testi ele alinmigtir.

Calismada yer alan klasik LM test regresyonu, en kiigiik kareler (EKK) yontemi ile tahmin edilerek, ona ait kalintilar hesaplan-
maktadir. LM testine iligkin test regresyonu asagidaki gibidir:

yl :Zt6+xt’

e))

Xe = PBx-1 + e
Burada, z; = [1,7] deterministik bilesenler olan sabit terim ve trend degiskeni olarak tanimlanmaktadir. Schmidt ve Phillips
tarafindan 1992 yilinda onerilen birim kok testine ait yardimci regresyon ise agagidaki gibidir:
Ayi =8z +¢yi1 +e @)

Burada, y; degiskeni y, degiskeninin trendden arindirilmis seklidir. (2) numarali yardimer regresyon modeli en kiigiik kareler
(EKK) yontemi ile tahmin edildikten sonra agagidaki hipotezler yardimiyla birim kok sinamasi yapilmaktadir:
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Hy : ¢ =0 (Seri birim kokliidiir.)
H; : ¢ <0 (Seri duragandir.)

Ancak Schmidt ve Phillips (1992) testi yapisal kirilmalar1 dikkate almadig i¢in;

ir = [l’t,Dl,t»DZ,t’DTl,t»DTZ,t]/

seklinde tanimlanarak, yapisal kirilmalarin modele dahil edilmesiyle, Lee ve Strazicich tarafindan 2003 ve 2004 yillarinda
oOnerilen bir ve iki yapisal kirtlmali LM testi gelistirilmigtir. LM birim kok testi icin hesaplanan test istatistigi, ilgili kritik
degerden biiyiik oldugunda, sifir hipotezi reddedilerek serinin yapisal kirilmali duragan oldugu sonucuna varilmaktadir. Ancak
test istatistigi kritik degerden biiyiik ise, sifir hipotezi reddedilemedigi icin serinin yapisal kirilmali birim koklii bir siire¢ izledigi
ifade edilmektedir (Hepsag, 2022). Yapisal kirilmal1 LM birim kok testi ile ADF tipi birim kok testlerinde yapisal kirilmay: dikkate
almayarak test edilen hipotezlerin hatali sonuglara sebep olmasi1 6nlenebilmektedir. Lee ve Strazicich’in LM tipi birim kok testinin
uygulama agamasinda kullanilacak modeller A, B ve C seklinde tanimlanmistir. Bu modeller sirasiyla; diizeyde yapisal kirilmali,
egim parametresinde yapisal kirilmali ve hem diizeyde hem de egim parametresinde gerceklesecek yapisal kirilmay1 dikkate alan
modellerdir. Burada C modeli, diger iki modele gore {istiinliik saglamaktadir. Bu ¢aligmanin ampirik analizlerinde kullanilan LM
birim kok testine ait veri yaratma siireci;

Yi,z7=5lzt+€t 3)

seklindedir.

Burada, e; = Be;_1 +¢&, olarak tanimlanmaktadir. Ayrica modelde yer alan Z;, digsal degiskenler vektoriidiir. &, ise, O ortalamaya

ve o2 varyansa sahip 6zdes bagimsiz normal dagilan degiskenlerdir.

LM birim kok testi icin test istatistigi ise;

AY; 4, = 6IAZI + ¢§t—l + Uy @

denklemiyle hesaplanmaktadir.

Bir ve iki yapisal kirilmali LM birim kok testlerinde C modelinde sirasiyla; diizeyde ve trendde bir yapisal kirilma ile diizeyde
ve trendde iki yapisal kirilmaya izin verilmektedir. Test istatistigi ise:

7 : ¢=0 seklinde tanimlanan sifir hipotezini test eden t istatistigi olarak tanimlanmaktadir (Y1ildirim Tiragoglu, 2014; 68-87).

Kalintilarla arttirilmig en kiigiik kareler (RALS) yontemi, literatiirde ilk defa 1996 yilinda Im tarafindan 6ne siiriilmiigtiir. RALS
yontemi, ampirik analizlerde kullanilan serilere iligkin kalintilarin normal dagilima uygunluk gostermedigi durumlarda, en kiigiik
kareler (EKK) tahminlerinin etkin olmamasi sebebiyle gelistirilmistir. RALS yontemiyle ilgili model kalintilariyla hesaplanacak
olan yeni RALS katsayilarinin modele eklenmesiyle, normallik varsayimi sorununun ortadan kalkacagi ifade edilmektedir. Boylece
kalintilarin normallik varsayimini saglamadigi durumlarda EKK yontemi yerine RALS yontemiyle daha etkin tahminciler elde
edilmektedir (Konat, 2021; 180-192). Im ve Schmidt’in 2008 y1ilindaki ¢alismasinda, genellestirilmis momentler methodu (GMM)
kullanilarak, kalintilarin yiiksek mertebeli momentleriyle normallik varsayiminin saglanmadigi durumlarda ortaya cikabilecek
EKK tahmincilerinin etkin olmama durumunu diizeltmeyi amaglamiglardir (Im ve Schmidt, 2008; 219-233).

RALS - LM testi ise, Im ve Schmidt’in 2008 yilinda 6nerdikleri kalintilarla arttirilmig en kiigiik kareler (RALS) yonteminin
LM tipi birim kok testlerine doniistiiriilmiis halidir. Meng vd. tarafindan 2014 yilinda gelistirilen RALS-LM testi ii¢ farkl sekilde
uyarlanmigtir. Bunlar; sabit terimde meydana gelen bir (1) yapisal kirilmali, sabit terimde meydana gelen iki (2) yapisal kirilmali
ve yapisal kirillmanin dikkate alinmadigi RALS-LM testleri olarak ifade edilmektedir. RALS — LM birim kok testi, Schmidt
ve Phillips’in 1992 yilinda 6nerdikleri LM testinin kalintilarla genigletilmesiyle gelistirilmis bir birim kok testidir. Ayrica sabit
terimde meydana gelen 1 ve 2 yapisal kirilmali RALS-LM birim kok testleri de, Lee ve Strazicich (2003, 2004) calismalarindaki
sabit terimde meydana gelen 1 ve 2 yapisal kiritlmali LM testinin kalintilarla genisletilmis halidir.

Burada ilk olarak Meng vd. tarafindan 2014 yilinda onerilen RALS-LM testlerinden, yapisal kirilmanin dikkate alinmadig:
RALS-LM birim kok testi agiklanacaktir. Bu testte tahmin siireci iki asamalidir. Birinci asamada Schmidt ve Phillips’in 1992
yilindaki ¢alismasinda yer alan klasik LM test regresyonu, en kiiciik kareler (EKK) yontemi ile tahmin edilerek, ona ait kalintilar
hesaplanmaktadir. LM testine iligkin test regresyonu yukaridaki (5) ve (6) esitlikleri yardimiyla elde edilmektedir.
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=02+ Q)

Ay, = 6lAz, + ¢y + Zl{‘zlakAy,_l +&; (6)

Burada;
z; = [1, t] sabit terim ve trendin varligini gosteren deterministik bilesendir.
Test regresyonlarina ait kalintilarin ikinci ve {iglincli momentleri asagidaki gibidir:

>T g2

my = —FTI d @)
T g3

m3 = —FTI J (8)

(7) ve (8) momentleri elde edildikten sonra kalintilarla genisletilmis degiskenler olarak tanimlanan Wy, ve w3, degiskenleri
agagidaki formiiller yardimiyla hesaplanmaktadir:

N 2
Wor = &7 —mo 9

Wi = & —m3 — 3maé, (10)

Kalintilarla genisletilmis W, ve W3, degiskenleri tahmin edildikten sonra (6) geleneksel LM birim kok test regresyonuna
eklenerek RALS-LM test regresyonu:

Ay = 8 Azy + Yoot + ZE ar Ayt +y2iba + v, +uy (11)

(11) test regresyonu yapisal kirtlmanin dikkate alinmadigt durum i¢in RALS-LM test regresyonu olarak ifade edilmektedir.
RALS-LM test regresyonu klasik en kiiciik kareler (EKK) yontemiyle elde edilmektedir. Daha sonra birim kokiin varliginin test
edilmesi i¢in kullanilan Tror5-1p test istatistigi:

TRALS-LM = PTLym + /1 = p*Z (12)

olarak tanimlanmaktadir. Burada;
7r.m - Klasik LM birim kok testi icin hesaplanan test istatistigini,
Z: Sifir (0) ortalamal1 ve birim varyansa sahip rassal bir degiskeni gostermektedir. Ayrica p?,

p?=0lo? (13)

seklinde tahmin edilmektedir. Burada;

é—,f: RALS-LM birim kok testi i¢in test regresyonuna ait hata teriminin varyans tahminini,

6'32: Geleneksel LM birim kok testi igin test regresyonuna ait hata teriminin varyans tahminini gostermektedir.
Test i¢in kurulacak hipotezler asagidaki gibidir:

Hy : ¢ = 0(Seri birim kokliidiir.)

H; : ¢ <0 (Seri duragandir.)
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Hesaplanan Tgazs_z test istatistiginin dagilimi p? parametresine baglidir. Bu parametrenin p?=0.1, 0.2, ..., 0.9 degerleri
icin hesaplanan kritik degerler, Trars—r s test istatistigi ile kiyaslanmaktadir. Eger hesaplanan Tgazs—r s test istatistigi mutlak
degerce belirlenen kritik degerden kiiciikse, sifir hipotezi reddedilemeyecegi icin seri birim koklii olacaktir. Ancak TrRALs—-Lm
test istatistigi mutlak degerce belirlenen kritik degerden biiyiikse, sifir hipotezi reddedilerek serinin duragan bir siire¢ izledigi
sonucuna ulagilmaktadir.

Sabit terimdeki bir (1) yapisal kirtlmali RALS- LM testinde ise (5), (6) ve (11) numarali modelleri i¢in deterministik bilesen
z: = [1,t, D] olarak tanimlanmaktadir. Burada D, sabit terimde meydana gelen bir (1) yapisal kirilmay1 temsil eden golge
degiskendir. Ote yandan sabit terimde meydana gelen iki (2) yapisal kirilmali RALS-LM testi icin (5), (6) ve (11) modellerindeki
deterministik bilesen z; = [1,¢, Dy;, D»;] seklindedir. Burada; D, sabit terimde meydana gelen ilk yapisal kirilmay1 temsil eden
golge degigkeni ve D»; ise sabit terimde meydana gelen ikinci yapisal kirilmayi temsil eden golge degiskenini ifade etmektedir.
Yapisal kirilmali RALS-LM birim kok testlerinde kurulacak hipotezler ise asagidaki gibi tanimlanmaktadir (Hepsag, 2022):

Hy : Seri yapisal kirtlmali birim kokliidiir.
H, : Seri yapisal kirtlmali duragandir.

Meng vd. gore RALS yontemine dayali olarak gelistirilen RALS-LM testinin, kalintilarin normal dagilmadig: varsayimu altinda,
geleneksel LM tipi birim kok testinden daha etkin oldugu ileri siiriilmiistiir. Bu testin uygulandig1 zaman serilerinde yapisal
kirilmanin yeri ile ilgili bilgiye yer verilmemektedir. Ayrica serilerin birim koklii siire¢ izledigini ileri siiren sifir hipotezinin
yanliglikla red edilmesi durumu s6z konusu degildir. Dolayisiyla sifir hipotezinin reddedilmesinin, duraganligin daha dogru bir
sekilde kanitlanmasi anlamini tagimaktadir (Meng vd., 2016).

Uygulama ve Bulgular

Bu c¢alismada, OECD iilkeleri (Tiirkiye, ABD, Avusturya, Kanada, Fransa, Hollanda, Almanya, halya, 1ngiltere, Belgika,
Danimarka, Irlanda, Yunanistan, Isvicre, isvec, Ispanya, izlanda, Norvec ve Portekiz) igin verilere erisebilirlige bagl olarak
iilkelere gore gozlem donemi farklilik gosterse de; gozlem donemine iligkin en genis aralik 2000:01-2023:03 donemi Borsa
Endeks degerlerinin aylik verilerini kapsamaktadir. Calismada kullanilan veriler www.investing.com adresinden elde edilmistir.
Oncelikle her bir veri setinin dogal logaritmas1 alinmustir. OECD iilkelerinden olan Liiksemburg, data bulunamamasi sebebiyle
arastirmadan ¢ikarilmigtir.

Ulkelere ait menkul kiymetler borsa endeks degiskenlerine uygulanan Schmidt ve Phillips (SP) (1992) ve Lee ve Strazicich
(2003, 2004) bir ve iki yapisal kirilmali birim kok testi sonuglart ve bu testlerde kullanilan yardimci regresyon modellerinin
kalintilarina uygulanan Jarque-Bera normallik testi sonug¢lart Tablo 2’de sunulmustur.

Tablo 2. Schmidt-Phillips (1992) ve Lee-Strazicich (2003,2004) Birim Kok Testi Sonuglart

ULKELER Borsa Tim JB Tim@) JB Tim2) JB
Endeksleri

Tiirkiye BIST 100 -2.120(16) 69.4945%* -2.8732(16) 70.6896** -4.3517 70.8734**
ABD S&P 500 -1.793(16) 35.6057** -4.127(16)* 35.5682%* -5.0398* 42.8194**
Avusturya ATX -2.253(14) 254.548%* -4.671(14)* 268.646%* -5.2697 245.337%*
Kanada S&P TSX -3.377(16)* 721.7149%* -4.506(16)* 715.1692%* -5.3916* 829.739%*
Fransa CAC 40 -2.602(16) 33.7590%* -3.5044(16) 31.9779** -4.8473 36.2032%*
Hollanda AEX -2.170(16) 138.052%** -3.8390(16) 132.168%* -4.9708 138.339%*
Almanya DAX -1.944(16) 130.91027%* -4.050(16)* 126.736%* -4.3785 136.797**
italya FTSE MIB -2.345(16) 36.9382%* -3.1154(16) 35.8239%* -4.5871 42.0814%*
Ingiltere FTSE 100 -2.571(15) 43.667** -3.8889(15) 42.5437%* -4.5100 40.2024**
Belgika BEL 20 -3.000(16)* 231.7071** -3.3682(16) 236.792%* -4.4918 249.224%*
Danimarka OMX C20 -3.128(16)* 65.2694%* -3.9445(16) 63.8409%* -4.4448 65.6814%*
irlanda FTSE ireland -2.001(15) 71.6148%* -2.9172(15) 71.8194%* -4.5848 76.6448%*
Yunanistan ATG -2.044(14) 25.8282%* -3.2701(14) 24.7198%* -4.4712 27.09025**
Isvigre SMI -2.868(16) 22.5537** -3.7151(16) 23.2378%* -4.9087* 23.8716%*
Isveg OMX S30 -2.069(16) 27.2579%* -4.348(16)* 27.2648%* -5.0148* 30.2286**
Ispanya IBEX 35 -2.561(16) 58.3644** -3.5627(16) 57.7018** -4.5193 61.0184%**
izlanda OMX Iceland -2.002(16) 148612.33** -3.2587(16) 147999.66%* -5.3348* 149661.8**
Norveg OSLO OBX -3.255(16)* 303.966%* -4.573(16)* 304.154** -5.6912* 318.281%*
Portekiz PSI20 -3.126(16)* 46.9181** -3.2804(16) 47.0967** -5.3392* 47.8974%*

Notlar: Tabloda * ile isaretli olanlar, %5 anlamlilik diizeyinde sifir hipotezi olan birim kok varliginin reddedildigi, yani ilgili
serinin duragan bir siire¢ izledigini ifade etmektedir.

Tabloda ** ile isaretli olanlar, %5 anlamlilik diizeyinde sifir hipotezi olan normal dagilim varsayiminin reddedildigini ifade
etmektedir.

Parantez icindeki degerler uygun gecikme uzunluklaridir.
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Tablo 2’de yer alan Schmidt-Phillips (1992) Birim Kok Testi sonuglarina gore %35 anlamlilik diizeyinde 19 OECD iilkesinden
14’iine ait borsa endeks degerlerinin birim kokli bir siire¢ izledigi gozlemlenmektedir. Buna gore bu 14 iilke icin etkinlik
hipotezinin varlig1 s6z konusudur. Ayrica Lee-Strazicich (2003,2004) bir ve iki yapisal kirilmali LM test sonuglari incelendiginde;
1 yapisal kirilmali LM testi sonuclarina gore; 19 OECD iilkesinden 13’1 icin birim kok hipotezi reddedilemezken, 6 iilke icin
birim kok hipotezi reddedilmektedir. Buna gore bu 13 iilke icin etkinlik hipotezinin varlig1 s6z konusudur. Son olarak 2 yapisal
kirilmali LM testi sonucuna gore ise; 12 iilkeye ait borsa endeks degerleri i¢in birim kok hipotezi reddedilemezken, 7 iilke
icin birim kok hipotezi reddedilmektedir. Ayn1 sekilde buradaki 12 iilke i¢in de etkinlik hipotezi gecerli olmaktadir. Birim kok
simamalart diginda, Schmidt ve Phillips (SP) (1992) ve Lee ve Strazicich (2003, 2004) birim kok testlerinin yardimei regresyonlari
icin elde edilen kalintilarin normal dagilima uygunluk gosterip gostermedigi Jargue-Bera-(JB) testi ile incelenmistir. Buna gore
incelenen yardimci regresyonlarin kalintilarinin normal dagilmadigi goriilmiistiir. Uygulanan Schmidt ve Phillips (1992) ve Lee ve
Strazicich (2003,2004) birim kok sinamalari, ancak kalintilarin normal dagilmasi varsayiminin gecerliliginde giivenilir sonuglar
vermektedir. Fakat burada normal dagilim varsayimi saglanmadig icin elde edilen sonuglar tartigmali olacaktir. Bu nedenle
yardimce1 regresyonlara ait kalintilarin normal dagilmamasi durumunda daha etkin sonuclar veren yapisal kirilmasiz, bir yapisal
kirilmali ve iki yapisal kirllmali RALS-LM testleri ele alinmistir. Bu testlere ait sonuglar Tablo 3’te verilmigtir. Bu teste iligkin
kritik degerler Meng vd. tarafindan 2014 yilinda yapilan ¢caligmada yer almaktadir.

Tablo 3. RALS-LM Birim Kok Testi Sonuglart

ULKELER Borsa Endeksleri TRALS-LM p? TRALS-LM(1) p? TRaLs-LM(2) p?
Tiirkiye BIST 100 -2.144(16) 0.927 -3.04(16)* 0.968 -4.91(16)* 0.956
ABD S&P 500 -1.347(16) 0.895 -4.64(16)* 0.866 -3.54(16)* 0.764
Avusturya ATX 2.308(14) 0745  -3.91(14)* 0.779 -5.54(14)* 0.831
Kanada S&P TSX 3.66(16)* 0739 -3.64(16)* 0.824 9.61(16)* 0.727
Fransa CAC 40 -2.717(16) 0.877 -3.62(16)* 0.892 -5.09(16)* 0.893
Hollanda AEX 2.490(16) 0784  -439(16)* 0.789 6.03(16)* 0.819
Almanya DAX -3.51(16)* 0.787 -5.10(16)* 0.765 -7.05(16)* 0.822
italya FTSE MIB -2.856(16) 0.860 -3.43(16)* 0.891 -4.98(16)* 0.900
ingiltere FTSE 100 -3.40(15)* 0.791 -3.49(15)* 0.765 -5.44(15)* 0.823
Belcika BEL 20 2.621(16) 0782 -3.40(16)* 0.814 -4.04(16)* 0.836
Danimarka OMX C20 -2.829(16) 0.855 -3.47(16)* 0.834 -3.25(16)* 0.908
irlanda FTSE ireland -2.623(15) 0.837 -3.38(15)* 0.831 -4.66(15)* 0.877
Yunanistan ATG -2.574(14) 0.850 -3.22(14)* 0.852 -4.55(14)* 0.869
fsvicre SMI -2.815(16) 0899  -4.06(16)* 0.903 -5.01(16)* 0971
fsveg OMX $30 3.07(16)* 0874  -4.58(16)* 0.885 ~6.48(16)* 0.856
Ispanya IBEX 35 -2.696(16) 0.848 -3.63(16)* 0.854 -5.41(16)* 0.862
izlanda OMX Iceland -0.806(16) 0.292 -1.655(16) 0.279 -19.1(16)* 0.960
Norveg OSLO OBX -2.328(16) 0792 -3.76(16)* 0.745 -3.87(16)* 0.843
Portekiz PSI20 -2.859(16) 0.892 -3.95(16)* 0.855 -4.70(16)* 0.881

Notlar: Tabloda * ile isaretli olanlar, %35 anlamlilik diizeyinde sifir hipotezi olan birim kok varliginin reddedildigi, yani ilgili
serinin duragan bir siire¢ izledigini ifade etmektedir.
Parantez icindeki degerler uygun gecikme uzunluklaridir.

Buna gore, Tablo 3’teki yapisal kirilmasiz RALS-LM testine gore %35 anlamlilik diizeyinde 15 OECD iilkesi borsa endeks
degerleri icin birim kok hipotezi reddedilememistir ve 15 iilke piyasasi etkin piyasa olmaktadir. Diger 4 iilkenin borsa endeks
degerleri icin ise birim kdk hipotezi reddedilmis ve piyasa etkinliginin s6z konusu olmadig1 belirlenmistir. Tablo 3’te yer alan bir
yapisal kirilmali RALS-LM testine gore ise 13 iilke i¢in %5 anlamlilik diizeyinde birim kok hipotezi reddedilemezken, kalan 6 iilke
borsa endeks degerleri i¢in %35 anlamlilik diizeyinde birim kdk hipotezi reddedilmistir. Buna gore 6 iilke i¢in piyasalarin etkinligi
s0z konusu degil iken, diger 13 iilke icin etkinlik hipotezi gecerlilik gostermektedir. Bu ¢caligmada ele alinan iki yapisal kirilmali
RALS-LM testine gore ise 12 iilkenin borsa endeks degerleri icin %35 anlamlilik diizeyinde birim kok hipotezi reddedilememistir
ve 12 iilke icin etkinlik hipotezi gecerli olmaktadir. Geriye kalan 7 iilke i¢in ise %35 anlamlilik diizeyinde birim kok hipotezi
reddedilmistir ve etkinlik hipotezinin gegerli olmadigi sonucuna ulagilmigtir.

Tartisma ve Sonug

Bu calismada finansal zaman serileri kullanilarak uygulanan birim kok testlerinde yardimci regresyonlara ait kalintilarin
normal dagilmamas1 sebebiyle geleneksel LM testlerine gore daha etkin sonuglar verdigi varsayilan kalintilarla arttirilmig en
kiiciik kareler (RALS) yontemine dayali olarak gelistirilen RALS-LM birim kok testleri de ele alinmaktadir. Calismanin ampirik
kisminda degisken olarak 19 OECD iilkesine ait borsa endeks degerleri kullanilarak, bu piyasalarda etkinlik hipotezinin gegerliligi
aragtirimastir.
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Yapilan analizlerin sonuclarina gore; geleneksel birim kok testlerinden olan SP ve LM testleri ile sinanan birim kok hipotezleri
daha az sayida iilkeye ait borsa icin reddedilmektedir. Ayrica SP ve LM testleri i¢in kullanilan yardimci regresyon modellerine
ait kalintilarin normal dagilmadig1 gozlenmistir. Kalintilarin normal dagilima uygunluk gostermemesinden dolay: elde edilen
sonuclarin giivenilirligi tartismali olacaktir. Dolayisiyla analizlerde alternatif olarak RALS-LM birim kok testleri kullanilmigtir.
RALS-LM birim kok testlerinin sonuglar incelendiginde, SP ve LM testlerine gore daha ¢ok sayida iilkenin borsasi i¢in birim
kok hipotezi reddedilmistir. Bu durumda etkin olmayan piyasalarda yatirimcilarin fiyatlar1 tahmin edebilmesi bilgisi ile etkin
piyasalarda fiyatlarin tahmin edilemeyecegi bilgisi g6z oniinde bulundurularak yatirim kararlar1 alinmas: uygun olacaktir.
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Kahve Cekirdegi Kalitesi Siralamasinda TOPSIS Yontemi Yaklasimi
TOPSIS Method Approach in Ranking Coffee Bean Quality

Fatih Boyar!

1(Ars. Gor.), Altinbas Universitesi, isletme Fakiiltesi, istanbul, Tiirkiye

0z

Kahve, petrolden sonra ticareti en ¢ok yapilan ikinci emtiadir. Son yirmi yilda nitelikli kahve alaninda 6nemli gelismeler ol-
musgtur. Bu gelismelerle birlikte kahvenin tadi, ¢ekirdegin kusurlari, iiretim kosullari, siirdiiriilebilirlik kogullart gibi bircok konu
tartigilagelmektedir. Bu ¢aligmada Kahve Kalitesi Enstitiisii (KKE) (CQI - Coftee Quality Institute) tarafindan kabul edilen kahve
kalitesi standartlar1 ile kahveler arasinda en iyi alternatifin bulunmasi hedeflenmistir. KKE veri tabaninda bulunan veri, ag kazima
yontemi ile Python 3.10.5 programi kullanilarak elde edilmistir. Elde edilen veride aroma, tat profili, damakta kalicilik, asitlik,
govde, tat dengesi, tutarlilik, temizlik, tatlilik nitelikleri olumlu yonde etkileyen olciitler; 1. kategori kusur, 2. kategori kusur ve
kavurma sonrast acik renk kalmis nitelikleri kahvenin kalitesini olumsuz yonde etkileyen olgiitlerdir. Alternatifler arasinda en
iyisinin secimi i¢in Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) kullanilmistir. Agirliklandirma
adiminda hem entropi yontemi hem de esit agirliklandirma ele alinmis, olumlu ve olumsuz yonleri aciklanarak tartigilmastir.

ABSTRACT

Coffee is the second-most traded commodity after oil. Quantifying the quality of coffee is a critical topic of research. Many aspects
such as the taste of coffee, bean defects, production conditions, and sustainability conditions are considered for rating the quality.
In this study, the best alternative method for quality standards accepted by Coffee Quality Institute (CQI) was discussed. The web
scraping method and the Python 3.10.5 program was used to obtain the data in the CQI database. Aroma, taste profile, aftertaste,
acidity, body, taste balance, stability, cleanliness, sweetness qualities were believed to positively affect quality. First-category
defect, second-category defect, and its light color after roasting were considered to negatively affect coffee quality. The Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) was used to select the best among the alternatives. In the
weighting step, both the entropy method and equal weighting were used, and their positive and negative aspects were explained
and discussed.

Anahtar Kelimeler: TOPSIS, ag kazima, kahve kalitesi

Keywords: Technique for Order of Preference by Similarity to Ideal Solution, web scraping, coffee quality

EXTENDED SUMMARY
Coffee beans are graded on criteria such as coffee taste and aroma quality as well as visual factors such as the appearance, size, and
color tone of beans. Various taste and aroma profile tests have been developed to evaluate coffee quality. Factors such as quality
control factors, sustainability, working conditions during production, processing and storage of coffee beans are also considered.

Many standards have been setup in numerous organizations at the international and national level. For example, the International
Coffee Organization focuses on many areas such as establishing and implementing quality standards in coffee beans, supporting
and guiding coffee producers, developing sustainable coffee standards, and establishing hygiene rules.

Coffee quality institute (CQI) develops and trains cupping protocols used in coffee tasting to assess coffee quality and establish
a reference for coffee tasting notes around the world. As of May 2023, more than 8,000 CQI certified grading members (CQI
Graders) evaluate coffee in many countries of the world according to CQI standards.

Because of the prevalence of using CQI for grading coffee quality, this study is based on the CQI standard.
Cupping standards developed by CQI are used to evaluate coffee quality. Cupping is a standardized method of tasting coffee.
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CQI’s cupping standards cover the evaluation of aroma, flavor, aftertaste, acidity, body, balance, uniformity, clean cup, and
sweetness.

Apart from the tasting taste grading, imperfections in coffee quality are undesirable properties that can occur in coffee beans
during processing or storage and classified as category one and category two defects.

The first category of defects are primary defects that can be detected visually. Category Second defects are defects that are
inconspicuous and can only be detected by taste.

Indicators of coffee quality are available in the CQI database. This database includes a unique ID number assigned to each
coffee, type, origin, farm name, production altitude, harvest date, grading date, processing technique, and tasting scores.

The data of each type of coffees are kept on separate pages by using an ID number. The web scraping technique was applied
to achieve rapid data collection as the data were kept on separate pages for each coffee. Network scraping was performed using
Python 3.10.5. The content of the written Python program is presented in APPENDIX-1. Furthermore, web scraping files and data
are available at GitHub Platform (GitHub, 2023).

The Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) method was used for ranking according to
coffee grading. This method is an efficient method that is preferred in finding the ideal one in multiple preferences.

LLINT3

Cost attributes have a negative effect on the decision. “Aroma”, “Flavor”, “Aftertaste”, “Acidity”, “Body”, “Balance”, “Unifor-
mity”, “Clean Cup”, “Sweetness”, “Overall” attributes, which are referred to as taste scores in the dataset, have a positive effect.
However, “Category One Defects,” “Category Two Defects,” “Quakers” have a negative effect. In the obtained data set, a total of

207 observations and 13 characteristics of the mentioned coffee quality indicators are presented.
In this study, two calculations were made with the entropy weighting method, in which the attributes have equal importance.

The aforementioned methods were used, and the best choices were suggested using the TOPSIS method according to the coffee
quality. A general criterion was presented with the sum of the tasting scores, but this study suggests that a calculation method that
considers tasting scores separately and accounting for the error qualities could considerably improve grading.

Giris

Kahve, diinya genelinde en yaygin tiiketilen iceceklerden biridir ve kahve endiistrisi, bir¢ok iilke i¢in 6nemli bir ekonomik
faaliyettir. Kahve iiretimi, kahve kusag1 olarak adlandirilan yaklagik 25 derece kuzey enlemi ve 30 derece giiney enlemi arasinda
kalan bolgelerde yapilabilmektedir ve 6zellikle Brezilya, Vietnam, Kolombiya, Endonezya ve Etiyopya gibi lilkelerde yogunlas-
maktadir. Diinya genelinde yillik tiiketimi 2022 yilinda yaklagik 170 milyon ¢uvala ulagmistir (ICO, 2023). Ayrica kahve, borsada
islem gormektedir ve petrolden sonra en ¢ok ticareti yapilan emtiadir. Bu ticaret hacmi yillik toplam 20 milyar dolarin izerine
cikmaktadir (ICO, 2023). Kahve ticareti son yiiz yilda COVID-19 salgin1 gibi belirli istisnalar diginda siirekli artig gostermistir.
Piyasanin biiyiimesi sadece ticaret hacmi ile sinirli kalmamis; kahvenin kalite standartlari, niteligi, iiretim kosullari, siirdiiriilebilir-
lik problemi gibi bir¢cok konuda gelisme saglanmustir.

Kahve cekirdeklerinde kalite standartlart, ilk olarak genellikle ¢ekirdeklerin goriiniimii, boyutu ve renk tonu gibi gorsel faktorlere
dayanarak degerlendirmistir. Ancak zamanla, kahve tad1 ve aroma kalitesi, kahve ¢ekirdeklerinin kalitesi i¢cin daha 6nemli bir faktor
haline gelmistir. Bu nedenle, kahve kalitesini degerlendirmek icin cesitli tat ve aroma profili testleri gelistirilmistir. Gliniimiizde
ise kahve kalitesi kahve cekirdeklerinin iiretim, isleme ve depolama siireclerindeki kalite kontrol faktorleri, siirdiiriilebilirlik ve
calisma kosullar1 gibi faktorler de dahil edilerek degerlendirilmektedir.

Kalite standartlar1, uluslararasi ve ulusal diizeyde birgok kurulus tarafindan belirlenir ve uygulanir. Ornegin, Uluslararas1 Kahve
Organizasyonu (International Coffee Organization - ICO), kahve cekirdeklerinde kalite standartlar1 olugturmak ve uygulamak,
kahve iireticilerine destek olmak ve yol gostermek, siirdiiriilebilir kahve standartlar1 gelistirmek, iyi hijyen kurallar1 belirlemek gibi
bir¢ok alanda caligmaktadir. Buna ek olarak kahve kalite standartlar iizerine, Kahve Bilimleri Vakfi (Coffee Science Foundation
- CSF) ve Kahve Kalitesi Enstitiisii (KKE) (Coffee Quality Institute - CQI) gibi ¢esitli kuruluslar da caligmaktadir.

Kahve sektoriinde faaliyet gosteren isletmeler kahve ile ilgili kuruluglarin ¢aligmalar1 ve ortaya koyulan standartlar 1s1¢1nda
satin alma tercihlerini yonetmektedir. Bu durum 6zellikle iigiincii dalga (third wave) ve sonrasi olarak anilan, ¢ogunlukla uzman
ciftciler tarafindan yetistirilen nitelikli kahve (specialty coffee) tiiketicileri i¢in nem tagimaktadir (SCAA, Specialty Coffee). Kalite
standartlar1 zamanla gelistirilmis, Kahve Kalitesi Enstitiisii’niin (KKE) derledigi tadim (cupping) standartlar1 ve ¢ekirdek kusurlari
(defects) referans noktasi olarak alinan Olciitler olmugtur. Boylelikle satin alma kararinda ¢ok kriterli karar verme probleminin
ortaya ¢iktig1 diisiiniilmelidir. Probleme yonelik c¢ok kriterli karar verme modelleri kullanilmasi, ¢ok degiskenli karmagiklig1 ele
alabilme, biiylik miktarda veriyi analiz edebilme, farkli hedefleri optimize edebilme, pesin hiikiimlere dayali veya yanli kararlarin
oOniine gegebilme ve kararlarin aciklanabilir olma katkisi gibi avantajlar saglayabilmektedir (Belton ve Stewart, 2002). Boylelikle
cok nitelikli karar alma modelleri karar siirecinde memnuniyetin artmasini, kararlarin kalitesinin iyilestirilmesini ve karar siirecinin
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verimliliginin artmasini saglar (Barfod ve Salling, 2011). Bu caligsmada farkli kahvelerin ¢oklu nitelikleri verimli bir sekilde ele
alinarak kalite siralamas1 yapmak ve buna gore satin alma siirecine destek olacak sistematik bir yaklasim gelistirmek amaglanmugtr.

Cok kriterli karar alma modellerinden TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) kolay anlasilir
bir mantig1 olmasi, Oklidyen uzaklig1 temel alan basit bir matematigi olmasi, hesaplama siirecinin diger modellere kiyasla basit
olmast ve sonuglarin hizli elde edilebilmesi 6zellikleriyle avantajli bulunmaktadir (Shih vd., 2007; Boran vd., 2009). Yontemin
zay1f bulunan 6zellikleri ise Oklidyen uzaklig1 temel aldig1 icin degiskenlerdeki negatif ve pozitif degerlerin fark yaratmamast,
bir nitelikteki varyansin digerlerine kiyasla yiiksek olmasi durumunda hesaplamalarda baskin olmaya yol agmast ve niteliklerin
ancak varyanslarinin birbirinden yiiksek oranda degiskenlik gostermemesi durumunda kullanigli olmasi olarak 6zetlenebilir
(Siksnelyte-Butkiene vd., 2020). Calismada kullanilan veri KKE veri tabaninda bulunan nitelikli kahvelerden olusmaktadir ve
gozlemlerin kalite standartlar arasinda yliksek degiskenlik bulunmamaktadir. Ayrica gostergeler sadece pozitif degerler ile ifade
edilmigtir. Verinin bu 6zellikleri bakimindan TOPSIS yonteminin zayif bulunan 6zelliklerinden 6nemli dlciide etkilenmeyecegi
kabul edilmigtir.

KKE Standartlar1 ve Kahve Kalitesinin Ol¢iimii baghiginda KKE kurulusu hakkinda bilgi verilmis, kahve kalitesinin 6l¢iimii
Ozetlenmis, ¢aligmada neden bu kurulusun kabul ettigi standartlarin temel alindig1 agiklanmis, kahvenin kalitesini gdsteren tadim
nitelikleri, olumsuz yonde etkileyen kusurlar1 (defects) ayrintili olarak anlatilmigtir. TOPSIS Yontemi ve Literatiirdeki Kullanim
Alanlar1 baglhiginda yontem agiklanmig, caligmada kullanilan agirliklandirma yontemleri siralanmig ve literatiirdeki kullanim
alanlar1 anlatilmigtir. Veri baglhiginda KKE veri tabaninda uygulanan ag kazima (web scraping) islemi anlatilmig, edinilen veri
gorsellestirmis, niteliklerin anlamlar1 ag¢iklanmigtir. TOPSIS Yontemi Uygulamas: baglifinda izlenilen adimlar siralanmis ve
varilan sonuglar ortaya konmustur. Son olarak Sonug ve Oneriler bagliginda ise calismanin sonuglar1 yorumlanarak tartisiims,
calismanin 6zgiin degeri ve kisitlar1 anlatilmigtir.

KKE Standartlar1 ve Kahve Kalitesinin Ol¢iimii

Kahve cekirdeklerinin kalitesinin 6l¢limii gesitli kurumlar tarafindan onerilmektedir. 1996 yilinda kurulan Kahve Kalitesi
Enstitiisii (KKE) (Coffee Quality Institute - CQI) bu konuda 6zellesmis bir kurum olarak karsimiza ¢ikmaktadir. KKE, kahve
endiistrisindeki tiim paydaslarla birlikte calisarak, ciftgilerin, isleyicilerin, ihracat¢ilarin, ithalat¢ilarin, kavurucularin ve baristalarin
kahve kalitesini artirmalarina ve siirdiiriilebilirligi tesvik etmelerine yardimci olmay1 amaglamaktadir (Coffee Quality Institute -
About).

KKE, ciftgilerin ve iireticilerin kahve iiretiminde en iyi uygulamalan takip etmelerini saglamak i¢in egitim ve sertifikasyon
programlar1 sunmaktadir. Ayrica, kahve isleme tekniklerini ve kalite kontrol yontemlerini iyilestirmeye yonelik egitimler ve
kaynaklar da saglamaktadir. Kaliteyi artirmak i¢in standartlar belirlemekte ve sertifikasyon programlari gelistirmektedir. Bu
programlara ek olarak kurulus, kahve kalitesi i¢in uluslararasi standartlari belirlemek ve kahve endiistrisinde siirdiiriilebilirligi
tegvik etmek icin diger kahve endiistrisi paydaslariyla birlikte caligsmaktadir.

KKE, belirtilen faaliyetlerin yan1 sira kahve tadiminda kullanilan tadim yapma (cupping) protokollerini gelistirmekte ve egitimler
vermektedir. Bu protokoller, kahve kalitesini degerlendirmek ve diinya genelinde kahve tadim notlari i¢in bir referans olusturmak
icin kullamilmaktadir. 2023 Mayzs tarihi itibariyla diinyanin bircok tilkesinde KKE sertifikali sekiz binin lizerinde derecelendirici
tiye bulunmaktadir (CQI Graders). Bu iiyeler kahve orneklerini temin ederek KKE standartlarina gore deneyip notlandirma
yapmaktadirlar. Kahve kalitesinde sik¢a bagvurulmasi, bu alanda referans noktasi haline gelmis olmasi ve kolay erisilebilir veri
tabanina sahip olmasi sebebiyle bu ¢aligmada KKE standard: temel alinacaktir.

KKE tarafindan gelistirilen tadim yapma standartlari, kahvenin kalitesinin degerlendirilmesinde kullanilmaktadir. Tadim yapma,
kahve tatlarinin standartlagtirilmig bir sekilde ortaya konmasini saglayan bir yontemdir. KKE’nin tadim yapma standartlari,
aroma (aroma), tat profili (flavor), damakta kalicilik (aftertaste), asitlik (acidity), gbvde (body), tat dengesi (balance), tutarlilik
(uniformity), temizlik (clean cup) ve tatlilik (sweetness) ozelliklerinin degerlendirilmesini kapsar (SCAA Cupping Protocols).

1. Aroma (Aroma): Kahvenin kokusunu belirler ve degerlendirir. Aroma, ¢esitli tonlarda olabilir ve farkli kahve cesitleri i¢in
farkl olabilir. Yiiksek kaliteli kahvelerde, ciceksi, meyvemsi, baharatli veya cikolatali aromalar olabilir.

2. Tat Profili (Flavor): Kahvenin tat profilini degerlendirir. Tat profili, acilik, asidite, tatlilik ve govde gibi faktorlere dayanir.
Yiiksek kaliteli kahveler, genellikle zengin ve dengeli bir tat profiline sahiptir.

3. Damakta Kalicilik (Aftertaste): Kahvenin damakta birakti181 tat ve aromalari degerlendirir. Uzun, tath ve kalic1 bir damakta
kalan tat, yiiksek kaliteli kahvelerin isaretidir.

4. Asitlik (Acidity): Kahvenin asiditesini degerlendirir. Asidite, kahvenin lezzetini ve tat profili olusumunu etkiler. Yiiksek
kaliteli kahvelerde, asidite, canli ve parlak bir tada sahip olabilir.

5. Govde (Body): Kahvenin yogunlugunu degerlendirir. Yiiksek kaliteli kahveler, genellikle dolgun, kremal1 bir gévdeye sahip
olabilir.
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6. Denge (Balance): Kahvenin farkli tat 6zellikleri arasindaki dengesini degerlendirir. Iyi bir tat dengesi, tat profiline zenginlik
katar ve kahvenin kalitesini artirir.

7. Tutarlilik (Uniformity): Ayn1 kahve partisindeki tiim kahve ¢ekirdeklerinin benzer 6zelliklere sahip olup olmadigini deger-
lendirir.

8. Temizlik (Clean Cup): Kahvenin temiz ve tatsiz olup olmadigim degerlendirir. Iyi bir temizlik, kahvenin kalitesini artirir.

9. Tatlilik (Sweetness): Kahvenin dogal tatlilik derecesini degerlendirir. Yiiksek kaliteli kahveler, tatli, karamel veya cikolata
gibi tatlilik tonlarina sahip olabilir.

KKE tadim (cupping) standartlarina gore, kahve 6giitiiliir ve 6zel tadim kagiklar1 kullanilarak su ile karistirilip demlenir. Kahve,
ozel bir bardaga alinarak 6nce kokusu ve ardindan tadi degerlendirilir. Bu degerlendirme sonucunda kahvenin kalitesi ve puant
belirlenmektedir. KKE tadim standartlari, kahve sektdriinde kahvenin kalitesinin degerlendirilmesinde ve uluslararas: ticarette
standartlagtirilmig bir dil olusturulmasinda 6nemli bir rol oynamaktadir.

Tadim notlandirmasinin haricinde kahvenin kalitesinde kusurlar da dnemli rol oynamaktadir. Bu kusurlar, kahve ¢ekirdeklerinde
isleme veya depolama sirasinda meydana gelebilecek istenmeyen ozelliklerdir. Kategori bir ve kategori iki kusurlar olarak ikiye
ayrilmaktadir (SCA Defects Handbook).

Birinci kategori kusurlar, kahve ¢ekirdeklerinin gorsel olarak incelenmesiyle algilanabilen birincil kusurlardir. Bu kusurlar:

1. Siyah ¢ekirdek (black beans): Fermente veya kokusmus, kirli, kiiflii, eksi, fenolik tatlara sebep olabilir.

2. Eksi ¢ekirdek (sour beans): Cekirdek fermantasyonunun derecesine bagli olarak eksi, fermente ve hatta pis bir tat iiretebilir.

3. Mantar hasar1 (fungus damage): Fermente, kiiflii, topraksi, kirli ve fenolik tat iiretebilir.

4. Yabanci cisim (foreign material): Yabanci maddelerden kaynaklanan kirlenme yesil kahveyi etkileyerek cesitli tat bozukluk-
larina neden olabilir.

5. Kurumug meyve veya kabuk (dried cherry or pod): Fermente, kiiflii veya fenolik tat {iretebilir.

6. Bocek hasari (insect damage): Kavrulmus cekirdeklerin goriiniimiinii etkiler, 6zellikle yiiksek miktarda bulunursa kirli, eksi,
Rio-vari veya kiiflii tatlara neden olabilir.

Ikinci Kategori kusurlar, hemen goze carpmayan ve yalnizca tatma yoluyla tespit edilebilen ikincil kusurlardir. Bu kusurlar:

1. Kirik, ufalanmus, kesilmis ¢ekirdekler (broken, chipped, cut): Toprakst, kirli, eksi veya fermente tatlara neden olabilir

2. Olgunlagsmamus ¢ekirdek (immature bean): Genellikle saman benzeri veya yesilimsi tat verir ve kahvede buruk tatlarin ana
kaynagidir.

3. Solmug cekirdek (withered bean): Yesilin ¢cekirdegin goriiniimiinii etkiler.

4. Kabuk (shell): Kabuklar ¢ekirdegin kavrulma asamasinda komiirlegebilir ve yanmus tat iiretebilir.

5. Yiizen cekirdek (floater): Fermente, ot ve saman gibi, topraksi, kiiflii tatlar iiretebilir. Veya kotii tatlara neden olmadan kahve
aromasini seyreltebilir.

6. Cekirdegin zarfi (parchment): Yesil ¢cekirdegin goriiniimiinii etkiler, tadim olarak etkide bulunmaz

7. Govde veya kabuk (hull or husk): Yeterli miktarlarda olursa kirli, topraksi, kiiflii, fermente veya fenolik tada neden olabilir.

Ayrica birinci veya ikinci kategori kusurlara dahil olmayan, yesil kahvenin kavrulmasi sonucu koyu kahverengi almayan
cekirdekler “quakers” olarak nitelenmektedir. Bu kusur ¢ekirdegin yesilken fark edilmesi olanaksizdir. Bu sebeple ayr1 bir olumsuz
nitelik olarak yer almaktadir. Kahve kusurlart birinci ve ikinci kategori altinda kusur sayis1 olarak ifade edilir. Yesil ¢cekirdeklerde
350 gram orneklemde, kavrulmus cekirdekte ise 100 gram 6rneklemde kag kusurlu ¢ekirdek oldugu yazilmaktadir.

TOPSIS Yontemi ve Literatiirdeki Kullammm Alanlar1

Tedarikei, dizayn, lokasyon, kalite gibi birden fazla nitelige sahip alternatifler arasinda se¢im yapilacak problemler cok kriterli
karar alma problemi olarak tanimlanmaktadir. Bu tiirden problemler bircok sektdrde karsimiza ¢ikmaktadir. Onerilen ¢oziimler
cesitli sistematik yapilarla insa edilmis ve belirli adlarla literatiirde ¢ok kriterli karar verme modelleri olarak yerini almigtir.
Ornegin WSM (Weighted Sum Model) kriterlerin agirlikli toplamlarimi hesaplayarak ¢oziim bulmakta; WPM (Weighted Product
Model) WSM’nin ¢arpim hesabin1 dnermekte; AHP (Analytic Hierarchy Process) kriterlerin ve alternatiflerin nem derecesine
gore optimum nokta elde ederek hiyerarsik siralama sunmakta; PROMETHEE (Preference Ranking Organization Method For
Enrichment Evaluation) belirlenmis bir karar kriterine gore alternatiflerin bu kriterden sapmalarini hesaplamakta; ELECTRE
(Elimination and Choice Translating Reality) ayn1 anda iki alternatif arasindaki iistiinliik iligkilerini tanimlayarak ¢oziim 6nermekte
ve PSI (Preference Selection Index) karar kriterleri arasindaki goreceli onemi dikkate almadan en uygun alternatifi bulmay1
amaclamaktadir. TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) en iyi ve en kotii ¢6ziim noktalarina
olan Oklidyen uzaklig1 hesaplayarak alternatifler igin gelismis bir karsilastirma sunmakta; VIKOR (Viekriterijumsko Kompromisno
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Rangiranje) ise TOPSIS yonteminin bir ¢esit gelistirilmis bir versiyonu olarak 6ne ¢ikmaktadir (Emovon ve Oghenenyerovwho,
2020).

Hwang ve Yoon (1981) tarafindan gelistirilen TOPSIS yontemi, Oklidyen uzaklik hesaplamalar1 sayesinde alternatiflerin hem
en iyi ¢ozlime olan yakinlig1 hem de en kotii ¢6ziime olan uzakligini dikkate almaktadir. Hesaplama siireci basit ve anlagilir, karar
kriterine ve alternatiflerin sayisina bakilmaksizin degismezdir (Galik vd., 2022). Ancak yontem, uzakligi temel aldig1 i¢in nitelikler
arasindaki korelasyonu hesaplamamaktadir. Ayrica uzakliklar iki u¢ noktalara gore hesaplandigindan alternatifierin birbirine
olan uzakliklar dikkate alinmamaktadir. Yontemin gii¢siiz bulunan unsurlarina ragmen bircok sektdrde gercek problemlerin
¢oziilmesinde hizli, kolay uygulanir ve anlagilir olmasi bakimindan siklikla kullanilmaktadir (Alsalem vd., 2018). Caligmanin
konusu ve verinin niteligi g6z oniine alinarak TOPSIS yonteminin kullanilmasina karar verilmistir.

TOPSIS, iki temel kavram tizerine kurulmustur: pozitif ideal ¢oziim (PIS: Positive Ideal Solution) ve negatif ideal ¢oziim (NIS:
Negative Ideal Solution). Pozitif ideal ¢6ziim, her kriterde maksimum performansa sahip olan bir alternatifin oldugu noktadir.
Negatif ideal ¢oziim ise, her kriterde minimum performansa sahip olan alternatifin oldugu noktadir. Bu iki ¢6ziim arasindaki
mesafe olgiilerek, alternatiflerin bir benzerlik puani elde edilir (Opricovic & Tzeng, 2004). Benzerlik puanlart bize alternatifier
arasinda bir siralama sunmaktadir. Pozitif ideal ¢dzlime en yakin olan, alternatifler arasinda en iyisi olacaktir. Yontemin adimlari
kisaca su sekilde siralanabilir (Hwang & Masud, 2012):

1. Karar verme problemi i¢in kriterler belirlenir ve alternatifler belirlenerek standart karar matrisi olusturulur.

2. Her alternatifin kriterlere gore performans degerleri elde edilir ve normalize edilir. Normalize edilmis degerler, nicel veya
nitel olarak belirlenen agirlik katsayilari ile agirliklandirilir ve karar matrisini olusturulur.

3. Karar matrisindeki her alternatifin pozitif ideal ve negatif ideal ¢oziimlere olan mesafesi hesaplanir. Ideal ¢oziime olan
mesafe, alternatifin pozitif ideal ¢oziime olan benzerligini olcerken, negatif ideal ¢6zlime olan mesafe alternatifin negatif ideal
¢oziime olan farkinm 6lger.

4. Her alternatif icin pozitif ideal ¢oziime olan mesafe ile negatif ideal ¢oziime olan mesafe arasindaki oran hesaplanir ve bu
oranlar kullanilarak bir benzerlik puam elde edilir.

5. Benzerlik puanlarina gore alternatifler siralanir ve en yiiksek puan alan alternatif en iyisi olarak secilir.

Science Direct veri tabaninda TOPSIS anahtar sozciigii ile arama yapildiginda 1 Ekim 2024 itibariyla 12.536 sonug bulun-
maktadir. Google Scholar sorgulamasinda ise yaklasik 290.000 sonug ¢ikmaktadir. Boylelikle yonteme oldukga sik bagvuruldugu,
tizerinde calisilageldigi anlagilmaktadir. Caligmalarin geneli hakkinda bilgi almak i¢in literatiir incelemeleri verimli olmaktadir.
Ornegin Behzadian vd. (2012) yontemin uygulamalarina dair 266 makaleyi kategorilere ayirarak detayl bir inceleme sunmuslardir.
Bu kategoriler tedarik zinciri yonetimi ve lojistik, tasarim, miihendislik ve iiretim sistemleri, isletme ve pazarlama yonetimi, saglik,
giivenlik ve ¢cevre yonetimi, insan kaynaklar1 yonetimi, enerji yonetimi, kimya miihendisligi, su kaynaklar1 yonetimi ve diger konu-
lar olarak dokuza ayrilmigtir. Diger konular kategorisinin iginde tip, tarim, egitim, tasarim, kamu yOnetimi ve spor gibi alanlar
bulunmaktadir. Ele alinan makalelerin yazarlarinin milliyetleri ise cesitli olmakla birlikte en sik goriilen 5 iilke sirasiyla Tayvan,
Cin, Iran, Tiirkiye ve Hindistan olmustur. Yadav vd. (2018) ise ¢ok kriterli karar verme yontemlerinin iiretimde materyal segiminde
endiistri bazl1 detayl bir incelemesini sunmuglardir. Bu calismaya gore de TOPSIS yonteminin benzer sekilde havayolu, otomobil,
finans ve bankacilik, gida, bilgi teknolojileri sektorlerinde basarili sonug¢lar: bulundugu gosterilmistir.

Literatiirde TOPSIS ve diger ¢ok kriterli karar alma yontemlerinin tarim alaninda kullanildig1 goriilse de calismanin konusu
ve kahve kalitesini hemen her nitelikli kahve ile ilgili kurulugun kabul ettigi tadim puanlariyla ele alan ayni minvalde bir
caligma bulunmamaktadir. Yine de benzer olarak Borman vd. (2020) robusta tiiriinden kahvelerin nem, heterojenlik seviyesi,
bocek icermesi, kiiflii ¢cekirdek, tohum boyutu gibi ¢cogunlukla kusur olarak anlasilacak nitelikleri ele alarak kahvelerin ihracat
kalitesinin degerini TOPSIS yontemiyle hesaplamiglardir. Aryza ve Ulandari (2021) ise kahveleri kalitelerine gore siralamak icin
TOPSIS yontemi ile bir oneri getirmiglerdir. Kahve alternatiflerinin verisi, 6rneklem aldiklar1 {i¢ kahve ciftliginden edinilmis
ve kalite gostergeleri olarak uzman goriisiinden yararlandiklar: belirli iiretim unsurlar1 kabul edilmigtir. Bunlar bitkilerin ekim
mesafesi, koruyucu bitki olup olmamasi, toprak tiirii, organik giibre tiirii, bocek ilaci, cekirdek boyutu, ¢ekirdek rengi ve ¢cekirdek
kokusu olarak siralanmaktadir. Bahsedilen ¢alismalarin analizlerinde agirliklandirma asamasinda entropi yontemi kullanilmamus,
hem niteliklerin belirlenmesinde hem de agirliklarinda uzman gériisiine bagvurulmustur. Ozellikle yiiksek kaliteli kahve alaninda
kahvenin kriterlerinin ¢ogalmasi ve bu kriterlerin genel kabul gérmiis bir standarda evrilmesi, niteliklerin agirliklandirilmasinda
entropi gibi objektif degerlendirmenin 6nemini artirmagtir.

Kahve konusu daha genis tutuldugunda, Hutasoit vd. (2018)’nin barista se¢imi icin TOPSIS metodu kullanip ¢6ziim 6nerdikleri
goriilmiistiir. Baristalar kahve bilgisi, tadim becerisi, ¢esitli kahve tarifleri becerileri, is deneyimi, arag-gerecleri kullanma becerisi
ve latte sanat1 becerisi olarak alt1 kriter ile ele alinmigtir. Boylelikle kafelere barista se¢imi i¢in bir ¢oziim Onerisi sunulmusgtur.
Thi-Nga Do vd. (2019) yaptiklar1 caligmada Vietnam kahve endiistrisinin kritik parametrelerini belirlemek ve bunlar etkili
bir siirdiiriilebilir kalkinma i¢in siralamak iizere kapsamli bir yapisal iliski gelistirmeyi amaglamiglar ve TOPSIS yontemini
kullanmiglardir. Sonucunda pazarlama ve marka inovasyonu, iiriin kalitesi, stratejik planlama ve uygulama en dnemli {i¢ parametre
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olarak ortaya konurken, yeni teknoloji gelistirme, tedarik zinciri ve lojistik yonetimi ile ittifak (joint-venture) en sondaki ii¢
parametre olarak belirlenmistir. Siregar (2019) ve Shanker vd. (2022)’nin ¢aligmalarinda ise kahve sektoriinde calisan firmalar
icin lojistik problemlerin riskini yonetme konusu TOPSIS yontemi ile incelenmistir.

Veri

Kahve kalitesinin gostergesi olarak KKE standartlar1 baz alinarak derecelendirilmis nitelikli kahveler, KKE veri tabaninda
bulunmaktadir (CQI Database). Bu veri tabaninda her kahveye verilen 6zgiin bir ID numarasi, kahve cinsi, mensgei, ¢iftligin adi,
tiretimin rakimi, hasat tarihi, derecelendirme tarihi, isleme teknigi ve onceki baslikta anlatilan tadim puanlar1 yer almaktadir.
Ayrica kahvenin kusur derecesi ve bu kusurlarin sayisi da yer almaktadir.

Nitelikli kahve konusundaki terimler baskin sekilde Ingilizce dilinde sekillenmistir. Béylelikle ¢alismada terimlerin Tiirkce
cevirileri yapilmistir. Ancak hemen her ¢eviride oldugu gibi terimlerin anlam kargiliklar1 her zaman tam olarak aktarilamayabilir.
Ornegin “clean cup” niteligi aslinda bir cesit duruluk, berraklik, temiz veya homojen gibi anlamlar1 olsa da bu anlam tek kelime ile
cevirmek giictlir. Benzer olarak kusur niteliklerinden biri olan “quaker” teriminin ¢evirisi yapilamamis ve oldugu gibi birakilmugtir.

Veri Toplama Yontemi
Veri tabanina ulagmak icin iiye olmak gerekmektedir. Kahvelerin her birinin verisi ID numarasi verilerek ayri sayfalarda tu-
tulmustur. Veri, her kahve i¢in ayr1 sayfalarda tutuldugundan hizli veri toplama gerceklestirmek icin ag kazima (web scraping)
teknigi uygulanmistir. Ag kazima, Python 3.10.5 kullanilarak gergeklestirilmistir. Yazilan Python programinin igerigi EK-1’de
sunulmustur. Ayrica ag kazima dosyalarina ve veriye GitHub platformundan ulagilabilmektedir (GitHub, 2023).

Kesifsel Veri Analizi
Kesifsel veri analizi, veri setlerindeki desenleri, iligkileri ve anlaml bilgileri ortaya ¢ikarmak i¢in istatistiksel ve gorsel analiz
yontemlerini kullanir. Bu analiz yontemleri, aragtirmacilara veri setlerini anlamak, i¢goriiler elde etmek ve gelecekteki eylemler
ve kararlar i¢in temel saglamak i¢in kullanilabilir. Bu analizin temel amaci, verilerdeki bilgileri sistematik bir sekilde kesfetmek
ve anlamaktir. Bu siirecte, veri setlerinin gorsellestirilmesi, 6zetlenmesi ve modelleme tekniklerinin kullanilmasi Snemlidir.
Calismada kullanilan kahve kalitesi verisi i¢in de birtakim gorsellestirmeler faydali olacaktir.

Kahvenin kalitesine isaret eden tadim puanlari, veri setinde kantitatif niteliklerdendir. Bu nitelikler: “Aroma”, “Flavor”, “Af-
tertaste”, “Acidity”, “Body”, “Balance”, “Uniformity”, “Clean Cup”, “Sweetness”, “Overall”, “Total Cup Points” olarak siralanir.
Calismanin dil biitiinliigiinii korumak i¢in nitelikler sirastyla “Aroma”, “Tat Profili”, “Damakta Kalicilik”, “Asitlik”, “Govde”,
“Denge”, “Tutarlilik”, “Temizlik” ve “Tatlilik” olarak cevrilmistir. Tadim notlarina ek olarak ¢ekirdegin nem orani da ele alinarak
Sekil 1’de dagilimlar gosterilmistir.

Tat Profik Damakis Kalabk
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Sekil 1. Kahve niteliklerinin dagilimlar

Tadim puanlarinin hemen hepsi yaklasik normal dagilmakta ve ortalamasi 7.5 ve 8 arasinda oldugu goriilmektedir. Nem orani
%8 - %12 araliginda yogunlagmaktadir. Istikrar, temizlik ve tatlilik nitelikleri ise 10.0 olarak tek degere sahiptir.

Sekil 2°de ise kantitatif verilerde kahvenin kusur sayilarinin dagilimi goriilmektedir. Biiyiik cogunlukla kusursuz olup daha az
sayida birkag¢ kusur gozlenmektedir.
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Sekil 2. Kahve kusurlarinin dagilimlar:

3. Sekilde kahvenin cinsine gore verinin dagilimi verilmistir. En yaygin kahve cinsleri Cautra, Gesha, Typica, Bourbon, Catuai,
Catimor olarak siralanabilir.

Cinsi
25
20
= 15
5
@
m |||
5
° ||IIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIII
& ah O AN O .2 B 2, 2 ey
*ggm&@@c«g SR *f »%%»w C,\og» @ga&«w@‘«g‘,{f‘w@ SO f st
b e‘p\, \\3“ 0‘\ ’\q&b\%"
o ap“‘ P R 5‘\\\)@«\ L
NS P @
¢ eo““*‘ S \,o\\ @ \D‘Py‘x“’:\"»\‘ * %p\ﬁ (,a\“
¢ g
'\1‘7‘} &
w" o
Cinsi

Sekil 3. Kahve cinsine gore verinin dagilimi

Mengsei iilkeleri inceledigimizde ise bu veri setinde iiretimde Tayvan diger iilkelerden oldukca fazla iiretim yaptig1 goriilmektedir.
Siralama 4. Sekilde verilmisgtir.
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Sekil 4. Mensei iilke siralamasi

Isleme tekniginde yikanmis (washed/wet), natiirel (natural/dry), ve bal (pulped natural/honey) metotlari en yayginlaridir ve diger
metotlar sinirli kalmistir. Dagilim 5. Sekilde verilmistir.

Isleme Yontemi
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Sekil 5. Isleme teknigi siralamast

6. ve 7. Sekillerde toplam tadim puanlarinin kahve cinsine gore dagilimlar1 kutu diyagrami ile gosterilmistir. Birgok kahve
cinsinin veri setinde sayis1 az oldugundan kutu diyagramlar1 ¢izilememistir. Ancak, yaygin kullanilan kahve cinsleri i¢in ortalama
ve ug degerleri ve bu kahve cinslerinin toplam puanlarinda siralamalari i¢in bilgi sunmaktadir.
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Cinsine Gore Toplam Puan
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Sekil 6. Toplam tadim puanlarinin kahve cinsine gore dagilimi

Cinsine Gore Toplam Puan (Devami)

*i*. i_i- _—*
; ’ ' i —
E 81 .
.S ————
SRS SLS I EEGLI LR 8 EDLLL PRI RIS IS
; @‘{’f Y g‘“f &£F *f,?’ f}‘*@f" & f é’i *ywﬁ“‘oef ?"@f&"é@
«**.O*y ‘ o ¢ ' P . P g
o & <«

Sekil 7. Toplam tadim puanlarinin kahve cinsine gore dagilimi (devami)

Isleme yontemine gore toplam tadim puanini karsilastirmasi, kutu diyagrami olarak 8. Sekilde verilmistir. Belirli bir siralama
goriilse de yeterli veri olmadig: i¢in sadece ii¢ niteligi icin kutu diyagrami ¢izilebilmistir.
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Isleme Yontemine Gore Toplam Puan
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Sekil 8. Isleme yontemine gore toplam tadin puanlart

Kantitatif niteliklerin korelasyonlarini gosteren tablo 9. Sekilde gosterilmistir. Beklenildigi iizere kusur olarak tanimlanan
degiskenler, tadim puanlari ile negatif korelasyona sahiptir. Tadim puanlari ise kendi arasinda pozitif korelasyona sahiptir.
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Tat Profifi
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Genel ? x ; : i X 0.075

Toplam Puan s : . . A ' 0.0036

Kategori 1 Kusur - ). 11 0. 0.021

Kategor 2 Kusur )33 26 - 0.32 0072

Quaker 3 0.3 0.3 0.21 0.32 0.038
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Govde
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Tutarlibk
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Kategori 1 Kusur
Kategori 2 Kusur

Sekil 9. Korelasyon tablosu
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TOPSIS Yontemi Uygulamasi

Kahve kalitesinde bahsi gecen tadim puanlari toplanip basit bir sekilde genel bir sonug olarak toplam puan kullanilabilmektedir.
Ancak niteliklerin esit neme sahip olabilecegi gibi tadim puanlarinin tiiketiciler tarafindan farkli 6nem dereceleri olabilir. Bu
durum cok kriterli karar vermede niteliklerin agirliklandirilmas: adimini gerektirmektedir. Agirliklandirmada siibjektif ve objektif
olarak iki farkl1 yaklagimin oldugu kabul edilebilir (Wang ve Lee, 2009). Siibjektif agirliklandirmada tiiketici tercihi, uzman goriisii
gibi bilgiler kullanilmaktadir. Objektif agirliklandirmada ise karar vericinin goriisleri dikkate alinmadan matematiksel modeller
otomatik olarak ¢oziilerek agirliklar belirlenir.

Objektif bir agirliklandirma olarak Huang (2008) tarafindan 6nerilen entropi yontemi, Shannon entropi konseptini (Shannon,
1948) temel almaktadir. Shannon entropisi, “bir sistem hakkinda kismi bilgi verildiginde belirli bir olayin meydana gelme belir-
sizliginin bir dl¢iisiiniin 6nerildigi bir kavramdir” (Pernalete vd., 2015). Yani kisaca bir veride veya dizideki diizensizligin dl¢iitii
olarak onerilmektedir. Shannon entropi hesaplamasi ¢ok kriterli karar alma modellerine yakin ge¢miste entegre olsa da oldukga
genis bir arastirma yelpazesinde uygulama alani bulmus, ¢ok kriterli karar alma yontemlerinde de objektif bir agirliklandirma
yontemi olarak kullanilagelmistir (Chen, 2021). Ornegin risk degerlendirmede (Jozi vd., 2012), iiriin dizayminda (Tiwari vd.,
2019), iilkelerin inovasyon performanslart kargilastirmasinda (Kaynak vd., 2017), yesil teknoloji inovasyonlarinin ekolojik ve
ekonomik verimlilik degerlendirmesinde (Sun vd., 2017) dogrudan entropi agirliklandirma kullanilmigtir. Bu yaklagimda entropi
degerinin, yani bir ¢esit diizensizligin yiiksek oldugu kriterlerin 6nem derecesinin de yiiksek olacagi kabul edilmistir. Kriterlerin
gorece daha az diizensiz veya tekdiize olmasi bu kriterlerin sahip oldugu alternatifleri i¢in daha az bilgi verecektir. Bu ¢caligmada
TOPSIS uygulamasinda, niteliklerin esit dneme sahip oldugu ve entropi uygulamalariyla iki farkli agirliklandirma kullanilacaktir.

Bir nitelik karar almak icin olumlu olabildigi gibi bir maliyet niteligi de olabilir. Yani maliyet nitelikleri kararda negatif etki
yaratacaktir. Veri setinde tadim puanlar1 olarak gecen sirasiyla “Aroma”, “Tat Profili”, “Damakta Kalicilik”, “Asitlik”, “Govde”,
“Denge”, “Tutarlilik”, “Temizlik”, “Tatlilik” ve “Genel” niteliklerinin pozitif etkisi olacak, ancak “Kategori 1 Kusur”, “Kategori 2
Kusur” ve “Quakers” olarak adlandirilmig kusur niteliklerinin negatif etkisi olacaktir. Elde edilen veri setinde toplam 207 gozlem
ve bahsi gecen kahve kalitesi gostergeleri 13 nitelik bulunmaktadir.

Entropi Agirhiklandirma ile TOPSIS Uygulamasi

Entropi yontemi niteliklerin entropi degerlerine dayali olarak agirliklarini hesaplamaktadir. Entropi degeri kiigiik olan bir nitelik,
bu niteligin agirhiginin daha biiyiik olmasini gerektirir. Yontemin hesaplama adimlar1 (Chen, 2019):

1. Karar matrisinin olusturulmasi (R),

2. Karar matrisinin normalize edilmesi (R’),

3. Niteliklerin entropi degerlerinin hesaplanmasi (e;) ve
4. Niteliklerin entropi agirliklarmin bulunmasidir (w ;).

TOPSIS yontemini adimlari ise (Hwang ve Yoon, 1981):

. Karar matrisinin olusturulmasi (P),

. Karar matrisinin normalize edilmesi (P’),

. Agirliklandirilmis normalize karar matrisinin hesaplanmasi (V),

. Pozitif ideal ¢oziim ve negatif ideal ¢6ziim degerlerinin belirlenmesi (A* ve A7),

. Her alternatifin pozitif ideal ¢oziime ve negatif ideal ¢oziime gore uzakliginin hesaplanmasi (S} ve S;),
. Alternatiflerin goreceli yakinliginin hesaplanmasi (C;) ve

. Alternatiflerin hesaplanan goreceli yakinligina gore siralanmasidir.

~N NN R W=

Entropi yontemi adimlart ve kullanilan formiiller
1. Adim: Karar matrisinin olugturulmasi

m sayida alternatif ve n sayida nitelik bulunan veride i =1,2,... ,mve j=1,2,... ,ni¢in kurulan matrisin gésterimi formiil (1)’de
gosterilmistir:

T I'in
R={r1-,-}=[; l M

Tl . T'imn

2. Adim: Karar matrisinin normalize edilmesi
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Entropi degerlerinin hesaplanmasinda matrisin her niteligi icin normalize edilmesi gerekmektedir. i=1,2,... . mvej=1,2,...,n
icin r;. i i alternatifinin j niteligindeki normalize edilmis degerleri, R;.j ise normalize edilmis matrisi ifade etmektedir. Kullanilan
formiil (2)’de verilmistir.

i = . (2)
TOXLry
3. Adim: Niteliklerin entropi degerlerinin hesaplanmasi
Niteliklerin entropi degerlerinin bulunmasi i¢in kullanilan formiil (3)’te verilmistir.
k=(logm)~!: Entropi katsayis,
r:. = Normalize edilmis degerler,
e;: Entropi degeri ve
i=12,...mvej=12,..nigin:
n
e =—erijl0grij 3)
j=1

Entropi hesaplamasinda logaritma islemi oldugundan verideki O degerleri hesaplamay1 gii¢lestirmektedir. Bu sifir degerleri
sadece kusur olarak belirtilen niteliklerde yer almaktadir. Bu sebeple normalize etmeden 6nce bu niteliklerin hepsine 1 eklenmigtir.
Nitelik icinde alternatifler arasindaki kusur farklari degismemig olacak ve bu sayede O logaritma igleminden kaginilmig olacaktr.

4. Adim: Niteliklerin entropi agirliklarinin bulunmasi

Son olarak niteliklerin entropi degerlerine gore agirlik katsayilari bulunacak ve TOPSIS yonteminin 3. adimindaki agirlik-
landirilmig karar matrisinin hesaplanmasinda kullanilacaktir. Kullanilan formiil (4)’te verilmistir.

dj=1-¢;: Bilginin farkhilasma degeri,
w: Entropi katsayis1 ve
i=12,... mvej=12,... nigin:

-4 )
" Zid;

Formiiliin ifade ettigi lizere entropi degeri (e ;) yiiksek olan niteligin, bilginin farklilasma degeri (d ;) diisiik olacak ve bu niteligin
de agirlig1 (w;) gorece daha diigiik olacakur.

TOPSIS yontemi adumlart ve kullanilan formiiller
1. Adim: Karar matrisinin olusturulmast:

m sayida alternatif ve n sayida nitelik bulunan veride i = 1,2,... ,m ve j = 1,2,. . . ,n i¢in kurulan matrisin gésterimi formiil (5)’te
gosterilmistir:

P11 ... Pin
: l 5

p= {Pij} = l :
Pmi ce Pmn

2. Adim: Karar matrisinin normalize edilmesi: Niteliklerin birbiri ile kiyaslanabilmesi i¢in karar matrisin her niteligi icin
normalize edilmesi gerekmektedir.i=1,2,... ,mvej=1,2,... nigin p;. i i alternatifinin j niteligindeki normalize edilmis degerleri
ifade etmektedir. TOPSIS yonteminde toplam normalizasyonu, vektdr normalizasyonu ve min-max normalizasyonu gibi farkli
yaklagimlar goriilse de Hwang ve Yoon (1981) un 6nerdigi sekilde vektor normalizasyonu kullanilmistir. Kullanilan formiil (6)’da
verilmistir.
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pr = — (6)
Y EL i

3. Adim: Agirliklandirilmis normalize karar matrisinin hesaplanmasi

Entropi yontemi ile elde edilen agirliklar, normalize edilmis karar matrisi ile carpilarak agirliklandirilmis degerler bulunmustur.
Kullanilan formiil (7)’de verilmistir.

v;j: Agirliklandirnlmig degerler,

p; = Normalize edilmis degerler,

w: Niteliklerin entropi agirliklari ve
i=12,....mvej=12,... nigin

Vij =Py X W) )
4. Adim: Pozitif ideal ¢oziim ve negatif ideal ¢6ziim degerlerinin belirlenmesi

Alternatiflerin pozitif ideal ¢oziim ve negatif ideal ¢6ziim degerleri sirastyla formiil (8) ve formiil (9) ile bulunmugtur. Verideki
kategori 1 kusur, kategori 2 kusur ve quaker olarak adlandirilan nitelikler olumsuz etkidedir.

A*: Pozitif ideal ¢6ziim,

A~ : Negatif ideal ¢6ziim,

J;: Faydali nitelikler kiimesi,

J_: Zararl nitelikler kiimesi,

V;Z j niteliginin pozitif ideal ¢oziimi,
vy j niteliginin negatif ideal ¢oziimii ve
i=12,....mvej=12,... nigin:

At = {(maxvj | je]+), (mjn vj |jEJ_)} =Vl v, ..V 8)
L 1

A = {(mjnvj | j6J+), (max Vv |jeJ_)} =VL,V5,enVy, )
1 1

5. Adim: Her alternatifin pozitif ideal ¢6ziime ve negatif ideal ¢dzlime gore uzakliginin hesaplanmasi

Alternatiflerin her bir nitelik gbz 6niine alinarak pozitif ideal ¢oziime ve negatif ideal ¢6ziime olan uzakliklar1 hesaplanmaktadir.
Hesaplamalar sirastyla formiil (10) ve (11)’de verilmistir.

s/ : Pozitif ideal ¢oziime uzaklik,

s; : Negatif ideal ¢oziime uzaklik,

vij: Agirliklandirlmig degerler,

V;fl j niteliginin pozitif ideal ¢dziimii,
vt j niteliginin negatif ideal ¢6ziimii ve
i=12,....mvej=12,...,nigin:

S:- = Z(Vij - V7)2 (10)
\= '

S; = \ D (vij = vi)? (11)
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6. Adim: Alternatiflerin goreceli yakinliginin hesaplanmasi

Goreceli yakinligin degeri alternatiflerin goreli iistiinliigiinii yansitmaktadir. Daha biiyiik bir yakinlik degeri (C;), alternatifinin
nispeten daha iyi oldugunu gosterirken, daha kiiclik deger, bu alternatifin nispeten daha zayif oldugunu gostermektedir. Yakinlik
degerinin hesaplanmasinda kullanilan formiil (12)’da verilmistir.

C;: Goreli yakinlik degeri,

s{: Pozitif ideal ¢oziime uzaklik,

s; - Negatif ideal ¢oziime uzaklik ve
i=12,... mvej=12,... nigin:

C; = Si 12
fUSt+Ss (12)

7. Adim: Alternatiflerin hesaplanan goreceli yakinligina gore siralanmasi

Bulunan goreli yakinlik degerleri ile alternatifler siraya alinir. Kullanilan Slgiite gore en iyi alternatifler belirlenir. Entropi
agirliklandirma ile uygulanan TOPSIS metoduna gére, her uzaklik hesabi i¢in en iyi alternatifler siralanmustir. Niteliklerin entropi
yontemine gore agirliklart Tablo 1°de siralanmustir. Kategori 2 kusur, quaker ve kategori 1 kusur baskin rol oynamakta, toplam
agirligin %90’ 1indan fazlasini olugturmaktadir. Toplam 207 alternatiften en iyi bulunan ilk 5 tanesi Tablo 2’de gosterilmistir.

Tablo 1. Nitelikler ve entropi agirliklari

Nitelikler Entropi Agirhg:
Aroma 0.00098507
Tat profili 0.00092614
Damakta kalicilik 0.00093635
Asitlik 0.00080797
Govde 0.00066369
Tat dengesi 0.00079872
Tutarlhilik 0.0000789
Temizlik 0
Tathlik 0
Genel 0.00112993
Kategori 1 kusur 0.11704606
Kategori 2 kusur 0.46101159
Quaker 0.41561558

Takip edilen adimlarin hesaplamalar1 Python 3.10.5 programinda yapilmistir ve kullanilan kodlar EK-2’de sunulmustur.

Esit Agirhiklandirma ile TOPSIS Uygulamasi

Kahvelerin kalitesine gore siralamak i¢in tadim puanlart ve kusur sayilari niteliklerinin esit Sneme sahip oldugu kabul edilebilir.
Bu varsayim kabul edildiginde, veri normalize edildikten sonra agirlik katsayis1 ile ¢arpilmadan devam edilir. Takip edilen adimlar
yine TOPSIS yonteminin 7 adimi olarak diisiiniilebilir, sadece agirliklandirma adimi es gegilecektir.

1. Karar matrisinin olugturulmasi (R),
2. Karar matrisinin normalize edilmesi (R”),
3. Agirliklandirilmis normalize karar matrisinin hesaplanmasi (V) (bu adim es gecilecektir),
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4. Pozitif ideal ¢6ziim ve negatif ideal ¢oziim degerlerinin belirlenmesi (A*veA™),

5. Her alternatifin pozitif ideal ¢oziime ve negatif ideal ¢oziime gore uzakliginin hesaplanmasi (S} ve S7),
6. Alternatiflerin goreceli yakinliginin hesaplanmasi (C;) ve

7. Alternatiflerin hesaplanan goreceli yakinligina gore siralanmasidir.

Takip edilen adimlarda kullanilan formiiller, 6nceki boliimde ifade edilen formiiller ile aynidir. Verinin normalize edilmesi i¢in

kullanilan formiil (6)’da belirtilen vektor normalizasyonudur. Pozitif ideal ¢dziim ve negatif ideal ¢6ziim degerlerini bulmak icin
kullanilan formiil sirasiyla (8) ve (9)’da verilmistir. Uzaklik 6l¢iileri sirasiyla (10) ve (11)’de belirtilen formiiller ile hesaplanmustir.

Tablo 2. Entropi agirliklandirma ile bulunan en iyi bes alternatif

ID Uretildigi Ulke Ciftlik Ad1 Sirket Bolge Sahibi Cinsi islem Metodu
115 Thailand Doi Tung Development Project Doi Tu“l%rgjz‘s:k)p ment TNSS{; x(:cfl Doi Tung Development Project Bourbon Washed / Wet
. . . . . Piendamo,Ca . . . Double Anaerobic
0 Colombia Finca El Paraiso Coffee Quality Union uca Coffee Quality Union Castillo Washed
H L HER
1 Taiwan Royal Bean Geisha Estate Taiwan Coffee Laboratory Chiayi Taiwan Coff;:;ﬁ;a;;gtory A Gesha Washed / Wet
. CEEEMBEFER Chi Tsai Liu Li . . Taiwan Coffee Laboratory & &Ml | SI34+Ges
7 Taiwan Ecological Farm Taiwan Coffee Laboratory Chiayi R ha Natural / Dry
Tanzania, United VOLCAFE/TaylorWinch .
53 Republic Of IYENGA Tanzania Ltd Mbeya Balam Hinyula Bourbon Washed / Wet
Tablo 3. Esit agirliklandirma ile bulunan en iyi bes alternatif
ID | Uretildigi Ulke Ciftlik Adi Sirket Bolge Sahibi Cinsi islem Metodu
116 Ethiopia YHAENU PLC FARM yhaenu ple OROMIA YHAENU PLC }Ffi?r'ﬁfﬁ;l‘l Washed / Wet
0 Colombia Finca El Paraiso Coffee Quality Union Piendamo,Ca Coffee Quality Union Castillo Double Anacrobic
uca Washed
. . i L Tai ffee L tory & i
1 Taiwan Royal Bean Geisha Estate Tﬁ;&é&;ig{}{ee Chiayi atwan C(;J]l] :3‘;5)};2:;1 oy =S Gesha Washed / Wet
. STEFMIBEFER Liang Xuan Taiwan Coffee L Taiwan Coffee Laboratory & j&
8 Taiwan Coffee Farm Laboratory Chiayi e SL34 Washed / Wet
61 Costa Rica Gamboa Farm CECA S.A. Tarrazu Joselyn Morales Quesada Caturra Washed / Wet

Alternatiflerin goreceli yakinliginin hesaplanmasinda kullanilan formiil ise (10)’da gosterilmistir. Hesaplamalar Python 3.10.5
programinda yapilmigtir. Kullanilan kodlar EK-2’de sunulmustur. Toplam 207 alternatiften esit agirliklandirma sonucu en iyi
bulunan ilk 5 alternatif Tablo 3’te gosterilmistir.

Sonug

Nitelikli kahvelerin kalitesinin dl¢timiinde 10 farkli tadim puani ve 3 ayr1 kategori kusur tiirii bulunmaktadir. Tadim puanlarinin
toplamu ile genel bir 6l¢iit sunulmaktadir ancak tadim puanlarini ayr1 ayr dikkate alan hem de kusur niteliklerini hesaba katan bir
hesaplama yonteminin kayda deger olacagi bu ¢alisma ile 6ne siiriilmiigtiir.

Calismada hem entropi agirliklandirma hem de esit agirliklandirma yaklagimi ile hesaplamalar yapilmistir. Entropi agirlik-
landirma verinin kendisinden hesaplanmakta objektif bir agirliklandirma imkan: sunmaktadir. Bu ¢aligmada tadim puanlarinin
entropisinin yiiksek olmasi, kusur niteliklerinde ise entropinin az olmas1 bu kusur niteliklerinin baskin olmasina yol agmustir. Ug
kusur niteliginin toplam agirlig1 %75’e ulagirken 10 farkli tadim puani niteligine toplam %25 agirlik payr kalmistir. Kullanilan
veri setinde kusur kategorilerinde ¢ok sayida 0 degeri bulunmakta ve entropi degeri hesaplamasindaki logaritma igleminde gii¢liik
yaratmaktadir. Bu sebeple probleme sebep olan niteliklerde biitiinii bozmayacagi kabul edilecek sekilde kusur niteliklerinde tiim
alternatifler i¢in 1 eklenmistir. Bunun diginda veride bir degisiklik yapilmamigtir.

Esit agirliklandirma yapilan hesaplamada tiim nitelikler esit neme sahiptir. Kahve kalitesini belirleyen 6lciitlerin dnemi esit
alinabilecegi gibi, belirli baglamlarda farkli niteliklerin &nemi artirilabilir. Ornegin bir pazarda tiiketicinin tercih ettigi tat profiline
gore bu secim Ozellestirilebilir. Bu sekilde daha detaylandirilmis bir karar ¢alismasi i¢in o pazardaki saticilarin ve uzmanlarin
goriisii alinabilir. Calismada, maddi ve zaman kisitlar1 sebebiyle uzman goriisii ile belirlenen siibjektif bir agirliklandirma islemi
yapilmamustir.

Elde edilen bulgulara gére KKE veri tabaninda 2023 Mays itibariyla bulunan alternatifler, sadece toplam puanlaria gore degil
tiim kalite gostergeleri hesaba alinarak siralanmustir. Tlk 5 alternatifte Etiyopya, Kolombiya, Tayvan, Tayland ve Kosta Rika menseili
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kahvelere rastlanmustir. Isleme yontemi olarak dogal isleme (natural/dry), ¢ift anaerobik yrkanmus (double anaerobic washed) gibi
gorece yeni yontemler goriilse de cogunlukla yikanmig (washed/wet) goriilmektedir. Ayrica kahvelerin iiretici ¢iftlikleri, sirketleri
ve sahipleri bilgileri yer almaktadir. Entropi ve esit agirliklandirma yontemlerinde bulunan siralamada ayni kahveler denk gelse
de siralama farklilagmaktadir. Bunun sebebi entropi yonteminde kusur niteliklerinin agirlhiginin daha yiiksek olmasi ve hata
sayisinin az oldugu alternatiflerin siralamada yukar1 ¢ikmasidir. Yani KKE veri tabaninda bulunan nitelikli kahvelerin zaten hata
say1s1 oldukca diisiik, cogunlukla sifir oldugundan hata sayisinda daha yiiksek goriilen kahveler alt siralara diigsmiigtiir. Bu kusur
niteliklerinin siralamada baskin rol oynadigint gostermektedir. Esit agirliklandirmada ise tadim puanlart ve kusurlar esit olarak
degerlendirilmistir.

Tiiketiciler ve kahve pazarinda ¢alisan firmalar, nitelikli kahve 6zelinde satin alma kararlarini kahvenin kalitesini gosteren bir¢ok
kriteri hesaba katarak verebilirler. TOPSIS bu baglamdaki problemlerde sik¢a kullanilan, anlagilmasi kolay ve bagarili ¢oziimler
sunan bir yontem olarak siiregelmistir. Ayrica hesaplama adimlarinda niteliklerin 6nemini belirleyen agirliklandirmalar hem
siibjektif bicimde uzman goriigiiyle hem de entropi yontemi gibi objektif bicimde hesaplanabilmektedir. Literatiirde bir¢ok alanda
kullanildig1 goriilse de bu caligmanin konu aldig1 bi¢cimde nitelikli kahvenin kalitesini dikkate alan bir ¢aligmaya rastlanmamustir.
Bu bakimdan hem veri toplama yontemi hem de karar alma i¢in 6rnek teskil edecegi 6ne siiriilmiis, farkli veri tabanlarinda bulunan
benzer bir kahve verisi i¢in de kullanima uygun bir yontem onerilmistir.
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ABSTRACT

Inrecent years, the trade wars, the global economic crisis and protectionist policies have created a climate of trade policy uncertainty
in the world economy. The increased uncertainty had important impacts on economic variables, in particular on foreign trade and
exchange rates. As a result, the attention of researchers and policy makers has been focused on this area. Also, it is a well-known
fact that uncertainties have a greater impact on developing countries with economies that are more vulnerable to shocks and risks.
From all of these facts, the aim of this study is to investigate the relationships between exchange rate, trade balance and trade
policy uncertainty by using structural VAR (SVAR) analysis for the 1960:Q1-2020:Q4 period in Tiirkiye. The results show that
there exists a significant relationship between trade policy uncertainty, the trade balance and the exchange rate in the long term.
The response of trade policy uncertainty to shocks to the trade balance and to the exchange rate is statistically significant and
negative. The response of the exchange rate to trade balance shocks is statistically significant and positive. An increase in the trade
balance increases the exchange rate and reduces trade policy uncertainty.

Keywords: Trade, exchange rate, trade policy uncertainty, structural VAR

Introduction

The world economy has been experiencing global trade wars for the past two decades. Tariff threats, tariff hikes, and retaliations
have emerged as principal causes of economic and trade policy uncertainties (Baker et al., 2019). The increase in trade policy
uncertainty in 2018 resulted in a decrease of approximately 0.08% in the global GDP in the first half of 2019 (Caldara et al.,
2019). The US withdrawal from the Trans-Pacific Partnership Agreement in January 2017, the suspension of negotiations on the
North American Free Trade Area Agreement in August 2017, tariff increases on US steel and aluminum imports, uncertainties in
the Brexit process, and the trade war between the US and China since March 2018 are the main reasons for the increase in the
global trade policy uncertainty (Baker et al., 2019; Huynh et al., 2023 and Yu et al., 2023). Additionally, the COVID-19 pandemic
emerged in 2019, and the Ukrainian-Russian War started in 2022 also contributed to the process of uncertainty. On the other hand,
it is useful not to ignore the direct and indirect effects of the protectionist policies implemented by countries after the 2008 Global
Crisis. Policymakers, investors, and other economic agents have been engaged in trade negotiations to develop a new approach to
trade policy (Borojo et al., 2023 and Wang and Wu, 2023). Howeyver, these negotiations have not been able to prevent an increase
in uncertainties surrounding global trade.

The trade wars and other factors, particularly robust trade and financial ties between nations, have amplified the policy uncertainty
pertaining to trade worldwide (Ahir et al., 2020). According to Gulen and Ion (2016), policy uncertainty denotes a circumstance
wherein economic agents are unable to accurately anticipate whether, when, and how governments will modify their current
policies. Trade policy uncertainty, a kind of economic policy uncertainty, is defined as unpredictable alterations in trade policy
that are difficult for economic agents to forecast accurately. The effects of trade policy uncertainty on output (Linde and Pescatori,
2019; Furceri et al., 2020), income (Kempa and Khan, 2019), welfare (Johnston and Parajuli, 2017; Steinberg, 2019), employment
(Pierce and Schott, 2016; Lin and Whalley, 2021), institutions (Marshall et al., 2015; Tian et al., 2020), immigration (Facchini et
al., 2019), foreign trade investments (Bao et al., 2022), and financial markets (Handley and Limao, 2015; Crowley et al., 2018;
Burggraf et al., 2020; He et al., 2021; Chen et al., 2022) have been frequently discussed by researchers recently.

International trade is susceptible and more responsive to economic shocks; therefore, companies tend to adopt a cautious attitude
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when trade policy uncertainty is high (Novy and Taylor, 2020). A high level of trade policy uncertainty results in a reduction
in investment, exports, and international trade volume. Consequently, unexpected changes in trade policy uncertainty negatively
affect exports and investments. More precisely, increased uncertainty causes firms to delay investment decisions and reduce hiring,
which in turn lowers consumer confidence, expenditures and ultimately results in decreased economic activity. On the other side,
the impact of trade policy uncertainty on trade performance is unclear (Caldara et al., 2019). While some studies confirm the strong
and negative relationship between the two variables, others argue that uncertainty can enhance countries’ trade performance by
encouraging investment (Borojo et al., 2023). Handley (2014) contends that export enterprises are considerably responsive to tariff
hikes. Additionally, Imbruno (2019) emphasizes the significance of trade policy uncertainty on firms’ trade decisions. In terms
of trade policy uncertainty, the potential for sudden tariff increases does not encourage firms to export. Furthermore, Handley
and Limao (2015) claimed that policy uncertainty deters firms from entering foreign trade. Simultaneously, it also impacts firms’
future expectations, resulting in a decrease in investments relating to trade. According to Handley and Limao (2017), trade policy
uncertainty diminishes export-oriented investment as well as technology upgrades. This reduces trade flows and consumers’ real
income. Similarly, Crowley et al. (2018) investigated the impact of future tariff rate uncertainty on firms’ market entry or exit
decisions, and found evidence to suggest that such uncertainty has a negative effect on entry decisions. In sum, trade policy
uncertainty negatively affects the expectations of economic agents and is considered a trade barrier as it is seen as an additional
cost. It diminishes both the probability of exporting and the volume of trade (Osnago et al., 2015).

Developing countries are more affected by an increase in trade policy uncertainty. As uncertainty increases, investments and
funds flow towards developed countries and risk factors tend to increase in developing countries. Capital outflows from the
country mean depreciation of the national currency. This increases the value of foreign currency-denominated debt, which in turn
increases country risk. On the other hand, a country’s trade flows are affected not only by its own trade policy uncertainty but
also by the uncertainty of its trading partners. In other words, shocks caused by uncertainty in one country spill over to other
countries. It affects foreign trade through the global value chain (Tam, 2018). According to Bartsch (2019), policy uncertainty
affects prices via expectations. If policymakers communicate their future policy accurately and precisely, there is no uncertainty
among economic actors and prices adjust precisely when information is communicated. Moreover, policy uncertainty increases
exchange rate volatility. According to Hlatshwaya and Saxegard (2016), the uncertainties weaken export performance by limiting
the pass-through effect of real exchange rates to exports.

Based on the theoretical and empirical literature, one might claim that there is a strong linkage between the exchange rate,
foreign trade and trade policy. The theoretical relationship between the trade balance and the exchange rate is based on the J-curve
hypothesis. According to the J-curve hypothesis, increases in the exchange rate worsen the trade balance in the short-term, while
improving the balance in the long-term. According to the hypothesis, in the short-term, the foreign trade balance deteriorates as
the response to price changes in the exchange rate is not immediate. However, in the long-term, the trade balance improves due to
price adjustments. The reason for the improvement in the trade balance in the long-term is the fulfillment of the Marshall-Lerner
condition. On the other hand, recent studies on the effects of trade policy uncertainty have mainly focused on the effects of trade
policy uncertainty on foreign trade and the effects on exchange rates have been relatively neglected.

From this point of view, the main motivation of this study is that there is no study in the literature that investigates the relationship
between these variables using the SVAR model in the case of Tiirkiye. From this point, the purpose of this study is to determine the
relationships between exchange rate, trade balance and trade policy uncertainty by following structural the VAR (SVAR) analysis
for the 1960: Q1-2020: Q4 period in Tiirkiye. The trade balance of merchandise and real exchange rate variables used in the
analyses were obtained from the database of the Central Bank of the Republic of Tiirkiye (CBRT). The Trade Policy Uncertainty
Index (TPU) indicator was also retrieved from the Federal Reserve Economic database (FRED).

This study is divided into five sections. The following section includes the literature review of the papers examining the
relationships between exchange rate, trade balance and trade policy uncertainty. Section 3 describes data and econometric
methodology. Section 4 contains the empirical findings of the econometric analyses. Eventually, the conclusion, including policy
recommendations and implications, is presented in the last section.

Literature Review

The linkages between exchange rate and trade balance have usually been the focus of attention of researchers. Related studies in
this field mainly investigate the relationships between trade balance and exchange rate under the J-curve hypothesis. Recently, the
interest of researchers has focused on the effects of various variables such as trade policy uncertainty, risk and institutional factors
affecting the relationship between exchange rate and trade balance. In this context, the literature review in this paper was based
on two aspects. First of all, papers examining the linkage between exchange rate and trade balance are presented in Table 1, in
terms of country, country groups or region, period, methodology and main results of the analysis. Then, the literature consisting
of studies examining the role of trade policy uncertainty in the relationship between these two variables was reviewed.
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Table 1. Literature Review

Author(s) Country Period Methodology Result
Bahmani-Oskooee Greece, India,
Korea and 1973:1980 OLS J-curve hypothesis is confirmed.
(1985) .
Thailand
Backus et al. 11 Developed 1950:01- General Equilibrium J-curve hypothesis is confirmed
(1994) Countries 1990:02 Model P '
o 1969:Q1- Cointegration There exists a cointegration between trade
Brada et al. (1997) Tiirkiye 1993:Q1 analysis balance and exchange rate.
Durusoy and o ..
Tokatlioglu (1997) Tiirkiye 1987-1995 OLS J-curve hypothesis is confirmed.
Shirvani and The US and 1973:05- Johansen-Juselius There is relationship between trade balance
Wilbratte (1997) G-7 Countries 1990:08 Cointegration Test | and exchange rate in the long-term.
. . . . There exists relationship between trade
Lal and Lowinger | Five South.As1an 1985:Q1- VECM balance and exchange rate both in the short
(2002) Countries 1998:Q4
and long-term.
Rehman and Afzal . 1974:Q3- ..
(2003) Pakistan 2002:Q4 ARDL J-curve hypothesis is confirmed.
. . There exists a long-run linkage between
él:)‘t())(é)ﬁanm Tiirkiye 1290%2%14_ VAR exchange rate and trade balance but J-curve
) hypothesis is not valid for the short-run.
. Japan, Korea and 1980:Q1- J-curve hypothesis is confirmed only for
Hsing (2005) Taiwan 2001:Q1 VECM Japan.
Karagdz and Tiirkive 1995:01- Multiple Regression | There is no significant relationship between
Dogan (2005) Y 2004:06 Analysis exchange rate, export and import.
rrte | 199501 | AR S [ Thwe docm it oy bt
Korkmaz (2005) y 2004:Q4 & y & &
Test run.
Ay and Ozsahin s 1995:01- VAR Analysis, .
(2007) Tiirkiye 2007:06 Granger Causality J-curve hypothesis is confirmed.
Halicioglu (2008) Tiirkiye 1980-2005 ARDL J-curve hypothesis is confirmed only in the
short-run.
Bahmani-Oskooee 1 Fi:iirsr:e}rEuirr(l)pean 1990:01- ARDL J-curve hypothesis is confirmed for Bulgaria,
and Kutan (2009) gmne 2005:06 Croatia and Russia.
Economies
Khatoon and VAR Analysis,
Bangladesh 1972-2006 Granger and Sims J-curve hypothesis is not confirmed.
Rahman (2009) :
Causality Tests
Vergil and 1 1989:Q1- ..
Erdogan (2009) Tiirkiye 2005:Q4 ARDL J-curve hypothesis is confirmed.

. . Exchange rate depreciation improves trade
PeFrov%c, and Serbia 2002:01- ARDL balance in the long run, but J-curve effect is
Gligori¢ (2010) 2007:09 .

supported in the short term.
Goger and Elmas o 1989:Q1- .Makl (2.012) The effects of the real exchange rate on
Tiirkiye Cointegration Test, . "
(2013) 2012:Q2 DOLS exports and imports are positive.
Glines et al. . 1995:Q1- A shock in the terms of trade has a similar
(2013) Tiirkiye 2010:Q2 Structural VAR impact on the real exchange rate.
2002:01- In both the short and the long term, the real
Demirtas (2014) Tiirkiye . ARDL exchange rate has a significant and positive
2012:08 .
impact on the trade balance.
Alege and 40 Sub-Saharan Panel Com.tegratlon, Ex.port, 1mpprt and exchange rate are
. . Pooled, Fixed and cointegrated in the long-term but export and
Osabuohien African 1980-2008 . . .
. Random Effects import are not elastic to changes in the
(2015) Countries
Models exchange rate.
Kemeg and VAR Analysis,
Kosekahyaoglu Tiirkiye 1997-2013 Granger Causality | J-curve hypothesis is not confirmed.
(2015) Test
Albayrak and g 1992:01- ARDL, Granger J-({urve hyppthesm 1s conﬁrmed. Also, there
Tiirkiye . exists a bilateral causality trade between
Korkmaz (2019) 2015:12 Causality
balance and real exchange rate.
Amusa and South Africa and 1991:Q4- ..
Fadiran (2019) the US 2016:03 ARDL J-curve hypothesis is confirmed.
Ari et al. (2019) Tiirkiye 1990:Q1- NARDL J-curve hypothesis is valid.

2017:Q3
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Table 1. Continued

Arruda et al. . 1999:01- .. .
(2019) Brazil 2013:07 VECM J-curve hypothesis is not valid.
Bahmani-Oskooee The US. and 20 There exists relationship between exchange
. African ARDL, NARDL .
and Arize (2019) . rate and trade balance in the long-term.
Countries
Sivrikaya and The UK and its 1981:Q1- ..
Ongan (2019) 17 Trading 2015:Q1 NARDL J-curve hypothesis is not confirmed.
Partners
Kopuk and Beser o J-curve hypothesis is confirmed only in the
(2020) Tiirkiye 1998-2018 ARDL shortorun.
Tuncay and Ozkan | Nine Developing } Real effective exchange rates have positive
(2020) Countries 2009-2018 FGLS effect on foreign trade balance.
Alessandria and Error Correction Exchange rate and trade balance are
©s8 [N} 1980-2015 Model, Armington | cointegrated in the long-term but elasticity is
Choi (2021) - . .
Elasticity quite low in the short -term.
Bahmani-Oskooee Canada and 2000:01- chordmg to NARDL approach, there is a
. ) ARDL, NARDL cointegration between exchange rate and trade
et al. (2021) Mexico 2020:12 .
balance in the long-term.
Bahmani-Oskooee o . . . .
and Karamelikli Tiirkiye and the 2003.91- ARDL, NARDL Asymmetrlc J-curve effect is valid some
[N} 2018:10 industries.
(2021)
Bhat and Bhat . 1996:02- ..
(2021) India 2017-04 NARDL J-curve hypothesis is not confirmed.
Toda-Yamamoto and
Ceyhan and ol . Hatemi-J .
Giirsoy (2021) Tiirkiye 1996:2019 Asymmetric J-curve hypothesis is not confirmed.
Causality
Pakistan and its Asymmetric . .
Igbal et al. (2018) eight trading 1980-2017 | Cointegration, Non- J—curve.hypot.hesm is confirmed in the case of
. Malaysia, China, and the US.
partners linear ARDL
Mwito et al. Kenya and its 30 2006:Q1- PMG J-curve hypothesis is supported for long-run
(2021) Trading Partners 2018:Q4 and short-run asymmetries.
Gana, .
Arthur et al. Switzerland and ]995'.Q] : ARDL J-curve hypothesis only is valid for China.
(2022) : 2018:Q4
China
Mesagan et al. Eight Largest There exists relationship between trade
(2022) African 1970-2016 NARDL balance and exchange rate in the long-term.
Countries
2008:Q2-
2019:Q3;
. . 2008:Q2- .
Ojaghlou and EU-27, China 2020:Q4 ARDL, NARDL and | Inverted J-curve is confirmed for all country
Ugurlu (2023) and the US an;i Multiplier NARDL | groups.
2019:12—
2021:12
Parray et al. 2000:Q1- J-curve hypothesis is not confirmed for both
(2023) BRICS 2020:Q2 PNARDL the symmetric and asymmetric model.
The trade balance is impacted asymmetrically
Truong and Vo . 2010:01- .
(2023) Vietnam 2020:06 NARDL ltjeyr ntlhe exchange rate in the short and long-

In the first aspect of the literature review, the studies investigating the relationships between trade balance and exchange rate
were evaluated. According to Table 1, the empirical studies within the scope of literature review can be classified into three groups
in terms of the results obtained as follows: The first group of studies consists of studies investigating the validity of the J-curve
hypothesis. Some studies (Bahmani-Oskooee, 1985; Backus et al., 1994; Durusoy and Tokatlioglu, 1997; Rehman and Afzal,
2003; Hsing, 2005; Bahmani-Oskooee and Kutan, 2009; Vergil and Erdogan, 2009; Ari et al., 2019; Bahmani-Oskooee and Arize,
2019; Bahmani-Oskooee-Karamelikli, 2021; Igbal et al., 2018; Arthur et al., 2022, etc.) have pointed out empirical findings that
support the hypothesis, but Keme¢ and Kosekahyaoglu (2015), Sivrikaya and Ongan (2019), Bhat and Bhat (2021), Ceyhan and
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Giirsoy (2021) and Parray et al. (2023) have reached the result that the J-curve hypothesis is not valid. In the second group, there
are papers searching the relationship between trade balance and exchange rate. Except for the studies by Karagdz and Dogan
(2005) and Yamak and Korkmaz (2005), the empirical results obtained from the studies in this group have confirmed the existence
of a relationship between the two variables. The third group of studies includes papers that reach different results. For instance,
Akbostanci (2004) claimed that the J-curve hypothesis is not valid in the short-term, but there exists substantial empirical evidence
confirming that effect in the long-run. On the contrary, Halicioglu (2008) and Kopuk and Beger (2020) have affirmed that the
j-curve effect is valid in the short-term.

The second aspect of the literature review consists of the studies examining the relations between trade policy uncertainty,
exchange rate and trade balance. For example, Cekin and Nuroglu (2020) have examined the effects of trade policy uncertainties
arising from trade wars on the trade balance and macroeconomic indicators for the period of 1987:01-2018:09 in BRICS-T
countries. The main findings obtained from the analyses in which the econometric methodology of the panel VAR method was
employed show that trade policy uncertainty stem from the US negatively affects China more in terms of trade balance. In the
paper by Ongan and Gocer (2020), they investigated the effects of changing US trade policy uncertainty on the US bilateral trade
balance with China for the period of 1993: Q1-2019: Q2 by employing the NARDL approach. The results indicate that there exists
relationship between trade policy uncertainty and the US trade balance. Trade policy uncertainty improves trade balance in the
short-run while trade policy uncertainty decreases or worsens trade balance in the short-run but improve in the long-run.

Ozcelik (2022) has employed the Augmented ARDL approach in order to analyze the impacts of economic and trade policy
uncertainties on the US’s foreign trade balance with China by taking the data for 2000:Q1-2021:Q4. Findings from the empirical
analysis show that the increases in trade policy uncertainty in the US do not have a significant effect on the US bilateral trade
balance with China, but the increases in trade policy uncertainty in China have a negative impact on the US trade balance both in
the short and long-run. In another study, Baek and Yoon (2023) have explored the relationship between trade policy uncertainty and
trade balance of China and its trade partners (US, Japan and Korea) using structural VAR for the period of 2000:01-2021:12. They
found that trade policy uncertainty has a significant negative effect on China’s trade as a result. Borojo et al. (2023) have employed
the two-step Heckman sample selection model and poisson pseudo-maximum likelihood in order to analyze the impact of trade
policy uncertainty on trade flows between 2004 and 2019 for 113 emerging economies and low-income developing countries.
Similar to the main findings of the studies by Ozcelik (2022) and Baek and Yoon (2023), they detected that trade policy uncertainty
has a negative effect on trade flows.

Yaman-Songur (2023) have analyzed the influence of the US trade policy uncertainty on the dollar-TL rate using data for 2002:01-
2022:08. As a result of DOLS, FMOLS and CCR, she found that there exists cointegration between trade policy uncertainty and
exchange rate. In addition, increases in trade policy uncertainty trigger exchange rate increases. According to the results of Breitung
and Candelon (2006) causality test, trade policy uncertainty is the cause of the dollar-TL exchange rate in the long-run, but it is
not in the short and medium-run.

Yu et al. (2023) have investigated the impact of the US trade policy uncertainty on Chinese agricultural export and import
applying structural VAR analysis for the period between 2007:01 and 2019:05. The results of empirical analyses depict that as the
US trade policy uncertainty increases, China’s agricultural exports to the US and imports from the US.

By far, we have reviewed the empirical literature on exchange rate, trade balance, and trade policy uncertainty. Based on the
relevant literature, one might say that there is a large number of studies in the literature investigating the relationships between trade
balance and exchange rate by following different econometric procedures (ARDL, NARDL, PNARDL, VAR, OLS, VECM, FGLS,
etc.) for different countries, country groups and regions. However, it can be observed that the number of studies investigating the
effects of different variables like economic and trade policy uncertainty on the relationship between two variables has increased in
recent years, but it is still limited. Within the scope of the reviewed literature, it has not found studies investigating the relationship
between exchange rate, trade balance and trade policy uncertainty in Tiirkiye using the SVAR method.

Data and Methodology

This study investigates the relations between exchange rate, trade balance and trade policy uncertainty employing a quarterly
time series data for the period of 1960:Q1-2020:Q4 for Tiirkiye. For trade balance, we used trade balance of merchandise (the US
Dollar) as indicator provided by the database of the Central Bank of the Republic of Tiirkiye (CBRT). The data for real exchange
rate was obtained from the database of the CBRT. The Trade Policy Uncertainty Index (TPU) indicator as proxy for trade policy
uncertainty was taken from the Federal Reserve Economic database (FRED). The natural logarithm forms of all variables were
employed in order to reduce heteroscedasticity and to procure the growth rate of the variables by their differenced logarithms.
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Table 2. Descriptive Statistics for Variables

LNTRADE LNREER LNTPU
Mean 24.15836 -5.354409 3.500246
Median 24.30955 -5.968632 3.441654
Maximum 24.34942 1.976916 5.334841
Minimum 23.02585 -11.61662 2.616832
Std. Dev. 0.292128 5.151828 0.453686
Skewness -1.914142 0.041151 1.404864
Kurtosis 5.999432 1.317919 6.603827
Observations 243 243 243

Table 2 shows descriptive statistics of the variables in the analysis in order to represent summary information. According to
the table, while LNTRADE has the highest values in terms of mean (24.158), maximum (24.349) and minimum values (23.025),
LNREER has the lowest values in terms of these statistics. The highest variable in terms of median value is LNTRADE (24.309),
and other variables are LNTPU (3.441) and LNREER (-5.968), respectively. On the other side, while the variable with the highest
standard deviation is LNREER (5.151), the variable with the lowest value is LNTRADE (0.292). Figure 1 depicts the change of the
logarithmic values of the variables for the period of 1960:Q1-2020:Q4.

Figure 1. Time Series Graphs
In this study, we followed the econometric procedure of the structural VAR approach developed by Sims (1980;1986), Bernanke
(1986), Shapiro and Watson (1988). Standard VAR models are based on simultaneous equation systems in which many endogenous
variables are employed in the model at the same time. Although the impulse-response function is an important tool to uncover the
linkages between variables in standard VAR models, there exist some obstacles in their interpretation (Liitkepohl, 2005). It is not
suitable for policy reviews, as impulse-response functions and shock term are not descriptive enough in these models (Cooley and
Leroy, 2005). The standard VAR model is written as follows:

Y, =BxX, +u, (D

In Eq. (1), ¥; is a (3x1) vector of endogenous variables. X; refers to the lag of the endogenous variables. ut denote the residuals
of (3x1) vectors. In the reduced VAR model, the residuals are often correlated and so, it does not clearly show the net effect of
a specific shock on the residuals. The structural VAR model in which all variables are employed endogenously with their lagged
values developed to overcome the lack of the standard VAR model is expressed as follows (Enders, 2010):

BY, =Ty + Z?zlri%—i + & (2)

Where, B refers to (3x3) contemporaneous matrix and ¥; is a (3x1) vector of endogenous variables (trade balance, real exchange
rate and trade policy uncertainty index). [y and I'; is constant term of the vector and (3x3) autoregressive coefficient matrix,
respectively. €, denotes (3x1) structural shocks matrix. Finally, n depicts the optimal lag length. The matrix form of the SVAR
model is as in Eq. (3)

3

eLNTRADE eLNTRADEShockl

1 a1 0 0
e = e%NREER =|an am 0 [x e%NREERShock
eLNTPU eLNTPUShock
t

t @31 @32 @33




Unlii, F., Trade Balance, Real Exchange Rate and Trade Policy Uncertainty in Tiirkiye: Evidence from the SVAR Approach

According to Eq. (3), the variable (LNTRADE) in the first row does not respond to other variables in the model but affects other
variables (LNREER and LNTPU). The variable (LNREER) in the second row responds to the first variable (LNTRADE), but it
does not respond to the other variable (LNTPU). The variable (LNTPU) in the third row responds to all variables (LNTRADE,

LNREER and LNTPU) in the model.

Empirical Results

Unit Root and Diagnostic Tests with Stability Condition

In the first stage, we performed the unit root tests to test the stationarity of the series in the model. The results of the Augmented
Dickey-Fuller (ADF) and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests calculated for the levels and first differences of
the variables are reported in Table 3. The empirical findings derived from the ADF and KPSS unit root tests indicate that the null
hypothesis of a unit root cannot be rejected at a 5 % significance for all variables have unit root at the levels in both constant
and constant and trend models. Then, we take the first-order difference of all series and concluded that all series have become
stationary. As a result, all series (LNTRADE, LNREER and LNTPU) are integrated of order 1, represented as I(1).

Table 3. Unit Root Test Results

Variables/ ADF KPSS

Unit Root Tests Constant Constant+Trend Constant Constant+Trend
LNTRADE -1.891 (0.33) -2.146 (0.51) 1.383 0.158
LNREER -1.671 (0.44) -1.500 (0.82) 0.309 0.299
LNTPU -2.329 (0.16) -2.856 (0.18) 0.423 0.230
ALNTRADE -6.304 (0.00)* -6.292 (0.00)* 0.036* 0.025*
ALNREER -11.461 (0.00)* -7.551 (0.00)* 0.400* 0.276*
ALNTPU -8.446 (0.00)* -8.543 (0.00)* 0.157* 0.102*

Note: *is 1% of significant levels. The optimal lag length is determined automatically by using the SIC.

Table 4 and Table 5 show the results of the diagnostics tests such as serial correlation Langrage Multiplier (LM) test, the White
heteroskedasticity test and the Jarque-Bera normality test. According to Table 4, the evidence from the LM test indicates that the
null hypothesis cannot be rejected, as there does not exist a serial correlation among the error terms.

Table 4. Serial Correlation LM Test

Lag LRE* stat df Prob
1 13.65058 9 0.1353
2 23.61728 18 0.1680
3 32.92959 27 0.1994
4 40.58186 36 0.2754
5 50.01271 45 0.2811

Note: The optimal lag length is determined as five considering the AIC.

Table 5 shows that the evidence indicates no autoregressive conditional heteroskedasticity. More clearly, the null hypothesis
which is the variance of the residuals is homoscedastic cannot be rejected for SVAR model. On the other hand, the residual term
is normally distributed as regards the normality test. The results of the diagnostics test point out that the model specification is

well-structured.

Table 5. Heteroskedasticity and Normality Tests

Joint Test Joint Test
Chi-sq df Prob Jarque-Bera df Prob
200.9088 180 0.1364 1804.560 6 0.0000*

Note: * is 1% of significant levels.

Figure 2 indicates the inverse roots of the characteristic AR polynomial. The validity of the impulse-response analysis depends
on the satisfaction of the VAR stability condition (Glaister, 1984). The estimated VAR is stable because of all roots lie inside the

unit circle and all roots have a modulus of less than one, as shown in Figure 2.
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Figure 2. Inverse Roots of AR Characteristic Polynomial

Long-Run Structural VAR Analysis

Table 6 shows the estimation results of the long-term structural VAR model. The coefficients in the multiplier matrix cannot be
interpreted, but preliminary information can be obtained for impulse-response analysis by looking at the signs of the coefficients
and their statistical significance levels. According to Table 6, the response of LNTPU to shocks of LNTRADE and LNREER is
statistically significant and negative. Also, the response of LNREER to LNTRADE shock is statistically significant and positive.
While an increase LNTRADE leads to an increase in LNREER, an increase LNTRADE leads to a decrease in LNTPU over the
sample period in Tiirkiye.

Table 6. Long-Run Multiplier Matrix for SVAR Model

LNTRADE LNREER LNTPU
LNTRADE 1.5293 0.0000 0.0000
(0.00)*
LNREER 2.9310 2.0117 0.000
(0.00)* (0.00)*
LNTPU -1.2970 -0.6269 0.3199
(0.00)* (0.00)* (0.00)*

Note: *is 1% of significant levels.

As mentioned earlier, the purpose of this study is to investigate the linkages trade balance, reel exchange rate and trade policy
uncertainty in Tiirkiye. To achieve this aim, the impulse-response functions obtained from structural VAR analysis are quite helpful
tools. Figure 3 shows impulse-response functions for LNTRADE, LNREER and LNTPU.

Figure 3. Impulse-Response Functions for Long-Run Structural VAR Analysis
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The response of LNTRADE to the shock of LNTPU is zero in the first period and, after it is positive from the second period
until the 6th period, it revolves negative. As from the 8th period, it reaches zero. The response of LNTRADE to the shock of
LNREER is initially zero, but it is negative throughout the following periods. Also, the response of LNTRADE to its own shock
remains positive in all the periods and it is at the minimum level by the 4™ period.

The graphs in the second row of Figure 3 show the response of LNTPU to the shocks of other variables. The LNTPU’s response
to the shock of LNTRADE is zero in the first two periods and it turns negative afterwards. The response of LNTPU to its own
shock remain positive in all the periods and it is at the minimum by 4" period. The last graph depicts the response of LNTPU to
the shock of LNREER over the periods. While the response of LNTPU to the shock of LNTRADE is zero in the first period, it is
negative between the 4" and 7™ periods. In the remaining periods, it continued to be positive.

The three graphs in the last row of Figure 3 present the response of LNREER to the shocks of other variables with its own
shock. Accordingly, the response of LNREER to the shocks of LNTRADE reaches the maximum level of 0.02% by the 5" period
and it shows a decreasing trend in the 6" period, and eventually remains stable in the following periods. The LNREER’s response
to LNTPU shock has a negative trend. It is at the maximum level by the 4™ period and gradually diminishes until the last period.
Lastly, the LNREER’s response to its own shock is positive during the periods. While the effect reaches the maximum in the first
period, it is the minimum level in the 5th period.

Table 7. Variance Decomposition Results

For LNTRADE:
Period S.E. Shock 1 Shock 2 Shock 3

1 0.127640 2.675185 29.49590 67.82891
2 0.183090 7.123827 35.05606 57.82011
3 0.211572 10.21520 38.88406 50.90074
4 0.225461 12.32473 42.11412 45.56115
5 0.242869 12.00762 46.92240 41.06997
6 0.254422 11.49249 50.30619 38.20133
7 0.261012 11.18064 52.46200 36.35736
8 0.264439 11.13330 53.15939 35.70731
9 0.267128 11.10426 53.75608 35.13966
10 0.269417 11.06228 54.22491 34,71281

For LNREER:
1 0.232039 90.29407 9.209948 0.495977
2 0.300683 91.75454 6.740686 1.504769
3 0.335176 89.53908 9.151384 1.309538
4 0.347124 90.03089 8.665228 1.303886
5 0.363054 90.20196 8.026838 1.771202
6 0.381278 90.51751 7.856827 1.625665
7 0.401592 89.49353 8.745697 1.760773
8 0.419621 87.83420 10.29450 1.871299
9 0.435713 86.32359 11.65456 2.021853
10 0.448795 85.85966 12.14007 2.000270

For LNTPU:
1 0.064336 17.25225 70.43273 12.31502
2 0.080674 18.89567 62.30812 18.79621
3 0.086881 19.84621 58.42520 21.72859
4 0.093048 19.04761 53.39020 27.56220
5 0.098198 19.37842 48.83113 31.79045
6 0.102397 21.70533 45.02690 33.26777
7 0.106827 25.06351 41.36988 33.56661
8 0.111023 28.65419 38.37251 32.97329
9 0.115691 32.21219 35.33890 32.44892
10 0.120525 35.70407 32.68351 31.61242

Note: Shock 1, Shock 2 and Shock 3 refer LNTRADE, LNTPU and LNREER, respectively. Also, S.E. is standard error.

Table 7 shows the variance decomposition results of the SVAR model. The empirical findings in Table 7 depict that 2.67% of the
change in LNTRADE is explained by its own shock in the initial period. It reaches 12.00 % by increasing until the 5™ period and
remains at the level of approximately 11% in the subsequent periods. While 29.49 % of the fluctuations in LNTRADE is explained
by LNTPU shocks in the first period, this rate is 67.82 % for LNREER shocks. The effects of LNTPU shocks on LNTRADE
increasingly have continued throughout the years and reaches 54.22 % at the end of the 10" period. On the other side, the ratio
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explained by LNREER shocks have showed a decreasing trend and it is 34.71% in the last period. While most of the changes in
LNTRADE are explained by the LNREER shock at the beginning, LNTPU is the determinant of the changes in LNTRADE at the
end of the period. According to Table 7, while the effect of LNTPU shocks on changes in LNREER is more limited (9.20 %), the
ratio explained by LNTRADE shocks is higher (90.29 %) in the first period. Also, 0.49 % of the change in LNREER is explained
by its own shock. The effects of LNTRADE shock on change in LNREER decreased over time and it has a value of 85 % as of the
last period. The effects of LNTPU shock and LNREER’s own shock have an increasing trend. The effect of both shocks tends to
increase regularly from the 7% period. Considering the first period, the changes in LNTPU are affected by its own shock (70.43 %),
LNTRADE (17.25 %) and LNREER (12.31 %) shocks, respectively. The effects of LNTRADE shocks on LNTPU have increased
throughout the period and eventually it reached 35.70 % in the 10" period. Likewise, the ratio of LNREER shocks explaining
the changes in LNTPU has gone up to 31.61% at the last period. On the other side, the impacts of the LNTPU’s own shock have
decreased by more than about half over time.

Conclusion

Since the 2008 Global Crisis, there has been a deepening of the environment of economic and trade uncertainty, which had its
origins in the spread of protectionist policies and the increase in US import tariffs. In this uncertain climate, what economic agents
expect to happen in the current and future periods, and how they act according to these expectations, has a significant impact
on the global economy. Trade policy uncertainty postpones or discourages business investment decisions in relation to exports.
The reason for this is that companies that perceive uncertainty as a high risk have a high-cost avoidance bias. The volume of
global trade is also affected by trade policy uncertainty. On the other hand, the situation is similar for the financial markets, which
are affected to a large extent by uncertainty and risk. In other words, trade policy uncertainty has a negative impact on financial
markets. For example, as uncertainty increases, the volatility of exchange rates also increases.

As seen, trade policy uncertainty has significant effects on key economic variables. It is important to study the impact of trade
policy uncertainty, especially for developing countries that are vulnerable to economic shocks, risks and uncertainties. Therefore,
the aim of this study is to analyze the relationship between trade policy uncertainty, trade balance and exchange rate in Tiirkiye
with the help of the SVAR model. The results show that there is a significant relationship between trade policy uncertainty, the
trade balance and the exchange rate in the long term. The response of trade policy uncertainty to shocks to the trade balance and to
the exchange rate is statistically significant and negative. The response of the exchange rate to trade balance shocks is statistically
significant and positive. An increase in the trade balance increases the exchange rate and reduces trade policy uncertainty. The
exchange rate appreciation effect of the improvement in the trade balance can be explained by Tiirkiye’s high dependence on
imports of inputs. When exports increase, the demand for raw materials and intermediate goods needed in the production process
increases. This increase in demand increases the demand for foreign exchange, thereby pushing up the exchange rate. While the
findings of studies conducted by Durusoy and Tokatlioglu (1997), Ay and Ozsahin (2007), Vergil and Erdogan (2009) and Ari et
al. (2019) Tiirkiye confirm the J-curve hypothesis, Keme¢ and Kdsekahyaoglu (2015), Kopuk and Beser (2020) and Ceyhan and
Giirsoy (2021) claimed that the hypothesis is not valid. On the other hand, there is a negative relationship between worsening trade
balance and trade uncertainty in Tiirkiye. In other words, an increase in uncertainty leads to a deterioration in the trade balance.
The empirical evidence is broadly consistent with the theoretical and empirical literature.

In the light of the empirical findings of the study, it might be said that there is an important relationship between trade policy
uncertainty, trade balance and exchange rate in Tiirkiye. It can be a recommendation for policy makers to design economic policies
in such a way that the effects of trade policy uncertainty are taken into account.
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ABSTRACT

In today’s world, achieving sustainable economic development is a critical challenge for all nations. Their approach to progress
is an attempt to harmonize economic growth with environmental protection and social well-being, ensuring that the needs of the
present are met without compromising the ability of future generations to meet their own. This study focuses on Algeria, a nation
striving to transition towards a more sustainable economic model. While the country has implemented various strategies aimed
at economic diversification, renewable energy adoption, and foreign investment engagement, a comprehensive assessment of their
effectiveness and future impact remains lacking. This study aims to fill this gap by providing a holistic analysis of Algeria’s progress
towards sustainable economic development. It goes beyond traditional single-factor assessments by employing a comprehensive
framework and utilizing the ARIMA model and Box-Jenkins methodology to forecast the key indicators of GDP per capita, CO,
emissions per capita, and unemployment rate. The results of the analysis reveal a mixed outlook. While the ARIMA (1, 1, 0)
model predicts promising economic development, the ARIMA (2, 1, 2) model raises concerns about rising CO; emissions, and
the ARIMA (1, 1, 1) model indicates a persistently high unemployment rate. These projections suggest that while Algeria is
making strides towards improving the economy, significant challenges remain in achieving environmental sustainability and social
inclusion.

Keywords: ARIMA model, Algeria, Box-Jenkins method, forecast, sustainable economic development.
JEL classification : C22, C32, Q56, 055

Introduction

Securing sustainable economic development involves an integrative approach to progress which harmonises economic growth
with social equity and environmental protection (Van Wynsberghe, 2021). Such an economic model would aim to fulfil the needs
of the present without compromising the ability of future generations to meet theirs (Hammer & Pivo, 2017). As the world faces
unprecedented challenges, from resource scarcity to widening inequality, sustainable economic development offers a roadmap for
responsible and equitable prosperity. However, achieving sustainable economic development ranks as one of the most pressing
challenges confronting nations globally, with Algeria being no exception.

In a concerted effort to address the complexities of sustainable economic development, Algeria has embraced a multi-faceted
strategy to forge a more diversified and sustainable economic model. Algeria has promised to develop the agriculture sector to
diversify the economy away from oil and gas. The Arab Organization for Agricultural Development (AOAD) reports that Algeria’s
government expenditure on agriculture experienced a 4.7% growth between 2016 and 2022. Furthermore, the “New Algeria” road
map introduced a new way that the country’s government and citizens could thinking about serving the environment. The country
has pledged to decrease greenhouse gas emissions by 7% to 22% by 2030 (Bouznit, Pablo-Romero, & Sanchez-Braza, 2020). In
addition, Algeria aims to generate 27% of its electrical energy from renewable sources by 2035 (Makhloufi, Khennas, Bouchaib,
& Arab, 2022). To add to this, Algeria has facilitated opportunities for foreign investment, paving the way for other nations to
engage in economic activities within its borders. Notably, China has made substantial investments to various sectors with the
Algerian economy, which amount to $36 billion. These investments include: manufacturing, technology, the knowledge economy,
transportation, and agriculture (Houlden & Zaamout, 2019).
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In June 2022, the number of small and medium companies (SMEs) in Algeria exceeded 1.3 million nationally, indicating a
growth rate of around 4.45% compared to the same time in 2021 (Abdeldayem & Aldulaimi, 2022). However, to the best of the
author’s knowledge, a thorough review evaluating the effectiveness of these initiatives has not been conducted, nor have there been
any projections regarding their future impact on Algeria. The government maintains a positive outlook, believing these measures
will support Algeria in attaining sustainable economic growth. Nevertheless, the complete effects of these initiatives are likely to
remain unclear for some time. Consequently, this study seeks to understand Algeria’s historical trends and forecast potential future
results from its steadfast application of the aforementioned methods.

Key indicators, such as gross domestic product per capita (GDP/capita), carbon dioxide (CO,) emissions per capita, and the
unemployment rate, serve as multifaceted barometers for evaluating economic progress, social inclusion, and environmental
balance. As a result, these metrics are frequently employed in studies as representative dimensions of sustainable development.
Numerous studies (D’Adamo, Gastaldi, & Morone, 2022; Dasgupta, 2007; Ferndndez-Portillo, Almodévar-Gonzdlez, Coca-Perez,
& Jiménez-Naranjo, 2019; Kurniawan & Managi, 2018; Park et al., 2023) have utilised GDP per capita as a measure of sustainable
economic development. Furthermore, various academic investigations (Alam, Fatima, & Butt, 2007; Altintas & Kassouri, 2020;
Khan, 2020; Vasylieva, Lyulyov, Bilan, & Streimikiene, 2019) have utilized CO, emissions per capita as a metric to gauge
environmental sustainability. Conversely, Multiple scholarly papers (Dabbous & Tarhini, 2021; Matijov4, Onuferova, Rigelsky,
& Stanko, 2019; Ngxiza, 2012; Sotiroski et al., 2023) have employed the unemployment rate as a critical metric for evaluating
economic stability.

This study employed the autoregressive integrated moving average (ARIMA) model alongside the Box-Jenkins methodology
to produce an informed projection of Algeria’s pursuit of sustainable economic development. The pivotal indicators used in the
evaluation include GDP per capita from 1960 to 2022, CO, emissions per capita for the same period, and the unemployment
rate from 1967 to 2022. The central hypothesis of this study posits that Algeria’s multifaceted strategies which aim to improve
economic diversification, renewable energy adoption, and foreign investment engagement, may not suffice to ensure the country’s
transition to sustainable economic development, despite showing promise.

This study is critical because it offers a comprehensive view of sustainable economic development by integrating the economic,
social, and environmental dimensions. While isolated studies focus on economic performance, environmental impact, and human
development, this research amalgamates these dimensions. Furthermore, providing a forecast about significant indicators enables
stakeholders to design plans which align with the objectives of the sustainable development goals (SDGs). This is not only
applicable in the context of Algeria, but also in other comparable rising economies which face the intricate challenges of
sustainable development.

Following this introductory section, the study continues into Section 2 with a literature review. Subsequently, the methodology
section elucidates the application of the ARIMA model with the Box-Jenkins method used in this study, as expounded in Section
3. The results and discussion across the three employed ARIMA models are provided within Section 4. The study concludes by
providing the conclusions of the research and recommendations.

Literature Review

The ARIMA (Autoregressive Integrated Moving Average) model, originally popularised by statisticians George Box and Gwilym
Jenkins, is widely used for time series forecasting in various fields (Lai & Dzombak, 2020). The model is especially popular because
of its flexibility in handling different types of time series data and its suitability for making short-term forecasts.

A relevant study (Nyoni & Muchingami, 2019) which focused on Botswana employed the ARIMA model and the Box-Jenkins
methodology to analyse GDP per capita from 1960 to 2017. The ARIMA (3, 2, 3) model suggests that there would be a sustained
improvement in the living conditions of Botswana over the next decade, which would lead to the achievement of some sustainable
development goals. Another study by Voumik and Smrity (2020) aimed to forecast the real per capita GDP in Bangladesh from
1972 to 2019, using the ARIMA model for this purpose. The authors found a sustained improvement in living standards of
Bangladesh, laying the foundation for sustainable growth. A study by Shaker (2022) aimed to model and forecast Egypt’s GDP
using ARIMA and the Box-Jenkins approach, with quarterly GDP data from 2001/02 to 2020/21. The forecasted estimates suggest
that the Egyptian GDP will continue to rise as long as there are no serious swings in the economy, which will continually increase
the well-being of the country’s citizens.

Analysing data on CO, emissions in Iran from 1967 to 2008, Lotfalipour, Falahi, and Bastam (2013) forecasted the future
CO; emissions using the grey and ARIMA models. The study found that both the grey and ARIMA model were effective in
predicting CO, emissions in Iran. However, the grey model outperformed the ARIMA model in terms of accuracy and precision.
The researchers attributed this to the ability of the grey model to capture the nonlinear patterns and fluctuations in the data.
The study also highlighted the importance of considering such factors as population growth, energy consumption, and economic
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development in predicting CO; emissions as a leading indicator of Iran’s path to sustainable economic development. Another study
(Olabemiwo, Danmaliki, Oyehan, & Tawabini, 2017) used the ARIMA model to forecast the CO, emissions in the Persian Gulf
States (Bahrain, Iran, Iraq, Kuwait, Qatar, Saudi Arabia, and the United Arab Emirates) between 1980 and 2010. The results of the
study suggest that the CO, emission variable can be used to represent the environmental degradation of sustainable development
in these nations. In a paper by Chen, Chen, Mao, Wang, and Peng (2022), the STIRPAT and ARIMA models were used to identify
the key mitigation regions and strategies for the reduction of CO, emissions in China. The authors used the STIRPAT model to
identify the factors that are most important for CO, emissions in the country. They found the three most important factors to
be population, affluence, and technology. They then used the ARIMA model to forecast CO;, emissions in China under different
scenarios. Another study by Kour (2022) used the ARIMA model to forecast CO; emissions in South Africa, using the annual
data from 1980 to 2016. The results of the study suggest that the ARIMA model can be used to forecast CO, emissions in South
Africa with a reasonable degree of accuracy. According to the estimate, it is projected that CO, emissions in South Africa would
continue to increase at a consistent rate over the next decade, which would pose important challenges in terms of protecting the
environment.

A paper by Adenomon (2017) employed the ARIMA model to forecast the unemployment rates of Nigeria, using the annual
data between 1972 and 2014. The ARIMA (2, 1, 2) model suggested that unemployment rates in Nigeria were rising, which was
likely to impose major social inequality and prevent the achievement of the United Nations sustainable development goals (SDGs).
Another study from Didiharyono and Syukri (2020) employed the ARIMA model to forecast the open unemployment rates in
South Sulawesi, Indonesia. The paper used monthly data on the open unemployment rates from January 2015 to December 2019.
The authors found the best ARIMA model for determining the open unemployment rates in is the region to be ARIMA (1, 1,
1). This means that the model has one AR term, one MA term, and no differencing. The study concluded that if the government
continues with the measures that they have employed, the unemployment rates would decrease, which would help to foster long-
term sustainability. Another study (Benayad & Halimi, 2022) used the SARIMA (Seasonal Autoregressive Integrated Moving
Average) model to make predictions about the unemployment rates in Algeria. This study utilises the monthly data pertaining to
unemployment rates between the years 2001 and 2021. The study determined the most optimal SARIMA model for analysing the
unemployment rates in Algeria to be SARIMA (5, 1, 3) (1, 0, 0). This implies that the model consists of five autoregressive (AR)
terms, one moving average (MA) term, three seasonal autoregressive (AR) terms, and no seasonal moving average (MA) terms.
The study found that unemployment rates in Algeria began to rise due to the absence of economic diversification, which then lead
to social problems.

Most of the previous studies isolate economic, social, and environmental indicators in forecasting the sustainable economic
development, which means that they are not comprehensive in their forecasting attempts. The present study, on the other hand,
makes use of ARIMA models to forecast several key indicators at once, such as GDP per capita, CO, emissions per capita, and
the unemployment rate, for Algeria, which is an area notably underexplored in the literature. It addresses the gap in predictive
analysis in the context of emerging economies, offering a novel integrative approach. This research not only contributes to the
theoretical understanding of sustainable development, but also serves as a comprehensive model that can be replicated or adapted
by other similar economies, thereby significantly contributing to the literature on sustainable economic development and providing
a realistic assessment of progress towards sustainable development goals (SDGs).

Methodology

Three ARIMA models were developed to forecast the aforementioned variables up to the year 2035. In the following sections, the
gross domestic product (GDP) per capita in Algeria from 1960 to 2022, as reported by Our World in Data, and the carbon dioxide
(CO;,) emissions per capita in Algeria over the same time, as provided by the World Bank Data, will be examined. The present
analysis examines the unemployment rate in Algeria between 1967 and 2022, using data sourced from the Algerian National
Statistics Office (ONS).

As depicted in Figure 1, the study methodology commenced by assessing the stationarity of the time series data through
visual representations, namely by charting the data and scrutinising the plots of the autocorrelation function (ACF) and partial
autocorrelation function (PACF). The ADF and KPSS tests were employed to conduct to ensure that this study was a formal
examination. The data exhibited non-stationarity; hence, differencing was employed to mitigate the mean and variance instability.
Subsequently, the ARIMA model was constructed using the ACF and PACF plots to determine the appropriate model order. The
model was fitted and evaluated using such metrics as AIC or BIC to determine the most suitable fit. Next, the stability of the model
was assessed by statistically analysing the residuals. After validation, the model was employed to predict time series data.
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Figure 1. Steps for forecasting with the ARIMA model.

Source: Produced by the authors.

Model Specification

The autoregressive integrated moving averages (ARIMA) model, introduced by Box and Jenkins in 1970, remains a cornerstone
in time series forecasting (Newbold, 1983). This model, particularly in its non-seasonal form ARIMA (p, d, q), extends from
the ARMA structure, incorporating the parameters of: p for the autoregressive order, d for the differencing degree, and q for the
moving-average order (Aser & Firuzan, 2022). The ARIMA model analyses time series data by combining the autoregressive (AR)
and moving averages (MA) models. The stationary time series may be represented by a linear equation with prior observations
and random errors (Bulut & Hudaverdi, 2022).

The ARIMA model includes an autoregressive component AR(p), which quantifies the influence of preceding p observations
on the current value. The above expression can be represented as an equation:

Y, =C+201Y, 1 +D2Y; 2+ +0pY; pt+ & (1)

where Y; is the value of the time series at time t, C represents a constant, @, @2, ..., @, are the AR coefficients, and € t is the
error term. To achieve stationarity, the integrated component I(d) involves differencing the series d times. The process of first-order
differencing refers to the computation of the difference between consecutive values in a sequence and it is outlined as:

AY;=Y1_YI_1 (2)

The moving average MA(q) component captures the relationship between the current observation and the residual errors from
previous q observations. It is denoted as:

Y, =C+0i16_1+06 2+ -+0pe_g+ & 3)
In this expression, 61,605, ..., 8, represent the coefficients of the MA model.

The Comprehensive ARIMA model integrates the AR, I, and MA components, with the complete ARIMA (p, d, q) model being
formulated as:

)4 q
Ay, = C+Z®iAdY,_,~ +Ze,-g,_,~ +e )

i=1 i=1

This formula signifies that the d differenced of the series Y;, value A?Y; is a function of both past values and past forecast errors.
In it, @; are the AR coefficients, while 8; are the MA coefficients.
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Data and Variables

This section delves into the data and variables that were used to analyse Algeria’s economic development and its environmental
impact. It outlines the research hypotheses and dependent variables for each model employed in the study.

Table 1. Research hypothesis and dependent variable of the GDP per capita model

Research Hypothesis Dependent Variable Time Period Source
(Annual)
There is a statistically significant Gross domestic
relationship between time and GDP per product per capita The World Bank
capita that can be modelled through an 1960 - 2022 Data
ARIMA forecast. GDP/capita
(US$)

Source: Produced by the authors.

Table 2. Research hypothesis and dependent variable of the CO, emissions per capita model

Research Hypothesis Dependent Variable Time Period Source
(Annual)
There is a statistically significant CO? emissions per capita
relationship between time and CO? Our World in Data
emissions per capita that can be (Tons of CO? per capita) 1960 - 2022
modelled through an ARIMA
forecast.

Source: Produced by the authors.

Table 3. Research hypothesis and dependent variable of the unemployment rate model

Research Hypothesis Dependent Variable Time Period Source
(Annual)
There is a statistically significant
relationship between time and Unemployment Rate (%) Algerian
unemployment rate that can be 1967 - 2022 National Statistics
modelled through an ARIMA Office (ONS)
forecast.

Source: Produced by the authors.

Tables 1, 2, and 3 above present the three ARIMA models that can be used for forecasting time series on GDP per capita, CO,
emissions per capita, and unemployment rate, respectively. Each of the models include the GDP and CO, per capita data between
the years 1960 and 2022, as well as the unemployment rate data from 1967 through 2022.

Results and Discussion

This section presents the findings of the analysis conducted on Algeria’s economic development and the related environmental
impact. It delves into the three key indicators: GDP per capita, CO, emissions per capita, and unemployment rate over a specific
period.

Figure 2 illustrates the GDP per capita in Algeria between the years 1960 and 2022. The increasing GDP per capita suggests a
favorable trend over time, which indicates economic progress. There were no seasonal impacts, despite the upward trajectory. The
absence of a cyclical pattern showed that the data might not have had a regular up-and-down cycle. Thus, it was crucial to check
for stationarity using a time series analysis, especially before fitting the data in models like ARIMA.

A stationary time series is a sequence of data for which the statistical properties, such as the mean, variance, and autocorrelation,
remain constant over the period of analysis. The Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) plots
in Figure 3 illustrate the presence of autocorrelation within the dataset. As Dickey and Fuller (1979) highlighted, understanding
the distribution of estimators within an autoregressive time series with a unit root is crucial to be able to grasp the dynamics of
time series data. Therefore, to verify the reliability of our data, we conducted the Augmented Dickey-Fuller (ADF) test.
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Figure 2. Trends of GDP per capita in Algeria (1960-2022).
Source: Produced by the authors using Python 3.11.5; Original data from The World Bank.
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Figure 3. ACF plot and PACF plot of the GDP per capita model.

Source: Produced by the authors using Python 3.11.5.

Based on the data shown in Table 4, the ADF statistic exceeds all crucial levels and the p-value exceeds 0.05, proving that we
cannot reject the null hypothesis. Both of these factors indicate that the time series is non-stationary.

Table 4. Outcomes of the Augmented Dickey-Fuller (ADF) test for the GDP per capita model.

Test Statistic p-value Critical Value
1% 5% 10%
-0.91170 0.7840 -3.5405 -2.9094 -2.59231

Source: Produced by the authors using Python 3.11.5.

Based on the visual assessment and the Augmented Dickey-Fuller (ADF) test results, it is clear that the time series shows
non-stationarity. Therefore, the subsequent step would include implementing data transformations to attain stationarity. Before
utilising ARIMA models, it is essential to ensure the stationarity of the series. The initial step entails transforming the GDP per
capita data into its logarithmic scale. This method is very beneficial for addressing exponential growth or compounding effects.
However, after evaluating the data, it still exhibits non-stationarity. Thus, differencing is required to attain stationarity.
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From the data illustrated in Figure 4, it became evident that the trend had diminished, suggesting that applying differencing had
contributed to stabilizing the series. Nonetheless, further investigations were deemed necessary to confirm the stability indicated
by the ACF and PACF plots, as well as the results of the Augmented Dickey-Fuller (ADF) and KPSS tests.

Log-Transformed GDP Per Capita Differenced Log-Transformed GDP Per Capita

Original GDP Per Capita
04
M 8 M
A/
5000 | | / v \"\/ o
M \ oy = A / - "
s [ \ 2 [ \~ ; \/ | VI /
AL N Sl VU Y 1
& 3000 / gro / ‘-_;v' \f ‘ \/\Al ‘\ || \
E /r\ | f ,' g o0 | ‘ ‘ | [V ‘ ',\l‘
% ,JF W / g{ 65 3 . J / v\ l \l
© 2000 “\ \_\ ,J E /A é 0.1 l' [
/ = 6.0 | c \ )
1000 / / 02
- J \//\/ 5
‘ N 2010 2020 1960 1970 1980 1990 2000 2010 2020

1950 2000

vear

1990 2000 2010 2020 1960 1970 1980

vear

1960 1970 1980
vear

Figure 4. First order differencing plot of the GDP per capita model.
Source: Produced by the authors using Python 3.11.5.

The data presented in Figure 5 revealed that the autocorrelations declined swiftly, indicating the series might have reached
stationarity. Similarly, the rapid decrease in partial autocorrelations suggested that differencing effectively removed any trends in
the data. This evidence implied that the process of differencing had enhanced the series’ stationarity, an essential condition for

applying an ARIMA model.
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Figure 5. ACF plot and PACF plot first differenced of the GDP capita model.
Source: Produced by the authors using Python 3.11.5.

As can be seen in Table 5, the ADF statistic is less than the critical values, and the p-value is less than 0.05. Therefore, we
reject the null hypothesis, indicating that the series is stationary after differencing. Moreover, the KPSS test statistic is less than the
critical values, and the p-value is greater than 0.05. Thus, both tests suggest that the difference series is stationary. This aligns with
the findings of Kwiatkowski et al. (1992), who developed the KPSS test to challenge the null hypothesis of stationarity against the
alternative of a unit root, providing a critical tool for assessing the stationarity of economic time series data.

The determination of ARIMA model parameters p and q often involves the use of autocorrelation function (ACF) and partial
autocorrelation function (PACF) plots of the time series in a stationary state. The value of q, which represents the moving average
(MA) component, may be determined by identifying the number of lags at which the autocorrelation function (ACF) becomes
statistically insignificant and shuts off. The determination of the value of p, the autoregressive (AR) component, may be obtained
by observing the number of lags at which the partial autocorrelation function (PACF) ceases to be statistically significant.
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Table 5. The findings of the ADF and the KPSS tests of differenced log-transformed for the GDP per capita model.

ADF at first difference KPSS Test at first difference

Test p-value Critical Values Test p- Critical Values| ~ Result

Variables statistic 1% | 5% | 10% | statistic | value | 1% | 5% [10%

DLGDP -2.654530 | 0.001 |-3.19|-2.33|-2.03| 0.095 0.1 (0.63]|0.36/0.24| stationary

Source: Produced by the authors using Python 3.11.5.

Based on the information presented in Table 6, the ARIMA (1,1,0) had the lowest AIC and BIC values, suggesting that it is the
most efficient model in terms of balancing goodness-of-fit with simplicity. It also has normal residuals, which is a positive aspect.
The residuals are normally distributed.

Table 6. Performance of ARIMA models for the GDP per capita model.

Model AIC BIC Significant Ljung-Box(Q) Jarque Residuals
Coefficients Bera (JB) Analysis
No Non-
ARIMA (0,1, 1) -30.882 -32.628 All autocorrelation normal Non-normal
Normal
No residuals
ARIMA (1,1, 0) -38.354 -35.100 All autocorrelation Normal Best AIC/BIC
No Non- Non-normal
ARIMA (1,1, 1) -34.500 | -31.250 Few autocorrelation normal residuals
Some
No Non- coefticients
ARIMA (2,1, 1) -36.237 -37.729 Few autocorrelation normal not sign.
Some
No Non- coefficients
ARIMA (1, 1,2) -37.272 -38.764 Few autocorrelation normal not sign.

Source: Produced by the authors using Python 3.11.5.

The data illustrated by Table 7 suggests that the ARIMA model (1,1,0) fit the data well, with the model’s assumptions (such as
no autocorrelation in residuals, normality of residuals, and homoscedasticity) not being violated. The negative coeflicient of the
AR term indicated that lower values of the log-transformed GDP per capita followed higher values in the subsequent period.

Table 7. ARIMA model results for the GDP per capita model.

Dep. Variable: GDP/ capita No. Observations 63
Model: ARIMA (1, 1, 0) Log Likelihood 21.177
Date: Thu, 07 Dec 2023 AIC -38.354
Time: 09:58:11 BIC -35.100
HQIC -36.684
Sample: 1960 - 2022
Covariance opg
Coef Std err Z P>|z| 0.025 0.975
ar.L1 0.4282 0.118 3.627 0.000 0.159 0.698
sigma2 0.9251 0.461 2312 0.000 0.013 0.034
Ljung-Box (L1) (Q) 1.69 Jarque-Bera (JB) 2.19
Prob (Q) 0.19 Prob (JB) 0.33
Heteroskedasticity (H) 1.29 Skew -0.15
Prob(H) (two-sided) 0.56 Kurtosis 2.90

Source: Produced by the authors using Python 3.11.5.
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The assessments presented in Figure 6 demonstrate that the ARIMA (1,1,0) model was appropriate. The residuals were standard,
indicating the model’s predtictive proficiency. Additionally, converting the logarithmic data back to its original scale, a common
and often necessary step in time series forecasting, was achieved using the exponential function.

Figure 6. Diagnostic tests results of the GDP per capita model.

Source: Produced by the authors using Python 3.11.5.
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Figure 7. Forecasted trend of GDP per capita in Algeria.

Source: Produced by the authors using Python 3.11.5.
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Table 8. Forecasted GDP per capita in Algeria with confidence intervals

Years Forecasted GDP/capita (US Lower Bound Upper Bound
$
2023 401 1).87 3149.95 5323.94
2024 4042.92 3141.34 5433.96
2025 4069.87 3137.04 5553.21
2026 4100.09 3042.43 6240.93
2027 4112.43 2879.94 6290.76
2028 4115.08 2860.66 6793.87
2029 4119.95 2702.52 6801.02
2030 4296.94 2633.94 6809.04
2031 4291.83 2570.02 6991.50
2032 4306.94 2449.39 7021.29
2033 4312.39 2391.93 7404.43
2034 4357.17 2381.09 7634.04
2035 4387.84 2349.94 7689.25

Source: Produced by the authors using Python 3.11.5.

Based on the findings shown in Table 8 and Figure 7, it is evident that the ARIMA (1, 1, 0) model, which was previously
used, yielded a projection which indicates a primarily upward trajectory for GDP per capita until the year 2035. There were 95%
confidence intervals for the prediction, which offered a range of potential outcomes. The width of these intervals expanded as the
projection progressed farther into the future, suggesting a growing level of uncertainty. The ARIMA (1, 1, 0) model has an average
mean absolute error (MAE), of approximately 476.87 units in GDP per capita, with a 9.23% mean absolute percentage error
(MAPE). While the model provides a reasonable approximation, the error metrics suggest potential for improvement. Overall, it

serves as a valuable model for forecasting the GDP per capita.

CO; emissions per capita model
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Figure 8. Trends of CO, emissions per capita in Algeria (1960-2022).

Source: Produced by the authors using Python 3.11.5; Original data from Our World in Data.

From Figure 8, Figure 9, and Table 9, it can be observed that both the visual method (ACF and PACF plots) and the ADF test
suggested that the time series was likely not stationary. Non-stationary data often requires transformations (like differencing) to
become stationary, a common prerequisite for employing ARIMA models.
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Figure 9. ACF plot and PACF plot the CO; per capita model.
Source: Produced by the authors using Python 3.11.5.

Table 9. Outcomes of the Augmented Dickey-Fuller (ADF) test for the CO, per capita model.

Test Statistic p-value Critical Value
1% 5% 10%
—1.66 0.45 -3.54 -2.91 -2.59

Source: Produced by the authors using Python 3.11.5.

Figure 10, Figure 11, and Table 10 indicate that the time series had been transformed into a stationary series. This characteristic
made it suitable for further analysis with time series models like ARIMA.

Figure 10. First-order differencing for the CO, emissions per capita model.

Source: Produced by the authors using Python 3.11.5.
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Figure 11. ACF plot and PACF plot first differencing of the CO; per capita model.
Source: Produced by the authors using Python 3.11.5.

Table 10. The findings of the augmented dickey-fuller (ADF) and the KPSS tests for the CO, per capita model.

ADF at first difference KPSS Test at first difference
Test | p-value Critical Values Test p- Critical Values| ~ Result
Variables statistic 1% | 5% | 10% | statistic | value | 1% | 5% |10%
DCO2

~10.85|1.56x10"|=3,54| —2.91{-2.59| 0.1077 | 0.1 |0.73|0.46|0.34| stationary

Source: Produced by the authors using Python 3.11.5.

Based on the information shown in Table 11, the ARIMA (2, 1, 2) had the lowest AIC and BIC values, suggesting it was the most
efficient model in terms of balancing goodness-of-fit with simplicity. It also had normal residuals, which was a positive aspect.

Table 11. Performance of ARIMA models for the CO, per capita model.

Model AIC BIC Significant Ljung-Box(Q) Jarque Residuals
Coefficients Bera (JB) Analysis
ARIMA (1,1, 1) 56.98 63.31 No Normal
Autocorrelation Normal residuals
ARIMA (1, 1, 0) 59.46 64.21 All Normal
Autocorrelation Normal residuals
ARIMA (1, 1, 2) 58.93 67.37 None (No Normal
AR/MA Non- residuals
terms) Autocorrelation normal
ARIMA (2,1, 1) 58.97 67.41 Few No Non- Simple, but
autocorrelation normal worse fit
Normal
residuals
ARIMA (2,1, 2) 55.00 59.22 All No
autocorrelation Normal Best AIC/BIC

Source: Produced by the authors using Python 3.11.5.

Based on the information provided in Table 12 and Figure 12, it can be noted that the ARIMA (2, 1, 2) model was selected
from the ACF and PACF plots. The statistical testing indicated that the model fit most data structures. The standardised residuals
are near zero and exhibit constant variance, showing that the model is an appropriate fit. The residuals are normally distributed
from the histogram and in a standard Q-Q plot. The residuals are not autocorrelated in the correlogram, showing that the model
has captured most of the time-dependent data structure. The ARIMA (2, 1, 2) model thus effectively analyses Algeria’s annual
CO; emissions per capita. The model passed several diagnostic tests. Thus, the residuals are well-behaved, and most of the
time-dependent structure in the data has been captured. As a result, the model is forecastable.
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Table 12. ARIMA model results for the CO, per capita model

Dep. Variable: CO? emissions per capita No. Observations 63

Model: ARIMA (2, 1, 2) Log Likelihood -22.892
Date: Thu, 07 Dec 2023 AIC 55.00
Time: 11:49:24 BIC 59.22

HQIC 62.467

Sample: 1960 - 2022

Covariance: opg

Coef Std err Z P>z 0.025 0.975
ar.L1 0.9831 0.452 2.175 0.037 0.131 1.104
ar.L2 0.894 0.515 1.734 0.001 -0.265 0.889
ma. L1 -1.0971 0.354 -3.092 0.015 -0.131 1.736
ma.L2 2.7334 1.214 2.251 0.003 -1.338 3.193
sigma2 0.1348 0.021 6.419 0.000 0.094 0.172
Ljung-Box (L1) (Q) 0.14 Jarque-Bera (JB) 4.58
Prob(Q) 0.70 Prob (JB) 0.10
Heteroskedasticity (H) 0.18 Skew 0.11
Prob(H) (two-sided) 0.41 Kurtosis 3.28
Source: Produced by the authors using Python 3.11.5.
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Figure 12. Diagnostic test results of the CO, emissions per capita model.

Source: Produced by the authors using Python 3.11.5.

According to the information presented in Table 13 and Figure 13, the forecast for CO, emissions per capita from 2023 to 2035
showed a gradual increase, rising from 4.34 to 4.97. Notably, the gap between the lower and upper bounds expanded significantly
over time. This trend indicates a projected increase in CO, per capita emissions.




Zemri, B.E., & Boumediene Khetib, S.M., Algeria’s Path to Sustainable Economic Development: Is it on Track or Not?

Table 13. Forecasted CO, emissions per capita in Algeria with confidence intervals.

Years Forecasted CO2 emissions per capita Lower Bound Upper Bound
2023 4.34 3.88 4.85
2024 4.37 3.85 491
2025 4.42 3.74 5.01
2026 4.49 3.66 5.09
2027 4.51 2.54 6.19
2028 4.59 2.47 6.27
2029 4.67 241 6.37
2030 4.72 2.33 6.48
2031 4.79 2.21 7.19
2032 4.82 1.84 7.34
2033 4.88 1.78 7.41
2034 4.94 1.49 7.51
2035 4.97 1.23 7.63

Figure 13. Forecasted trend of CO; emissions per capita in Algeria.

Source: Produced by the authors using Python 3.11.5.

Unemployment rate model

As depicted in Figure 14, Figure 15, and Table 14, the time series data demonstrated non-stationarity, as evidenced by both
visual analysis through ACF and PACF plots and statistical evaluation via the ADF test. To meet the standard prerequisites for
ARIMA modeling, it was necessary to apply differencing to achieve stationarity.

Table 14. The outcomes of the augmented dickey-fuller (ADF) test for the unemployment rate model.

Test Statistic p-value Critical Value
1% 5% 10%
234 0.16 -3.59 -2.93 -2.60

Source: Created by the authors using Python 3.11.5.
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Unemployment Rate in Algeria Over Time
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Figure 14. Trends of unemployment rate in Algeria (1960-2022).
Source: Produced by the authors using Python 3.11.5; Original data from Algerian National Statistics Office.
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Figure 15. ACF plot and PACF plot unemployment rate model.
Source: Produced by the authors using Python 3.11.5.

Unemployment rate model

The time series plots, as illustrated in Figures 16 and 17, did not exhibit a persistent trend or seasonality, yet they showed periodic
variations. The autocorrelation function (ACF) plot revealed the presence of statistically significant lags, indicating that the time
series exhibited non-random behavior. The partial autocorrelation function (PACF) graphic illustrates the residual relationship
between the time series and its lags, not explainable by the preceding lags. Based on the ADF test, the null hypothesis was rejected,
leading to the conclusion that the time series was non-stationary. To achieve stationarity, the differencing approach was employed,
specifically by plotting the first-order differences.

As can be seen in Table 15, both the ADF and KPSS tests indicate that the series exhibits stationarity.

Table 15. The findings of the augmented dickey-fuller (ADF) and the KPSS tests for the unemployment rate model.

ADF Test KPSS Test
Test Statistic p-value Critical Value Test Statistic | p-value Critical Value
1% 5% 10% 1% 5% | 10%
-7.45 5.70x1071 | =3.59 | —2.93 | —2.60 0.12 0.10 0.73 | 0.46 | 0.34

Source: Produced by the authors using Python 3.11.5.
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Figure 16. First order differencing plot of the unemployment rate model.

Source: Produced by the authors using Python 3.11.5.
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Figure 17. ACF plot and PACF plot first differencing of the unemployment rate model.
Source: Produced by the authors using Python 3.11.5.

Based on the data shown in Table 16, the ARIMA (1, 1, 1) has the lowest AIC and BIC values, suggesting that it is the most
efficient model in terms of balancing goodness-of-fit with simplicity. It also has normal residuals, which is a positive aspect. The
residuals are normally distributed.

Table 16. Performance of ARIMA models for the unemployment rate model.

Model AIC BIC Significant Ljung-Box(Q) Jarque Residuals
Coefficients Bera (JB) Analysis
Some coefficients
ARIMA (0, 1, 1) 229.38 | 231.39 Few Autocorrelation | Normal not sign.
None (No
AR/MA Non- Simple, but worse
ARIMA (1, 1,0) 229.08 | 232.28 terms) Autocorrelation | normal fit
No Normal residuals
ARIMA (1,1, 1) 228.57 | 230.35 All autocorrelation | Normal Best AIC/BIC
No Non-
ARIMA (2,1, 0) 228.89 | 231.40 Few autocorrelation | normal Non-normal

Source: Produced by the authors using Python 3.11.5.
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According to the information found in Table 17 and Figure 18, the ARIMA (1, 1, 1) model posits the unemployment rate as a
stochastic process, characterised by a random walk, and disregards any underlying trend or seasonal patterns within the data. The
model above can provide predictions about the unemployment rate in Algeria. The analysis of the histogram of residuals indicates
that the distribution of residuals deviates somewhat from normality, yet it exhibits a high degree of similarity. The ACF and PACF

indicate the absence of autocorrelation.

Table 17. ARIMA model results for the unemployment rate model.

Dep. Variable: Unemployment Rate (%) No. Observations 56
Model: ARIMA (1, 1, 1) Log Likelihood -113.287
Date: Fri, 08 Dec 2023 AIC 228.574
Time: 09:14:05 BIC 230.351
HQIC 229.236

Sample: 1967 - 2022
Covariance opg

Coef Std err Z P>z| 0.025 0.975
ar.L1 0.8797 0.336 2.615 0.003 -0.539 1.220
ma.L1l 0.8155 0.395 2.062 0.000 0.041 1.590
Ljung-Box (L1) (Q) 0.33 Jarque-Bera (JB) 19.33
Prob(Q) 0.56 Prob (JB) 0.061
Heteroskedasticity (H) 0.03 Skew -0.42
Prob(H) (two-sided) 0.30 Kurtosis 2.87

Source: Produced by the authors using Python 3.11.5.

Figure 18. Diagnostic test results of the unemployment rate model.

Source: Produced by the authors using Python 3.11.5.
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According to the data presented in Table 18 and Figure 19, the forecasted unemployment rate indicates a modest decrease
from 11.89% to 11.34%, suggesting relative stability. However, the expanding range between the lower and upper bounds each
year, widening from 6.34% to 2.90% for the lower bound and from 17.14% to 20.75% for the upper bound, points to increasing
uncertainty in these forecasts over time. This widening gap is a typical feature of long-term forecasting, where the precision of
predictions tends to diminish the farther they project into the future.

Table 18. Forecasted unemployment rate in Algeria with confidence intervals

Years Forecasted Unemployment Rate (%) Lower Bound Upper Bound
2023 11.89% 6.34 17.14
2024 11.89% 6.13 17.25
2025 11.73% 5.89 17.57
2026 11.73% 5.52 17.96
2027 11.68% 5.11 18.07
2028 11.68% 4.49 18.51
2029 11.68% 433 18.89
2030 11.68% 4.16 19.02
2031 11.68% 3.75 19.33
2032 11.48% 3.51 19.80
2033 11.34% 3.34 19.94
2034 11.34% 3.19 20.39
2035 11.34% 2.90 20.75

Source: Produced by the authors using Python 3.11.5.

Figure 19. Forecasted trend of unemployment rate in Algeria.

Source: Produced by the authors using Python 3.11.5

The data presented in Figure 20 portrays a nuanced future for Algeria’s economy. The GDP per capita is on an upward trend,
rising from 4,011 US dollars in 2023 to an expected 4,387 US dollars, signifying a moderate pace of economic growth. In
parallel, there is a projected uptick in CO, emissions per capita, from 4.34 to 4.97, reflecting the dual-edged nature of economic
development as outlined by the Environmental Kuznets Curve (EKC). According to this theory, environmental impact may escalate
with economic growth up to a certain income level, after which it starts to decline (Dinda, 2004; Kijima, Nishide, & Ohyama,
2010; Van Alstine & Neumayer, 2010). Algeria appears to be in the early stage of this curve, with a clear focus on bolstering
its economy, as indicated by the consistent increase in GDP per capita and CO, emissions. Moreover, the unemployment rate
is forecast to remain relatively stable but high, oscillating around 11.68%. Such persistent unemployment will almost certainly
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disproportionately affect the youth. Given Algeria’s heavy reliance on oil and gas, the ‘Resource Curse’ theory is pertinent. This
theory posits that countries with abundant natural resources tend to have less economic growth and worse development outcomes
than countries with fewer natural resources because of factors like economic volatility, corruption, and a lack of diversification
(Badeeb, Lean, & Clark, 2017; Ross, 1999). Heavy reliance on oil and gas revenues can discourage investment in other sectors,
leading to a lack of economic diversification. This limits opportunities for employment in other sectors. In Algeria, public sector
jobs often provide the most stable employment. However, these jobs are usually limited, which leads to high unemployment rates
among the youth.

Forecasted GDP/capita, CO: emissions per capita, and Unemployment Rate up to 2035
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Figure 20. Forecasted trends of GDP per capita, CO, emissions per capita, and unemployment rates in Algeria.

Source: Produced by the authors using Python 3.11.5.

Based on the projected indicators, Algeria’s path to sustainable economic development presents a complex scenario. While
the GDP per capita is projected to grow, suggesting economic advancement, the parallel increase in CO, emissions per capita
indicates environmental challenges ahead. The steady but high unemployment rate also points to concerns regarding social stability.
These trends imply that while Algeria is making strides in economic terms, it is not fully on track for sustainable development,
as environmental and social indicators lag behind. Addressing these issues will require targeted policies that promote not only
economic growth but also environmental sustainability and job production. Overall, Algeria’s journey towards a truly sustainable
economy is progressing, but with considerable obstacles that need to be addressed to ensure balanced development.

Conclusion and Recommendations

The goal of achieving sustainable economic development extends beyond the exclusive pursuit of economic growth. It comprises
a comprehensive perspective that integrates social prosperity and environmental integrity. Within the complex dynamics of this
delicate equilibrium, forecasting assumes a crucial role. A rigorous analysis of essential indicators establishes a comprehensive
framework, offering valuable guidance for effectively navigating the complex paths toward achieving sustainability. Therefore, this
study used ARIMA (Autoregressive Integrated Moving Average) models to analyze Algeria’s progress toward achieving sustainable
economic development. Our investigation focused on three key metrics that symbolize sustainable economic advancement: gross
domestic product per capita (GDP per capita) from 1960 to 2022, carbon dioxide (CO;) emissions per capita throughout the same
period, and the unemployment rate between the years 1967 and 2022. Through constructing three distinct ARIMA models for each
of the variables above, our objective is to comprehensively analyze whether Algeria is effectively progressing toward a sustainable
future or whether its developmental trajectory is fundamentally incongruous.

The ARIMA models used in this study proved effective in forecasting the future of three key indicators of sustainable economic
development in Algeria. The ARIMA (1, 1, 0) model for GDP per capita in Algeria suggests a substantial likelihood of continued
steady growth in the coming years, indicating an increase in the economic well-being of Algerian citizens. However, the ARIMA
(2, 1, 2) model for carbon dioxide emissions per capita in Algeria suggests that these emissions are also expected to continue to
rise, indicating an increase in the environmental impact of the Algerian economy. Finally, the ARIMA (1, 1, 1) model for the
unemployment rate in Algeria suggests that it is expected to remain relatively high, indicating a major social challenge. These
findings suggest that Algeria is on track to achieve sustainable economic development, partially and to a minimal extent. The
desired year to reach sustainable economic development in Algeria in its correct and realistic sense is still a long way off. The
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country will face significant challenges on the path towards prosperity. Furthermore, it serves as a guide for Algeria and other
emerging economies grappling with similar challenges.

The findings of this research provide a noteworthy first step toward attaining sustainable economic growth. Consequently, various
suggestions may be derived from these results :

1. Intensify efforts to diversify Algeria’s economy beyond its heavy reliance on oil and gas, focusing on sectors such as re-
newable energy, agriculture, and manufacturing to provide a more sustainable foundation for economic development.

2. Prioritize increased investment in education and vocational training initiatives that are tailored to meet the demands of the
labour market.

3. Formulate regulatory changes intended to attract foreign investment to align with social and environmental goals.

4. Enhance the existing legal framework to combat corruption while fostering more openness and accountability within govern-
mental institutions.

It would be interesting to extend the application of the model above to a different nation and conduct a comparative analysis.
Furthermore, enriching the models with variables such as income distribution, the Human Development Index (HDI), and renewable
energy utilization could deepen our understanding of sustainable economic development.
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Bu c¢alismanin amaci Tiirkiye’de imalat sanayinde faaliyet gosteren firmalarin biiyiime performanslarini firma ozellikleri, firma
kapasitesi ve insan sermayesi gostergelerini ele alarak incelemektir. Bu amacla Avrupa Imar ve Kalkinma Bankasi (EBRD),
Diinya Bankas1 (WB) ile ortaklasa yapilan “Is Ortami ve Isletme Performansi Arastirmasi” (BEEPS) 2018-2020 dénemi 2019
yil1 sonuglar1 kullanilmigtir. Tiirkiye’de imalat sanayinde faaliyet gosteren, 2016-2018 yillar1 arasinda satig gelirleri artmis olan
395 firma kantil regresyon yontemi ile incelenmistir. Bu yontem, farkli kantil noktalar1 i¢in farkli katsay1 sonucu vermekte olup,
farkli regresyon modelleri sunmaktadir (Chen, 2005; Koenker, 2005). Dolayisiyla farkl biiylime performans diizeyleri icin yorum
yapilmasina olanak saglamaktadir. Bu ¢alismada biiylime performansi icin 0.10, 0.20, . .. 0.90’1nc1 kantil sonuglari incelenmistir.
Calismanin sonucunda, Tiirkiye’de imalat sanayinde faaliyet gosteren firmalarin haftalik ¢alisma saatinin tiim kantil diizeylerinde
biiytime performansi lizerinde istatistiksel olarak anlamli bir etkisi olmadig1 goriilmiistiir. Buna kargin firmalarin kapasite kullanim
oraninin, firma biiyiime performansi iizerinde 0.70, 0.80 ve 0.90’1nc1 kantiller i¢in pozitif ve istatistiksel olarak anlamli bir
etkisi bulunmaktadir. Firma yagi1 arttifinda, firmanin biiylime performans diizeyi fark etmeksizin biiyiime performansinda azalig
goriilmiistiir. 0.10, 0.20, 0.30, ve 0.40’1nc1 kantiller icin iiretim dig1 faaliyetlerde ¢alisan orami arttik¢a biiyiime performansinin
da artig gosterdigi ortaya cikmistir. Benzer sekilde 0.10’uncu kantilde iiniversite mezunu g¢alisan oraninin, firmalarin biiyiime
performansi iizerinde pozitif ve istatistiksel olarak anlamli etkisi oldugu sonucuna varilmigtir.

ABSTRACT

This study aims to examine the growth performance of firms in Tiirkiye’s manufacturing industry, taking into account firm
characteristics, firm capacity, and human capital indicators. Data from the “Business Environment and Enterprise Performance
Survey” for the 2018-2020 period, conducted jointly by the European Bank for Reconstruction and Development and the World
Bank, are used. The quantile regression method was used to analyze 395 companies engaged in manufacturing activities in Tiirkiye
that experienced increased sales revenues between 2016 and 2018. This method yields different coefficient results for different
quantile points and provides various regression models (Chen, 2005; Koenker, 2005). It allows for the interpretation of growth
performance at various levels. This study examined the 0.10™, 0.20%, ... 0.90" quantile results for growth performance. The study’s
findings indicate that the firm’s weekly working hours have no statistically significant effect on growth performance across all
quantile levels. The capacity utilization rate of firms have a positive and statistically significant impact on the growth performance
of firms in the 0.70%, 0.80™, and 0.90" quantiles. Regardless of the level of growth performance, an increase in firm age resulted
in a decrease in growth performance. Furthermore, an increase in nonproduction employee rates for the 0.10™, 0.20", 0.30,
and 0.40'" quantiles leads to increased growth performance. Similarly, the rate of employees with university degrees at the 0.10"
quantile has a positive and statistically significant impact on firm growth performance.

Anahtar Kelimeler: imalat sanayi, biiyiime performansi, Is Ortami ve Isletme Performansi Arastirmasi (BEEPS), kantil regresyon
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EXTENDED SUMMARY

The purpose of this study is to examine the growth performance of firms in Tiirkiye’s manufacturing industry, taking into
account firm characteristics, firm capacity, and human capital indicators. Data from the “Business Environment and Enterprise
Performance Survey” conducted jointly by the European Bank for Reconstruction and Development and the World Bank for the
2018-2020 period are used. The study included only surveys conducted in 2019. A total of 395 Turkish manufacturing firms
with increased sales revenues between 2016 and 2018 were examined. Firms’ growth performance can be measured in various
ways. In this study, it is measured by calculating the change in sales revenues, which is a widely used method in the literature.
Firms® growth performance is calculated using the formula [(sales revenue (sales revenue-2)) / sales revenue-2 x 100]. After
calculating the change in sales revenues, firms whose sales revenues increased are included in the study. We focus on some firm
characteristics, firm capacity, and human capital that can have an impact on growth performance. Firm age is used from firm
characteristics. Meanwhile, firm capacity is measured using the capacity utilization rate and the weekly working hours. For the
human capital indicator, the variables of how many years of experience the manager has in this sector, the rate of personnel working
in nonproduction activities (the rate of employees working in units such as management, sales, etc.), and the rate of employees
with university degrees are used.

The quantile regression method is used in the study to examine the growth performance of firms in the Turkish manufacturing
industry. Koenker and Basset (1978) proposed the quantile regression method as an alternative to the classical one (Koenker and
Halloc, 2001). The quantile regression method ignores the assumptions that must be satisfied in the classical regression method.
When the error terms are not normally distributed, quantile regression parameter estimates are more effective than classical
regression parameter estimates (Unvan ve Demirel, 2020, s. 200). Furthermore, the quantile regression method solves the outlier
problem and can be used when the data set contains outliers (Yavuz ve Asik, 2017, Cameron ve Trivedi, 2005, s. 85). This study
has outliers in the dependent variable. Except for the manager experience variables, all independent variables have outlier values.
The quantile regression method produces more accurate results in the presence of outliers (Cinar, 2019). This method produces
different coeflicient results for different quantile points and provides various regression models (Chen, 2005; Koenker, 2005).
Allows for the interpretation of growth performance at various levels.

As a result of the study, it is seen that the increase in the firm age negatively affected the growth performance of firms in the
manufacturing industry in Tiirkiye. An increase in firm age leads to a decrease in growth performance, regardless of the level
of growth performance. The capacity utilization rate of a firm has a positive and statistically significant impact on the growth
performance of firms in the 0.70™, 0.80", and 0.90" quantiles. It has been observed that increasing the capacity utilization rate
increases growth performance. Another study finding indicates that the firm’s weekly working hours have no statistically significant
effect on growth performance at all quantile levels. Furthermore, it has been estimated that senior management experience in the
sector has a negative and statistically significant effect on firm growth performance in the 0.20", 0.30%, 0.40™, and 0.50" quantiles.
Increasing the experience of senior managers in the sector reduces growth performance. When the level of growth performance
is high, senior management experience in the sector has no statistically significant effect on growth performance. Furthermore,
an increase in the rate of nonproduction employees in the 0.10™, 0.20", 0.30", and 0.40™ quantiles resulted in improved growth
performance. The rate of employees working in management and sales have a statistically significant and positive effect on the
growth performance of the companies in the manufacturing industry sector. Therefore, by strengthening their management and
sales units, these firms will increase their productivity and thus their growth performance. Similarly, it is concluded that the rate
of employees with university degrees at the 0.10™ quantile positively and significantly impact growth performance.
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Giris

Regresyon, bagimli degiskendeki degisimin agiklanmasinda kullanilan istatistiksel bir yontemdir ve degiskenler arasindaki
iligkiyi ortaya ¢ikarmaktadir (Sykes, 1993). Klasik regresyon yonteminde parametre tahminlerinin giivenilir olabilmesi i¢in
saglanmasi gereken varsayimlar vardir. Bu varsayimlar saglandig: siirece parametre tahmininde hata kareler toplamini en kiiciik
yapmay1 hedefleyen En Kiiciik Kareler (EKK) yontemi yaygin olarak kullanilmaktadir (Alma ve Vupa, 2008). Klasik regresyon
yonteminde parametre tahmininde EKK yontemi kullanilirsa ve varsayimlar saglanmazsa model tahmininde kantil regresyon
kullanilabilecek yontemlerden biridir (Giineri, Incekirik ve Durmus, 2021). Kantil regresyon yontemi, klasik regresyon yonteminde
kullanilan varsayimlarin g6z ard1 edilebildigi bir yontemdir. Ozellikle hata terimlerinin normal dagilimi varsayimi ihmal edildiginde
kantil regresyon kullanmilmaktadir (Chen ve Wei, 2005). Hata teriminin normal dagilmadig1 durumda, kantil regresyon parametre
tahminleri, klasik regresyon parametre tahminlerinden daha etkin olabilmektedir (Unvan ve Demirel, 2020, s.200). Kantil regresyon
yontemi, sabit varyans varsayiminin ihmal edildigi durumlarda da kullanilmaktadir (Cade ve Noon, 2003, s. 412).

Kantil regresyon yontemi, klasik regresyon yontemine alternatif olarak Koenker ve Basset (1978), tarafindan medyan regresyon
yontemi gelistirilerek ortaya ¢ikarilmigstir (Koenker ve Halloc, 2001). Medyan regresyon yontemi, bagimsiz degiskendeki degisimin,
bagimli degigkenin dagiliminin medyanindaki (0.50’nci kantil) degisimini agiklarken, kantil regresyon yontemi bagimli degiskenin
dagiliminin 0.10, 0.20, ... 0.80’inci kantiller gibi farkli kantillerdeki degisimini agiklamaktadir (Durmus, Giineri ve Incekirik,
2022). Kantil regresyon, farkli kantil noktalari i¢in farkli katsay1 sonucu vermekte olup, ¢esitli regresyon modelleri sunmaktadir
(Chen, 2005; Koenker, 2005). Boylece farkli kantiller i¢in agiklanan degisken iizerinde etkili olan en onemli faktorler tespit
edilebilmektedir (Depren, Kartal ve Kili¢ Depren, 2021, 5.59). Ayrica kantil regresyon yontemi aykirt deger problemine ¢dziim
olabilecek bir yontem olup, veri setinde aykiri deger bulundugu durumlarda da kullanilabilmektedir. (Yavuz ve Asik, 2017,
Cameron ve Trivedi, 2005, s. 85). Kantil regresyon yonteminin aykir1 deger oldugunda da kullanilabilmesinin nedeni, bu yontemin
bagimli degisken dagilimini parcalara ayirmasidir (Caglayan ve Arikan, 2011, 5.39; Buchinsky, 1998). Yani aykir1 deger oldugunda
farkli kantil degerleri ile kurulan modellerle aykir1 degerler goz ardi edilebilmektedir (Cinar, 2019, s.59).

Firma biiyiimesine etki eden unsurlar, 6zellikle satiglarinin artmasiyla ilgilenen firmalarin ve insan sermayesi konulariyla
ilgilenen politika yapicilarin dikkatini ¢ceken bir konu olarak karsimiza ¢ikmaktadir (Coad ve Holzl, 2010, s. 1). Bu calisma,
Tiirkiye’de imalat sektoriinde faaliyet gosteren firmalarin biiyiime performansini, bazi firma 6zellikleri, firma kapasitesi ve insan
sermayesi gostergeleri ile incelemeyi amaglamaktadir. Bu amacla Avrupa Imar ve Kalkinma Bankas1 (EBRD), Diinya Bankas1
(WB) ile ortaklasa yapilan ve is ortamimin kalitesini inceleyen “Is Ortami ve Isletme Performansi Arastirmasi” (BEEPS) 2018-
2020 doénemi caligmast anket donemi 2019 yili sonuglart kullanilmistir. Aykir1 deger varliginda daha dogru sonuglar veren ve
farkli kantil noktalar i¢in farkli katsay1 sonucu veren kantil regresyon yontemi kullanilmistir. Boylelikle firmalarin farkli biiyiime
performans diizeyleri i¢cin yorum yapilmasina olanak saglanmustir.

Bu bdliimden sonra ilk olarak ¢aligmaya iliskin literatiir taramasi yapilmig, ardindan metodoloji bdliimiinde kantil regresyon
yontemine yer verilmistir. Bir sonraki boliimde ise veri seti ve degiskenler ele alinmistir. Sonrasinda ise bulgular boliimiinde
tanimsal istatistikler, aykir1 degerleri gosteren boxplot ve kantil regresyon model sonuclart verilmistir. Son olarak sonuclar
yorumlanmugtir.

Literatiir

Literatiirde firma biiyiime performansini inceleyen bir¢ok caligma bulunmaktadir. Cogu calismada klasik regresyon yontemi,
panel regresyon yontemi, Tobit regresyon yontemi, panel esbiitiinlesme ve panel nedensellik yontemleri kullanilmigtir. Evans
(1987), calisgmasinda firma yas1 ve firma biiyiikliigii ile firma biiylimesi arasindaki iligkiyi arastirmistir. Aragtirmasinda 1976-1980
donemleri i¢in Small Business Data Base’den temin ettigi 100 firmanin verileriyle klasik regresyon yontemi kullanmigtir. Sonug
olarak firma yas1 arttikca firma biiylimesinin ve firma biiyiimesinin degiskenliginin azaldigin1 bulmustur. Demirgil ve Karagoz
(2009), caligmalarinda Tiirkiye’de Goller Bolgesi’ne imalat sanayinde faaliyet gosteren firmalarin biiyiime performanslari iizerinde
etkili olabilecek faktorleri, Tobit ve En Kiiciik Kareler yontemlerini kullanarak arastirmistir. Calismada 6rneklem 60 firma olarak
belirlenmistir. Bu firmalarin 2003 y1l1 ve 2018 y1l1 verileri anket yoluyla elde edilmistir. Firmalarin biiylimesi incelenirken firma
ozellikleri, endiistri/cevre 6zellikleri, yenilik faaliyetleri ve insan sermayesi konular1 dikkate alinmistir. Caligmada firma biiyiimesi
calisan sayisindaki degisim ile belirlenmistir. Biiyiime, 2008 yilindaki calisan sayisindan 2003 yilindaki ¢alisan sayis1 ¢ikarilip
2003 yilindaki ¢alisan sayisina boliinerek hesaplanmistir. Caligma sonucunda firma 6zelliklerinden firma yasinin biiyiimeyi pozitif
yonde etkiledigi bulunmustur. Insan sermayesi degiskenlerinden girisimcinin sektordeki deneyimi ve iiniversite mezunu calisan
oraninin firmanin biiylime performansina etkisinin pozitif oldugu goriilmiistiir. Lee (2010), Ar-Ge temelli olarak firma biiyiimesini
aciklamaya ¢aligmigtir. Diinya Bankasi’nin Kanada, Japonya, Kore, Tayvan, Hindistan ve Cin’i kapsayan Endiistriyel Teknoloji
Gelistirmeye Yonelik Kurumsal ve Politika Oncelikleri calismasindan elde ettigi teknoloji sektoriinde faaliyet gosteren 1500 firma
icin 1987-1992 donemi verileriyle klasik regresyon yontemi kullanmustir. Firma biiylimesi i¢in satislardaki biiyiime hesaplanmistir.
Teknolojik yeterliligi artirma yetenegi diisiik olan firmalarda firma biiylimesi ile firma yag1 arasinda negatif anlamli bir iligki bul-
mustur. Yogun teknolojik rekabet icinde olan firmalar i¢in farkli bir biiyiime goriilmiistiir. Albeni ve Dogan (2015), caligmalarinda
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Tiirkiye’de imalat sanayinde faaliyet gosteren firmalarin hayatta kalma durumu ve biiyiime performansi ile firma yasi, firma dl¢egi,
yenilik ve Ar-Ge ¢alismasi arasindaki iligkiyi ortaya ¢ikarmay1 amaclamistir. Arastirmada Tiirkiye Istatistik Kurumunun (TUIK),
anketlerinden 2005-2011 yillar1 arasinda imalat sanayinde faaliyet gosteren 25394 firma kullanilmustir. Firmalarin biiyiime per-
formans: firma 6lcegi, firmanin calisan sayisi ve firmanin cirosu ile hesaplanmigtir. Boylece firma performansi icin 2 klasik
regresyon modeli kurulmugtur. Arastirma sonucunda yenilik ve Ar-Ge faaliyetlerinin firmalarin biiylime performans: ve hayatta
kalma durumu iizerinde etkisi oldugu ortaya ¢ikarilmistir. Firma yag1 ile firma biiylime performansi arasinda pozitif yonlii bir
iligki bulunmustur. Gemici ve Polat (2019), firma biiylimesi ile karlilik arasindaki iliskiyi BIST sanayi faaliyet gosteren firmalarin
2003-2016 donemi 113 firma verileri ile panel eg biitiinlesme ve panel nedensellik yontemlerini kullanarak incelemistir. Karlilik
degiskeni firmalarin faiz ve vergi Oncesi karimin satiglara boliinmesiyle hesaplanmustir. Biiyiime degiskeni, satiglardaki degisim
orani hesaplanarak olusturulmustur. Sonug olarak firma karlilig1 ve firma biiyiimesi arasinda uzun donemli iliski tespit edilmisgtir.
Ayrica firma karlili§i ve firma biiyiimesi arasinda ¢ift yonli nedensellik bulunmugtur. Aslan ve Siging (2022), caligmalarinda
pazarlama harcamalarinin firma karliligina ve firma bilylime performansina etkisini BIST imalat sektoriinde pazarlama harcamasi
olan 157 firmanin verilerini kullanarak panel veri analizi ile incelemistir. Caligmada satig kar marji, aktif kar marji, satiglardaki
biiylime ve aktiflerdeki biiyiime de8iskenlerinin bagimli degisken olarak kullanildig1 doért model olusturulmustur. Satiglardaki
bliylime, satiglardaki degisim olarak hesaplanmistir. Calisma sonucunda pazarlama harcamalari ile satis kar marj1 ve satiglardaki
biiylime arasindaki iligki istatistiksel olarak anlamli bulunurken, pazarlama harcamalari ile aktif kar marj1 ve aktiflerdeki biiyiime
arasinda iligki istatistiksel olarak anlamli bulunmamustir. Satiglardaki biiylimeye pazarlama harcamasinin etkisinin arastirildigi
model incelendiginde pazarlama harcamasinin firma biiyiime performansini negatif yonde etkiledigi bulunmustur. Pazarlama
harcamasi artik¢a firma satiglar1 azalmaktadr.

Firma biiyiime performansini konu alan ve kantil regresyon yontemi kullanan ¢alismalarda literatiirde yer almaktadir. Seo, Perry,
Tomczyk ve Solomon (2012), caligmasinda disaridan alinan yonetim destegi ile kiigiik firmalarin performans: arasindaki iligkiyi
kosullu kantil regresyon yontemi ile incelemistir. Caligmanin 6rneklemini U.S. Small Business Administration’s Entrepreneurial
Development Resource Partners’dan yonetimsel veya teknik destek alan 902 firma olusturmaktadir. Firma performansi, firmalarin
beyanina dayanan finansal biiyiime olarak ele alinmistir. Calisma sonucunda, pazarlama stratejisi, finansal yonetim ve genel yonetim
gibi digaridan alinan yonetim desteklerinin, daha diisiik finansal performans diizeyine sahip firmalar i¢in daha etkili oldugu ortaya
cikmustir. Insan kaynaklar1 ve sermaye kazancina yonelik disaridan alinan desteklerin ise orta ve iist finansal performans diizeyine
sahip firmalar {izerinde daha biiyiik bir etkiye sahip oldugu bulunmustur. Kantil regresyon analizi farkli performans diizeyleri
icin sonug¢ vererek disaridan destek saglayicilar i¢in finansal performans: diisiik, orta ve yiiksek diizeyde olan firmalar icin
farkli yaklagimlar kullanilmas: gerekliligini gostermistir. Erkan (2015), ¢calismasinda firma biiyiime performansina etki edebilecek
unsurlar1 Tiirkiye imalat sanayi firmalar lizerinde panel veri yontemi ve kantil regresyon yontemi ile incelemistir. Kantil regresyon
yontemi kullandig igin farkli biiyiime performans diizeyleri icin de yorum yapilmustir. Istanbul Sanayi Odasi (ISO) veri tabanindan
129 firmanin 1997-2014 donemi finansal raporlar sonucuyla ¢alisma yapilmistir. Firma biiyiime performansi satis gelirleri ile
Ol¢iilmiistiir. Calisma sonucunda firma 6lgegi biiylidiikge ve firma yagsi arttik¢a firmalarin biiyiime performanslarinin diistiigii
gozlemlenmistir. Firma biiyiime performans diizeyi diisiik olan firmalar i¢in firma verimliliginin firma biiylime performansina
etkisinin pozitif oldugu bulunmustur. Dorak (2017), kantil regresyon yontemi ile En Kiiclik Kareler yontemini karsilastirmak
amaciyla firma karliligini etkileyen faktorleri, Borsa Istanbul’da islem goren imalat sektdriinde faaliyet gosteren 183 firmanin
2013- 2015 donemi verilerini incelemigtir. Dorak, firmalarin finansal kaldira¢ oranlar1 ve firma biiyiikliiklerinin, firma karliliklar
tizerindeki etkisine odaklanmustir. Bu amacla firma karliligini dlgmek icin 6zsermaye karlilifi ve aktif getiri oram finansal
degiskenlerini kullanarak iki model olusturmustur. Calisma sonucunda finansal kaldira¢ ve firma biiyiikligii ile firma karlilig
arasinda anlamli bir iligki bulunmustur. En Kiiciik Kareler yontemi ve kantil regresyon yontemi kargilastirildiginda veri setinde
aykirt degerler oldugu igin farkli sonuglar elde edildigi gozlemlenmistir. Kantil regresyon yontemi ile diisiik, orta ve yiiksek
karliliga sahip firmalarda finansal kaldirag ve firma biiyiikliigiiniin etkilerinin farkli oldugu ortaya c¢ikarilmistir. Kantil regresyon
yonteminin istatistiksel olarak daha anlamli ve dogru sonuglar verdigi sonucuna varilmigtir.

Metodoloji

Klasik regresyon modelinde EKK yontemi, bagimli degiskenin kosullu ortalamasi ile tek bir nokta i¢in tahmin yapip bir
tane regresyon modeli olusturmaktadir. Kantil regresyon yonteminde ise farkli noktalar icin bagimli degiskenin kogullu dagilimi
olusturulmakta bdylece farkli regresyon modelleri ortaya ¢ikmaktadir (Uyar, Kangalli Uyar ve Gokge, 2016, s. 590).

Kantil Regresyon Modeli;

Yi=P+e; 1)

Y, , simetrik F dagilim fonksiyonlu, bagimsiz 6zdes dagilima ve p medyana sahip tesadiifi degiskendir.
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Modelde 0. kantil,

o1
mmﬁ;{zz‘:yizﬁgl)’i =Bl +Ziy<p(1 = 0)|y; — BI} (2)

ifadesinin minimizasyonu ile tahmin edilmektedir (Judge, Griffiths, Hill, Liitkepohl ve Lee, 1985, s. 834; Koenker ve Bassett,
1978, s.38).

Dogrusal regresyon modeli genellestirilerek ifade edildiginde,

Y, =x;p+e 3)

seklindedir. x; bagimsiz degisken vektorii ve e; bagimsiz, sifir etrafinda simetrik ve F dagilimina sahiptir.

0 <6 < 1 olmak iizere 0.’c1 kantil regresyon,

. 1 ’ ’
ml”ﬁzzi;yizx'fgel}’i -xpl+ Zi:yi<x;ﬁ(1 = 0)lyi —x;Bl 4)

. 1 ’
minp 2L, po (yi = x;P) o)

minimizasyonu ile tahmin edilmekte ve y’nin 6.’c1 kantili olarak adlandirilmaktadir (Alakaya, 2019, s.19).

Veri Seti ve Degiskenler

Bu calismada Avrupa Imar ve Kalkinma Bankasi (EBRD), Diinya Bankas1 (WB) ile ortaklasa yapilan ve is ortaminin kalitesini
inceleyen “Is Ortami ve Isletme Performansi Arastirmasi” (BEEPS) 2018-2020 sonuglar1 kullamlmistir. BEEPS arastirmast,
ekonomilerin 6zel sektordeki firmalarinin finansmana erisim, yolsuzluk, altyapi, sug, rekabet ve performans olgiitleri gibi is
ortami1 konularini incelemektedir. Bu ¢alismada Tiirkiye’de imalat sanayinde faaliyet gosteren firmalarin biiylime performanslarini
incelemek amaciyla firma ozellikleri, firma kapasitesi ve insan sermayesi gostergelerini ele alarak incelemek amaclanmistir. Bu
amagla calismada kullanilan degiskenler Tablo 1°de gosterilmistir.

Tablo 1. Degiskenler

Degisken Ad1 Soru

Biiyiime Bu firmanin 2 mali yil 6nce (2016) toplam yillik satist nedir? Bu
firmanin son mali yilda (2018) toplam y1llik satis1 nedir?

((satis geliri 2018-sayis geliri 2016) /satis geliri 2016) *100 formiilii ile
firma biiyiimesi yani firma performansi hesaplanmigstir.
Yas Kurulus hangi yilda faaliyete ge¢mistir?

Anket yapilma dénemi olan 2019 yili baz almarak firma yast
hesaplanmigtir. (2019-faaliyet yili)

Yonetici_deneyimi Ust diizey yoneticinin bu sektérde kag yillik tecriibesi var? (Yil)

Kapasite_kullamim Firmanin kapasite kullanim orani nedir? (%)

Haftahk cahsma_saati Bu firma haftada kag saat ¢alistyor? (Saat)

Uretim_dis1_cahsan_oram Bu firmada iiretimde ¢alisan ve iiretim dis1 tam zamanli ¢alisan kag kisi
var?

Uretim disi tam zamanli ¢alisanlar yonetim, satig vb. birimlerde
calisanlart kapsamaktadir. Uretim dist tam zamanli ¢alisan kisi sayisi,
toplam tam zamanl ¢alisan sayisina oranlanarak hesaplanmistir.

Universite mezunu_cahsan_oram Bu firmada tam zamanli ¢alisanlarinin yiizde kag1 iiniversite mezunu?

(%)
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Firma biiylime performansi farkli sekillerde degerlendirilebilmektedir. Firmanin satis gelirlerindeki artis da firma faaliyetlerinde
genislemeye isaret ederek firma biiylime performansini degerlendirmekte kullanilan 6lgiitler arasinda yer almaktadir (Bagtiirk ve
Odiil, 2008, s. 144). Bu calismada da bagimli degisken olarak firma biiyiime performansi: kullamlmistir. Gemici ve Polat (2018),
firma biiyiimesi ve karlilik arasindaki iligkiyi inceleyen ¢alismasinda firma biiyiimesini satig gelirlerindeki degisim olarak ele
almus, satig gelirlerindeki degisim oramini [(satis geliri — (satig geliri-1)) / satig geliri-1 * 100]! formiilii kullanarak hesaplamustir.
Bu calismada ise firma biiyiime performansi, ankette sadece cari yildaki satig geliri ve iki Onceki cari yilda satig geliri bilgisi yer
aldigindan, [(satig geliri — (satig geliri-2)) / satig geliri-2 * 100]? formiilii kullanilarak hesaplanmistir. Yani firmalarm 2018 yili
briit satig gelirleri ve 2016 yil1 (2 donem &nceki) briit satig gelirleri kullanilarak [(2018 satig geliri-2016 yili satig geliri) /2016
yili satig geliri] *100 formiilii ile firma biiylimesi hesaplanmistir. Biiyiime performansi, firmalarin 2016-2018 yillar1 arasinda
satig gelirlerindeki degisim olarak ifade edilmistir. Bu ¢aligmada Tiirkiye’de imalat sektoriinde faaliyet gosteren ve belirlenen cari
donemler arasinda satig gelirlerini artiran firmalar {izerinden firmalarin biiylime performansi incelenmek istenmistir. Bu nedenle
biiyiime performansini incelemek amaciyla belirlenen cari donemlerde satig gelirlerindeki degisim hesaplandiktan sonra satig
gelirleri artan firmalar caligmada dikkate alinmus, satig gelirleri azalan firmalar ¢caligmaya dahil edilmemistir.

Firma biiyiime performansina etkisi olabilecek bir¢ok etken bulunurken bu ¢alismada imalat sanayinde biiyiime performansina
etkisi olabilecek bazi firma ozellikleri, firma kapasitesi ve insan sermayesi konulari iizerinde durulmustur. Firma ozellikleri
olarak firma yag1 dikkate alinmuistir. Firma yas1 birgok calisgmada firmalarin biiyiimesinde etkili olabilecek bir etken olarak
degerlendirmeye alinmistir. Firma yagi, anket donemi olan 2019 yili ve firmanin faaliyete gectigi yil baz alinarak (2019-faaliyet
yil1) formiilii kullanilarak hesaplanmistir. Firma kapasitesi, firmalarinin biiylimesinde etkili bir gosterge olup firmalarin iiretim
kapasitesini gdstermektedir (Bastiirk ve Odiil, 2008, s.144). Firma kapasitesi icin kapasite kullanim orani ve haftalik ¢alisma saati
bilgileri kullamlmistir. Insan sermayesinin ve egitim diizeyinin de firmalarin biiyiime performansinin artmasinda etkili oldugu
bilinmektedir (Demirgil ve Karagoz, 2009, s. 50). Insan sermayesi gostergesi igin yoneticinin bu sektorde kag yil deneyimi oldugu,
tiretim dis1 faaliyetlerde caligan personel orani (yonetim, satis vb. birimlerde ¢aligsanlarin orani) ve iiniversite mezunu ¢alisan orani
degiskenleri kullanilmistir. Firmadaki iiretim dig1 faaliyetlerde calisanlarin orani, liretim dig1 faaliyetlerde tam zamanli ¢alisan kisi
sayisi, toplam tam zamanl ¢alisan kisi sayisina oranlanarak hesaplanmustir.

Calismada anket donemi 2019 yili olan Tiirkiye’de imalat sektoriinde faaliyet gdsteren firmalarin biiylime performansini in-
celemek amaciyla 2016-2018 yillar1 arasinda satig gelirlerini artiran 396 firmanin verileri incelenmistir. Satig geliri arttig1 halde
caligan sayis1 verilerinde tutarsizlik olan bir firma 6rneklemden ¢ikarildiktan sonra 395 firma ile caligma yapilmigtir.

Bulgular

Calismada RStudio 2023.09 programi “quantreg” kiitiiphanesi kullanilarak analizler gerceklestirilmistir. Firmalarin tanimsal
istatistikleri Tablo 2’de verilmistir.

Tablo 2. Tammsal Istatistikler

Min. Medyan Ortalama Mak.
Biiyiime 1.33 15.57 55.82 3215.79
Yas 3 19 21.46 98
Yonetici_deneyimi 3 25 26.59 58
Kapasite kullanim 10 80 75.70 100
Haftahk cahsma_saati 38 45 59.75 168
Uretim_dis1_calisan_oram 1.19 16.67 19.11 78.72
Universite_mezunu_calisan_oram 0 10 14.02 80

Calismada yer alan firmalarin biiylime ortalamasi yaklasik %56 iken, yas ortalamasi 21.46’dir. Firmalarin iist diizey yoneticisinin
sektordeki tecriibe yili ortalamast 26.59’dur. Firmalarin kapasite durumuna bakildiginda ortalama kapasite kullanim oraninin
yaklasik olarak %76 oldugu goriilmektedir. Ortalama haftalik ¢aligma saati 59.75’tir. Firmalar istihdam durumu incelendiginde
yaklagik olarak tam zamanl c¢alisanlarda iiretim dig1 ¢aligan orani ortalamast %19, iiniversite mezunu ¢alisan orani ortalamasi
%014 tiir.

! Saus geliri, cari yil satiglarini, (satig geliri-1) ise bir énceki yil satiglarim gostermektedir.
2 Satig geliri, cari y1l satiglarini, (satis geliri-2) ise 2 yil onceki satiglarini gostermektedir.
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Sekil 2. Bagumsiz Degiskenlere Iliskin Boxplot Grafigi

Sekil 1’de bagimli degisken ve Sekil 2°de bagimsiz degiskenlere iligkin boxplot grafikleri gosterilmistir. Boxplot grafigi ile aykir1
deger tespiti yapilabilmektedir (Kulag, 2019, s.24). Sekil 1’e gore bagimli degisken olan biiyiime degiskeninde aykir1 degerler
bulunmaktadir. Sekil 2°de bagimsiz degiskenler degerlendirildiginde ise yonetici deneyimi diginda kalan tiim degigkenlerin aykiri
degerlere sahip oldugu goriilmektedir. Kantil regresyon yontemi aykiri degerlere karsi esnektir. Ayrica kantil regresyon yonteminde
aykirt degerler varliginda olusabilecek varsayimlarin saglanmasi beklenmemektedir. Aykiri deger varliginda kantil regresyon
yontemi kullanmak daha dogru sonuglar vermektedir (Cinar, 2019).

104




Kulaksiz Hacibebekoglu, A., & Bagdath Kalkan, S., Tiirkiye’deki Imalat Sanayi Firmalarmnin Biiyiime Performanslarmi Etkileyen Kriterlerin Kantil Regresyon ile Belirlenmesi

(Intercept)
[=]
o o
o
o
= <
w
b
o . B
2
/ S
o e
& .
— @
= s
o
T T T
0.z 0.4 0.6 0.8
Kapasite_kullanim
g _ =}
7 o
' =1
z ~
_ / g
o o
o o
<
u -
o el — .
= E
T T T
0.z 0.4 0.6 0.8
Universite_mezunu_galigan_oram
=t
=
— /' e,
[=] T
o
=t
Z
o
Z 4
T T T
0.z 0.4 0.6 0.8

Yas
e —
- k“'uh_h_
T T T T
0.2 0.4 0.6 0.8
Haftalik_galigma_saati
T T T |
| S
T T T T
0.2 0.4 0.6 0.8

Yonetici_deneyimi

-04 -02 00 02 04

Uretim_disi_galisan_orani

1.0

05
|

0o

-05

Sekil 3. Degiskenler Bazinda Farkli Kantil Diizeylerine Iliskin Parametre Tahminleri

Sekil 3’te firma biiyiime performansina etki eden degiskenler icin kantil regresyon analizi ile belirlenen parametre tahminleri
gosterilmektedir. Grafiklerde siyah noktalar kantiller i¢in parametre tahminlerini gosterirken, kirmizi yatay ¢izgiler, EKK yontemi
kullanildiginda tahmin edilen parametre degerini gostermektedir. Gri alanlar ise kantil regresyon parametre tahminlerinin giiven
araligin1 gostermektedir. (Aksoy, 2023 s.100). Yani bu arastirma i¢in farkli 6rneklemler kullanilirsa parametre tahminlerinin hangi
aralikta olabilecegi goriilmektedir (Kul, 2014, s.12). Siyah ¢izgiler ise sifir noktasini gostermektedir. Grafiklerde kantil regresyon
ile farklr kantiller i¢in parametre tahminleri yapildig: agik¢a goriilmektedir.

Firmalarin biiylime performansi farkli kantil diizeylerinde tahmin edilmis ve parametre tahminleri Tablo 3’te verilmistir.

Tablo 3. Farkl: Kantil Diizeylerine Iliskin Parametre Tahminleri

q=0.10 q=0.20 q=0.30 q=0.40 q=0.50 q=0.60 q=0.70 q=0.80 q=0.90
(Intercept) 7.339%*%  Q727*¥x  ]1.582%**  ]3.383%** ]5359%** 20.025%** 20.458**  25.148* 43.005%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.008) 0.012) (0.083) (0.064)
Yas -0.089***%  -0.122%**  -0.119%**  -0.093%*  -0.144%**  -0.179*** -0.223* -0.394%*  -0.798%**
(0.000) (0.000) (0.004) (0.040) (0.010) (0.001) (0.059) (0.026) (0.000)
Yonetici_deneyimi -0.037 -0.081%%  -0.121%%*  -0.178%** -0.173**  -0.212 -0.241 -0.119 0.109
(0.182) 0.017) (0.004) (0.001) (0.046) (0.120) (0.205) (0.690) 0.751)
Kapasite_kullanim -0.015 0.009 0.022 0.032 0.055 0.095 0.207***  0.351** 0.449*
0.277) (0.632) 0.253) (0.145) (0.199) 0.115) (0.009) 0.011) (0.058)
Haftalik_g¢aliyma_saati -0.004 -0.003 -0.017 -0.008 -0.012 -0.041 -0.095 -0.102 -0.037
(0.753) 0.708) (0.367) (0.684) (0.550) 0.202) (0.144) (0.296) 0.829)
Uretim_dis1_galisan_orant 0.117***  0.129%**  0.166%**  0.143***  0.129 0.127 0.263 0.140 0.231
(0.010) (0.000) (0.002) (0.009) (0.152) (0.311) (0.121) 0.610) (0.622)
Universite_mezunu_galisan_oram  0.032% 0.016 0.032 0.085 0.120 0.118 0.238 0.148 -0.192
(0.060) (0.606) (0.522) (0.139) (0.179) (0.277) (0.110) (0.413) (0.506)

#p<0.10. **p<0.05. ***p<0.01
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Tablo 3’e gore imalat sanayinde faaliyet gosteren firmalarin yasinin, firma biiyiime performansi iizerinde tiim kantil diizeylerinde
istatistiksel olarak anlamli oldugu ve negatif etkisi oldugu goriilmektedir. Daha net bir ifadeyle firma yas1 arttiginda, firmalarin
biiyiime performans diizeyleri fark etmeksizin biiylime performanslarinda bir diisiis goriilmektedir. Ayrica kantil diizeyleri arttik¢a
firma yasinin firma biiylimesi {izerinde yarattig1 etkinin artti§1 goriilmektedir. Bir bagka degisle firma yagindaki artig, biiyiime
performans diizeyi fazla olan firmalarda biiyiime performansinda daha fazla azaliga neden olmaktadir (0.10’uncu kantil seviyesinde
tahmin katsayis1 -0.089 iken, 0.90’1nc1 kantil seviyesinde tahmin katsayis1 -0.798dir.).

Ust diizey yoneticinin sektdrdeki deneyiminin, firma biiyiime performansi iizerinde 0.20, 0.30, 0.40 ve 0.50’nci kantillerde negatif
ve istatistiksel olarak anlamli bir etkisi bulunmaktadir. Biiylime performansi daha diisiik diizeyde olan imalat firmalarinda, iist
yoneticinin sektordeki deneyimi arttikca biiyiime performansinda diisiis goriilmektedir. Bunun yaninda anlaml kantillerde kantil
diizeyi arttik¢a iist diizey yoneticinin sektdrdeki deneyiminin artmasi firma biiyiime performansinda daha fazla azalisa neden
olmaktadir (0.20’inci kantil diizeyinde tahmin katsayis1 -0.081 iken, 0.50’inci kantil diizeyinde tahmin katsayis1 -0.173’dir.).

Firmalarin kapasite kullanim oraninin, firma biiyiime performans iizerinde 0.70, 0.80 ve 0.90’1nc1 kantiller igin pozitif ve
istatistiksel olarak anlamli bir etkisi bulunmaktadir. Bu kantillerde kapasite kullanim orani arttik¢a firma biiyiime performansi
artmaktadir. Firmalarin kapasite kullanim orani firma biiylime performans diizeyi yiiksek olan firmalar i¢in anlamlidir. Anlaml
kantillerde kapasite kullanim oraninin artmasi firma biiyiime performansinda daha fazla artiga neden olmaktadir (0.70’inci katil
diizeyinde tahmin katsayis1 0.207 iken, 0.90’1nc1 kantil diizeyinde tahmin katsayis1 0.449°dir.).

Imalat sanayinde faaliyet gosteren firmalarin haftalik calisma saatlerinin biiyiime performansi iizerinde etkili olmadig1 goriilmek-
tedir. Tiim kantil diizeyleri incelendiginde haftalik calisma saati degiskeni i¢in elde edilen tahminlerin istatistiksel olarak anlaml
olmadig1 goriilmektedir.

Firmalarin iiretim dig1 faaliyetlerde calisan oraninin, firma biiyiime performansi izerinde 0.10, 0.20, 0.30, ve 0.40’1nc1 kantiller
icin pozitif ve istatistiksel olarak anlamli bir etkisi vardir. Bilylime performans diizeyi diisiik olan firmalar icin, iiretim dig1
faaliyetlerde caligsan orani arttik¢a firma biiylimesi artmaktadir. Anlamli kantil seviyeleri dikkate alindiginda firmalarin iiretim
dis1 faaliyetlerde ¢alisan oraninin firma biiylime performans diizeyi yiiksek olan firmalarda daha fazla artisa neden olmaktadir
(0.10’uncu kantil diizeyinde tahmin katsayis1 0.117 iken, 0.40’1nc1 kantil diizeyinde tahmin katsayist 0.143’tiir.).

Firmadaki iiniversite mezunu ¢aligan oraninin, firma biiyiime performansina sadece 0.10’uncu kantilde pozitif ve anlamli etkisi
bulunmaktadir. Imalat sektoriinde faaliyet gosteren firmalarda biiyiime performans diizeyi en diisiik diizeyde olan firmalarda
tiniversite mezunu ¢alisan orani arttik¢a firmalarin biiylime performansinda artis olmaktadir. Biiyiime performans diizeyi yiiksek
diizeyde olan firmalarda {iniversite mezunu c¢alisan oraninin biiyiime performansi {izerinde istatistiksel olarak anlamli bir etkisi
yoktur.

Sonuc¢

Tiirkiye’de imalat sanayinde faaliyet gosteren firmalarin biiylime performanslari cesitli 6zellikler bakimindan incelenmesi,
ekonomilerin 6zel sektordeki firmalarinin finansmana erisim, yolsuzluk, altyapi, sug, rekabet ve performans olgiitleri gibi is
ortami konularini ele alan Avrupa Imar ve Kalkinma Bankas1 (EBRD), Diinya Bankas1 (WB) ile ortaklasa yapilan ve is ortaminin
kalitesini inceleyen “Is Ortamu ve Isletme Performans1 Arastirmas1” (BEEPS) anketi 2018-2020 sonuclari ile yapilmustir. Tiirkiye’de
imalat sanayinde faaliyet gosteren 2016-2018 yillar1 arasinda satig gelirlerini artirmis olan 395 firma kantil regresyon analizi ile
incelenmigtir. Analiz sonucunda ¢ogu etken i¢in firmalarin farkli biiyiime performans diizeylerinde farkli sonuclar elde edilmisgtir.

Firma yas1 arttiginda, firmanin biiylime performansinda diisiis oldugu goriilmiistiir. Firma yasindaki artigin biiyiime performan-
sinda bir azalisa neden oldugu, bdylece geng firmalarin biiylime performansinin daha yiiksek olabilecegi ngoriilmektedir. Bu
sonug Schumpeter (1942) yaratic1 yikim teorisi (Creative Destruction) ile iliskilendirilebilir. Literatiirde firma yasi ile biiyiime
performanst arasinda pozitif yonlii bir iliski oldugunu gosteren galigmalar olsa da negatif yonlii bir iligki oldugunu gosteren
caligmalar ¢ogunluktadir. Evans (1987), calismasinda imalat sanayinde faaliyet gosteren firmalar icin firma yas1 arttik¢a firma
biiyiimesinin azaldig1 sonucuna varmustir. Benzer sekilde Erkan (2015), Tiirkiye’de sanayi sektoriinde faaliyet gosteren firmalarin
yaslarinda artis oldukg¢a hantallastig1 ve biiyiime performanslarinin diistiigii sonucuna varmustir.

Kapasite kullaniminin artmasi bir anlamda firmanin biiyiidiigiinii gosteren bir etken olmakla birlikte firma biiyiime performansi
iizerinde 6nemli bir etkisi vardir (Bastiirk ve Odiil, 2008, s.144). Calisma sonucunda da kapasite kullamim oranindaki artigin
biiyime performansini artirdig1 goriilmektedir. Kapasite kullanim oraninin, firma biiyiime performansi iizerindeki etkisinin firma
biiyiime performansi yiiksek olan firmalar icin istatistiksel olarak anlamli oldugu, kapasite kullanim oranindaki artigin biiyiime
performansini arttirdig1 dikkat cekmektedir. Ayrica biiyiime performans diizeyi yiiksek olan firmalarda, firma biiyiime performans
diizeyi artik¢a kapasite kullanim oranindaki artig, biiylime performansinda daha fazla artisa neden olmaktadir. Haftalik ¢alisma
saati icin elde edilen tahminlerin ise anlamli bir etkisi olmadig1 goriilmiistiir. Firmalarin haftalik ¢alisma saatinin, firma biiyiime
performansi tizerinde bir etkisi olmadig1 ortaya ¢ikmasgtir.
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Ayrica firmalarin ist diizey yoneticilerin sektordeki deneyiminin, firma biiylime performans diizeyi diisiik olan firmalarin biiyiime
performans iizerinde etkili oldugu goriilmiistiir. Ust diizey yoneticilerin sektordeki deneyiminin artmasinin firma biiyiime perfor-
mansinda diisiise neden oldugu gozlenmektedir. Firma biiyiime performans diizeyi yiiksek oldugunda ise iist diizey yoneticilerin
sektordeki deneyiminin biiyiime performans: {izerinde etkisi olmadig1 goriilmiistiir.

Emek yogun bir sektdr olan imalat sanayi sektoriinde yonetim, satig vb. birimlerde ¢alisanlarin orani yani iretim dig1 faaliyetlerde
caligan orani biiyiime performans diizeyi daha diisiik olan firmalarin biiylime performansini etkilemektedir. Biiyiime performansi
daha diisiik olan firmalar i¢in iiretim dig1 faaliyetlerde ¢aligan orani arttikca firma biiylimesinin arttig1 goriilmektedir. Bu sonuca
istinaden bu firmalarin, yonetim ve satig birimlerini gliclendirerek verimliliklerini ve bdylece biiyiimelerini artirabilecekleri
ongoriilmektedir. Uretim disi faaliyetlerde ¢alisanlar, yonetim kararlarinin alinmasi, iiretimin planlanmasinda, yenilik gelistirmede
ve miisterilere ulagma gibi konularda bir firmanin igleyisi agisindan 6nemli oldugu bilinmektedir. Calisanlar arasinda iiretim dig1
faaliyetlerde calisan oran1 yiiksek olan firmalar daha verimlidir (Caglar ve Koyuncu, 2018). Benzer olarak imalat sanayi sektoriinde
faaliyet gosteren firmalarda biiylime performansinin en diisiik diizeyde oldugu firmalarda tiniversite mezunu ¢alisan orani arttik¢a
firmalarin biiyiime performansinda artig oldugu goriilmektedir.
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0Z

Uluslararas1 gociin belirleyicilerini incelemeye yonelik gelistirilen bu calismada, go¢ karariin temel belirleyicisinin ekonomik
faktorler oldugunu ileri siiren Neo — Klasik go¢ yaklagiminin gecerliligi sinanmuis ve cesitli ekonomik gostergeler ile birlikte teror
olaylar1 da gz 6niinde bulundurularak degiskenler arasindaki iligkiler aragtirilmistir. Caligma, diinyada en ¢ok gog alan 20 iilke
kapsaminda gelistirilmis ve her bir go¢ alan iilkeye en ¢ok goc veren iilkelerden go¢ hareketleri cok boyutlu panel ¢ekim modeli
cercevesinde 1995 — 2020 donemi bes yillik verileri kullanilarak Poisson Pseudo En Cok Olabilirlik Tahmincisi ile incelenmistir.
Elde edilen bulgular, goc alan iilkelerdeki gelir diizeyinin go¢ hareketlerini negatif yonde, go¢ veren iilkelerde gerceklesen teror
olaylarinin ve go¢ veren iilkelerin enflasyon oraninin uluslararasi go¢ hareketlerini pozitif yonde etkiledigini gostermistir. Gog¢
veren iilkelerin gelir diizeyinin ve issizlik oraninin ise istatistiksel olarak etkili olmadig1 tespit edilmistir. Elde edilen bulgular
paralelinde arastirma kapsaminda ele alinan iilkeler i¢in Neo — Klasik go¢ teorisinin gecerli olmadig, giivenlik faktoriiniin gog
kararinda daha etkili oldugu sonucuna ulagilmigtir.

ABSTRACT

In this study, which was developed to examine the determinants of international migration, the validity of the Neo — Classical
migration approach, which claims that the main determinant of the migration decision is economic factors, was tested and the
relations between the variables were investigated taking into account various economic indicators as well as terrorist incidents.
The study was developed within the scope of the 20 countries that receive the most immigrants in the world, and the migration
movements from the countries that give the most immigrants to each immigrant receiving country were examined with the Poisson
Pseudo Maximum Likelihood Estimator using the five — year data for the period 1995 — 2020 within the framework of the
multidimensional panel gravity model. The findings show that the income level in the destination countries negatively affects the
migration movements, while the terrorist attacks in the origin countries and the inflation rate of the origin countries affects it
positively. In addition, it was determined that the income level and unemployment rate of the origin countries are not statistically
significant. In parallel with the findings, it was concluded that the Neo — Classical migration theory is not valid for the countries
covered in the research and that the security factor is more important in the migration decision.
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EXTENDED SUMMARY

Human migration, which expresses the geographical movement of human communities for social and economic reasons, dates
back to the early periods of history. However, international human migration has increased significantly, especially in the last 50
years with the effects of globalization, and the causes and consequences of migration as a concept have changed greatly. The
number of international migrants, which had been 84 million in 1970, reached 153 million in 1990 and 281 million in 2020. The
increased number of international immigrants, who made up 3.6% of the global population as of 2020, has caused social and
economic transformations for both the origin and destination countries. Long-term data on international migration reveal it to not
have a uniform structure all over the world but rather to be shaped by economic, geographical, and demographic factors. This
study was developed to examine the determinants of international migration. It tests the validity of the Neo - Classical approach
to migration, which claims economic factors to be the main determinant for deciding to migrate, and investigates the relations
among the variables by taking into account various economic indicators as well as terrorist incidents.

The study was developed within the scope of the 20 countries to have received the most immigrants in the world and examines the
migration movements from the countries that have sent the most immigrants to each destination country using the multidimensional
panel gravity model approach with five-year datasets from 1995 to 2020. The study uses the number of immigrants from the origin
countries as the dependent variable and economic indicators such as income levels, unemployment, and inflation rates of origin and
destination countries; the distance between countries; common languages; common borders; and terrorist incidents as independent
variables. Model estimation was performed using the multidimensional Poisson pseudo maximum likelihood estimator.

The findings show income levels in destination countries to negatively affect migration movements, while terrorist attacks and
inflation rates in origin countries to positively affect international migration movements. In addition, origin countries’ income
levels and unemployment rates were determined to not statistically significantly affect migration movements.

In parallel with the findings, Neo - Classical migration theory was determined to not be valid for the countries covered in the
research and the factor of security to be more important regarding the decision to migrate. International migration movements
have brought about remarkable changes in countries’ economic and social structures. As of 2020, the world had 26.4 million
refugees, and in 2020 alone, 3,900 deaths and missing persons had occurred due to migration movements. This study discusses
the determinants of international migration, as it has important economic and social consequences. The study aims to use the
findings from the empirical analysis to provide data for projecting how to reduce the social and economic costs of migration and
to contribute to the existing literature.

Giris

Ulkelerin ekonomik, sosyal ve politik acilardan uluslararasi piyasalara entegrasyonunu ifade eden ve iilkeler arasinda artan
kargilikli bagimlilik olarak ele alinan kiiresellesme (Irani & Noruzi, 2011; Kritz & Zlotnik, 1992), ekonomik faktorlerde meydana
getirdigi gelismeler paralelinde teknolojik gelismelerin hizlanmasina katkida bulunmus, iletigim ve ulagim araglarinin ¢esitliliginin
artmasim saglarken, maliyetlerinin azalmasina yol agmustir. iletisim ve ulagim araclarinin gesitliligindeki artis ve maliyetlerindeki
diisiis ise sosyal, politik ve ekonomik agilardan ulusal sinirlar i¢inde hayatindan memnun olmayan bireylerin ulusal sinirlar disinda
firsat arayigina girme egiliminde artisa neden olmustur.

Kisilerin, uluslararasi bir sinir1 gecerek ve vatandasi olmadiklarn bir lilkeye olagan ikamet yerlerinden taginmalari olarak
tanimlanan uluslararasi go¢ (Sironi vd., 2019), 6zellikle 1990’11 yillarda ve sonrasinda yayginlasan kiiresellesmenin de etkisiyle
onemli derecede artis gostermistir (Gygli vd., 2019). 1970 yilinda 84 milyon olan uluslararasi gé¢gmen sayisi, 1990 yilinda
153 milyona, 2020 yilinda ise 281 milyona ulagmistir. 2020 itibariyle kiiresel niifusun %?3,6’sin1 olusturan uluslararast gé¢gmen
sayisindaki artig ve uluslararas1 goge iliskin uzun donemli veriler ise gogiin tiim diinyada tek diize bir yap1 barindirmadigini,
ekonomik, cografi, demografik faktorler tarafindan sekillendirildigini ortaya ¢ikarmaktadir (Birlesmis Milletler, 2020; McAuliffe
& Triandafyllidou, 2021).

1960’11 yillardan itibaren goge iligkin gelistirilen temel teoriler go¢ kararmin oncelikli belirleyicisinin ekonomik faktorler
oldugunu ileri siirmektedir. Bununla birlikte Birlesmis Milletler Miilteci Ajansi’na gore catisma, siddet eylemi veya tehdidi
sonucunda olagan ikametini degistirmek zorunda kalan insan sayist 2012 yilinda 42,7 milyon iken 2020 yilinda 82,3 milyon
kisiye ylikselmistir (Birlesmis Milletler, 2022). Kiiresel Terdrizm Veri Tabani’na (Global Terrorism Database — GTD) gore diinya
capinda terdrist eylemler son 20 yilda ikiye katlanirken, son on yilda teror eylemlerinden kaynakli olarak yilda ortalama 21 bin
kisi hayatin1 kaybetmistir (Carril — Caccia vd., 2021; START, 2022). Terorizm ise siddet eylemlerinden kaynakli olarak ortaya
cikan gog kararinin temel belirleyicilerinden birisi olarak kabul edilmektedir.

Uluslararas1 gogiin diinyadaki iilkelerin biiyiik boliimiinii etkileyen, belirleyicileri ve sonuglart a¢isindan zaman iginde 6nemli
sekilde degisim sergileyen yapist goz oniinde bulunduruldugunda uluslararasi gogiin belirleyicilerini ¢esitli eksenlerde incelemek
go¢ hareketlerinin gelisiminin anlagilmasina, uygulamada politikalar olusturulmasina katkida bulunabilmektedir. Bu kapsamda
uluslararast gogiin belirleyicilerini incelemeye yonelik gelistirilen bu caligmada ise go¢ teorilerinin temelini teskil eden go¢
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kararinin temel belirleyicisinin ekonomik faktorler oldugu hipotezinin gecerliligini test etmek ve gerceklesen terdr olaylarinin gog
kararinda etkili olup olmadigini incelemek amaglanmustir. Diinyada en ¢ok go¢ alan 20 iilke kapsaminda yiiriitiilen ¢caligmada, her
bir go¢ alan iilkeye en ¢cok goc veren iilkelerden go¢ hareketleri 1995 — 2020 donemi bes yillik verileri kullanilarak ¢cok boyutlu
panel ¢ekim modeli yaklagimi ile incelenmigtir.

Calismanin devaminda, uluslararasi gog literatiiriinii, mevcut arastirma kapsaminda ele alan teorik yaklagimlarin ve uluslararasi
goclin belirleyicilerini aragtiran secili caligmalarin incelendigi “Teorik yaklagimlar ve giincel caligmalar” boliimiine yer verilmisgtir.
“Ampirik analiz” bolimiinde analizde kullanilan degiskenlerin, ekonometrik modelin ve tahmin yonteminin tanitilmasinin ardindan
ampirik analiz sonucunda elde edilen bulgular sunulmustur. Son olarak “Sonu¢ ve degerlendirme” boliimiinde ise elde edilen
bulgulara paralel olarak ¢esitli politika Onerileri sunulmus ve mevcut caligmanin kisitlar1 ekseninde gelecekte yapilabilecek
caligmalarda dikkat edilebilecek durumlara deginilmistir.

Teorik Yaklasimlar ve Giincel Calismalar

Bireylerin veya toplumlarin ekonomik, sosyal veya politik nedenlerle gegici veya kalici olarak yer degistirme eylemleri olarak
tanimlanan gog, bilinen insanlik tarihinin baglangicina kadar uzanmakla birlikte go¢ teorileri biiyiik dl¢iide 19. ylizyil sonrasinda
gelisim gostermistir. Modern go¢ lizerine gerceklestirilen ilk ¢aligsmalardan olan Ravenstein’in Go¢ Kanunlari (The Laws of
Migration) niifus sayimu istatistiklerine dayali olarak gog siirecinin temel mekanizmalarini ele almig ve gog kararinin alinmasindaki
temel unsurun ekonomik olarak iyi olma istegi oldugunu ileri siirmiistiir (Ravenstein, 1885). Bununla birlikte dnerme go¢ eylemini
biiyiik dl¢lide mesafe kisit1 agisindan ele aldigindan tam bir gog teorisi olmaktan uzak olarak kabul edilmektedir. Benzer sekilde ilk
goc teorileri gogii, gog veren ve goc alan bolgelerdeki goreli niifus farkliliklar: agisindan ele alarak mesafe ile ters orantili oldugunu
ileri slirmiig, 1950’lerde ise go¢ teorileri tamamen mekanik modellerden daha karmagik modellere evrilmistir (Hagen-Zanker,
2008).

Neo — Klasik ekonominin makro ve mikro go¢ kurami, goc iizerine ilk sistematik teori olarak kabul edilmektedir. Neo — Klasik
ekonominin makro go¢ kurami gocii, ekonomik kalkinmanin bir pargasi olarak iicret farkliliklari ve arz talep esitsizlikleri ekseninde
degerlendirirken, mikro go¢ kurami rasyonel ve fayda maksimizasyonuna yonelen bireysel tercihler ekseninde ele almaktadir.
Kurama gore i¢ go¢ cogunlukla isgiicii arz ve talebindeki cografi farkliliklardan kaynakli olarak kirdan kente, tarim sektoriinden
imalat sektoriine dogru bireyin daha yiiksek kazang elde etme giidiisiiyle gerceklesmektedir. Benzer sekilde uluslararasi gog iicret
farkliliklarindan kaynakli olarak iilkeler arasindaki isgiicii arz — talep esitsizliklerinden ileri gelmektedir. Buna gore gb¢gmenler,
isgiicli arz fazlasina sahip diisiik gelirli iilkelerden diisiik iicret, is imkanlarinin kisith olmasi gibi faktorler tarafindan itilmekte;
isgiicii talep fazlasina sahip olan, yiiksek gelirli sermaye zengini iilkelere, yiiksek iicret ve is imkanlarinin cok olmasi gibi faktorler
tarafindan cekilmektedir (Lee, 1966). Uluslararas1 go¢ hareketinin sonucunda ise emek zengini iilkelerde go¢ dncesinde diisiik
olan iicretler yiikselirken, sermaye zengini olan lilkelerde go¢ oncesinde yliksek olan iicretler diismektedir (Harris & Todaro,
1970; Lewis, 1954; Ranis & Fei, 1961). Kurama gore uluslararasi go¢ emek piyasasini dengeleyici bir rol oynamakta, buna karsin
dengenin saglanmasi senaryosu altinda gé¢ hareketlerinin devamini ve tersine gocii aciklamakta yetersiz kalmaktadir (Bijak vd.,
2004).

Neo — Klasik yaklagimin arz — talep farkliliklar1 ekseninde gelisen teorisine karsin Piore (1979) ikili isgiicii piyasas: teorisi ile
gocli, geligmis iilkelerin yapisal isgiicii talebi ile agiklamaktadir. Yaklagima gore gelismis lilkelerde iggiicii piyasasi vasifli ve vasifsiz
isler olmak iizere iki kisitmdan olugsmakta ve licretler statii ve prestiji yansitmaktadir. Birincil sektorde ticretler yiiksektir, istthdam
kosullar igin ve is¢inin niteliklerinden kaynakli olarak daha istikrarlidir ve is¢iler biiyiik ol¢iide rekabete karsi korundugundan
ticretler yiiksek kalma egilimindedir. Dolayis: ile birincil sektoriin temsil ettigi yliksek statii, prestij, yiiksek iicret ve istikrarlt
istihdam kosullar yerli iscileri birincil sektordeki islere yonlendirmektedir. Birincil sektoriin aksine ikincil sektorde ise istthdam
kosullar1 ekonomik konjonktiire gore sekillendiginden istikrarsiz, yapilan is, iscinin 6zel bir nitelige ve bilgi birikimine sahip
olmasini gerektirmediginden ve isciler biiyiik 6lgiide ikame edilebilir nitelikte oldugundan iicretler diisiiktiir. Tkincil sektordeki
olumsuz istihdam kosullar1 gerek diisiik statiiden gerekse de diisiik iicret seviyesinden kaynakli olarak yerli is¢iler tarafindan issiz
kalmak pahasina tercih edilmemektedir. Bu durum ise igverenleri ve/veya resmi otoriteleri ikincil sektorde istihdam etmek iizere
go¢ faaliyetlerini tegvik etmeye yonlendirmektedir. Ikili isgiicii piyasasi yaklagimi go¢ faaliyetini artiran unsurun gd¢ veren ve
diisiik gelismislik diizeyinde olan iilkelerdeki olumsuz ekonomik kogsullardan degil, gogmen is¢i kabul eden gelismis iilkelerdeki
vasifsiz iggiicii ihtiyacindan kaynaklandigini ifade etmektedir. Bununla birlikte teori, her ne kadar savas sonrasi donemde Avrupa
ve Amerika Birlesik Devletleri’'ne olan go¢ trendini kismen agiklasa da yalnizca ¢ekici faktorlere odaklanarak go¢ kararinin
derinlemesine analizini sunmadigindan dar kapsamli olarak kabul edilmektedir (Hagen-Zanker, 2008). Diinya sistemleri teorisi
ise uluslararasi gogiin temel belirleyicisinin ikili piyasa yapisindan degil kiiresellesmeden kaynaklandigini ileri siirmektedir.

Wallerstein (1974) tarafindan gelistirilen diinya sistemleri veya merkez — ¢evre go¢ kurami, go¢ egilimlerini diger teorilerin
ihmal ettigi yapisal faktorleri goz oniinde bulundurarak merkez iilkeler ve ¢evre iilkeler ekseninde ele almaktadir. Kuramda,
merkez iilkeler kapitalist yonetim tarzin1 benimseyen gelismis iilkeleri temsil ederken, cevre iilkeler merkez iilkelere bagimli olan
ve biiyiik olclide kapitalist iligkiler tarafindan sekillendirilen iilkeleri temsil etmektedir. Diinya sistemleri teorisine gore gogiin
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temel belirleyicisi somiirgecilik, Neo — Klasik yonetimler ve ¢cokuluslu sirketlerin, yani merkez iilkelerin kapitalist eylemleridir.
Merkez iilkelerin kapitalist uygulamalar1 cevre iilkelerin az gelismis iilke statiisiinde kalmalarina neden olarak merkez ve cevre
tilkeler arasindaki ekonomik esitsizligin varligini siirdiirmesine neden olmakta, bu durum ise ¢evre iilkelerden merkez iilkelere
beseri sermayenin transferine yol agmaktadir. Diinya sistemleri kurami, go¢ eylemini piyasa dinamikleri ve kiiresellesme ekseninde
ele alarak Sovyetler Birligi'nin ¢okiisii sonrasindaki go¢ hareketlerini biiyiik olciide a¢iklamasina karsin bireysel faktorleri goz
Oniinde bulundurmamaktadir.

Diger gog teorilerinden farkli olarak Zelinsky (1971), bes farkli sosyal ve ekonomik gelismislik diizeyine gore go¢ hareketlerinin
sekillendigini ileri siirmiigtiir. GO¢ gecis modeli olarak adlandirilan yaklagima gore, modernlesme oncesi ilk agamada kisith
hareketlilik s6z konusudur ve gercek anlamda goc faaliyeti s6z konusu degildir. Tkinci asamay1 temsil eden erken gecis doneminde,
artan dogum oranu ile birlikte azalan 6liim orani niifus artigina yol agmakta, kirdan kente ve iilke digina gog¢ hareketleri erken gegis
asamasinda baglamaktadir. Geg gecis asamasi olarak adlandirilan {igiincii asamada artan gelir diizeyine paralel artan modernlesme,
dogum oranlarinin diigmesine neden olurken 6liim oranlarindaki diisme varligini siirdiirmektedir. Bu agamada kirdan kente gog
devam etmekle birlikte ulusal imké&nlardaki artis dig gdcilin azalmasina neden olmaktadir. Dordiincli agsamay1 temsil eden ileri toplum
asamasinda kirdan kente gb¢ devam etmekle birlikte biiyiik dl¢iide azalmus, lilke disindan vasifsiz go¢men iilke icine gog¢ etmeye
baglamustir. Vasifli yerel iscilerin bu agsamadaki go¢ hareketleri ise iilkeye 6zgii niteliklere gore degismektedir. Son asama ise siiper
toplumlar asamasidir. Bu asamada gerek i¢ gocte gerekse de dig gocte biiyiik dlciide siki kontrol mekanizmalar gelistirildiginden
goc faaliyetleri lizerinde biiyiik olciide kontrol s6z konusudur. Zelinsky (1971) nin go¢ gegis modeli, gécii modernlesme siirecinin
dogasinda var olan ekonomik ve sosyal doniisiimiin bir pargasi olarak ortaya cikan, daha fazla kisisel 6zgiirliik tercihinin bir sonucu
olarak ele alirken, son agsama olan siiper toplum asamasinda gog¢ iizerindeki kontrol mekanizmalarina vurgu yapmaktadir.

Goc¢ faaliyetini kontrol etmeye yonelik yasal girigimler ve uluslararas: sinirlar1 gegcme hakki goc hareketlerini dogrudan etkile-
mektedir. Dolayisi ile gog faaliyetlerine yonelik benimsenen politikalar go¢ hareketleri {izerinde 6nemli rol oynamaktadir. Gog
faaliyetlerine yonelik kabul edilen kanunlar ve benimsenen politikalar ise biiyiik dl¢iide yiiriitme iizerinde etkili olan ¢ikar gru-
plarinin elde edecekleri fayda tarafindan sekillendirilmektedir. Ayrica bireysel haklarin koruma altina alinmast, kurumsal yapi ve
sosyo — ekonomik iligkileri diizenleyen kanunlar go¢ karari iizerinde belirleyici sonuglar dogurabilmektedir (Hagen-Zanker, 2008).
Ayrica deger — beklenti modelinde ileri siiriildiigii gibi bireylerin go¢ karari ekonomik faktorlerden daha fazlasina dayanmakta,
kisisel, toplumsal, ulusal giivenlik veya bireylerin 6z tatminlerini saglamaya yonelik girisimleri de go¢ hareketleri iizerinde 6nemli
rol oynayabilmektedir (Crawford, 1973). Dolayis1 ile go¢ faaliyetlerinin yapisal analizinde yalnizca ekonomik faktorlerin degil
sosyal, kurumsal ve siyasal faktorlerin bir biitiin olarak ele alinmas: gerekmektedir (Zolberg, 1981).

Literatiirde uluslararas1 go¢ hareketlerinin belirleyicilerini inceleyen ¢ok sayida caligma bulunmaktadir. Calismalarda elde
edilen bulgular iilke, zaman aralig1, secilen degiskenler ve tahmin yontemlerine bagl olarak dikkate deger derecede farklilik
gostermektedir.

Calismada kullanilan degiskenler kapsaminda uluslararas1 gogiin belirleyicilerini ele alan caligmalar incelendiginde ise; Kare-
mera vd. (2010), 1976 — 1986 donemi kapsamindaki verileri kullanarak 70 ililkeden Amerika Birlesik Devletleri (ABD) ve
Kanada’ya yonelik gociin belirleyicilerini ¢ekim modeli cergevesinde arastirmiglardir. Caligmada iilkeler arasindaki mesafe, ortak
dil kullanimi, gé¢ veren ve alan iilkelerin gelir diizeyleri, niifuslari, enflasyon oranlar1 ve go¢ veren iilkelerdeki igsizlik oranlarinin
go¢ hareketleri iizerindeki etkileri incelenmistir. Elde edilen bulgular her iki {ilke i¢in olusturulan modellerde mesafenin ve go¢
veren lilkelerdeki enflasyon oranlarmin go¢ hareketlerini negatif etkiledigini gostermistir. ABD modelinde ABD’nin gelir se-
viyesinin go¢ hareketlerini pozitif yonde etkiledigi tespit edilirken, go¢ veren iilkeler agisindan gelir diizeyindeki artigin, issizligin
ve ortak dil kullaniminin go¢ hareketleri iizerinde ele alinan donem kapsaminda istatistiki olarak anlamli bir etkisinin olmadig:
goriilmiistiir. Kanada modelinde ise go¢ veren iilkelerdeki gelir artisinin go¢ hareketlerini pozitif yonde etkiledigi goriilmiis,
Kanada’'nin gelir seviyesi, igsizligin ve ortak dil kullammminin go¢ hareketleri {izerinde istatistiki olarak anlamli bir etkisinin
olmadig: tespit edilmigtir. Go¢ hareketlerinin belirleyicilerini ¢cekim modeli ¢ergevesinde inceleyen bir dier calismada Lewer ve
Berg (2008), 1991 — 2000 dénemi kapsamindaki veriler ile iktisadi Isbirligi ve Gelisme Tegkilat1 (Organisation for Economic Co —
operation and Development — OECD) iiyesi 16 iilke arasindaki go¢ hareketlerini incelemislerdir. Ulkeler arasindaki mesafe, niifus,
ortak sinir, ortak dil gibi agiklayici degiskenlerin kullanildig1 calisma sonucunda ortak sinir degiskeninin istatistiki olarak anlamsiz
oldugu, mesafenin go¢ hareketlerini negatif, ortak dilin go¢ hareketlerini pozitif yonde etkiledigi tespit edilmistir. Benzer sekilde
Mayda (2022), OECD iiyesi 14 iilkeye yonelik go¢ hareketlerini 1980 — 1995 donemi kapsaminda ¢ekim modeli ¢ercevesinde
arastirmigtir. Caligma sonucunda elde edilen bulgulara gore hedef iilkedeki gelir seviyesi go¢ hareketlerini pozitif etkilerken,
kaynak iilkedeki gelir seviyesinin, iilkeler arasindaki ortak sinir ve ortak dil paylasiminin gé¢ hareketleri iizerinde istatistiki olarak
anlamli bir etkisinin bulunmadig1 goriilmiistiir.

Gogiin belirleyicilerini aragtirmaya yonelik gelistirilen caligsmalarda ekonomik faktorlere ek olarak gocii kisitlayict politikalar ve
beseri sermaye gibi sosyal degiskenler de ele alinmigtir. Fitzgerald vd. (2014), 1980 — 2016 donemi kapsaminda 178 iilkeden 18
OECD iilkesine yonelik goc hareketlerini hedef iilkelerdeki kisitlayici politikalar kapsaminda incelemislerdir. Calisma sonucunda
tilkeler arasindaki mesafe, igsizlik ve go¢ii kisitlayici politikalarin go¢ hareketlerini azalttig1, ortak dil ve ortak sinir1 paylagsma gibi
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degiskenlerin go¢ hareketlerini pozitif yonde etkiledigi, iilkeler arasindaki gelir farkliliklarinin ise istatistiki olarak anlamsiz oldugu
tespit edilmistir. Kikkawa vd. (2019), 1950 — 2015 donemi kapsaminda Asya — Pasifik bolgesinden gerceklesen go¢ hareketlerini
ekonomik, demografik, beser? sermaye ve ¢ekim modeli degiskenleri ¢ercevesinde arastirmislardir. Caligmada iilkeler arasindaki
gelir farkliliklari, hedef iilkedeki reel kisi basina gelir, iilkelerin niifuslari, iilkelerin okullagsma oranlar1 arasindaki farkliliklar,
mesafe ve ortak dil kullanimi gibi degiskenlerin go¢ hareketleri lizerindeki etkileri incelenmistir. Bulgular gelir farkliliklari, hedef
tilkedeki reel kisi bagina gelir ve ortak dil kullaniminin go¢ hareketlerini pozitif, iilkeler arasindaki mesafenin ise negatif yonde
etkiledigini gostermistir.

Gog¢ karart lizerinde etkili olan faktorlerin incelendigi caligmalarda ekonomik, sosyal ve politik faktorlere ek olarak bireysel
giivenligin etkisi de cesitli iilkeler i¢in ele alinmigtir. Naudé (2010), 1965 — 2005 donemi kapsaminda 45 Sahra Alt1 Afrika
tilkesinden gerceklesen gociin belirleyicilerini arastirmustir. Gelir seviyesi, biiyiime, niifus yogunlugu ve silahli catigmalar gibi
faktorlerin etkilerinin incelendigi ¢calisma sonucunda silahli ¢atigsmalarin yiiksek ve is firsatlarinin diigiik olmasinin gé¢ hareketlerini
artirdig goriilmiistiir. Carril — Caccia vd. (2021), 2009 — 2018 donemi kapsaminda 119 gb¢ veren gelismekte olan iilke ve 141 go¢
alan iilke verilerini kullanarak teror saldirilarinin zorunlu go¢ hareketleri lizerindeki etkisini incelemislerdir. Bunun yani sira iilkeler
arasindaki mesafe, ortak dil kullanimi, gb¢ veren ve alan iilkelerin gelir diizeyleri ve niifuslari modele dahil edilmistir. Elde edilen
bulgular terdr olaylarinin zorunlu gocii pozitif olarak etkiledigini gostermistir. Diger taraftan mesafenin gé¢ hareketlerini negatif
etkiledigi, ortak dil ile go¢ veren ve alan iilkelerin gelir diizeylerinin go¢ hareketleri iizerinde anlamli bir etkide bulunmadig: tespit
edilmigtir. Kwilinski vd. (2022), 2000 — 2018 donemi kapsaminda Avrupa Birligi iiyesi ve aday iilke statiisiindeki iilkelere yonelik
goc hareketlerini arastirmiglardir. Gelir diizeyi, issizlik, siddet ve terdrizmin gog¢ hareketleri iizerindeki etkilerinin incelendigi
caligsma sonucunda elde edilen bulgulara gore gelir seviyesinin ve igsizligin go¢ hareketleri lizerinde sirasiyla pozitif ve negatif
yonde etkileri bulunmaktadir. Siddet ve terdrizmin ise istatistiki olarak anlamsiz oldugu tespit edilmistir.

Uluslararas1 gogiin belirleyicilerini aragtirmaya yonelik gelistirilen ve mevcut ¢aligmada ele alinan gostergeler ekseninde
deginilen caligmalarda, go¢ faaliyetinin tiim donemlerde ve tiim iilkelerde standart bir yap1 sergilemedigi, go¢ kararinin ekonomik
faktorler kadar politik, sosyal ve demografik faktorlere gore farklilik gosterdigi dikkat cekmektedir. Ayrica terdrist eylemlerin
go¢ karart lizerindeki etkisinin kisith sayida ¢alismada ele alindigi, mevcut caligmalarin biiyiik boliimiiniin Neo — Klasik go¢
teorisi cercevesinde olusturuldugu goriilmektedir. Icinde bulundugumuz yiizyilda artan giivenlik tehdidinin go¢ karari iizerindeki
etkisini incelemeye yonelik gelistirilen bu calismada ise ekonomik faktorlerle birlikte teror eylemlerinin go¢ karar1 iizerindeki
etkisi incelenmis ve ekonomik faktorlerin etkinligi cercevesinde Neo — Klasik go¢ teorisinin gecerliligi arastirilmistir. Caligmanin
devam eden boliimiinde ise degiskenler arasindaki iliskinin incelenmesine yonelik gelistirilen ampirik analize yer verilmistir.

Ampirik Analiz
Uluslararas1 go¢ eyleminin belirleyicilerinin ampirik olarak ele alindig1 bu boliimde, arastirmada kullanilan yontemin, veri
setinin ve modelin tanitilmasinin ardindan ampirik bulgulara yer verilmistir.

Metodoloji

Gog hareketleri incelenirken farkli tahmin yontemleri kullanilmakla birlikte ¢cekim modellerinden de siklikla faydalanilmaktadir.
Cekim modelleri esasen Newton’un yercekimi teorisine dayanmaktadir. Yer¢ekimi teorisi, iki cisim arasinda olusan ¢ekim kuvve-
tinin, iki cismin kiitleleri arttik¢a artacagini; aralarindaki fiziksel mesafe arttikca azalacagini ifade etmektedir. S6z konusu teorinin
ekonomiye uyarlanmasi iilkeler arasindaki dis ticareti aciklamak amaciyla Tinbergen (1962) tarafindan gerceklestirilmigtir. New-
ton’un yergekimi teorisinden hareketle iilkeler arasindaki dig ticareti aciklamak i¢in olusturulan standart ¢ekim modeli asagidaki
gibi ifade edilmektedir:

(Y;)Pi(Y;)P

1
(Dij)Ps W

T;; = Bo

Esitlikte 1 ihracatg1 ve j ithalat¢ iilke olmak iizere, T;;, i ve j iilkeleri arasindaki dis ticaret hacmini; Y; ve Y; sirasiyla i ve j
tilkelerinin ekonomik biiyiikliigiinii; D;;, i ve j iilkeleri arasindaki mesafeyi, By, orant1 sabitini ifade etmektedir. Dolayisiyla dig
ticarete uyarlanan ¢cekim modeli, iki iilke arasindaki ticaret hacminin iilkelerin biiyiikliikleri ile dogru orantily, iilkeler aras1 mesafe
ile ise ters orantili oldugunu gostermektedir.

Calismada standart cekim modeli, uluslararasi go¢ hareketlerine etki ettigi diisiiniilen ekonomik ve ekonomik olmayan bagim-
s1z degiskenler eklenerek gog¢ hareketlerine uyarlanmig, denklem logaritmik doniisiime tabi tutularak dogrusal formda tahmin
edilmigtir.
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Calismada panel veri analizi yontemlerinden faydalanilmistir. Panel veri analizlerinde genellikle tek birim ve tek zaman
boyutunun ele alindig1 iki boyutlu modellerin kullanildig1 goriilmektedir. Ancak s6z konusu boyutlarin yeterli olmamasi halinde
birden fazla boyutu iceren modeller de tahmin edilebilmektedir. Cok boyutlu modeller olarak adlandirilan bu modellerde birbiri
icerisine yuvalanmis veya yuvalanmamus, birden fazla birim veya zaman veya her iki durumunda s6z konusu oldugu kosullar dikkate
alinarak tahmin yapilabilmektedir. Modellerin tahmininde oncelikle kullanilan birim ve zaman etkilerinin varl131 sitnanmakta, elde
edilen bulgular dogrultusunda uygun tahminciler kullanilarak model tahminleri gerceklestirilmektedir. Bu calismada, birbiri
icerisine yuvalanmamus iki birim ve bir zaman boyutunun yer aldig1 ¢ok boyutlu bir panel veri modeli temel alinmisgtur.

Calismada kullanilan go¢ hareketlerine iliskin cok boyutlu panel cekim modeli, Poisson Pseudo En Cok Olabilirlik Tahmincisi
(Poisson Pseudo Maximum Likelihood Estimator — PPML) kullanilarak tahmin edilmistir. Cekim modeli kullanilarak gerceklestir-
ilen ¢aligmalarda agirlikli olarak En Kiigiik Kareler (Ordinary Least Squares — OLS) temelli tahmincilerin kullanildig1 ve ¢ekim
modelinin logaritmik dogrusal doniigiim yapilarak tahmin edildigi goriilmektedir. Ancak, ticaret, go¢ ve turizm akimlarina yone-
lik olarak uygulanabilen ¢cekim modellerinde bagimli degisken sifir degeri alabilmektedir. OLS temelli tahminciler, sifir olarak
geceklesen degerleri goz Oniinde bulundurmamakta, logaritmasi alinamadigindan sifir degerli gozlemleri modelden diglamaktadir.
Sifir degerli gozlemlerin modelden diglanmasi, ¢cekim modelinin tahmininde sapmalara yol acabilmektedir. Ayrica OLS temelli
tahminciler hata terimi varyansinin sabit oldugu varsayimu ile ¢alistigindan, logaritmik — dogrusal doniisiim yapilarak ¢ekim
modelinin s6z konusu yontemler ile tahmin edilmesinin, hata terimi varyansinin sabit oldugu varsayiminin ihlal edilmesine yol
act1g1 ifade edilmektedir. Bu problemi ¢6zmek icin modelin PPML tahmincisi kullanilarak iistel formda tahmin edilmesi 6nerilmis,
PPML tahmincisinin sifir gézlem ve degisen varyans problemlerinin varliginda dahi etkin sonuclar verdigi tespit edilmistir (Silva
& Tenreyro, 2006; Westerlund & Wilhelmsson, 2011)

Calismada birim ve zaman etkilerinin varlig1 Olabilirlik Orani (Likelihood Ratio — LR) testi ile incelenmistir. LR testinde hig¢bir
etkinin var olmadig1 kisithh model ve etkilerin yer aldig1 kisitsiz model en ¢ok olabilirlik yontemi ile tahmin edilmekte ve LR test
istatistikleri elde edilmektedir. LR testinde temel hipotez kisith modelin gegerli oldugu varsayimi ile kurulmakta, temel hipotezin
reddedilmesi gecerli etkilerin modele dahil edilmesi gerektigini ifade etmektedir (Yerdelen Tatoglu & Gul, 2019).

Veri Seti ve Model

Gogiin belirleyicilerini incelemeye yonelik gelistirilen bu calismada, go¢ teorilerinin temelini olusturan insanlarin ekonomik
kaygilarla go¢ karar1 verdigi hipotezinin giiniimiizde hala gecerliligini koruyup korumadig test edilmeye ¢aligilmig, ayrica 6zellikle
icinde bulundugumuz dénemde artan terdr olaylarinin go¢ kararinda etkili olup olmadigi sorusuna yanit aranmustir. Diinyada en
cok goc alan 20 iilke kapsaminda gelistirilen calismada her bir go¢ alan iilkeye en ¢ok go¢ veren en ¢ok gog¢ veren iilkelerden
gerceklesen go¢ hareketleri 1995 — 2020 donemi bes yillik verileri kullanilarak ¢cok boyutlu panel ¢cekim modeli yaklagim ile
incelenmistir. Calisma kapsaminda analize dahil edilen iilkeler Tablo 1’de sunulmustur'.

Analizde kullanilan degiskenler ve kaynaklar1 Tablo 2’de sunulmustur.

Temel ¢ekim modelinden hareketle olusturulan uluslararasi go¢ hsreketlerine iligkin ¢ok boyutlu panel cekim modeli asagidaki
gibidir:
Imigrant;j; = Bo + B1lgdpd;; + p2lgdpoj; + B3lunemp j; + Bade flator j; + Bs lterrorj; + Beldistance;;
2

+ Brborder;; + Bglang;; + p; +yj + A +eij;

Denklemde i go¢ alan (hedef) iilke j go¢ gonderen (kaynak) iilkeyi temsil etmek iizere, migrant; j;, kaynak iilke j lilkesinden hedef
lilke i iilkesine gelen gd¢men sayisim; gdpd;; ve gdpo;, sirastyla hedef ve kaynak iilkelerin kisi bagina diisen Gayrisafi Yurtici
Hasila (GSYH) degerlerini; unemp j;, kaynak iilkelerin igsizlik oranlarin; de flator j;, kaynak iilkelerin deflator fiyat endekslerini;
terror j;, kaynak lilkelerde gergeklesen teror olaylarini;? distance; j» hedef ve kaynak iilkelerin bagkentleri arasindaki mesafeyi;
border;;, hedef ve kaynak iilkelerin sinir komgusu olup olmadigini; /ang;;, hedef ve kaynak iilkelerin ortak bir dil paylasip
paylagsmadigini ifade etmektedir. Ayrica y; ve y; sirasiyla hedef ve kaynak iilkelere iligkin birim etkilerini, A,, zaman etkisini
temsil etmektedir. e;;;, hata terimidir; /, degiskenlerin dogal logaritmalarmin alindigim gostermektedir. PPML tahmincisi ile
tahmin edilen ¢ok boyutlu ¢cekim modelinin iistel formdaki gosterimi Denklem 3’teki gibidir:

migrant;j; = exp(Bo + Bi1lgdpd;; + B2lgdpoj, + B3lunemp j, + Bade flator j; + Bslterrorj; + Beldistance;; + Brborder;;

+Bslang;) + i +y;+ A + ey

3

! Caligmada gég alan iilkeler belirlenirken 1995 — 2020 doneminde s6z konusu iilkelere gelen gégmen sayilarinin yatay ortalamalari alinmig ve bu dogrultuda iilkeler yiiksekten diigiige
dogru siralanmustir. Dengeli bir panel veri seti olusturulabilmesi i¢in bazi go¢ alan iilkeler analize dahil edilememis, analizler verilerine eksiksiz ulasilabilen ilk 20 iilke kapsaminda
gerceklestirilmistir.

2 Analizde etkinligin saglanmasi adina terdr olayinin meydana gelmedigi yillar icin gerceklesen terdr olay: sayisi sifira en yakin deger olarak 0.0001 seklinde degistirilmistir.
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Tablo 1. Analize Dahil Edilen Ulkeler

Gog¢ Alan Ulkeler

Gog Veren Ulkeler

Amerika Birlesik Devletleri

Rusya

Almanya

Suudi Arabistan

Fransa

Birlesik Krallik

Hindistan

Avustralya

Birlesik Arap Emirlikleri

Cin, Kiiba, Dominik Cumhuriyeti, EI Salvador, Hindistan, Meksika, Filipinler, Porto
Guney Kore, Vietnam

Ermenistan, Azerbaycan, Belarus, Glrcistan, Almanya, Kazakistan, Kirgiz
Cumbhuriyeti, Tacikistan, Ukrayna, Ozbekistan

Avusturya, Cekya, Yunanistan, italya, Kazakistan, Polonya, Romanya, Rusya
Federasyonu, Tirkiye, Ukrayna

Banglades, Misir, Hindistan, Endonezya, Nepal, Pakistan, Filipinler, Sri Lanka,
Cezayir, Belcika, Almanya, Italya, Fas, Portekiz, ispanya, Tunus, Tiirkiye, Birlesik
Krallik

Banglades, Cin, Almanya, Hindistan, rlanda, Jamaika, Pakistan, Polonya, Giiney
Afrika, Amerika Birlesik Devletleri

Banglades, Brunei, Cin, Myanmar, Nepal, Pakistan, Sri Lanka, Uganda, Birlesik
Arap Emirlikleri, Amerika Birlesik Devletleri

Cin, Almanya, Yunanistan, Hindistan, italya, Yeni Zelanda, Filipinler, Giiney
Afrika, Birlesik Krallik

Banglades, Misir, Hindistan, Endonezya, Urdiin, Kuveyt, Pakistan, Filipinler, Sri
Lanka, Sudan

Ermenistan, Azerbaycan, Belarus, Glrcistan, Kazakistan, Kirgizistan, Rusya

Ukrayna Federasyonu, Tacikistan, Ozbekistan, Vietnam

. Arnavutluk, Cin, Fransa, Almanya, Hindistan, Fas, Filipinler, Romanya, Isvicre,

ltalya Ukrayna

is Arjantin, Bolivya, Kolombiya, Ekvador, Fransa, Almanya, Fas, Peru, Romanya,

panya S

Birlesik Krallik

Pakistan Cin, Hindistan, Endonezya, iran, Irak, Myanmar, Sri Lanka

Kazakistan Ermenistan, Azerbqycan, Belarus, Giiney Kore, Kirgizistan, Rusya, Tacikistan,
Turkiye, Ukrayna, Ozbekistan

fran . . .
Ermenistan. Azerbavcan. Irak. Pakistan. Tirkive

Turkiye Bulgaristan, Almanya, Yunanistan, iran, Irak, Hollanda, Kuzey
Makedonya, Romanya, Rusya, Suriye

Urdiin Banglades, Cin, Misir, Hindistan, Endonezya, Irak, Filipinler, Suudi
Avrabistan, Sri Lanka, Suriye

Tayland Kambogya, Cin, Hindistan, Japonya, Laos, Myanmar, Nepal, Sri Lanka, Amerika
Birlesik Devletleri, Vietnam

Fildisi Sahilleri Benin, Burkina Faso, Gana, Gine, Mali, Moritanya, Nijer, Nijerya, Senegal, Togo

Malezya B_anglades, _Cin, Hindistan, Endonezya, Myanmar, Nepal, Pakistan, Filipinler,
Singapur, Vietnam

Ampirik Bulgular

Calismada oncelikle birim ve zaman etkilerinin varlig: liglii, ikili ve tekli kombinasyonlar halinde LR testi ile sitnanmigtir. Test

sonuglari Tablo 3’te sunulmugtur.

Tabloda bir numarali satirda yer alan ilk test, iki birim ve bir zaman etkisinin birlikte yer aldig1 LR testini ifade etmektedir. iki,
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Tablo 2. Degiskenler ve Kaynaklari

Degiskenler Aciklama Kaynak
migrant Gogmen sayist Birlesmis Milletler (2022)
gdpd Hedef llke GSYH (2015, Sabit fiyatlarla) Dinya Bankasi (2022)
gdpo Kaynak tlke GSYH (2015, Sabit fiyatlarla) Dinya Bankasi (2022)
unemp Kaynak ulkelerin issizlik oranlar Diinya Bankasi (2022)
deflator Kaynak Ulkelerin deflator fiyat endeksi Dinya Bankasi1 (2022)
terror Kaynak ulkelerde gerceklesen teror olaylar START (2022)
distance Kaynak ve hedef Ulkelerin baskentleri arasindaki mesafe (km) CEPII (2022)
border Kaynak ve hedef Ulkelerin ortak siira sahip olup olmamasi Yazarlar tarafindan
(Ulkeler ortak sinira sahip ise “1” aksi halde “0” degerini alan olusturulmustur.

kukla degiskendir.)

lang Kaynak ve hedef Ulkelerin ortak dile sahip olup olmamast.
(Ulke niifuslarmin en az %9’nun konustugu ortak bir dil var CEPII (2022)

ise sahip ise “1” aksi halde “0” degerini alan kukla degiskendir.)

Tablo 3. LR Testi Sonuglari

Temel Hipotez LR istatistigi Olasilik Degeri

1 Hy:0, =0, =03 =0 930.03*** 0.000
2 Hy:0, =0, =0 888.31#** 0.000
3 Hyrop, =0y =0 605.62+** 0.000
4 Hy:o, =0y =0 144 33*** 0.000
5 Hy:0, =0 579.10%** 0.000
6 Hy:o, =0 131.31%*** 0.000

Hy:0y =0 9.73%%* 0.000

Not: *** %1 6nem seviyesinde istatistiki anlamlilig1 ifade etmektedir.

tic ve dort numarali satirlarda yer alan testler etkilerin ikigerli kombinasyonlar ile; son ii¢ satirda yer alan testler ise etkilerin tek
tek anlamliliklarini sinamak iizere gergeklestirilen LR test sonuclarini yansitmaktadir. Birim ve zaman etkilerinin varligina iligkin
yiiriitiilen tiim testler sonucunda temel hipotezler reddedilmis ve tiim etklerin anlamli oldugu goriilmiistiir. Buradan hareketle ¢ok
boyutlu panel ¢cekim modelinin her iki birim ve zaman etkilerinin dahil edilerek tahmin edilmesine karar verilmisgtir.

LR testlerinin ardindan model, anlaml etkiler dahil edilerek PPML tahmincisi ile tahmin edilmistir. Tahmin sonuglar1 Tablo
4’te yer almaktadir.

Tablo 4’te yer alan tahmin sonuglarina gore, go¢ alan iilkelerdeki kisi basina GSYH ve go¢ veren iilkelerdeki fiyat endeksi
degiskenlerinin go¢ hareketleri tizerindeki etkisi siras1 ile negatif ve pozitif olarak tespit edilmistir. Ancak kaynak iilkelerdeki
GSYH ve igsizlik oram degiskenlerine iligkin parametrenin istatistiki olarak anlamsiz oldugu tespit edilmistir. Dolayisi ile ele
alinan donem ve iilkeler kapsaminda gelir ve issizlik oranindaki degismelerin go¢ hareketleri iizerinde oncelikli olarak etkili
olmayabilecegi goriilmiigtiir. Kaynak iilkelerde gerceklesen terdr olaylarinin go¢ hareketleri iizerindeki etkisinin pozitif ve istatistiki
olarak anlamli oldugu tespit edilmistir. Tahmin sonuglar1 ortak dil degiskeni ile go¢ hareketleri arasinda istatistiki olarak anlamli
bir iligki bulunmadigini; go¢ hareketlerinin ortak sinir degiskeninden ise pozitif ve istatistiki olarak anlamli sekilde etkilendigini
gostermistir. Elde edilen bulgular ekonomik faktorler agisindan Karemera vd. (2010), Fitzgerald vd. (2014), Carril — Caccia vd.
(2021) ve Mayda (2022); teror olaylar1 agisindan Naudé (2010) ve Carril — Caccia vd. (2021); mesafe, ortak dil ve ortak sinir
degiskenleri acisindan Lewer ve Berg (2008), Karemera vd. (2010) ve Mayda (2022) ile ortiismektedir.
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Tablo 4. PPML Tahmin Sonuglari

Degisken Katsayn Robust St. Hata Olasiik Degeri
Igdpd -0.772%** 0.230 0.001

Igdpo 0.102 0.172 0.554

lunemp  -0.030 0.052 0.562

deflator  0.001** 0.000 0.014

Iterror 0.013* 0.008 0.099

Idistance -0.224 0.115 0.052

border 1.408*** 0.179 0.000

lang 0.087 0.252 0.731

Sabit 21.550%** 2.152 0.000

Esz‘i“do 0.8411 Wald chi2(8) = 303.15*** (0.000)

Not: *** ** ye * sirasiyla %1, %5 ve %10 6nem seviyesinde istatistiki anlamhilig: ifade
etmektedir.

Sonug

Neo — Klasik gog teorisi, go¢ kararinin temel belirleyicisinin ekonomik faktorler oldugu hipotezine dayanmakta ve rasyonel
insan On kabulii ile sosyal olgularin degisken olabilecegini, statik analizlerin ise her sart ve kosulda gecerli olmayabilecegini
g6z ard1 etmektedir. Bununla birlikte bireysel diirtiiler, modern ¢agin getirdigi ekonomik, sosyal ve teknolojik gelismeler, politik
baskilar, fiziksel ve psikolojik saldirilar go¢ kararinin ortaya ¢cikmasina yol acabilmekte ve bu karar gerek goc¢ veren gerekse de
goc alan toplumlar acisindan cesitli politik, ekonomik ve sosyal sonuglar dogurabilmektedir.

Gociin belirleyicilerini incelemeye yonelik gelistirilen bu ¢alismada, go¢ teorilerinin temelini olusturan insanlarin ekonomik
kaygilarla gog karar1 verdigi hipotezinin giiniimiizde hala gecerliligini koruyup korumadig: test edilmeye ¢aligilmig, ayrica dzellikle
icinde bulundugumuz doénemde artan terér olaylarinin gé¢ kararinda etkili olup olmadig1 sorusuna yanit aranmistir. Diinyada en
cok gog alan 20 iilke kapsaminda gelistirilen ¢aligmada her bir goc alan iilkeye en ¢ok go¢ veren iilkelerden gerceklesen gog
hareketleri 1995 — 2020 dénemi bes yillik verileri kullanilarak ¢cok boyutlu panel cekim modeli yaklagimi ile incelenmistir.

Ampirik analiz sonucunda elde edilen bulgular, beklentilere uygun sekilde tilkeler arasindaki mesafe ve ortak sinir degiskenlerinin
g0¢ hareketlerini sirasiyla negatif ve pozitif yonde etkiledigini gostermistir. Diger taraftan goc veren iilkelerin GSYH ve issizlik
oranm1 degerlerinin etkisinin istatistiki olarak anlamsiz oldugu, go¢ alan iilkelerin GSYH degerlerinin go¢ hareketlerini negatif
yonde etkiledigi, go¢ veren lilkelerdeki fiyat seviyesinin go¢ hareketlerini pozitif yonde etkiledigi ancak bu etkinin katsay1 itibariyle
oldukg¢a diisiik oldugu sonucuna ulagilmistir. Ekonomik faktorler acisindan elde edilen bu sonuglar biiyiik 6l¢iide Neo — Klasik
ekol ekseninde gelistirilen, gociin temel belirleyicisinin ekonomik faktdrler oldugu hipotezinin en azindan analize tabi tutulan
donem ve iilkeler i¢in gegerli olmadigina isaret etmekte ve go¢ kararinin ekonomik faktorlerden ziyade giivenlik, 6zgiirliik, siyasi
istikrar, egitim olanaklar1 gibi sosyal faktorler tarafindan belirlendigi fikrini uyandirmaktadir. Go¢ veren iilkelerde gerceklesen
terdr olaylarinin gog hareketleri lizerindeki etkisinin pozitif yonde oldugunun tespit edilmesi de bu dnermeyi destekler niteliktedir.
Bununla birlikte terdrizm devlet dig1 bir aktoriin, siyasi, ekonomik, dini veya sosyal bir amaca ulagmak i¢in kiside veya toplumda
korku yaratarak siddet kullanimi veya tehdidi olarak tanimlanmaktadir (Mohamed vd., 2019). Resmi otoriteler tarafindan o
tilkenin yasal sinirlar1 dahilinde uygulanan siddet eylemleri teror kapsaminda degerlendirilmediginden s6z konusu eylemlerin go¢
hareketleri iizerindeki etkisi bu calismada incelenememistir. Dolay1s1 ile kamusal otorite tarafindan bireylere yoneltilen gsiddet
eylemlerinin de gz 6niinde bulundurulabilmesi halinde daha kesin ve giiclii sonuclar elde edilebilecegi diigiiniilmektedir.
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0Z

Iktisadi biiyiimenin kaynaklar1 ve etkileriyle birlikte, cesitli makroekonomik biiyiikliiklerle iliskisi de gecmisten giiniimiize birgok
calismaya konu olmustur. Bu calismada Ar-Ge harcamalari, toplam faktor verimliligi ve ekonomik biiyiime arasindaki iligki,
Tiirkiye orneginde ampirik olarak arastirilmistir. Bu amagla, Tiirkiye’'nin 1990-2019 donemi verileri ve Granger nedensellik
analizi yontemi kullanmilmigtir. Yapilan analiz neticesinde, Ar-Ge harcamalari ile biiylime ve Ar-Ge harcamalar ile toplam faktor
verimliligi arasinda tek yonlii nedensellik iligkisi bulunmustur. Bu iligkilerin yoniiniin ise Ar-Ge harcamalarindan biiyiimeye
ve Ar-Ge harcamalarindan toplam faktor verimliligine dogru oldugu sonucuna ulagilmistir. Bu baglamda, Tiirkiye’nin Ar-Ge’ye
onem veren ve Ar-Ge harcamalarint arttirict yonde politikalara agirlik vermesi gerekmektedir. Bunun yaninda, toplam faktor
verimliligindeki artiglarin da biiyiimeyi olumlu yonde etkiledigi goz Oniine alindiginda, politika yapicilar Ar-Ge yatirimlartyla
birlikte kaynak verimliligini artiric1 politikalar1 da bizzat uygulamaya gecirmeli ve vergi kolayliklari, finansal ve teknik desteklerle
0zel sektorii bu konularda tegvik etmelidir.

ABSTRACT

Many studies have been conducted on the sources and effects of economic growth and its relationship with various macroeconomic
variables. In this study, the relationship between research and development (R&D) expenditures, total factor productivity, and
economic growth has been empirically investigated in the case of Turkey. Turkey’s 1990-2019 period data and the Granger causality
analysis method were used for this purpose. The analysis discovered a one-way causality relationship between R&D expenditures
and growth as well as between R&D expenditures and total factor productivity. In this context, Turkey should focus on policies
that prioritize R&D and increase R&D expenditures. Furthermore, given that increases in total factor productivity boost growth,
policymakers should implement policies that increase resource efficiency and R&D, and encourage the private sector to invest in
these areas through tax breaks, financial incentives, and technical assistance.

Anahtar Kelimeler: Ar-Ge Harcamalari, Toplam Faktor Verimliligi, Ekonomik Biiylime, Granger Nedensellik Analizi

Keywords: Research and Development Expenditures, Total Factor Productivity, Economic Growth, Granger Causality Analysis

EXTENDED SUMMARY
When economic growth is sustained, it improves the welfare of the country’s citizens by increasing per capita income. As a
result, the sources of growth or factors that increase growth have been a topic of interest from the past to the present. Along with
an increase in production factors, technological development is one of the most important sources of growth. Some indicators
influence technological development. These indicators also include total factor productivity and R&D expenditures.

Total factor productivity, defined as the increase in productivity across all production factors, is the primary source of long-
term growth. In order to achieve development by ensuring stable growth, firms must increase resource efficiency by investing in
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technology, particularly in developing countries. Technology is discovered and developed in the economy due to R&D activities.
R&D activities are regarded as the foundation for the production and dissemination of new information; technological advances
obtained in this manner also positively impact economic growth by increasing the efficiency of production factors and lowering
production costs. Indeed, because R&D activities incur costs, spending is required to cover these costs. The ratio to gross national
product of this size, technically expressed as “R&D expenditures,” is regarded as one of the most important indicators of countries’
importance on science and technology today.

In the literature, the number of studies on Turkey, particularly in recent years, on the relationship between total factor productivity,
R&D investments, and growth has been increasing. However, studies on the relationship of these two factors with growth have
been conducted separately. The effect of R&D expenditures and total factor productivity, which are two interrelated concepts on
economic growth, has never been studied. In this context, this study aims to fill this gap in the literature by empirically revealing
the relationship between these three variables in the Turkish example.

The Granger causality method is used in the study to test the effect of R&D expenditures and total factor productivity on growth
using annual data from 1990 to 2019. The improved Augmented Dickey—Fuller (ADF) unit root test assesses its stationarity.
The vector autoregressive model is established after performing other necessary tests, such as autocorrelation, stability, and
heteroskedasticity tests. Moreover, the existence and direction of the causality relationship between the variables are investigated
using the Granger causality test.

According to the Granger causality test, the prediction results for the three models are examined separately. The relationship
between R&D expenditures, growth, and total factor productivity with other variables as dependent variables is analyzed, respec-
tively. The following analysis results were obtained regarding the direction of the relationship between R&D expenditures, growth,
and total factor productivity: R&D expenditures and growth have a unidirectional causality relationship. The direction of this
causality relationship is from R&D expenditures to growth. In this context, the study findings are comparable to those of Altin and
Kaya (2009), Korkmaz (2010), Gen¢ and Atasoy (2010), as well as Duman and Aydin (2018). Meanwhile, R&D expenditures and
total factor productivity have a unidirectional causality relationship. The direction of this relationship is from R&D expenditures to
total factor productivity. This result is consistent with the results of Guellec and van Pottelsberghe de la Potterie (2001), Voutsinas
and Tsamadias (2014), as well as Aydin and Yal¢inkaya (2016). There is no evidence of a causal relationship between total factor
productivity and growth. This result is consistent with the studies by Aksu (2017) as well as Bozkurt and Toktag (2018).

This study’s results reveal that R&D expenditures increased growth in Turkey during the period examined. Similarly, R&D
expenditures positively affected the total factor productivity. In this context, it can be inferred that Turkey’s increase in R&D
expenditures during the specified period had a positive impact on growth and total factor productivity.

Today, R&D studies are one of the most important tools for countries to gain a competitive advantage. The primary requirement
for conducting R&D studies is the availability of the necessary financial resources. Another critical issue is the training of qualified
personnel in this field. Therefore, social awareness about the importance of producing and developing technology should be raised
and well-equipped personnel in the field of R&D should be trained. Subsequently, the necessary resources should be allocated for
R&D, with increasing the amount of this resource from year to year becoming one of the primary goals. In this context, although
it is encouraging that Turkey’s R&D expenditures as a percentage of gross domestic product have recently increased above 1%, it
is still quite low compared to developed countries. To increase this share even further, the government should try to provide the
necessary resources and incentives and regulations so that the private sector can participate in R&D activities more effectively.

Giris

18. yy’da Ingiltere’de ortaya ¢ikan ve daha sonra tiim diinyaya yayilan Birinci Sanayi Devrimi, bircok degisimi beraberinde
getirmistir. Devrim, ilk olarak ekonomilerde iiretim diizeyini ve bi¢imlerini degistirmis, ardindan toplumlarin sosyoekonomik ve
kiiltiirel yapilarina etki etmistir. S6z konusu siiregle birlikte, liretim eskisine gore cok daha hizli ve verimli bir hale gelmistir. Bu
durumu saglayan faktor ise teknolojik gelismelerdir. Bu baglamda “herhangi bir sey iiretebilmek i¢in gerekli olan bilgi” seklinde
tanimlanabilen teknoloji, zamanla iilkelerin ekonomik giiciinii ortaya koyan temel gostergelerden biri haline doniigmiistiir.

Emek, sermaye, dogal kaynaklar ve girisimci seklinde siralanan ve biiyiimenin kaynaklar1 olarak kabul edilen klasik iiretim
faktorlerine, daha sonra teknoloji de eklenmistir. 1980°1i yillarda gelistirilen i¢sel biiyiime teorilerine kadar ekonomik biiylime i¢in
digsal bir faktor olarak kabul edilen teknoloji, ad1 gecen teorilerle birlikte biiyiimeye etki eden icsel bir faktor olarak goriilmeye
baglanmustir. Diger liretim faktorlerinde oldugu gibi, somut gostergelerle dl¢limii her zaman miimkiin olmayan teknolojinin iiretim
anlaminda temel gostergesi verimliliktir. Belli bir iiriinii ayn1 kaynaklarla yada ayni1 kaynaklarla daha fazla iiriin elde edilmesi de
verimliligin arttiginin gostergesidir. Tiim iiretim faktorlerindeki verimlilik artisini ifade eden toplam faktor verimliligi refahin ve
uzun vadeli biiylimenin kaynagidir (Kamaci, Ceyhan ve Pece, 2019, s. 23)

Ekonomide teknolojinin ortaya ¢ikarilmasi ve gelistirilmesi, arastirma-gelistirme (Ar-Ge) faaliyetleri sonucunda olmaktadir. Ar-
Ge faaliyetleri yeni bilgilerin iiretilmesi ve yayilmasina temel olusturmakta, bu sekilde elde edilen teknolojik gelismeler de iiretim
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faktorlerinin verimliligini artirip liretim maliyetlerini diisiirerek ekonomilerin biiyiimesini olumlu yonde etkilemektedir. Dolayisiyla
Ar-Ge faaliyetleri, siirdiiriilebilir ekonomik biiylimenin temel kaynaklarindan biri olarak ekonomilerin rekabet giiclerini artirmakta
ve iilkelerin sosyoekonomik gelisimine katki saglamaktadir. Tabi, Ar-Ge faaliyetlerinin gerceklestirilmesi birtakim maliyetlere
yol acti81 icin, bu maliyetlerin karsilanmas1 harcama yapmay1 gerektirmektedir. Teknik olarak “Ar-Ge harcamalar1” olarak ifade
edilen bu biiyiikliigiin GSMH’ya orani, giiniimiizde iilkelerin bilim ve teknolojiye verdigi 6nemin de en 6nemli gostergelerinden
biri olarak kabul edilmektedir.

Literatiirde ekonomik biiyiimeye etki eden faktorlerden ikisi olarak toplam faktor verimliligi ve Ar-Ge harcamalarinin biiyiimeyle
iligkisi konusunda, Tiirkiye iizerine 6zellikle son donemlerde yapilan calismalarin sayisinda artig goriilmektedir. Ancak, yapilan
caligmalar s6z konusu iki bilyiikliigiin ayr1 ayr1 biiytimeyle iligkisi lizerinedir. Birbiriyle iligkili kavramlar olarak Ar-Ge harcamalar1
ve toplam faktor verimliliginin ekonomik biiyiime iizerine etkisi konusunda bir ¢alisma bulunmamaktadir. Bu baglamda, bu
caligmanin amaci bu ii¢ degisken arasindaki iligskiyi Tiirkiye orneginde ampirik olarak ortaya koyarak literatiirdeki bu eksikligi
gidermektir.

Calismada, Ar-Ge harcamalar1 ve toplam faktor verimliliginin biiyiime iizerindeki etkisi, Tiirkiye’nin 1990-2019 dénemi yillik
verileri kullanilarak ampirik olarak arastirilmistir. Degiskenler arasindaki iligki, Granger nedensellik yontemiyle test edilmisgtir.
Ampirik analizde duraganli§in sinanmasti icin, Gelistirilmig Dickey-Fuller (ADF) birim kok testi kullanilmistir. Gerekli bazi testler
yapildiktan sonra VAR modeli kurularak, Granger nedensellik testiyle degiskenler arasinda nedensellik iligkisinin varlig1 ve yonii
arastirilmastir.

Caligma giris ve sonug disinda ii¢ boliimden olusmaktadir. Tlk boliimde Ar-Ge harcamalar1, toplam faktor verimliligi ve ekonomik
biiylime iligkisi teorik olarak ortaya konulmustur. Sonraki boliimde konuyla ilgili ampirik literatiir hakkinda bilgi verilmistir. Son
boliim ise ampirik testlerin yapildig1 ve sonu¢larinin degerlendirildigi ampirik analiz boliimiidiir.

Kavramsal Cerceve

Ekonomilerin temel makroekonomik amaglarinin basinda gelen ekonomik biiyiime iki yolla ortaya ¢ikmaktadir. Birinci yolda
biiylime, mevcut kaynaklara baska kaynaklarin ilavesi sayesinde iiretimin arttirilmasi seklinde gerceklesirken, ikinci yol ise tam
istihdam kosullarinda iiretim faktorlerinin verimliligini artirmaktir (Taban, 2018, s. 3). Birinci yol iilkeleri kisa vadede kaynak
tedarikini zorunlu kilarken, ikinci yol uzun vadede bilgi ve teknoloji iiretimini ve/veya kullanimini gerektirmektedir. Bilgi ve
teknoloji iiretimi ise Ar-Ge faaliyetlerine, Ar-Ge faaliyetleri ise Ar-Ge harcamalarina dayanmaktadir.

Ar-Ge harcamalari biiylime lizerinde olumlu ve kalic1 etkiye sahiptir (Freimane ve Balina, 2016, s. 5). Bir ekonomide biiyiime ve
Ar-Ge yatirimlart arasindaki iligki uzun dénemi vurgulamaktadir (Blanco ve Prieger, 2016, s. 931). Arastirma ve gelistirme uzun
donemde hem kamu ¢iktist, hem de toplam faktor verimliligi lizerinde biiyiik etkiye sahiptir (Blanco ve Prieger, 2016, s. 913). Uzun
vadede yenilik girisimine yonelik caligmalar ve Ar-Ge cabalartyla desteklenen teknolojik ilerlemeler iilkelerin refah seviyelerini
ve verimlilik diizeylerini yiikseltmektedir. Boylelikle iilkelerin biiyiimeleri gerceklesmektedir (Giines, 2019, s. 160). Dolayis1yla,
iktisadi biiylimede kisi basina GSYIH ya da verimlilik artis oranindaki uzun vadeli egilimler g6z 6niinde bulundurulmaktadir.
Yiiksek verimlilik diizeyine sahip olmayan bir iilke i¢in biiyiime taklit siirecini ve var olan bilginin aktarimin1 yansitacaktir. Yiiksek
verimlilik diizeyine sahip lider iilkenin biiylime orani ise, bilginin sinirindaki biiyiimenin bazi gostergelerini vermektedir (Romer,
1986, s. 1008).

Ar-Ge faaliyetleri sonucunda olusan teknolojik gelisme verimlilikle iligkili oldugu gibi, ayn1 zamanda teknolojik ilerlemeler
verimliligi yiikseltmektedir. Dolayistyla, verimlilikteki iyilesmelerin belirleyicisi teknolojik gelismelerdir (Taban, 2018, s. 38).
Belirli bir iiriinii daha az kaynakla ya da belirli kaynakla daha fazla iiriin elde edilmesine imkan saglayan yeni bir alet, makine yada
tiretim teknigi olarak ifade edilebilen teknolojik gelismenin 6nemli gostergelerinden biri verimlilik artigidir. Teknolojik gelismeler
de biiyiik ol¢iide Ar-Ge faaliyetlerine dayanmaktadir.

Ekonomik biiylime siireci, egitim ve teknoloji alanindaki gelismelerden etkilenmektedir. Ekonomiler belli alanlara yatirim
yaparak, o alanlarda 6grenme diizeyini arttirarak iiretim maliyetlerini azaltmakta, verimliliklerini yiikseltmektedirler. Yatirim
yapilan egitim ve teknoloji alanlari sayesinde beseri sermaye olugmakta, yani dgrenme ile merak anlayisinin hakim oldugu
beseri sermaye agirlikli alanlarin meydana gelmesiyle Ar-Ge faaliyetleri énem kazanmaktadir. Ulkeler ekonomik biiyiimeyi
gerceklestirebilmek i¢in birtakim aktif politikalar izlemektedir. Ar-Ge caligmalarina 6nem vermek ve bu caligmalara yonelik
girigsimler bu politikalar arasinda yer almaktadir. Ar-Ge faaliyetleri etkin liriinler ve yeni iiretim metotlarin1 ekonomiye sunmakta,
gelistirmekte ve verimliligi yiikseltmekte; dolayisiyla biiyiimeyi saglamaktadir (Berber, 2019, s. 196-197).

Ampirik Literatiir incelemesi

Ar-Ge harcamalar1 ve ekonomik biiyiime iligkisini ortaya koyan, hem Tiirk¢e kaynakli hem de yabanci kaynakli ¢caligmalara
literatiirde sik¢a yer verilmektedir. Benzer sekilde, toplam faktor verimliligi ve biiyiime iligkisini aciklayan ¢caligmalara da literatiirde
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siklikla rastlanmaktadir. Buna karsilik, literatiirde Ar-Ge harcamalari ile toplam faktor verimliligi arasindaki iligkiyi analiz eden
ve Ar-Ge harcamalari ile toplam faktor verimliliginin biiyiime iizerindeki etkisini inceleyen fazla calisma bulunmamaktadir.
Bu boliimde, oncelikle Ar-Ge harcamalar ile biiylime ve toplam faktor verimliligi ile biiyiime iligkisini inceleyen ¢aligmalar
hakkinda bilgi verilmektedir. Ardindan, Ar-Ge harcamalari ile toplam faktor verimliligi arasindaki iligkiyi inceleyen caligsmalar
ele alinmaktadir. Son olarak ise Ar-Ge harcamalari, toplam faktor verimliligi ve biiylime iligkisini ortaya koyan caligmalar ortaya
konulmaktadir.

Ar-Ge harcamalar ile ekonomik biiylime arasindaki iligskiyi inceleyen en eski ve dnemli ¢aligmalardan biri olan Sylwester
(2001)’in calismasinda, iki biiyiikliik arasindaki iligki 20 OECD iilkesi i¢in ¢cok degiskenli regresyon modeliyle analiz edilmisgtir.
Analiz sonuglarina gore, test edilen bu iki degisken arasinda giiclii bir iligki tespit edilememigtir. Bununla birlikte, sadece G-7
tilkeleri dikkate alindi§inda sanayi Ar-Ge harcamalar1 ve ekonomik biiyiime arasinda gii¢lii bir iligki tespit edilmistir.

Yabanct literatiirdeki 6nemli ¢caligmalardan bir digeri Falk (2007)’1n ¢alismasinda, 1970-2004 yillar1 arasinda OECD iilkeleri
icin panel verileriyle dinamik bir ampirik biiylime analizi tahmin edilmektedir. Caligmada i¢selligi kontrol etmek amaciyla GMM
tahmin yontemiyle ¢alisilmigtir. Ampirik sonuglar, uzun vadede ticari igletmelerin Ar-Ge harcamalarinin ve yiiksek teknoloji i¢in
yapilan Ar-Ge yatirimlarindaki artigin, gerek kisi bagina GSYH gerekse isci bagina GSYH iizerinde giiclii bir pozitif etkiye sahip
oldugu sonucunu ortaya ¢ikarmistir. Bunun yaninda, Peng (2010)’in Cin iizerine, Szarowska (2017) nin se¢ilmis 20 AB iiyesi iilke
lizerine ve Soete, Verspagen ve Ziesemer (2019)’in Hollanda iizerine yaptig1 caligmalarda da, Ar-Ge harcamalarinin ekonomik
biiyiimeyi olumlu etkiledigi sonucuna ulasilmstir.

Ar-Ge harcamalari ile ekonomik biiylime arasindaki iliskiyi inceleyen yerli literatiideki ¢alismalar incelendiginde ise, bu
baglamda ilk ¢aligmalardan biri olan Korkmaz (2010)’1n ¢alismasinda, 1990-2008 doneminde Ar-Ge harcamalar1 ve ekonomik
biiytime iligkisi Johansen esbiitiinlesme yontemiyle analiz edilmistir. Aragtirma sonuglari, her iki degisken arasinda esbiitiinlesme
iligkisinin var oldugunu ve bu iki degiskenin uzun donemde karsilikli birbirlerini etkilediklerini ortaya koymustur.

Ar-Ge harcamalar1 ve ekonomik biiylime arasindaki iligkiyi, 1990-2014 yillar1 arasinda Tiirkiye ekonomisi i¢in inceleyen Tar1
ve Alabas (2017) ise, ARDL modelini kullanarak analizini gerceklestirmistir. Ulasilan analiz sonuclar1, hem kisa hem de uzun
donemde Ar-Ge harcamalarinin ekonomik biiyiimeyi pozitif yonde etkiledigi yoniindedir. Bu dogrultuda Tiirkiye ekonomisi i¢in
Ar-Ge harcamalarint sistematik olarak arttirmak, uzun vadede siirdiiriilebilirligi saglamak i¢in 6nemlidir. Duman ve Aydin (2018),
Dereli ve Salgar (2019) ile Konat (2021)’1n ¢alismalarinda da, s6z konusu iki biiyiikliik arasinda iligki oldugu sonucuna ulagilmistir.

Yapilan caligmalar genel olarak degerlendirildiginde, caligmalarin ¢ogunlugunda Ar-Ge harcamalari ve ekonomik biiyiime
arasinda iligki oldugu ve Ar-Ge harcamalarinin ekonomik biiylimeyi olumlu yonde etkiledigi sonucuna ulasildig1 goriilmektedir.

Toplam faktor verimliligi ve ekonomik biiylime arasindaki iligkiyi Tiirkiye 6rneginde inceleyen ampirik ¢alismalarin baglangici
ise, 2000’1i y1illarin ortalarina rastlamaktadir. Bu ¢aligmalardan biri Adak (2009)’un ¢alismasidir. Calismada en kiiciik kareler yon-
temi regresyon modeliyle iki degisken arasindaki nedensellik iligkisini arastiran Adak (2009), 1987-2007 dénemi i¢in degiskenler
arasinda dogrusal iligki oldugunu tespit etmistir. Acikgdz ve Karpat Catalbag (2010) tarafindan yapilan ¢calismada ise, Tiirkiye’ nin
1986-2006 arasindaki verileri kullanilarak parametrik olmayan regresyon analiziyle biiyiimenin kaynaklar1 ve biiylime-toplam fak-
tor verimliligi iligkisi incelenmigtir. Yapilan arastirmaya gore, sermaye birikimi 1980 6ncesi donemde biiyiimenin kaynagiyken,
1980 sonras1 donemde ise 1991-1995 yillar1 hari¢ TFV biiyiimenin kaynagi olarak goriilmektedir. Isik (2016), Alakbarov, Giindiiz
ve Erkan (2018) ile Hark ve Gokdemir (2023)’in calismalarinda da Tiirkiye’de toplam faktor verimliligi ile ekonomik biiyiime
arasinda pozitif iligki tespit edilmistir.

So6z konusu iki degisken arasindaki iligskiyi inceleyen calismalar genel olarak degerlendirildiginde, Ar-Ge harcamalar1 ve
ekonomik biiylime arasindaki iligkiyi inceleyen calismalarda oldugu gibi, calismalarin ¢cogunlugunda Tiirkiye’de toplam faktor
verimliligi ile ekonomik biiyiime arasinda pozitif iligki tespit edilmigtir. Hatta bu baglamda, Tiirkiye’de toplam faktor verimliligi
ile ekonomik biiylime arasindaki iligkiyi inceleyen ¢aligmalarda oran ¢cok daha fazladir.

Ar-Ge harcamalari ile toplam faktor verimliligi arasindaki iligkiyi ve Ar-Ge harcamalari, toplam faktor verimliligi ve biiyiime
iligkisini inceleyen ¢alismalar ise daha once belirtildigi gibi az sayidadir. Bu ¢caligsmalar su sekilde 6zetlenebilir:

Lichtenberg (1991), Ar-Ge ve verimlilik arasindaki iliskiyi ABD 6rneginde 1972-1985 donemi i¢in incelemistir. Verimlilik
analizi i¢in, en kapsamli ve saglam uzun vadeli mikro verileri kullanmistir. Elde edilen arastirma sonuglarina gore, biiyiik
firmalarin kendi arastirmalarini finanse etmek igin kogullarinin daha elverisli oldugu bulunmustur. Aynm1 zamanda, 6zel sirketler
tarafindan finanse edilen Ar-Ge (ancak toplam Ar-Ge harig) getirisinin firma biiyiikliigiiniin artan bir fonksiyonu oldugu tespit
edilmigtir.

Ar-Ge ve verimlilik artiglart iizerine yapilan bazi caligmalar Ar-Ge yatirimlarinin ¢ikti biiylimesi iizerinde olumlu etkisi oldugu
tizerinedir. Bunlardan Verspagen (1995), calismasinda Ar-Ge’nin verimlilik artiglarindaki roliinii 1973-1988 donemi i¢in arastir-
mugtir. Yaptig1 calismayla Ar-Ge ve cikt biiylimesi arasindaki iliskide iilkeler ve sektorler arasi farkliliklara iligkin genis bir genel

124




Cestepe, H., & Sikli, S., Ar-Ge Harcamalari, Toplam Faktor Verimliligi ve Ekonomik Biiylime ili§kisi: Tiirkiye Uzerine Bir Ampirik Analiz

bakis saglamay1 amaglamistir. 11 iilke ve ii¢ farkli sektoriin alindig1 calismada sektorler yiiksek, orta ve diisiik teknolojili sektorler
olarak iice ayrilmigtir. Elde edilen bulgulara gore, Ar-Ge’nin ¢ikt1 {izerindeki etkisinin yalmzca yiiksek teknolojili sektorlerde
onemli oldugu bulunmustur.

Sing ve Trieu (1996), Japonya, Giiney Kore ve Tayvan’da Ar-Ge harcamalariin toplam faktor verimliligi biiylimesindeki roliinii,
her bir iilke i¢in ayr1 ayr1 temel, uygulamali ve deneysel arastirma harcamalarina gore arastirmistir. Regresyon analizi kullanilarak
yapilan arastirmaya gore, bu {i¢ iilke icin Ar-Ge harcamalarinin toplam faktdr verimliligi biiylimesi iizerinde olumlu etkisinin
oldugu sonucuna ulagilmistir.

Cesitli Ar-Ge tiirlerinin ¢ok faktorlii verimlilik biiyiimesi {izerindeki uzun donem etkisini arastiran Guellac ve Potterie (2001),
ekonometrik tahminlerini 1980-1998 doneminde 16 OECD iiyesinden olusan bir panel kullanarak yapmistir. Elde edilen baglica
sonuglara gore, 0zel sektor Ar-Ge’sindeki %1’lik bir artigin, verimlilikte %0,13’liik bir artiga yol agtig1 bulunmustur. Ayrica, bu
etkinin 6zel sektor Ar-Ge’sinin yogun oldugu iilkelerde ve savunmayla ilgili devlet finansmaninin payinin daha diisiik oldugu iilkel-
erde daha fazla oldugu tespit edilmistir. Benzer bir ¢alismada 1996-2006 dénemi verileriyle Romanya’daki Ar-Ge yatirimlarinin
toplam faktor verimliligi {izerindeki etkisine odaklanan Sandu ve Modoran (2008) da, degiskenler arasindaki etkiyi belirlemek i¢in
basit bir Cobb-Douglas iiretim fonksiyonu kullanmistir. Tahmin sonuglari, 6zel sektdrdeki Ar-Ge yatiriminin verimlilige etkisinin
kamu sektoriinden daha biiyiik oldugunu gostermistir.

Voutsinas ve Tsamadias (2014), Ar-Ge sermayesi ve toplam faktor verimliligi arasindaki iligkiyi Yunanistan ekonomisii¢in 1981-
2007 donemi verileriyle incelemek amaciyla, Johansen eg biitiinlesme, nedensellik ve vektor hata diizeltme modelini kullanmigtir.
Sonuglar, toplam Ar-Ge sermayesi ile toplam faktor verimliligi arasinda uzun donemli iligki oldugunu gostermektedir. Ayrica,
kamu Ar-Ge sermayesi ve toplam faktor verimliligi arasinda uzun donemli iliski tespit edilmistir. Ote yandan, 6zel Ar-Ge sermayesi
ile toplam faktor verimliligi 6nemli ol¢iide iligkili degildir. Toplam Ar-Ge sermayesindeki %1 artis toplam faktor verimliligini
%0,038 arttirmaktadir. Kamu Ar-Ge sermayesindeki %1 artis ise toplam faktor verimliligini %0,075 oraninda arttirmaktadir.

Konuyla ilgili Tiirkiye {izerine yapilan ¢aligmada Fikirli ve Cetin (2015), Ar-Ge sermaye birikimi ile toplam faktor verimliligi
arasinda es biitiinlesme iligkisini ARDL sinir testi yontemini kullanarak incelemistir. Iki degisken arasindaki iligki, 1990-2013
yillar1 arasinda Ar-Ge sermaye stokunun bilesenleri ayri ayr1 incelenerek arastirilmustir. Tki degisken arasindaki iliski, yapilan
calismada dogrudan Ar-Ge etkisi kullanilarak analiz edilmistir. Bulgulara gore, Ar-Ge sermaye birikimi bilesenlerinin toplam
faktor verimliligi izerinde anlamli bir etkisi yoktur. Dolayisiyla, iki degisken arasinda istatiksel agidan bir iligki tespit edilememistir.

Aydin ve Yalginkaya (2016), 29 OECD iiyesi iilkede Ar-Ge yatirimlarinin toplam faktor verimliligi iizerindeki etkilerini 1994-
2014 donemi icin aragtirmistir. Yeni nesil panel veri yontemiyle ve lilkeleri iki gruba ayirarak yaptiklari analiz sonucunda, farkls
nitelikteki biitiin Ar-Ge yatinmlarinin TFV iizerindeki etkilerinin her iki iilke grubunda da pozitif oldugunu, bunun yaninda,
belirtilen pozitif etkilerin biiyiikliigiiniin beklentiye uygun sekilde OECD-1 grubunda daha fazla oldugunu belirlemislerdir.

Ar-Ge harcamalarinin toplam faktor verimliligi ve teknik verimlilik iizerindeki etkisini 1990-2011 dénemi i¢in arastiran Apokin
ve Ipatova (2016), iki benzer iilke grubu araciligiyla ¢aligmasini siirdiirmiigtiir. Calismada Stokastik Smir Analizi (SFA) ve
Degistirilmis Veri Zarflama Analizi (DEA) yontemleri kullanilarak TFP ayristirma tahminleri elde edilmistir. Yapilan analizler
sonucunda, toplam Ar-Ge harcamalarinin bes yilda GSYIH nin %]1°i kadar artmasinin, 6rneklem bazinda ortalama TFV biiyiime
oranini 5,0 ila 7,7 puan artirdig1 bulunmustur. Ayrica, arastirmaci bagina toplam Ar-Ge harcamalarini 1.000 $ artirmanin, 6rnege
bagli olarak bes y1l sonra TFV biiyiimesini %0,013 ila %0,025 puan artirdig: tespit edilmistir.

1981-2013 doneminde secilmis bes Latin Amerika iilkesi i¢in tarimsal Ar-Ge harcamalarinin tarimsal toplam faktor verimliligi
tizerindeki etkisini panel birim kok ve panel koentegrasyon testleriyle inceleyen Isik (2018), analiz sonucunda sec¢ilmis iilkeler i¢in
tarim sektoriinde Ar-Ge ve toplam faktor verimliligi arasinda koentegrasyon iligkisi tespit etmistir. Tarimsal Ar-Ge harcamalarinin
esneklik katsayisi ise 0,58 olarak bulunmustur.

1972-2016 yillik verileriyle Pakistan’da toplam faktor verimliligi ve ekonomik biiyiimenin arkasindaki itici faktorleri inceleyen
Saleem, Shahzad, Khan ve Khilji (2019), Cobb-Douglass iiretim fonksiyonundan yararlanmistir. Caligmada yapilan analizler
sonucunda, genel olarak tiim degiskenler istatiksel olarak anlamli bulunmustur. Bunun yaninda, Pakistan’da ekonomik biiyiime ve
tiretim diizeyine inovasyonun 6nemli dlciide katkida bulunmakta oldugu sonucuna varilmigtir.

Konuyla ilgili yakin gecmiste yapilan bir ¢calisma Aydogan (2022)’1n ¢alismasidir. Calismada, verimlilik, Ar-Ge harcamalar1 ve
gelir dagilim esitsizliginin ekonomik biiyiime lizerine etkisi gelismig ve gelismekte olan iilkeler icin arastirilmigtir. 29 iilkenin
1998-2018 donemi verileri kullanilarak panel veri analizi yapilmistir. Analizler sonucunda, verimlilik ve Ar-Ge harcamalari
degiskenlerinin ekonomik biiyiimeyi pozitif yonde etkiledigi tespit edilmistir
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Ekonometrik Analiz

Bu bdliimde, Tiirkiye’de Ar-Ge harcamalari ve toplam faktor verimliliginin biiyiime iizerindeki etkisi ekonometrik olarak analiz
edilmigtir. Bu kapsamda once analizde kullanilacak degiskenler hakkinda bilgi verilmis, daha sonra gerekli testler yapilarak
istatistiksel ve ekonomik yorumlart yapilmigtir

Veri Seti ve Yontem

Calismada, 1990-2019 donemine ait yillik veriler kullanilarak Tiirkiye’de Ar-Ge harcamalar ile toplam faktor verimliliginin
biiylime iizerindeki etkisi incelenmektedir. GSYH’ye orani olarak alinan Ar-Ge harcamalar1 verisine OECD’den, biiylime verisine
World Bank Data’dan ve toplam faktor verimliligi verisine Penn World Table (PWT)’dan ulagilmigtir.

Ekonometrik analizde zaman serisi teknigi kullanilmistir. Duraganli§inin sinanmasi igin &nce, Gelistirilmis (Augmented)
Dickey-Fuller Testi (ADF) birim kok testi uygulanmistir. Belirtilen degiskenler arasindaki iligkiyi ortaya koymak icin, VAR
modeli kurularak Granger nedensellik analizi yapilmugtir.

Duraganlik Analizi

VAR modelleri kullanilarak analizler yapabilmek icin oncelikle serilerin duragan olmalar1 gerekmektedir. Duraganlik, zaman
icinde serilerin ortalamasinin ve varyansinin sabit olmasini ifade etmektedir (Tar1 ve Bozkurt, 2011, s. 5). Duragan olmayan zaman
serilerinin kullanildig1 modellerde, gercekte degiskenler arasinda bir iliski olmadig1 halde yiiksek iligki varmig gibi goriinmekte,
bagka bir ifadeyle sahte regresyon problemi ortaya ¢ikmaktadir. Ayrica, bu tiir serilerde gecici soklarin etkileri siirekli hale
gelecektir. Bu gerekgelerle zaman serileriyle yapilan analizlerde oncelik, serilerin duragan olup olmadiginin belirlenmesidir
(Demirbas, Tiirkay ve Tiirkoglu, 2009, s. 294). Zaman serilerinin duraganliginin belirlenmesinde birim kok testi kullanilmaktadir.
Burada ekonometrik analizlerde yaygin olarak kullanilan Gelistirilmis Dickley-Fuller (ADF) Testi kullanilmigtir. ADF testi sabitli,
trendli-sabitli ve trendsiz-sabitsiz olmak {iizere ii¢ farkli modele gore duraganligi test etmektedir. Test sonuglart agsagidaki Tablo
3.1°de yer almaktadir.

Tablo 1. ADF Birim Kok Testi

Degisken Sabitli Trendli Sabitli Trendsiz Sabitsiz
Biiyiime -5.6493 *** (0.0001) -5.6198 *** (0.0004) -3.3694 *** (0.0015)
Ar-Ge Harcamalarn 1.1478 (0.9969) -3.5140 * (0.0587) 3.2421 (0.9993)
Toplam Faktor Verimliligi -2.8848 * (0.0603) -2.8762 (0.1851) -0.6990 (0.4052)

Not. *, ** ve *** girastyla % 10, %5 ve % 1 diizeyde serilerin duragan olduklarini géstermektedir. Hiicrelerdeki

ilk rakamlar test istatistikleri, parantez igindeki rakamlar olasilik degerleridir.

Seri diizeyde; sabitli, trendli-sabitli ve trendsiz-sabitsiz olarak bakilarak yorumlandiginda biiylime degerlerinin test istatistikleri
ise sabitli, trendli-sabitli ve trendsiz-sabitsiz kistmda %1 diizeyde serilerin kendi seviyesinde duragan olduklar1 goriilmektedir.
Ancak, Ar-Ge harcamalari i¢in test istatistik degerlerine baktigimizda sabitli ve trendsiz-sabitsiz kistmda 0.10’dan biiyiik degerler
aldig1 goriilmektedir ve bu yilizden kendi seviyesinde duragan olmadiklari sonucuna ulagilmaktadir. Trendli sabitli kisimda ise %10
anlamlilik diizeyinde duragan oldugu goriilmektedir. Toplam faktor verimliligi icin test istatistik degerleri ise sabitli kistmda %10
diizeyde serilerin duragan olduklar1 goriilmektedir. Toplam faktor verimliligi test istatistik degerleri trendli-sabitli ve trendsiz-
sabitsiz kisimda ise 0.10’dan biiyiik degerler aldig1 goriilmektedir ve bu yiizden serilerin duragan olmadiklari sonucuna ulagilmigtir.
Duragan olmayan serilerin 1. derece fark: alinarak duragan hale gelmeleri saglanmaktadir.

1. Derece fark islemi uygulandiginda ise;

Tablo 2. 1. Derece Fark Islemi Uygulandiktan Sonra Yapilan ADF Birim Kok Testi

Degisken Sabitli Trendli-Sabitli Trendsiz-Sabitsiz
AAr-Ge Harcamalari -6.9057 *** (0.0000) -7.3728 *** (0.0000) -2.2736 ** (0.0247)
AToplam Faktor Verimliligi -6.5195 *** (0.0000) -6.4011 *** (0.0001) -6.6065 *** (0.0000)

Not. *, ** ye *** gjrasiyla % 10,% 5 ve % 1 diizeyde serilerin duragan olduklarini gostermektedir. Hiicrelerdeki

ilk rakamlar test istatistikleri, parantez i¢indeki rakamlar olasilik degerleridir.

Ar-Ge harcamalar1 ve toplam faktor verimliliginin duragan olmadig1 sonucu tespit edildikten sonra, serileri duragan hale
getirmek i¢in birinci farkinda tekrar test edilmistir. Tablo 2°deki gibi, birinci farki alindiktan sonra serilerin duragan hale geldigi
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goriilmiistiir. Yani 1. derece fark iglemi uygulanan toplam faktor verimliligi serisinin ii¢ durumda sabitli, trendli-sabitli ve trendsiz-
sabitsiz kistmda %1 anlamlilik diizeyinde duragan halde oldugu goriilmektedir. 1. derece farki alinan Ar-Ge harcamalarinin
sabitli ve trendli-sabitli kistmda %1 anlamlilik diizeyinde duragan oldugu goriiliirken, trendsiz-sabitsiz kisimda ise %35 anlamlilik
diizeyinde duragan oldugu goriilmektedir.

Toda-Yamamoto Nedensellik Testi

Calismada duraganlik analizinden sonra de8iskenler arasindaki iligkinin yoniinii belirlemek amaciyla Toda-Yamamoto nedensel-
lik testi yapilmustir. Seriler 1. derece farki alinarak duragan hale getirilmistir. Bu nedenle, Toda-Yamamoto prosediirii izlenerek
modele maksimum duraganlik diizeyi kadar ilave gecikme eklenmektedir. Bu islem Granger nedensellik testinden 6nce uygulan-
migtir.

VAR Modeli i¢cin Uygun Gecikme Uzunlugu

VAR modeli i¢in uygun gecikme uzunlugunu belirlemek amaciyla, bu kapsamda en ¢ok kullanilan kriterler olan Akaike (AIC),
Schwarz (SC) ve Hannan-Quinn (HQ) bilgi kriterlerinden yararlanilmistir. Ar-Ge harcamalari, biiyiime ve toplam faktor verimliligi
degiskenleri ile ii¢c degiskenli VAR modelinde bu bilgi kriterlerinin yer aldig1 degerler, Tablo 3’de gosterilmektedir.

Tablo 3. VAR Modeli i¢in Uygun Gecikme Uzunluklart

Gecikme AIC SC HQ
0 1.567993 1.713158 1.609795
1 -3.451727 -2.871067* -3.284518*
2 -3.444766 -2.428611 -3.152150
3 -3.487701* -2.036052 -3.069679
4 -3.377834 -1.490689 -2.834405

Not. Akaike (AIC), Scwarz (SC) ve Hannan- Quin (HQ) kriterleri gecikme uzunluklarini ifade etmektedir.

Ad1 gecen kriterlerin segmis oldugu gecikme uzunlugunun yaninda yildiz isareti (*) bulunmaktadir. Tablo 3’de gortildiigi gibi
AIC kriteri gecikme uzunlugunu 3, SC ve HQ kriterleri gecikme uzunlugunu 1 olarak gostermektedir. Bu gecikme uzunluklarindan
AIC, SC ve HQ kriterlerinin secilmesiyle gecikme uzunluklarinin hata terimlerinin bilinen varsayimlarini saglamasi gerekir.
Gecikme uzunlugu AIC’de 3, SC’de ve HQ’da 1 olarak bulunmaktadir. AIC kiiciik 6rneklemlerde tercih edildigi i¢in yapilan
caligmada da gozlem sayisinin az olmasi sebebiyle gecikme uzunlugu 3 olarak belirlenmigtir. Farkli kriterler farkli gecikme
uzunlugunu gosterdiginde, gecikme uzunlugunun hangi kritere gore belirlenecegine gegmeden once, bilgi kriterlerinin se¢mis
oldugu gecikme uzunlugunda otokorelasyon sorununun olup olmadig1 incelenmektedir (Cestepe ve Gengel 2019, s. 143).

Otokorelasyon LM Testi

Bir sonraki adim olan gecikme uzunlugunun belirlenmesinin ardindan, bilgi kriterlerinin se¢mis oldugu gecikme uzunluklarinda
otokorelasyon sorununun olup olmadig: test edilmistir. Bu analizin yapilmasinin nedeni ise, otokorelasyon sorununun oldugu
gecikme uzunlugunun tercih edilmemesidir. Segilen uzunlugun ardindan analizde otokorelasyon sorununun olup olmadi8in tespit
edebilmek i¢cin LM testi uygulanmistir. LM testi sonuclar1 da Tablo 4°de gosterilmistir.

Tablo 4. Otokorelasyon LM Testi

Gecikme LM istatistik Olasihk
1 5.496362 0.7891
2 8.062309 0.5279
3 4.951542 0.8385

Not. %10 anlamlilik diizeyinde degerlendirilmistir.

e HO =PI =P2 =... =P4= 0— Otokorelasyon Yok
e Ha # Pl # P2 #... = P4# 0— Otokorelasyon Var
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Otokorelasyon LM testi otokorelasyon yoktur” bigiminde bos hipotezi sinamaktadir. Bu nedenle her bir gecikme uzunlugu
icin bakilacak degerlerin olasilik degerleri dikkate alinmaktadir. Degerler 0.10’dan biiyiik oldugunda ilgili gecikme uzunlugunda
otokorelasyon sorunu olmadig1 sonucuna ulagilmaktadir (Yildiz ve Yildirim, 2018, s. 284). LM olasilik degerleri incelendiginde,
her bir gecikme uzunlugunda olasilik degerleri 0.10’dan biiyiiktiir. Bu nedenle, her bir gecikme uzunlugunda otokorelasyon sorunu
olmadigi tespit edilmis ve HO hipotezi reddedilememektedir.

Duraganlik testleri degiskenlerin maksimum entegrasyon seviyesinin 1 oldugunu belirtmekte oldugundan, modele ilave 1
gecikme daha eklenmelidir. Ancak, bu gecikme modele dogrudan ilave edilmemelidir. VAR modeli tahmin edildikten sonra,
eger modele ilave bir gecikme eklendiginde, degiskenlerin seviyelerinde duragan olmamalarindan kaynaklanan problem ortadan
kalkiyorsa, modelin hata terimlerinin ters kokleri 1’den kiiciik olmalidir. Bagka bir ifadeyle, hata teriminin ters kokii birim ¢cember
icerisinde yer almali, yani cemberin disina tagsmamalidir. Birim ¢ember testi sonuglari, modele ilave gecikme eklendikten sonra
hata terimlerinin ters koklerini gostermektedir (Bayar, 2013, s. 131).

Kararhlik Testi

Kararlilik testi, modelin dinamik olarak kararli olup olmadig1 hakkinda bilgi vermektedir. Modelin kararliligin1 6lgen bir testtir.
Bu test sayesinde birim ¢cember iizerindeki noktalar hakkinda yorum yapilmaktadir.

1.5

1.0 4

0.5 |

0.0 .

-0.5 )

-1.0 4

-1.5
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Sekil 1. Birim Cember

Sekil 1’de modelin dinamik olarak kararli olup olmadig: test edilmektedir. Degiskenlerin hepsi duragan oldugunda noktalarin
cemberin i¢inde goriinmesi gerekmektedir. Cemberin etrafi tamamen 1’lerden olugsmaktadir. Bu nedenle, noktalarin hepsinin 1’den
kiiciik olmas1 gerekmektedir. Noktalar 1’den kii¢iik oldugunda modelde dinamik olarak kararlilik oldugu sonucu elde edilmektedir.
Istatistiklerin gegerliligini kaybetmemesi icin noktalarin cember digina cikmamasi gerekir. Sekil 1°de ters AR koklerinden higbiri
cember digina tasmamis oldugu i¢in modelin dinamik olarak kararlt oldugu sonucuna varilmaktadir (Y1ildiz ve Yildirim, 2018, s.
286).

Normallik Testi

Bu kisimda Doornik-Hansen tarafindan gelistirilen normallik testi uygulanmigtir. Yapilan bu testle hata terimlerinin normal
dagilima sahip olup olmadigi tespit edilmektedir. Normallik testi “hata terimleri normal dagilmaktadir” seklindeki bog hipotezi
test etmektedir. Bu nedenle bog hipotez reddedilemediginde hata terimlerinin normal dagildig1 sonucuna ulagilmaktadir. Normallik
testi sonuglarindan, Jarque-Bera istatistigine dayanan test sonuglarina gore karar verilmektedir (Yildiz ve Yildirim, 2018, s. 287).

Sonuglarda Jarque-Bera joint testin olasilik degeri 0.3925 bulunmaktadir. 0.10 olasilik degerinden daha biiyiik oldugundan %10
anlamlilik diizeyinde Hy hipotezi reddedilmemektedir. Bu nedenle hata teriminin normal dagildig1 sonucuna ulagilmaktadir.
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Tablo 5. Normallik Testi

Dilim Jarque-Bera Serbestlik Derecesi Olasilik Degeri
1 4.751820 2 0.0929
2 1.451575 2 0.4839
3 0.076891 2 0.9623
Joint 6.280286 6 0.3925

White Degisen Varyans Testi

Normallik testinin ardindan hata teriminin degigen varyans sorunu tasiyip tagitmadiginin test edilmesi gerektigi i¢in burada
degisen varyans testi uygulanmistir. White testi “degisen varyans sorunu yoktur” seklindeki bog hipotezi sinamaktadir. Bagl (joint)
testin verdigi ki-kare (Chi-sq) istatistiginin olasilik degeri %10 anlamlilik diizeyine gore degerlendirilerek karar verilebilmektedir.
Ki-kare istatistiginin olasilik degeri 0.3728’dir. %10 anlamlilik diizeyinde HO hipotezi reddedilmediginden, degisen varyans sorunu
olmadigina karar verilmektedir. Bdylece, modelde istatiksel bir sorun olmadig1 sonucuna ulagilmaktadir.

Tablo 6. White Degisen Varyans Testi

Ki-kare Serbestlik derecesi Olasilik Degeri

148.8952 144 0,3728

Granger Nedensellik (Wald) Testi

Granger nedensellik testinden 6nce ¢aligmada kullanilan Ar-Ge harcamalari, toplam faktor verimliligi ve biiylime serisi 1. derece
fark islemi uygulanarak duragan hale getirildigi i¢in Toda Yamamoto prosediirii devreye girmis, modele gecikmeler eklenmistir.

Sonug tablosunda ii¢ modele iligkin tahmin sonuglar1 ayr1 ayri verilmistir. Bos hipotez “Granger nedeni degildir” seklinde
hipotezi i¢cermektedir. Yorum Ki-kare istatistiginin olasilik degeri kullanilarak yapilabilir. Olasilik degerinin 0.10’dan biiyiik
olmasi durumunda bos hipotez reddedilemez, Granger nedeni olmadig1 sonucuna ulagilir.

Tablo 7. Biiyiime ve Toplam Faktor Verimliliginin Ar-Ge Harcamalari Uzerindeki Etkisi (Bagiml Degisken: Ar-Ge Harcamalart)

Serbestlik Olasihk

Ki-kare Derecesi Degeri Sonug
Biiyiime 4.269451 3 0.2338  Biiylime, Ar-Ge harcamalarinin Granger
nedeni degildir.
Toplam Faktor 3.861150 3 0.2769 Toplam faktor verimliligi, Ar-Ge
Verimliligi harcamalarinin Granger nedeni degildir.

Biiyiime oranlarinin Ar-Ge harcamalar iizerindeki etkisinde olasilik degeri 0.2338 olarak bulunur. Bu deger 0.10’dan biiyiik
oldugundan HO hipotezi reddedilemez. Bagka bir ifadeyle, “biiyiime Ar-Ge harcamalarinin Granger nedeni degildir” sonucu elde
edilir.

Toplam faktor verimlili§inin Ar-Ge harcamalan iizerindeki etkisine baktigimizda olasilik degeri 0.2769 olarak bulunur ve

0.10°dan biiyiik oldugundan HO hipotezi reddedilemez. Toplam faktor verimliliginin Ar-Ge harcamalarinin Granger nedeni ol-
madig1 sonucu elde edilir.

Tablo 8. Ar-Ge Harcamalari ve Toplam Faktor Verimliliginin Biiyiime Uzerindeki Etkisi (Bagumli Degisken: Biiyiime)

Serbestlik Olasihik

Ki-kare Sonug¢
Derecesi Degeri
Ar-Ge 7.122717 3 0.0681  Ar-Ge harcamalari, biiylimenin
Harcamalar Granger nedenidir.
Toplam Faktor 3.703859 3 0.2953  Toplam faktor verimliligi, biiylimenin

Verimliligi Granger nedeni degildir.
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Ar-Ge harcamalarinin biiylime iizerindeki etkisinde olasilik degeri 0.0681 olarak bulunur, 0.10’dan kii¢iik oldugundan HO
hipotezi reddedilir. Yani Ar-Ge harcamalarinin, biiylimenin Granger nedeni oldugu sonucu elde edilir.

Toplam faktor verimliliginin biiylime iizerindeki etkisinde olasilik degeri 0.2953 olarak bulunur, 0.10’dan biiyiik oldugundan
HO hipotezi reddedilemez. Toplam faktor verimliligi, biiyiimenin Granger nedeni degildir sonucuna ulagilir.

Tablo 9. Ar-Ge Harcamalar: ve Biiyiimenin Toplam Faktor Verimliligi Uzerindeki Etkisi (Bagunl Degisken: Toplam Faktor Verimliligi)

Serbestlik Olasihik

Ki-kare Sonug¢
Derecesi Degeri
Ar-Ge 7.122717 3 0.0681  Ar-Ge harcamalart, biiyiimenin
Harcamalan Granger nedenidir.
Toplam Faktor 3.703859 3 0.2953  Toplam faktor verimliligi, biiylimenin
Verimliligi Granger nedeni degildir.

Ar-Ge harcamalarinin toplam faktor verimliligi iizerindeki etkisinde 0.0588 olarak bulunan olasilik degeri, 0.10’dan kiigiik
oldugundan Hj hipotezi reddedilir. Yani, Ar-Ge harcamalarinin toplam faktor verimliliginin Granger nedeni oldugu sonucu elde
edilir.

Biiyiimenin toplam faktor verimliligi iizerindeki etkisinde olasilik degeri 0.5736 olarak bulunur. Bu deger 0.10°dan biiyiik
oldugundan Hj hipotezi reddedilemez. Biiylime toplam faktdr verimliliginin Granger nedeni degildir, sonucuna ulasilir.

Bulgular

Yapilan Granger nedensellik testine gore iic modele iligkin tahmin sonuclar ayr1 ayr1 incelenmisgtir. Sirastyla Ar-Ge harcamalari,
biiyiime ve toplam faktor verimliliginin bagimli degisken olarak diger degiskenlerle iligkisi analiz edilmistir. Analiz sonucunda
Ar-Ge harcamalar, biiylime ve toplam faktor verimliligi arasindaki iligkinin yonii ile ilgili su sonuclar elde edilmistir:

Ar-Ge harcamalari ile biiyiime arasinda tek yonlii bir nedensellik iligkisi bulunmugtur. Bu nedensellik iligkisinin yonii Ar-Ge
harcamalarindan biiylimeye dogrudur. Bu baglamda ¢alismanin sonuglar1 Altin ve Kaya (2009), Korkmaz (2010), Geng ve Atasoy
(2010) ile Duman ve Aydin (2018)’1n sonuglariyla paralellik arz etmektedir. Ar-Ge harcamalar ile toplam faktor verimliligi
arasinda tek yonlii bir nedensellik iligkisi bulunmugtur. Bu nedensellik iligkisinin yonii ise Ar-Ge harcamalarindan toplam faktor
verimliligine dogrudur. Bu sonug da, Guellec ve van Pottelsberghe de la Potterie (2001), Voutsinas ve Tsamadias (2014) ile Aydin
ve Yal¢inkaya (2016) nin sonuclartyla ortiismektedir. “Biiyiime toplam faktor verimliliginin Granger nedeni degildir” ve “Toplam
faktor verimliligi bliyiimenin Granger nedeni degildir” seklindeki analiz sonucuna gore, toplam faktor verimliligi ve biiyiime
arasinda herhangi bir nedensellik iligkisi tespit edilmemektedir. Ortaya ¢ikan bu sonug ise, Aksu (2017) ile Bozkurt ve Toktas
(2018)’1n ¢aligmalarinda ulagilan sonuglarla benzerlik gostermektedir.

Sonuc ve Tartisma

Kisaca, bir iilkenin tiretim kapasitesindeki artig seklinde tanimlanabilen iktisadi biiyiime, siireklilik arz ettiginde kisi bagina gelir
artig1 yoluyla iilke vatandaslarinin refahint artirmaktadir. Bu nedenle biiyiimenin kaynaklar1 ya da biiylimeyi arttiran unsurlarin
neler oldugu, ge¢misten giiniimiize dikkat ceken bir konu olmustur. Uretim faktdrlerindeki artisla birlikte biiyiimenin en 6nemli
kaynaklarindan biri teknolojik gelismedir. Teknolojik gelisme ise baz1 gostergelere bagli olarak ortaya ¢ikmaktadir. Bu calismada,
s0z konusu gostergeler arasinda yer alan toplam faktor verimliligi ve Ar-Ge harcamalarinin ekonomik biiyiimeyle iligkisi, Tiirkiye
orneginde ampirik olarak incelenmisgtir.

Calismada, Ar-Ge harcamalar1 ve toplam faktor verimlili§inin biiyiime iizerindeki etkisi 1990-2019 donemi yillik verileri
kullanilarak Granger nedensellik yontemiyle test edilmistir. Duraganliginin sinanmasi igin, gelistirilmis Augmented Dickey-Fuller
(ADF) birim kok testi yapilmistir. Gerekli diger testler yapildiktan sonra VAR modeli kurularak, Granger nedensellik testiyle
degiskenler arasinda nedensellik iliskisinin varli§1 ve yonii aragtirilmastir.

Calismada elde edilen sonuglara gore, Tiirkiye’de incelenen donem itibariyle Ar-Ge harcamalarinin biiyiimeyi arttirdig: tespit
edilmistir. Benzer sekilde, Ar-Ge harcamalarinin toplam faktor verimliligini olumlu etkiledigi sonucuna varilmigtir. Bu baglamda,
Tiirkiye’nin belirtilen donemde Ar-Ge harcamalarini arttirmi§ olmasinin biiylimeye olumlu yansiyarak, toplam faktor verimliligini
de olumlu olarak etkiledigi ¢cikariminda bulunulabilir. Buna kargilik, teorik beklentinin aksine toplam faktor verimliligi ile
biiylime arasinda bir iligki bulunamamustir. Bu durum, Tiirkiye’de biiyiimenin faktorlerin verimliliginden degil, baska unsurlardan
kaynaklandigini gostermektedir. Bu baglamda, 6rnegin faktorlerin miktar artiglar: biiyiimede etkin rol iistlenmis olabilir. Nitekim,
konuyla ilgili daha 6nce yapilmis bazi caligmalarda -Saygili, Cihan ve Yurtoglu (2001), Taymaz ve Suigcmez (2005) gibi- benzer
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sekilde, Tiirkiye’nin biiyiimesinde verimlilik artiglarinin paymin oldukca diisiik oldugu, sermaye birikimi ve istihdam artiginin
etkin rol iistlendigi tespit edilmistir.

Giinlimiizde tlkelerin rekabet iistiinliigiinii saglama araclariin basinda Ar-Ge ¢aligsmalar1 gelmektedir. Ar-Ge caligmalarini
yiiriitebilmenin en bagta gelen kogulu ise, bu tiir caligmalar i¢in ihtiya¢ duyulan maddi kaynaga sahip olabilmektir. Bu alanda
nitelikli personelin yetistirilmesi bir diger onemli husustur. Dolayistyla, teknoloji iiretme ve gelistirmenin énemi konusunda
toplumsal biling olusturulmali, bu dogrultuda Ar-Ge alaninda donanimli personeller yetistirilmelidir. Sonrasinda ise, Ar-Ge i¢in
gerekli kaynak ayrilmali ve bu kaynagin miktarinin yildan yila artirilmasi temel hedeflerden biri haline gelmelidir. Bu baglamda,
son donemlerde iilkemiz Ar-Ge harcamalarinin GSYH i¢indeki payinin %1’in iizerine ¢ikmasi olumlu olmakla birlikte, gelismis
iilkelerle kiyaslandiginda oldukg¢a diisiik diizeydedir. Bu payin daha fazla artmasi icin hiikiimet tarafindan gerekli kaynaklarin
saglanmasina ¢alisilmali, bunun yaninda 6zellikle 6zel sektoriin Ar-Ge ¢alismalarinda daha etkin bir sekilde yer almasi igin gerekli
tesvik ve diizenlemeler yapilmalidir. Tiirkiye’nin bilimsel alanda teorik ¢aligmalar acisindan diinyada kaydadeger bir konuma
sahip olmasina karsilik, bunlarin patent ve faydali model gibi somut ¢iktilara doniismesinde sikintisi oldugu diisiiniildiigiinde,
teknopark, silikon vadileri gibi teknoloji iiretme, gelistirme mekanlar1 kurulmali ve buralara gerekli mali ve insan kaynagi destegi
verilmelidir. Ozetle, toplam faktor verimliligini artirmaya dayal bir biiyiime modeli benimsenerek, uzun vadeli yapisal reformlarla
bu modelin siirdiiriilebilir hale getirilmesi saglanmalidur.
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Tiirkiye’de Toplu is Sézlesme Kapsama Oranmi Etkileyen Iktisadi
Faktorler: Esbiitiinlesme Yaklasimi

Economic Factors Affecting the Collective Bargaining Agreement Coverage Rate in
Turkey: Cointegration Approach

Atilla Aydin'

1(Ogr. Gér. Dr.), istanbul Gelisim Universitesi, Meslek Yiiksekokulu, istanbul, Tiirkiye
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Sendikalagsma hakki, giinlimiizde ¢agdas demokrasinin en 6nemli gostergelerinden biri olarak degerlendirilmektedir. Sendikalagma
orani, sendika liyesi ig¢i sayisinin toplam ¢alisan is¢i sayisina orani olarak tanimlanmaktadir. Ancak sendikalagma, tek bagina bir
anlam ifade etmemekte ve toplu is sdzlesme hakki ile birlikte ele alinmaktadir. Bu ¢aligmada toplu is sozlesmesi kapsama orant
verisi kullanilmigtir. Caligmanin amaci, iktisadi degigkenlerin toplu is s6zlesmesi kapsama orani {izerindeki etkilerini aragtirmaktir.
Bu baglamda sanayi sektorii katma degerinin GSYH icindeki payi, kisi basina gelir ve enflasyon bagimsiz degiskenler olarak
ele alinmigtir. Calismanin veri araligir 1988-2022 yillar1 olup yontem olarak Johansen esbiitiinlesme testi ve ARDL siur testi
kullanilmigtir. Caligmadan elde edilen bulgulara gore degiskenler uzun donemde esbiitiinlesiktir. Sanayi katma degerinin GSYH
icindeki payinda gergeklesen %1°lik artis fiili sendikalagsma oranini yaklasik %3,40 oraninda arttirmaktadir. Enflasyondaki %1’1ik
artis fiili sendikalagsma oranini %0.49 diisiiriirken, kisi bagina milli gelirdeki %1°lik artig fiili sendikalagma oranini yaklagik %1,18
diizeyinde asag1 cekmektedir. Ayrica hata diizeltme modeli kurulmug ve kisa donemde yasanan sapmalarin uzun donemde ortadan
kalktig1 saptanmustir.

ABSTRACT

The right to unionize is now considered as one of the most important indicators of contemporary democracy. Here, unionization
rate is defined as the ratio of the number of union members to the total number of employed workers. However, on its own,
unionization does not mean anything and it is considered along with the right to collective bargaining. This study used collective
bargaining agreement coverage rate data to investigate the effects of economic variables on the collective bargaining agreement
coverage rate. It used the share of industrial sector added value in gross domestic product (GDP), per capita income, and inflation as
independent variables. The study covered the period of 1988-2022 using the Johansen cointegration and autoregressive distributed
lag bound tests. The findings revealed that the variables are cointegrated in the long term. A 1% increase in the share of industrial
value added in GDP increases the unionization rate by approximately 3.40%. While a 1% increase in inflation reduces the actual
unionization rate by 0.49%, a 1% increase in per capita national income reduces it by approximately 1.18%. Additionally, the
study established an error correction model, determining that the deviations experienced in the short term disappear in the long
term.

Anahtar Kelimeler: Sendikalasma Orani, Enflasyon, Kisi Bagina Milli Gelir, Sanayi, Esbiitiinlesme

Keywords: Unionization Rate, Inflation, National Income Per Capita, Industry, Cointegration

EXTENDED SUMMARY

The right to unionize is recognized as one of the most important indicators of modern democracy. In this context, the most
important factors are the unionization rate, defined as the ratio of the number of unionized workers to the total number of employed
workers, and collective bargaining coverage rate, defined as the ratio of the number of workers benefiting from a collective
bargaining agreement to the number of workers earning wages. This study aims to determine the economic factors affecting the
collective bargaining coverage rate in Turkey. The study uses the following independent variables: the share of industrial sector
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value added in GDP, inflation rate, and per capita income, to discuss the effects of market conditions on collective bargaining
coverage rate.

Unionization is generally associated with legal and social factors. Gérmiis (2020) and Miilayim (2023) investigated the factors
affecting the collective bargaining coverage rate, namely, unionization rate, level of collective bargaining agreements, and incentive
scheme. However, few empirical studies investigate the relationship between unionization and economic variables. Oswald (1982)
argued that an increase in unionization will raise wages, leading to decreased employment and output. Blanchard and Summers
(1986) concluded that a high unionization rate increased the natural unemployment rate in the 1980s. Ramjas (1989) found that
an increase in the unionization rate negatively impacts worker productivity. Bean and Crafts (1995) reported that an increase in
the unionization rate negatively affects total factor productivity. De Groot (2001) found that unions will increase the general wage
level and inflation if the wage increase cannot be compensated by productivity increases. Meanwhile, Daveri and Tabellini (2000)
analyzed the economic effects of taxation processes, finding that if excessive taxation is passed on to workers, labor costs and
unemployment increase and union density decreases. Van Reenen (1996) and Wrigles (2002) argued that while creative enterprises
pay higher wages, competitive enterprises have a low general wage level. Here, unions become stronger and resources cannot
be allocated to research and development activities, resulting a slowdown in growth. Turnbull (2003) found that unionization
slows down GDP growth, while Baker et al. (2005) identified a significant relationship between collective bargaining coverage
and unemployment. Murtin et al. (2014) found that if the collective bargaining coverage rate is higher than the unionization rate,
wages will become rigid and harm employment. Barbier-Gauchard et al. (2023) found that nominal wages and employment fall
when unionization is weak, putting downward pressure on inflation. Empirical studies generally associate unionization with the
labor market. In contrast, this study examines unionization and collective bargaining coverage from a broader, macroeconomic
perspective.

This study uses the Johansen cointegration test and ARDL bounds test to determine the long-term relationship between variables.
To apply the cointegration test, all variables should be stationary of the same order. In this framework, the stationarity of the
variables is investigated with conventional and structural break unit root tests. Moreover, long-term parameters are estimated
and the effects of each variable on the collective bargaining coverage rate are decomposed. Finally, an error correction model is
constructed to analyze the short run.

According to the results, a 1% increase in the share of industrial value added in gross domestic product (GDP) increases
the collective bargaining coverage rate by approximately 2.19%. This result is natural considering that unionization tendency
is generally higher in the industrial sector. Meanwhile, a 1% increase in inflation decreases the collective bargaining coverage
rate by approximately 0.19%; the increase in inflation decreases real wage and employment level. The increases in enterprises’
input costs are expected to be compensated by the pressure on wages and collective bargaining agreements. In countries with
weak collective bargaining power, the inflationary process results in a decline in real wages and distorts income distribution. This
framework can explain the negative impact of the inflation rate on collective bargaining coverage. A 1% increase in per capita
income decreases the collective bargaining coverage rate by approximately 0.77%. Evaluating this result along with the functional
income distribution structure in Turkey is important. Increasing the rate of collective bargaining coverage is important for workers’
rights and democratization. Based on this study’s findings, a structural change in favor of the industry will increase the rate of
collective bargaining. High inflation is among today’s most important problems. Nowadays, the fight against inflation is carried
out by turning expectations into positive and reducing economic risks. The study finds that a decrease in inflation will increase
the rate of collective bargaining coverage. Additionally, the implementation of economic policies aimed at improving income
distribution will also increase the collective bargaining coverage rate. Moreover, spreading economic growth to all segments of
society is important for ensuring economic stability. To this end, this framework indicates that regulations to prevent the erosion
of wage incomes, tax policies in favor of labor incomes, and the fight against inflation should be implemented.
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Giris

Cagdas demokrasinin onemli unsurlarindan biri, iscilerin kendi ¢ikarlarin1 korumak amaciyla orgiitlenme hakkidir. Ancak
orgiitlenme hakki, tek bagina bir anlam ifade etmemektedir. Bu baglamda sendika hakki; toplu is sozlesmesi imzalama, toplu i
uyusmazligi ¢cikarma, grev gibi unsurlar1 da kapsayan bir olgu olarak degerlendirilmektedir (Yorgun, 2023: 100). Esasen sendika,
haklarin kullanilmasi igin kurulan bir orgiit olarak ifade edilmektedir. Nitekim Tiirkiye’de 6536 sayili Sendikalar ve Toplu Is
Sozlesmesi Kanunu, toplu ig sozlesmesi yetkisini sendikalara vermigtir. Tiirkiye tarihinde ilk grevli toplu is s6zlesmesi hakki 1961
anayasasinda ele alinmustir. 274 ve 275 sayil1 yasalar, sendikalarin toplu ig sdzlesmesi ve grev hakkini giivence altina almigtir. 1982
anayasasinda da toplu ig s6zlesmesi hakki giivence altina alinmig ve bu hakkin sinirlandirilmasinin anayasaya aykiri olamayacagi
acikca belirtilmigtir (Yorgun, 2013: 364-365).

Sendikalagsma ve grevli toplu is sdzlesmesi haklar1 anayasal olarak giivence altina alinmig olmasina ragmen uygulamada pek
cok sorun ortaya ¢ikmaktadir. S6zgelimi toplu is sdzlesmelerini sinirlandirma cabalarina karsilik anayasa mahkemesinde davalar
acilmaktadir. Ayrica piyasa kosullari, ekonomik krizler, hukuki diizenlemeler gibi faktorlerin sendikalagma hakki iizerinde bask1
unsuru olusturdugu goriilmektedir. Yukarida ifade edildigi gibi sendikalagma hakki, toplu is s6zlesmesi hakki ile bir biitiin olarak ele
alinmalidir. Toplu is s6zlesmesi hakkinin olmadi8 bir sendikal hak ici bog bir kavram olarak degerlendirilmektedir. Bu cercevede
sendikal yogunluk ile toplu ig sozlesmesi kapsama oranini birbirinden kesin olarak ayirmak 6nem arz etmektedir. Sendikalagma
orani sendika liyesi iscilerin maas ve iicret geliri elde eden isgiiciine oran1 olarak ifade edilirken, toplu is sézlesmesi kapsama orant
bir toplu is s6zlesmesinden yararlanan isci sayisinin iicret ve maag geliri elde eden is¢ilerin sayisina orani olarak tanimlanmaktadir
(ILO, 1997). Ayrica toplu is sdzlesmesi kapsama orani kayith ve kayit dig1 tiim isgileri igerecek sekilde genisletilmigtir. Avrupa
tilkelerinde genel olarak toplu is sdzlesmesi kapsama orani sendikalagsma oranindan daha yiiksek olmasina karsilik Tiirkiye’de tam
tersi bir durum soz konusudur. Kuzey Avrupa iilkelerinde (Danimarka, Finlandiya, Isvec) ortalama toplu is sdzlesmesi kapsama
oran1 %87,1 iken sendikalagsma oran1 %64,7 diizeyindedir. Merkez bat1 iilkelerinde (Liiksemburg, Avusturya, Bel¢ika, Almanya,
Hollanda, Slovenya) ortalama toplu is sdzlesmesi kapsama oran1 %77,3 seviyesindeyken sendikalagsma orani1 %29 diizeyindedir.
Tiirkiye’de ise toplu is sozlesmesi kapsama oram1 2023 Ocak ayi itibariyle %7,8 diizeyinde, sendikalasma orani ise %14,42
seviyesinde bulunmaktadir (Miilayim, 2023: 119-120). Bu baglamda Tiirkiye i¢in sendika iiyesi bazi is¢ilerin aslinda sendikal
haklardan faydalanamadigi soylenebilir.

Caligsma ve Sosyal Giivenlik Bakanligi, sendikalagsma oranlarini ve toplu is sdzlesmesi kapsami verilerini internet sitesinden
diizenli olarak agiklamaktadir. Bu verilerden de toplu is s6zlesmesi kapsama oraninin sendikalasma oraniin gerisinde oldugu
goriilmektedir. Devrimci Isci Sendikalar1 Konfederasyonu (DISK), fiili sendikalasma orani kavramini ortaya atarak bu karmasaya
son vermek istemistir. Toplu is sozlegmesi kapsamina dayali olarak hesaplanan fiili sendikalagma orani, ig¢i haklar1 agisindan
daha saglikli bilgiler sunmaktadir. Fiili sendikalagma oraninin hesaplanmasinda kay1t dis1 isciler de dikkate alindig1 i¢in ekonomik
kosullarin da kapsandig1 ifade edilebilir. Bir bagka ifadeyle fiili sendikalagsma oraninin toplu is sdzlesmesi kapsamindaki is¢i
sayisinin tiim is¢i sayisina boliinmesiyle hesaplandigi goz oniine alindiginda oranin paydasinda kayit disi calisan isciler de yer
almaktadir. Bu ¢alismada toplu is sdzlesmesi kapsama orani verisi bu genigletilmis tanim {izerinden kullanilmustir.

Bir iilkede toplu is sozlesmesi kapsama oraninin diizeyi ayni zamanda o iilkenin demokrasi diizeyini de gostermektedir. Bu
cercevede demokratik yasal diizenlemelerin toplu is sdzlesmesi kapsama oranini arttirmasi dogaldir. Sendikalagsma orani ile toplu ig
sozlesmesi kapsami birbirinden ayrilmasi gereken farkli kavramlar olmasina kargilik literatiirde sendikalagsma oraninindaki artigin
toplu is sozlesmesi kapsamini da arttirdigina yonelik ¢cok sayida ¢alisma bulunmaktadir (Traxler, 1994, Yorgun, 2013, Kutal, 2014)
Toplu is sdzlesmesi kapsama oranim yiikselten diger bir unsur, toplu is sézlesmesinin diizeyi olarak degerlendirilmektedir. Ayrica
tesmil mekanizmasinin da toplu is sdzlesmesi kapsama oranini arttirdigi bilinmektedir. Bu ¢calismada toplu is sozlesmesi kapsama
oranin1 etkileyen unsurlar olarak iktisadi degiskenler arastirilmistir. Toplu i s6zlesmesi kapsama orant; sanayi sektorii katma
degerinin GSYH i¢indeki pay1, enflasyon ve kisi bagina gelirin bir fonksiyonu olarak ele alinmistir. Bu ¢ergevede sadece hukuki
diizenleme ve demokratiklesmenin toplu ig sdzlesmesi kapsama orant iizerinde etkili olmadig, iktisadi kosullarin da belirleyici
oldugu agiklanmaktadir. Bir bagka ifadeyle Tiirkiye icin makroekonomik faktorlerin toplu is sdzlesmesi kapsama orani iizerindeki
etkileri tartisilmaya agilmaktadir.

Caligmanin giristen sonraki ikinci kisminda sendikalagsma ve toplu is sozlesmesi kapsama orani kavrami iizerinde durulmustur.
Ugiincii boliimde calismada kullanilan makroekonomik faktorlerle toplu is sozlesmesi kapsama orani arasindaki iligkiler teorik
olarak aciklanmustir. Dordiincii boliimde literatiirde konu ile ilgili yapilmis ¢aligmalara yer verilmistir. Beginci boliimde ampirik
caligmaya iligkin veri seti ve ¢aligmada kullanilan yontemler kisaca 6zetlenmis, altinci boliimde ¢alismadan elde edilen bulgular
sunulmustur. Son boliim ise sonug kismina ayrilmigtir.

Toplu is Sozlesmesi Kapsama Oram ve Sendikalasma Kavramlar:

Sendikalasma kavrami iizerinde uluslararasi kabul gormiig bir tanim bulunmamaktadir. Bu cercevede sendikalagsma orani
istatistiklerinde de karmasa yasanmaktadir. ILO (1997), sendikalagma oranimi sendikalara iiye olanlarin sayisinin maag ve iicret
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geliri eden isgiiciine orani olarak tanimlamaktadir. Sendika iiyeligi kavrami da ayrica tartigmalidir. ILO, toplu is sozlesmesi
yapmayan ancak iiyelerinin istihdam ve gelir kosullari ile ilgilenen meslek orgiitlerini de sendika kapsaminda degerlendirmektedir.
Bu baglamda s6z konusu kuruluglara iiye olanlar da sendika iiyesi olarak kabul edilmektedir.

Uluslararas1 alanda yaganan kavram karmasasi, Tiirkiye’deki sendikalagma istatistiklerine de yansimigtir. Tiirkiye’de sendikalagma
oranlarina iliskin bilgiler Calisma ve Sosyal Giivenlik Bakanligi tarafindan derlenmekte ve yayimlanmaktadir. Ancak yasal diizen-
lemelere gore verilerin kapsami degisiklik gosterdigi i¢in farkli yillar arasinda ugurum sayilabilecek farklar goriilebilmektedir.
1983 yilinda yiiriirliige giren 2821 sayili Sendikalar Kanunu, noter aracilifiyla sendikaya iiye olan her is¢inin iiyelik fisinin bir
niishasinin sendika tarafindan Caligma ve Sosyal Giivenlik Bakanligina gonderilmesi sartin1 getirmistir. Ancak yasadan onceki
tiyelikler i¢in sendikalarin bildirimleri esas alinmigstir (Celik ve Lordoglu, 2006: 15). Bu baglamda saglikl istatistiklere ulagmak
miimkiin olmamigtir. 2012 yilinda kabul edilen 6536 sayili kanun da 6nceki yasal diizenlemelerin bazi maddelerinin degistir-
ilmesinden ibaret kalmistir. Bu baglamda eski ve yeni veriler karsilastirilamaz olmaktadir. Tablo 1°de secilmisg yillar icin Calisma
ve Sosyal Giivenlik Bakanlig1 tarafindan aciklanan sendikalagma oranlar1 dzetlenmistir.

Tablo 1. Calisma ve Sosyal Giivenlik Bakanlig1 Verilerine Gore Sendikalagma Oranlari

Yil Toplam Isci Sayisi Sendikali is¢i Sayisi Sendikalasma Oram
(“e)
1985 2.819.517 1.828.471 64,9
1990 3.563.527 1.997.564 56,1
1995 3.905.118 2.667.014 68,3
2000 4.521.081 2.468.591 54,6
2005 5.022.584 2.944.929 58,6
2009 5.398.296 3.232.679 59,9
2015 12.744.685 1.429.056 11,2
2020 14.251.655 1.946.165 13,7
2021 15.027.910 2.123.685 14,1
2022 15.987.428 2.280.285 14,3

Kaynak: https://www.csgb.gov.tr/istatistikler/calisma-hayati-istatistikleri/sendikal-istatistikler/isci-sayilari-ve-sendikalarin-

uye-sayilari-hakkinda-tebligler/

Tablo 1’de goriildiigii gibi 2015 yilindaki sendikalagma orani, 6nceki donemlerden belirgin bir sekilde diisiiktiir. 2012 yilindaki
yasa ve yontem degisikligi bu farkliligin kaynagidir. Bir bagka ifadeyle bakanlik da 2012 yilina kadar agiklanan verilerin tartismali
oldugunu kabul etmektedir.

Sendikalagma orani istatistikleri konusunda daha saglikli bir yontem DISK-AR (2019) tarafindan 6nerilmis ve sendikalasma
oran1 hesaplamasinda toplu is sozlesmesi kapsami esas alinmistir. Toplu is sozlesmesi kapsamu, licret ve ¢caligma kogullari bir veya
birden fazla toplu ig sdzlesmesi ile belirlenen ig¢i say1sinin kayitli ve kayit digi tiim is¢ilerin sayisina orani olarak tanimlanmaktadir
(ILO, 2018: 13). Toplu is so6zlesmesi kapsama orani, klasik yontemle hesaplanan sendikalagsma oranindan farklilik arz etmektedir.
Sendikalagsma orani, sendika iiyesi iscileri dikkate almaktadir. Ancak bazi durumlarda ¢aliganlar, sendikaya iiye olmadan da toplu is
sozlesmesinden yararlanabilmektedir. Ayrica bu durumun tersi de miimkiindiir. Bir bagka ifadeyle sendikaya iiye oldugu halde toplu
is sozlesmesi kapsaminda olmayan isciler s6z konusu olabilmektedir. Ote yandan etkili toplu is sézlesmelerinin diizenlenmesi,
iscileri sendikaya iliye olma konusunda motive etmektedir (Scheuer, 1997: 65). Bu cercevede iki gosterge arasinda gegiskenlik
bulundugu ifade edilebilir.

DISK-AR (2019) hesaplamasinda istatistiksel karmaganin giderilmesi amaciyla resmi sendikalagma oran1 ve fiili sendikalasma
orani geklinde iki farkli tanimlama yapilmistir. Resmi sendikalagma orani, yukarida da ifade edildigi gibi Calisma ve Sosyal
Giivenlik Bakanlig: tarafindan agiklanan sendikalagsma oranidir. Calisma ve Sosyal Giivenlik Bakanlig: tarafindan hesaplanan
sendikalagma orani, sendikali is¢i sayisinin sigortali ¢alisan tiim isgilere orani olarak ifade edilmektedir. Bu ¢calismada kullanilan
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toplu is sdzlesmesi kapsama orani ise toplu is sdzlesmesinden yararlanan isci sayisinin kayitl ve kayit dis1 tiim is¢ilerin sayisina
oranidir.

Tiirkiye’de sendikal haklar ve toplu is sozlesmesi hakki 6536 sayili kanun cercevesinde ele alinmaktadir. S6z konusu kanunun
cikmasinda Uluslararast Caligma Orgiitii ve Avrupa Birligi’nin elestirileri 6nemli rol oynamustir. Nitekim Avrupa Birligi iiyelik
stirecinde 2821 ve 2822 sayili kanunlar ile ilgili elestiriler getirilmistir (Pirler, 2013: 885). Ancak 6536 sayili kanunun yiiriirliige
girmesi de elestirileri ortadan kaldirmamustir. Eski kanunlarin sadece bazi maddelerinde degisiklige gidilmesi, taraflarin 6zgiir
iradesine dayal1 bir toplu is sozlesme 6zerkliginin saglanamamis olmasi, sendikalarin vesayet altinda bulunmasi hususlari s6z
konusu elestirilerin baginda gelmektedir (Miilayim, 2023: 114). Ote yandan 6536 say1li kanunun ¢ikarilmasi, Uluslararasi Calisma
Orgiitii ve Avrupa Birligi’nin elestirilerini gidermek adina 6nem arz etmektedir (Aydin ve Keskin, 2015). Ancak sendikalasma
orani ile toplu ig sozlesmesi kapsama orani arasindaki farkliliklar, Tiirkiye’nin 6nemli bir sorunu olarak 6ne ¢ikmaktadir. Tablo
2’de 2013 sonrasi resmi sendikalagma ve toplu is sdzlesmesi kapsama oranlar1 sunulmugtur.

Tablo 2. Tiirkiye’de Sendikalagma ve Toplu Is S6zlesmesi Kapsama Oranlari

Donem Sendikalasma Orani Toplu Is S6zlesmesi Kapsama
Oram
Ocak 2013 9,2 7,7
Ocak 2014 9,5 8,1
Ocak 2015 10,7 9,1
Ocak 2016 12,0 10,2
Ocak 2017 12,2 10,3
Ocak 2018 12,3 10,7
Ocak 2019 13,8 11,4

Kaynak: DISK-AR (2019), Sendikalasma arastirmasi, Sayfa 10. Microsoft Word - Sendikalasma Arastirmasi-OCAK-2019-
BASIN.docx (disk.org.tr)

Tablo 2’de goriildiigii gibi sendikalagma orani toplu is s6zlesmesi kapsama oranindan daha yiiksek olarak hesaplanmaktadir. Bu
baglamda sendika iiyesi oldugu halde toplu is sdzlesmesinden faydalanamayan iscilerin bulundugu agiktir. Sendikalarin birincil
gorevinin toplu is sdzlesmeleri araciligiyla liyelerinin haklarini korumak oldugu degerlendirildiginde toplu is sdzlesmesi kapsama
oraninin daha saglikli bir gosterge oldugu soylenebilir.

Sendikalasma ve Makroekonomik Gostergeler

Toplu is sozlesmesi kapsami oranim etkileyen faktorler genelde hukuki ve sosyal yonden ele alinmistir. 2008 kiiresel krizin-
den sonra diinyada genel olarak toplu is sozlesme oram1 kapsaminin daraldigi goriilmektedir (Miilayim, 2023: 117). Toplu is
so0zlesmelerinin baski altina alinmasinin boyle bir egilime neden oldugu ifade edilebilir. Avrupa Birligi iiyesi iilkelerde ise toplu
is sozlesmesi kapsama orani ortalamasi %60 olmakla birlikte iilkelere gore farklilik arz etmektedir. Kuzey iilkelerinde toplu
is sozlesmesi kapsama oran1 %87 iken sendikalasma yogunlugu %65 civarindadir. Sendikalasmanin en diisiik oldugu irlanda,
Malta, ingiltere gibi bat1 boliimiinde ise toplu is sozlesmesi kapsama orani ortalama %27, sendikalasma orani yaklagik %13
civarindadir (Muller, 2021: 2). Avrupa Birligi iilkelerinde toplu is s6zlesme kapsama oraninin sendikalagsma oranindan yiiksek
olmasimin temelinde tesmil uygulamasi yatmaktadir. Tesmil uygulamasi ile toplu is sdzlesmesi kapsama orani biiyiik 6l¢iide
arttirilabilmektedir. Tesmil sayesinde orgiitsiiz is¢ilerin de toplu is sozlesmesinden yararlanmasi saglanmaktadir. Bu cercevede
igverenler arasindaki haksiz rekabetin de Oniine gecilmektedir. Ayrica is¢i haklar1 konusunda yasanan geligmelerin tiim iilkeye
yayilmasi saglanabilmektedir (Demircioglu, 2009: 120-121). Avrupa Birligi iilkelerinde toplu is sézlesme kapsama oraninin
sendikalagma oranindan fazla olmasi, Tablo 2’deki Tiirkiye verileriyle farklilik arz etmektedir. Bu durum, bir 6n ¢ikarim olarak
degerlendirilebilir. OECD iilkeleri toplu is s6zlesmesi kapsama orani ise 2019 yili itibariyle %32,1 olarak hesaplanmistir (OECD,
2023). Gerek Avrupa Birligi iilkeleri gerekse OECD iilkeleri bazinda degerlendirildiginde Tiirkiye’de sendikalagsma ve toplu i
sozlesme kapsaminin ¢ok diisiik diizeyde oldugu anlasilmaktadir. Ayrica Tablo 2’deki veriler tiim iscileri kapsamakta olup 6zel
sektdr olarak degerlendirildiginde toplu is sdzlesme kapsama oraninin %35,2 diizeyinde oldugu goriilmektedir (DISK-AR, 2022).
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Toplu is sozlesmesi kapsama oranimi etkileyen faktorler cesitli bigimlerde ele alinabilir. S6z konusu faktorlerin baginda
sendikalagma oran1 gelmektedir. 6536 sayili yasa geregi bir is¢inin toplu is s6zlesmesinden faydalanabilmesi icin sendika iiyesi
olmasi veya ilgili sendikaya dayanigma aidati 6demesi gerekmektedir. Bu baglamda sendikalagma oraninin toplu is sdzlesmesi
kapsama orani lizerinde pozitif bir etkisi olmas1 dogaldir. Toplu is s6zlesmesi kapsama oranini etkileyen diger bir unsur, toplu is s6-
zlesmesinin diizeyidir. Toplu ig s6zlesmesinin diizeyi, s6zlesmenin kapsayacagi alan olarak tanimlanmaktadir (Akyigit, 2022: 397).
Birden fazla igverenin oldugu toplu is sdzlesmelerinde s6z konusu diizey yiikselmektedir. Bu baglamda bazi Avrupa iilkelerinde
sendikalagma oraninin ¢ok iizerinde toplu is sozlesmesi kapsama oranina ulasilabilmektedir. S6zgelimi Avusturya’da iskolu
bazinda yapilan bir toplu is sézlesmesi, o iskolundaki tiim iscilere uygulanmaktadir. Nitekim Avusturya’da toplu is sdzlesmesi
%98 diizeyindedir. Bu baglamda toplu ig s6zlesmesi diizeyinin yasal diizenlemelerle yiikseltilmesi, sendikalagsma oranindan bagim-
s1z olarak toplu is sozlesmesi kapsama orani iizerinde yiikseltici bir etkiye sahip olmaktadir. S6z konusu yasal diizenlemelerin
bulunmadig: iilkelerde ise toplu is s6zlesmesi kapsama oraninin sendikalagma orani ile orantili oldugu ifade edilebilir (Visser vd.,
2017: 6). Toplu ig sdzlesmesi kapsama oranini etkileyen diger bir faktor tesmil uygulamasidir. Tesmil, yiiriirliikte olan bir toplu
is sozlesmesinin o igkolunda ¢aligan diger iscileri de kapsayacak sekilde genisletilmesi olarak tanimlanabilir (Subasi, 2013: 209).
Bu cercevede toplu is s6zlesmesinin hiikiimleri, o iskolundaki sendikali ve sendikasiz tiim is¢ilere tesmil edilmektedir (Egemen,
1992: 60). Fransa’da sendikal yogunluk %8 civarinda olmasina karsilik tesmil uygulamas: etkin bir sekilde uygulanmasi ile toplu
ig sozlesmesi kapsama orani %98 diizeyine ¢ikarilabilmistir. (Oesingmann, 2016: 62). Almanya’da ise tesmil uygulamasi bulun-
masina ragmen ¢ok yaygin kullanilmamaktadir. Nitekim son dénemde Almanya’da toplu is sdzlesmesi kapsaminin giderek diistiigii
goriilmektedir (Jirjahn, 2015: 4). Danimarka, Malta, Ingiltere, Yunanistan gibi iilkelerde ise tesmil uygulamas1 bulunmamaktadir.
Tiirkiye’de de zorunlu tesmile iligkin yasal bir diizenleme bulunmamakla birlikte sendikalarin veya Caligma ve Sosyal Giivenlik
Bakanliginin talebi iizerine Cumhurbagkani, tesmil miiessesini isletebilmektedir (Miilayim, 2023: 140).

Yukarida ifade edildigi gibi toplu is sdzlesmesi kapsama oranini etkileyen faktorler, genel olarak hukuki ag¢idan ele alinmaktadir.
Bu calismada ise toplu ig s0zlesmesi kapsama oranim etkileyen iktisadi degiskenler aragtirilmistir. Sendikalagma olgusunu piyasa
ekonomisi diginda diigiinmek ve salt hukuki bir siire¢ olarak ele almak eksik bir analiz olarak degerlendirilmektedir. Nitekim
makroekonomik faktorlerin emek piyasasi iizerindeki etkisi degerlendirildiginde s6z konusu faktorlerin sendikalagsmaya ve toplu
is sozlesmesi kapsama oranina yansimalarinin bulunmasi kaginilmazdir. S6zgelimi enflasyonun yiiksek oldugu donemlerde fir-
malarin gelecekteki beklentileri olumsuza donebilmekte ve firmalar emek maliyetlerinin artmasini 6nlemeye ¢aligmaktadir. Bu
cercevede isletmelerin sendikal 6rgiitlenmenin Sniine engeller koyabilecegi ve sendikalasmam diisecegi ifade edilebilir. Ote yandan
sendikalagma oraninin tiim diinyada sanayi sektoriinde daha yiiksek oldugu bilinmektedir. Bu yoniiyle sanayi lehine gerceklesecek
yapisal bir degisimin sendikalagmay1 arttirmast dogaldir. Bu ¢alismada Tiirkiye ekonomisi i¢in baz1 makroekonomik faktorlerin
toplu ig sozlesmesi kapsama orani iizerindeki etkilerinin saptanmasi amag¢lanmaktadir. Bu yoniiyle piyasa kosullarinin toplu
is sozlesmesi kapsamina hangi mekanizmalar yoluyla etki ettigi tartismaya agilmaktadir. Bir bagka ifadeyle iktisadi gelismeler
ile toplu is sozlesmesi kapsama oraninin birlikte hareket edip etmediginin ortaya konmasi bu ¢alismanin énemli bir ¢iktisini
olusturmaktadir.

Literatiir

Literatiirde sendikalagma ve toplu is sdzlesme kapsama oranini etkileyen faktorlere iligkin ¢caligmalar, yukarida da ifade edildigi
gibi genel olarak hukuki ve sosyal ¢ercevede ele alinmistir. Gormiis (2020), caligmasinda toplu is sézlesmesi kapsama oranini
etkileyen faktorleri karsilastirmali endiistri iligkileri temelinde analiz etmistir. Calismanin sonucunda toplu is sézlesmesi kapsama
orani ile sendikal yogunluk, toplu pazarlik koordinasyon derecesi, tesmil uygulamasinin kullanim sikli1 arasinda orta diizeyli bir
korelasyon bulunmustur. Ayrica isveren orgiitlenme yogunlugu ve baskin toplu pazarlik diizeyi arasinda yiiksek diizeyli korelasyon
tespit edilmigtir. Miilayim (2023), toplu is s6zlesmesi kapsamini etkileyen faktorleri acikladig: calismasinda sendikal yogunluk ile
toplu is sozlesme kapsama orani arasinda dogru orant1 oldugunu ifade etmistir. Caligmada toplu is s6zlesmesinin diizeyi ve tesmil
mekanizmasinin da toplu is sozlesme kapsama oranina etki ettigi degerlendirilmistir.

Bu caligmanin literatiirden farki, toplu is s6zlesmesi kapsama oraninin iktisadi degiskenler ile iligskilendirilmig olmasidir. Lit-
eratiirde iktisadi degigkenlerle toplu is s6zlesme kapsami arasindaki iligkileri ele alan ¢ok sinirli sayida ¢alisma bulunmaktadir.
Oswald (1982), sendikalagmadaki artigin iicretleri yiikseltecegini, bu mekanizma ile istihdam ve iiretimin diisecegini ifade etmistir.
Blanchard ve Summers (1986), calismalarinda 1980’11 yillar icin yiiksek sendikal yogunlugun dogal issizlik oranin1 arttirdigi sonu-
cuna ulagsmiglardir. Ramjas (1989), sendikalagsma oranindaki artigin isci verimliligi ilizerinde negatif bir etkiye sahip oldugunu
saptamigtir. Bean ve Crafts (1995), calismalarinda sendikalagmadaki artigin toplam faktor verimliligi lizerinde olumsuz etkiye sahip
oldugunu ifade etmislerdir. De Groot (2001), calismasinda sendikalarin iicretler genel diizeyini arttiracagin, licretlerdeki artigin ver-
imlilik artiglart ile telafi edilemezse enflasyonu arttiracagini saptamustir. Daveri ve Tabellini (2000), ¢calismalarinda vergilendirme
stireclerinin iktisadi etkilerini incelemislerdir. Calismanin sonucunda asir1 vergilendirmenin is¢ilere yansitilmasi halinde isgiicii
maliyetlerinin artacagi ve igsizligin artarak sendikalagsma oranini diigiirecegi saptanmistir. Van Reenen (1996) ve Wrigles (2002),
yaratici igletmelerin daha yiiksek iicret 6derken rekabetci isletmelerde iicretler genel diizeyinin diisiik oldugunu ifade etmektedirler.
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Bu baglamda sendikalar giiclenmekte, arastirma-gelistirme calismalarina kaynak aktarilamamaktadir. Bu durum ise biiyiimenin
yavaglamasina neden olmaktadir. Turnbull (2003), calismasinda sendikalagmanin GSYH biiylimesini yavaslattigini tespit etmisgtir.
Baker vd. (2005), calismasinda toplu is sozlesmesi kapsamu ile igsizlik arasinda 6nemsi sayilabilecek bir iligki bulmugtur. Murtin
vd. (2014), calismalarinda toplu is sozlesme kapsama oraninin sendikalasma oranindan daha biiyiik olmas1 durumunda iicretlerin
kat1 hale gelecegini ve bu durumun istihdama zarar verecegini tespit etmislerdir. Barbier-Gauchard vd. (2023), yaptiklari caligmada
sendikalagmanin gii¢siiz olmasi halinde nominal ticretlerin ve istihdamin diistiigiinii belirlemislerdir. Bu durum enflasyon iizerinde
asagiya dogru baski olusturmaktadir.

Literatiirdeki caligmalar incelendiginde sendikalagma oran1 ve toplu ig sdzlesmesi kapsama orani degiskenlerinin genel olarak
isglicli piyasasiyla iligkilendirildigi goriilmektedir. Bu baglamda ¢ogunlukla sendikalagma orani ve toplu is sozlesme kapsama
oraninin igsizlik ve istihdam ile etkilesimi ele alinmistir. Ayrica Tiirkiye ekonomisi i¢in sendikalagsma ve toplu is sozlesmesi
kapsama orani ile iktisadi degigkenler arasindaki iligkileri konu alan ¢ok fazla ¢alisma bulunmamaktadir. Peker ve Boliikbas (2012),
yaptig1 calismada Tiirkiye ekonomisi i¢in reel sektor gliven endeksi, toplu is sozlesmelerinin sayisi, iiretici fiyat endeksi ve igsizlik
arasindaki iligkiyi incelemiglerdir. Calismada 2000-2011 yillar1 aras1 donem i¢in aylik veriler kullanilmistir. Calismanin sonucunda
ozel sektor toplu is sozlesmesi sayisinin igsizligi arttirdigr tespit edilmistir. Tar1 ve Bakkal (2017), yaptig1 calismada Tiirkiye
ekonomisi i¢in igsizligin belirleyicilerini 1980-2012 donemi i¢in arastirmuglardir. Calisma sonucunda sendikalagmadaki artigin
igsizlik oranim yiikselttigini belirlemislerdir. Sarica (2023), 1987-2020 dénemi i¢in sendikalagma orani, igsizlik oranu, ticari agiklik
oran1 ve kamu nihai tiiketim harcamalar1 arasindaki egbiitiinlesme ve nedensellik iligkilerini incelemistir. Calismada ARDL sinir
testi ve Toda Yamamoto nedensellik testi yontemleri kullanilmis ve degiskenlerin esbiitiinlesik oldugu belirlenmistir. Calismadan
elde edilen sonuglara gore sendikalagsma oraninin igsizlik orani iizerinde negatif etkisi bulunmaktadir. Ayrica sendikalagma orani
ile ticari aciklik oran arasinda cift yonlii nedensellik iligkisi saptanmigtir.

Bu calismada iktisadi degiskenlerin toplu is sozlesmesi kapsama orani iizerindeki etkileri kapsamli bir bi¢imde ele alinmaktadir.
Bu ¢ercevede iilkedeki ekonomik kosullarin toplu is s6zlesmesi kapsamina olan etkilerinin tartigmaya agilmasi hedeflenmektedir.

Veri Seti Ve Yontem

Bu calismada veri seti olarak toplu is sdzlesmesi kapsama orani, kisi bagma gelir, sanayi sektoriiniin katma deger icindeki
pay1 ve enflasyon degiskenleri kullanilmistir. Toplu is sdzlesmesi kapsama orani serisi, DISK-AR (2019) ve DISK-AR (2022)
verilerinden elde edilmigtir. Diger verilerin tamami Diinya Bankasi sitesinden alinmigtir. Calismanin veri araligi 1988-2022 olarak
belirlenmistir. Ele alinan tiim seriler logaritmik degerleriyle analize dahil edilmistir. Degiskenler arasindaki iligkinin tespiti i¢in
Johansen (1988) esbiitiinlesme testi ve ARDL sinir testi kullanilmistir. Johansen egbiitiinlesme testinin gerceklestirilebilmesi icin
serilerin duraganlik mertebelerinin belirlenmesi 6nem arz etmektedir. Bu baglamda tiim degiskenler icin Genisletilmis Dickey
Fuller (ADF) ve Phillips-Perron (PP) birim kok testleri uygulanmistir. Ayrica verilerin yapisi itibariyle iki yapisal kirilmay1 dikkate
alan Zivot-Andrews birim kok testi kullanilmistir.

Birim kok testleri, ekonometri literatiiriinde 6nemli bir yere sahiptir. {lk birim kok testi, Dickey ve Fuller (1979) tarafindan
gelistirilmistir. Dickey-Fuller birim kok testi gercevesinde sabitsiz model, sabitli model, sabitli ve trendli model seklinde ii¢
farkli model spesifikasyonu kullanilmaktadir. Bu ¢alismada kullanilan zaman serilerinin yapisi itibariyle sabitli ve trendli model
spesifikasyonu uygulanmistir. S6z konusu modelin matematiksel gosterimi asagidaki gibidir.

AY; :ﬂ+ﬂt+6YI_l+8t (1)

Yukaridaki model, birinci mertebeden otoregresif bir model olarak tanimlanmigtir. Modelde p sabit terimi ifade etmektedir.
Modelde yer alan trend, t ile ifade edilmigtir.  ise modelin parametresidir. Birim kok testinin temel ve alternatif hipotezleri
asagidaki gibi tanimlanmaktadir.

Hy:6=0 @
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DF birim kok testinin uygulama agamasinda temel hipotezin sinanmasi i¢in kullanilan kritik degerler, Dickey ve Fuller (1979) ve
MacKinnon (1991) tarafindan gelistirilmis olup kullanilan model spesifikasyonuna gore degisiklik gostermektedir. Bu ¢aligmada
kullanilan sabitli ve trendli model i¢in 7; kritik degerleri kullanilmaktadir. Hipotez sinamasinda kullanilan tau test istatistigi ise
asagidaki gibi hesaplanmaktadir.
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DF testinin karar asamasinda (4) numarali esitlikteki gibi hesaplanan test istatistigi kritik degerlerle karsilastirilmaktadir. Test
istatistiginin secili anlamlilik seviyesinde kritik degerden biiyiik olmasi1 halinde (2) numarali esitlikte ifade edilen birim kok temel
hipotezi reddedilememektedir. Bir baska ifadeyle analiz edilen serinin birim kok siireci izledigi sonucuna ulagilmaktadir.

Yukarida (1) numaral esitlikte goriildiigii gibi Y; zaman serisinin birinci mertebeden otoregresif modele uydugu varsayil-
maktadir. Ancak zaman serileri her zaman birinci mertebeden otoregresif siire¢ izlemeyebilir. Herhangi bir zaman serisi birinci
mertebeden farkli otoregresif bir modele uygunluk gosterdigi halde (1) numarali esitlikteki gibi ifade edilirse hata terimlerinde
otokorelasyon sorunu ortaya ¢ikmaktadir. Bu durumda Dickey-Fuller dagilimi gegersiz hale gelmektedir (Harris ve Sollis, 2003:
42-46). Dickey ve Fuller (1981), s6z konusu otokorelasyon sorununu gidermek amaciyla uygulanan model spesifikasyonuna gore
kullanilan esitligin sag tarafina bagiml degiskenin gecikmeli degerlerini ilave etmeyi 6nermiglerdir. Bu baglamda ortaya konan
test, Genisletilmis Dickey-Fuller (ADF) testi olarak adlandirilmistir. S6z konusu degisiklik yapildiginda sabitli ve trendli model
olarak ifade edilen (1) numarali esitlik asagidaki bicime doniismektedir.

Ay =p+pt+6Y-1 + EfzzéiAYt—iH + & 5)

ADF test siireci, DF testiyle aymdir. Temel ve alternatif hipotezler, (2) ve (3) numaral esitliklerdeki gibi ifade edilmektedir.
Ayrica karar asamasinda yine Dickey-Fuller veya MacKinnon kritik degerleri kullanilmaktadir (Harris, 1995: 32-36).

Bu calismada uygulanan diger birim kok testi Phillips-Perron (PP) birim kok testidir. Phillips ve Perron (1988) tarafindan
gelistirilen PP testinin ADF testinden farki, hata terimlerinin otokorelasyonsuz olma varsayiminin gevsetilmis olmasidir (Enders,
2010: 229). PP testi, Dickey-Fuller istatistiginin parametrik olmayan modifikasyonu olarak da ifade edilebilir (Cil, 2018: 299).
Phillips ve Perron (1988), modele bagimli degiskenin gecikmeli degerlerini eklemek yerine test istatistigini degistirmislerdir (Mills
ve Markellos, 2008: 80). PP testi ¢cer¢evesinde kullanilan test istatistigi agsagidaki gibi hesaplanmaktadir.

Zo=T(6-1)-CF (6)

PP testinde kullanilan kritik degerler DF testi ile aynidir. Bu baglamda (6) numarali esitlikteki gibi hesaplanan test istatistiginin
secili anlamlilik diizeyinde kritik degerden biiyiik olmasi halinde birim kok durumunu ifade eden temel hipotez reddedilememekte
ve analiz edilen serinin birim kok siireci izledigine karar verilmektedir.

Bir zaman serisinde yapisal kirilmalar varsa ve s6z konusu kirilmalar birim kok testinin i¢ine alinmamigsa birim kok testinden elde
edilen sonuglar sapmali olmaktadir. Sapma, birim kok temel hipotezinin kabuliine dogru gerceklesmektedir. Bu baglamda yapisal
kirilmanin varligi durumunda yapisal kirilmali birim kok testleri geleneksel birim kok testlerine gore iistiinliik arz etmektedir.
Bu ¢alismada diizeyde ve egimde bir yapisal kirilmay1 dikkate alan Zivot-Andrews (ZA) birim kok testi kullanilmistir. Zivot ve
Andrews (1992) tarafindan gelistirilen ZA birim kok testi, bir yapisal kirilmay1 dikkate almakta ve kirilma tarihi test siirecinde
i¢sel olarak belirlenmektedir. ZA testinde diizeyde, egimde ve hem diizeyde hem egimde bir yapisal kirilmay: dikkate alan ii¢ farkli
model spesifikasyonu kullanilmaktadir. Bu calismada diizeyde ve egimde bir yapisal kirilmay1 dikkate alan model spesifikasyonu
kullanilmig olup testin temel ve alternatif hipotezleri asagidaki gibidir.

Yt:#+Yt—1+8l (7)

AY, = p+ Bt + 6Y,_1 + 61 DU () +y1 DT, (X) + =& diAY,_; + &, (8)

Yukaridaki denklemlerde kullanilan kukla degiskenler agsagidaki gibi ifade edilmektedir.

1,t > TBise
DU = [O,t < TB ise] ©)
t—TB,t > TBise
bui( = [0, t < TB ise] (19)
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TB
A=— 11
- an
Bu ¢ercevede ZA testinin temel ve alternatif hipotezi agsagidaki gibidir.
Hp:6=0 (12)
Hi:6<0 (13)

Yukaridaki parametre tahminlerine iligskin olas1 tiim kirilmalar i¢in t istatistikleri hesaplanmakta ve t istatistiginin minimum
oldugu noktada kirilma tarihi, i¢sel olarak belirlenmektedir. S6z konusu minimum test istatistigi, karar asamasinda Zivot ve
Andrews (1992) tarafindan gelistirilen kritik degerlerle karsilastiriimaktadir. Hesaplanan test istatistigi kritik degerden biiyiikse
temel hipotez reddedilememekte ve serinin birim kdok siireci izledigine karar verilmektedir

Degiskenler arasindaki iligkinin belirlenmesi i¢in birim kok testlerinden elde edilen bilgiler onem arz etmektedir. Granger ve
Newbold (1974), duragan olmayan zaman serileriyle calisildiginda, aralarinda iligki olmayan verilerden iligki varmig gibi sonuclara
ulagilabilecegini ortaya koymuslardir. Bu durum, literatiirde sahte regresyon olarak tanimlanmaktadir. Ancak duragan olmayan
zaman serilerinin dogrusal bir bilesimi duragan olabilmektedir. Bu degigkenler egbiitiinlesik olarak ifade edilmektedir (Maddala
ve Kim, 2004: 34). Esbiitiinlesme kavramui, serilerin duragan olmasalar dahi uzun donemde birlikte hareket etmesi olarak da
tanimlanabilir (Hamilton, 1994: 571).

Literatiirdeki ilk esbiitiinlesme testi Engle ve Granger (1987) tarafindan gelistirilmistir. Engle-Granger testi ¢ercevesinde once-
likle analiz edilen iki zaman serisi i¢in regresyon denklemi kurulmaktadir. Ardindan regresyon denkleminin tahmininden elde
edilen kalintilara DF birim kok testi uygulanmaktadir. DF testi sonucunda kalint1 serisi duragan bulunursa iki serinin egbiitiinlesik
oldugu sonucuna varilmaktadir. DF birim kok testi uygulamasinda Dickey-Fuller kritik degerleri yerine Engle ve Granger (1987)
tarafindan gelistirilen kritik degerler kullanilmaktadir. Engle-Granger esbiitiinlesme testi, sadece iki degisken arasindaki uzun
donem denge iliskisini ortaya koyabilmektedir. Ayrica Engle-Granger testinde bagimli degisken se¢imine gore birbirinden farkli
sonuclar elde edilebilmektedir. Bu eksiklikleri gidermek iizere Johansen (1988) tarafindan yeni bir esbiitiinlesme testi gelistir-
ilmigtir. Johansen testi ile birden fazla esbiitiinlesme vektdriiniin bulundugu durumlarda da analiz yapmak miimkiindiir. Johansen
esbiitiinlesme testi cergevesinde oncelikle tiim degiskenlerin bagimli degisken olarak ele alindig1 VAR (Vektor Otoregresif) mod-
eli kurulmaktadir. VAR modelinin tahmininden elde edilen katsayilar matrisinin ranki egbiitiinlesme vektorlerinin sayisini ifade
etmektedir. S6z konusu matrisin ranki sifira esitse seriler arasinda egbiitiinlesme iligkisi bulunmadig1 sonucuna ulagilmaktadir.
Esbiitiinlesme vektorlerinin sayisin1 bulmak i¢in katsayilar matrisinin karakteristik koklerini kullanmak da miimkiindiir (Brooks,
2008: 351). Degiskenler arasinda egbiitiinlesme iligkisi bulunmuyorsa karakteristik kokler ve rank sifira esittir. Ancak katsayilar
matrisinin ranki bire esitse birinci kok (A7) sifir ile bir arasinda deger almakta, diger karakteristik kokler (A, 43, . . . , 4,)sifira esit
olmaktadir. Karakteristik koklerin sayisinin birden farkli olmasinin belirlenmesi igin kullanilan test istatistikleri asagidaki gibi
hesaplanmaktadir (Enders, 2010: 404).

Airace(r) = =TZL  In(1 - ;) (14)

i=r+l

Amax(r \r+1) = =TIn(1 = 2,41) (15)

Johansen ve Juselius (1990), A;,4ce V€ Anax istatistikleri i¢in kritik degerler iiretmislerdir. Hesaplanan test istatistiklerinin kritik
degerlerden biiyiik olmasi durumunda r sayida esbiitiinlesme vektorii oldugunu ileri siiren sifir hipotezi reddedilmektedir. Bir
bagka ifadeyle degiskenler arasinda egbiitiinlesme iligkisinin bulunduguna karar verilmektedir.

Johansen egbiitiinlesme testinin uygulanabilmesi i¢in degiskenlerin ayni mertebeden duragan olmasi gerekmektedir. Bu baglamda
esbiitiinlesme testine gegcmeden Once birim kok testlerinin yapilmasi onem arz etmektedir. Modelin gecikme uzunlugu ise VAR
modelinin kurulmasi agamasinda belirlenmektedir. Hata terimlerinin duraganlig: agisindan gecikme uzunlugunun dogru belirlen-
mesi de ayrica onemlidir (Seviitekin ve Cinar, 2017: 582).

Bulgular

Yontem kisminda aciklandigr iizere dncelikle degiskenlerin duraganlik durumu aragtirilmistir. Bu baglamda ADF ve PP birim
kok testleri uygulanmigtir. S6z konusu test sonuglar1 Tablo 3’te sunulmustur. Her iki testte de sabitli ve trendli model uygulanmugtir.
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Tablo 3’te sunulan sonuclar hem diizey degerleriyle hem de birinci fark degerleriyle elde edilen sonuglar1 gostermekte ve Johansen
esbiitiinlegsme testi acisindan onem tagiyan duraganlik mertebelerinin belirlenmesi hedeflenmektedir.

Tablo 3. ADF ve PP Birim Kok Testi Sonuglari

Diizey
Toplu Is Sézlesmesi Enfl :  KD/GSYH | Kisi B Geli
Kapsama Orani nflasyon anayi isi Basina Gelir
ADF Istatistigi -0,553428 -0,723740 -0,886679 -1,499776
PP Istatistigi -0,677505 -0,824227 -0,886679 -1,587741
Kritik Deger -3,552973 -3,552973 -3,552973 -3,552973
Birinci Farklar
ADF Istatistigi -6,248372%* -4,871563** -4,843305%* -6,054405%*
PP Istatistigi -6,208120%* -4,868392%* -4,832591 ** -6,054405%*
Kritik Deger -3,557759 -3,557759 -3,562882 -3,557759

*9%5 anlamlilik diizeyi, **%]1 anlamlilik diizeyi

Tablo 3’te goriildiigii gibi degiskenlere diizey degerleriyle uygulanan birim kok testleri sonucunda hesaplanan test istatistikleri
kritik degerlerden biiyiik bulunmustur. Bu baglamda tiim degiskenler icin gerek ADF gerekse PP testi ile birim kok temel hipotezi
reddedilememistir. Bir bagka ifadeyle tiim degiskenler diizey degerleriyle birim kok siireci izlemektedir. Tablo 3’iin ikinci kisminda
birinci fark degerleriyle uygulanan birim kok testi sonuclart verilmistir. Tablodan goriildiigii tizere tiim degiskenler i¢in hesaplanan
test istatistikleri kritik degerlerden kiigiiktiir. Birim kok temel hipotezi reddedilmistir. Bir bagka ifadeyle analiz edilen serilerin
tamami birinci mertebeden duragandir. Ayrica verilerin yapisi itibariyle bir yapisal kirilmay: dikkate alan Zivot-Andrews birim
kok testi uygulanmig, diizeyde ve egimde bir yapisal kirilmay1 dikkate alan model spesifikasyonuna iligkin test sonuglari Tablo
4’te sunulmugtur.

Tablo 4. Zivot-Andrews Birim Kok Testi Sonuglart

Diizey
T?f;g siagrﬁgz(l)efg?ﬁsi Enflasyon Sanayi KD/GSYH | Kisi Basma Gelir

Gecikme 4 4 3 4
Kirtlma Tarihi 2013 2003 2010 2004
Test Istatistigi -4,204084 -4,194367 -3,996980 -3,706478

Birinci Farklar

Gecikme 4 4 1 0

Test Istatistigi -5,257699* -6,830856** -6,151200%** -7,222869**

Kritik Degerler: 5,57 (%1), 5,08 (%5), *%5 anlamlilik diizeyi, **%]1 anlamlilik diizeyi

Tablo 4’teki sonuglar incelendiginde diizey degerleriyle tiim degiskenler icin hesaplanan test istatistikleri kritik degerlerden
biiyiiktiir. Bu baglamda degiskenler birim koklii bulunmustur. Birinci fark serileri ise diizeyde ve egimde bir yapisal kirilma ile
trend duragandir.
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Degiskenler birinci mertebeden duragan bulunduguna gore Johansen esbiitiinlesme testinin ilk varsayiminin saglandig: ifade
edilebilir. Bu agamada VAR model kurularak modelin gecikme uzunlugu belirlenmistir. Gecikme uzunlugunun belirlenmesi i¢in
kullanilan bilgi kriterlerine iligkin sonuglar Tablo 5’te sunulmugtur.

Tablo 5. Gecikme Uzunlugunun Belirlenmesi

Gecikme LogL LR FPE AIC SC HQ
0 133,7534 NA 3,53e-09 -8,109585 -7,926368 -8,048854
1 232,2794 166,2627 2,05e-11 -13,26746 -12,35138 -12,96381
2 237,6791 7,762087 4,20e-11 -12,60494 -10,95599 -12,05836

Tablo 5’te goriildiigii gibi bilgi kriterlerinin kullanilmasi sonucunda modelin gecikme uzunlugu 1 olarak belirlenmistir. Kurulan
modelin istikrar kosulunu saglamasi da Johansen esbiitiinlesme testinin yapilabilmesi acisindan onem arz etmektedir. Istikrar
kosulunun saglanabilmesi icin AR karakteristik polinomunun ters koklerinin birim ¢ember icinde olmasi gerekmektedir. S6z
konusu durum Sekil 1’de gosterilmistir.
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Sekil 1. AR Karakteristik Polinomu Ters Koklerinin Birim Cember I¢indeki Konumu

Sekil 1°de goriildiigii gibi tiim ters kokler birim ¢emberin i¢indedir. Modelin istikrar kosulunun saglandig1 sdylenebilir. Bu
asamada Johansen esbiitiinlesme testinin uygulanmasina gecilmis ve test sonuglar: Tablo 6’da sunulmustur.

Tablo 6. Johansen Esbiitiinlesme Testi Sonuglari

H, H, Eigenvalue Trace Kritik H, Max- Kritik

Istatistigi Deger Eigen Deger

(%5) Istatistigi (%5)
r=0 r=1 0,565791 58,89134 47,85613 r=1 26,69536 27,58434
r<i r=2 0,433520 32,19597 29,79707 r=2 18,18604 21,13162
r<2 r=3 0,213194 14,00993 15,49471 r=3 7,672734 14,26460
r<3 r>4 0,179661 6,337195 3,841466 r=4 6,337195 3,841466
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biiyiiktiir. H; hipotezi kabul edilerek teste devam edilmistir. Hp : r < 1 ve H; : r > 2 hipotezleri i¢cin de ayn1 durum gecerlidir.
Ancak Hy : r < 2 ve Hy : r > 3 hipotezleri i¢in hesaplanan trace istatistiginin kritik degerden daha kiiciik oldugu goriilmektedir.
Bu cercevede H; hipotezi reddedilerek degiskenler arasinda en fazla 2 esbiitiinlesme vektoriiniin bulundugu sonucuna ulagilmustir.
Max-Eigen istatistigine gore ise Hy : r = 0 ve H;y : r = 1 hipotezleri icin istatistik degeri kritik degerden daha kiigiiktiir. Bir bagka
ifadeyle H; hipotezi reddedilerek degiskenler arasinda egbiitiinlesme iligkisi bulunamamustir. Test sonugclar1 degerlendirildiginde
trace istatistigi cercevesinde egbiitiinlesme kanitlarinin elde edildigi soylenebilir.

Degiskenler arasindaki egbiitiinlesme iliskisinin gecerli olabilmesi i¢in hata terimleri arasinda otokorelasyon olmamasi, hata

terimlerinin normal dagilima uygun olmasi ve sabit varyans varsayimlarinin saglanmasi gerekmektedir. Bu baglamda oncelikle
otokorelasyon sorunu LM testi ile stnanmig ve test sonuglar1 Tablo 7°de sunulmustur.

Tablo 7. LM Otokorelasyon Testi Sonuglari

Gecikme F istatistigi Olasiik
1 0,764182 0,7183
2 1,010097 0,4581

Tablo 7°de goriildiigii gibi olasilik degerleri 0,05 ten biiyiiktiir. Hata terimleri arasinda otokorelasyon bulunmadigini 6ne siiren

temel hipotez reddedilememistir. Bir bagka ifadeyle otokorelasyonsuzluk varsayimi saglanmigtir. Sabit varyans varsayiminin
sinanmast icin White testi uygulanmis ve test sonuclar1 Tablo 8’de sunulmustur.

Tablo 8. White Degisen Varyans Testi Sonuglari

Ki-Kare Istatistigi Olasihk

90,56712 0,1967

Tablo 8’de olasilik degerinin 0,05’ten biiyiik oldugu goriilmektedir. Sabit varyansi ileri siiren temel hipotez reddedilememistir.

Bir bagka ifadeyle sabit varyans varsayimi da saglanmistir. Hata terimlerinin normal dagilip dagilmadig1 ise Jarque-Bera testi ile
sinanmisg ve test sonuclar1 Tablo 9’da sunulmugtur.

Tablo 9. Jarque-Bera Testi Sonuglart

Joint Olasihk

7,156243 0,5199

Tablo 9°da goriildiigii gibi olasilik degeri 0,05°ten biiyiiktiir. Hata terimlerinin normal dagilima uygun oldugunu 6ne siiren temel
hipotez reddedilememistir. Bu baglamda normallik varsayiminin da saglandig1 sonucuna ulagilmistir. Varsayimlarin sinanmasinin
ardindan uzun donem katsayilarinin tahminine gecilmistir. Tahmin sonuglar1 Tablo 10’da 6zetlenmistir.

Tablo 10. Uzun Dénem Katsay1 Tahminleri (Bagimli Degisken: Toplu I Sozlesmesi Kapsama Orani)

Degiskenler Katsay1 Standart Hata t istatistigi Olasihk
Sanayi KD/GSYH 3,397089 0,43791 7,75744 0,0000
Kisi Basina Gelir -1,177468 0,12723 -9,25482 0,0000

Enflasyon -0,485817 0,08332 -5,83090 0,0000
Sabit 1,242414
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Tablo 10°daki t istatistikleri incelendiginde tiimiiniin mutlak deger olarak %5 anlamlilik diizeyinde kritik degerlerden (1,96)
biiylik oldugu goriilmektedir. Bir bagka ifadeyle katsayilar istatistiksel olarak anlamli bulunmugtur. Model logaritmik oldugu
icin tiim katsayilar esneklik olarak degerlendirilebilir. Sanayi katma degerinin GSYH icindeki payinda yasanana %]1°lik artig,
sendikalagma oranini yaklasik olarak %3,40 oraninda arttirmaktadir. Kisi basina gelirdeki %]1°lik artis ise sendikalagma oranim
yaklasik %1,18 oraninda diigiirmektedir. Enflasyon oranindaki %1’lik artigin ise sendikalagma oranini yaklagik olarak %0,49
diisiirdiigii goriilmektedir. Esbiitiinlesme iliskisinin gegerli olabilmesi i¢in kisa donemde yasanan sapmalarin uzun dénemde
ortadan kalkmasi 6nem arz etmektedir. Bu ¢ergevede hata diizeltme modeli kurulmustur. Hata diizeltme modeli, hata terimlerinin
bir dénem gecikmeli degerleri ile olusturulmaktadir. Hata diizeltme modeli sonuglart Tablo 11’°de sunulmugtur.

Tablo 11. Hata Diizeltme Modeli Sonuglar1

Katsayl Standart Hata t istatistigi
Sanayi KD/GSYH (-1) -7,379034 1,04923 -7,03281
Kisi Basina Gelir (-1) 1,359182 0,29076 4,67457
Enflasyon (-1) 0,980225 0,18865 5,19595
Sabit 3,153273
Hata Diizeltme Terimi -0,815981 0.20541 -3.97239

Hata diizeltme modelinin ¢aligmasi i¢in hata diizeltme terimi parametresinin negatif ve istatistiksel olarak anlamli olmasi
gerekmektedir. Tablo 11°de goriildiigii gibi hata diizeltme terimi parametresi negatiftir. Ayrica t istatistigi incelendiginde mutlak
deger olarak %35 anlamlilik seviyesinde kritik degerden (1,69) biiyiik oldugu goriilmektedir. Bir bagka ifadeyle hata diizeltme terimi
parametresi istatistiksel olarak anlamli bulunmustur. Hata diizeltme modeli calismaktadir. Kisa donemde ortaya ¢ikan sapmalar
1,23 (1/0,815981) donem sonra ortadan kalkarak uzun donem dengesi yeniden kurulmaktadir. Daha agik sdylemek gerekirse kisa
donemde esbiitiinlesme iligkisinden sapma meydana geldiginde, soz konusu sapmanin etkisi yaklasik 1 y1l 3 ay sonra giderilmekte
ve tekrar uzun donem denge iligkisine doniilmektedir.

Analiz edilen doneme iligkin gbzlem sayisinin diisiik olmasi1 nedeniyle ayrica ARDL sinir testi uygulanmis ve sinir testi sonuglari
Tablo 12°de sunulmustur.

Tablo 12. Sinir Testi Sonuglart

F Istatistigi 3,708453*
Alt ve st kritik degerler (%1) 4,614-5,966
Alt ve iist kritik degerler (%5) 3,272-4,306
Alt ve iist kritik degerler (%10) 2,676-3,586

*%10 anlamlilik diizeyi, **%35 anlamlilik diizeyi, ¥***%1 anlamlilik diizeyi.

Tablo 12’de goriildiigii gibi hesaplanan test istatistigi %10 anlamlilik diizeyinde alt ve iist kritik degerlerin arasindadir. Bu

baglamda degiskenler arasinda egbiitiinlesme kanit1 elde edildigi sdylenebilir. Uzun donem parametre tahminleri Tablo 13’te
sunulmustur.

Tablo 13. ARDL Uzun Dénem Katsay Tahminleri (Bagiml Degisken: Toplu Is S6zlesmesi Kapsama Orani)

Degiskenler Katsay1 Standart Hata t Istatistigi Olasihk
Sanayi KD/GSYH 4,734495 1,304680 3,628855 0,0016
Kisi Bagina Gelir -0,672383 0,195717 -3,435495 0,0025

Enflasyon -0,398531 0,163998 -2,430100 0,0241
Sabit -2,744366 1,790352 -1,532864 0,1402
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Tablo 13’te goriildiigii gibi ARDL Sinir testinden elde edilen sonuclar Johansen egbiitiinlesme testi sonuglariyla uyumludur.
Ancak esbiitiinlesme iliskisi %10 anlamlilik diizeyinde bulunabilmistir. Ote yandan Johansen esbiitiinlesme testi, esanli denklemler
sistemi ile egbiitiinlesme iligkisini analiz etmekte ve elde edilen uzun donem katsayilarinin bagimli degisken iizerindeki etkisinin
ne kadarinin kendisinden ne kadarinin diger degiskenlerden kaynaklandigi tam olarak yorumlanamamaktadir. Bu baglamda daha
robust sonuclar elde etmek amaciyla esbiitiinlesmeye dayali bir regresyon tahmin yontemi olan Tam Diizeltilmig En Kiiciik Kareler
Yontemi (FMOLYS) ile uzun donem parametre tahminleri tekrar yapilmigtir ve tahmin sonuglar1 Tablo 14’te sunulmustur.

Tablo 14. FMOLS Uzun Dénem Katsay1 Tahminleri (Bagimli Degisken: Toplu Is Sozlesmesi Kapsama Orani)

Degiskenler Katsay: Standart Hata t istatistigi Olasihk
Sanayi KD/GSYH 2,188787 0,400005 5,471892 0,0000
Kisi Bagina Gelir -0,765476 0,122344 -6,256774 0,0000

Enflasyon -0,190767 0,081658 -2,336165 0,0266
Sabit 1,039556 0,666176 1,560481 0,1295

Tablo 14’teki sonuglarin daha robust oldugu goz 6niine alinarak sonu¢ kismimnda FMOLS tahmincileri dikkate alinmistir. Model
logaritmik olarak kuruldugu icin elde edilen katsay1 tahminleri esneklik olarak degerlendirilebilir.

Sonu¢

Giiniimiizde sendikalagma hakk1, demokrasinin 6nemli gostergelerinden biri olarak kabul edilmektedir. Sendikalagma oraninin
yiiksek olmast, isci haklar1 agisindan 6nem arz etmektedir. Ancak sendikalagma orani tek bagina bir anlam ifade etmemekte, grevli
toplu sozlesme hakkiyla bir biitiin olarak degerlendirilmektedir (Tanor, 1978: 290-292). Bu baglamda toplu is s6zlesmesi kapsama
oraninin sendikalagsma orani ile birlikte ele alinmasi daha anlamhidir. Sendikalagma orami sendika iiyesi is¢ilerin kayith calisan
tiim is¢ilere orani olarak tanimlanmaktadir. Bu ¢alismada kullanilan toplu i s6zlesmesi kapsama orani ise toplu is sozlesmesinden
yararlanan is¢ilerin kayith ve kayit dis1 tiim is¢ilere orani olarak ifade edilmektedir. Toplu ig s6zlesmesi kapsama orani, iscilerin
hak kullanimi hakkinda daha saglikli bilgi sundugu i¢in sendikalagma oranina tercih edilmistir.

Toplu is sozlesmesi kapsama orani, ¢caligmanin bagimli degiskeni olarak ele alinmigtir. Literatiirde genel olarak sendikalagsma
oranim ve toplu ig sdzlesmesi kapsama oranini etkileyen faktorler olarak hukuki ve sosyal unsurlar dikkate alinmistir. Bu calis-
mada ise toplu is s6zlesmesi kapsama orani, iktisadi degigkenlerin bir fonksiyonu olarak degerlendirilmistir. Calismanin bagimsiz
degiskenleri; sanayi sektorii katma degerinin GSYH i¢indeki pay1, kisi bagina milli gelir ve enflasyon orani olarak belirlenmigtir.
Calisma kapsaminda kullanilan veri aralig1 ise 1988-2022 yillar1 arasidir. Oncelikle esbiitiinlesme testi yapilmig ve degiskenlerin
uzun donem egbiitiinlesme dengesi icinde bulunduklar tespit edilmistir. Ardindan uzun donem parametre tahminleri yapilarak
iktisadi degiskenlerin toplu is s6zlesmesi kapsama orani lizerindeki etkilerinin yonii ve siddeti belirlenmistir. Ayrica hata diizeltme
modeli kurularak kisa donem analizi yapilmistir. Bu ¢ergevede kisa donem sapmalarinin uzun donemde ortadan kalktig1 belir-
lenmistir. Caligmadan elde edilen sonuglara gore sanayi katma degerinin GSYH i¢indeki payinda ortaya ¢ikan %]1°lik artig, toplu
is sozlesmesi kapsama oranim yaklagik olarak %?2,19 oraninda arttirmaktadir. Sendikalagma egiliminin genel olarak sanayi sek-
toriinde daha yiiksek oldugu degerlendirildiginde bdyle bir sonug¢ dogaldir. Ele alinan dénemde hizmet sektoriiniin diger sektorlere
gore daha hizli biiyiidiigii ve sanayi sektoriiniin payinin diistiigii degerlendirildiginde sendikalasma orani ve toplu is sdzlesmesi
kapsama oraninin diisme egilimine girmesi daha net olarak agiklanabilmektedir. Enflasyon oranindaki %1’ lik arti§ ise toplu is s6-
zlesmesi kapsama oranini yaklasik %0,19 diizeyinde diisiirmektedir. Tiirkiye ekonomisi 1980 ve 1990’11 y1llarda yiiksek enflasyon
stireci yasamustir. 2003’ten itibaren diisme egilimine giren enflasyon son yillarda tekrar yiikselmistir. Bu baglamda ele alinan
donemde toplu is sozlesmesi kapsama oranindaki diisiis ile uyumlu bir sonucun ortaya ¢iktig1 sdylenebilir. Enflasyon oranindaki
artigin reel iicretler ve istihdam diizeyini diisiirdiigii ifade edilebilir. Isletmelerin girdi maliyetlerindeki artislarin iicretler ve toplu
is sozlesmeleri iizerindeki baskilarla telafi edilmeye ¢alisildig1 degerlendirilebilir. Nitekim toplu pazarlik giiciiniin zayif oldugu
iilkelerde enflasyonist siirec, reel iicretlerde diigiise yol acarak gelir dagilimi lizerinde de bozucu etki yapmaktadir. Bu ¢cercevede
enflasyon oranimin fiili toplu is sdzlesmesi kapsama orani lizerindeki negatif etkisi agiklanabilir. Kisi bagina milli gelirdeki %1’1ik
artis ise toplu ig sozlesmesi kapsama oranini yaklasik olarak %0,77 oraninda diisiirmektedir. Bu sonucun Tiirkiye’deki fonksiyonel
gelir dagilimi yapasi ile birlikte degerlendirilmesi onem arz etmektedir. DPT(2001) verilerine gore 1991 yilinda emek gelirlerinin
GSYH igindeki pay1 %32 diizeyindedir. Tiirkiye ekonomisi i¢in finansal kriz yil1 olan 1994°te ise s6z konusu oran %26 diizeyine
diismiistiir. 1990-1994 ortalamasi ise %30 civarindadir. Kriz sonrasinda da emek gelirlerinin GSYH i¢indeki payinda diizelme
goriilmemis ve 1995-1999 ortalamasi %24 olarak gergeklesmistir. 2001 yilinda da Tiirkiye ekonomisi bir finansal kriz yasamig
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ve TUIK (2023) verilerine gore emek gelirlerinin pay1 %25 olmustur. Kriz sonrasinda da yatay bir seyir izleyen emek gelirleri
payinda 1991 yilindaki diizey ancak 2016 yilinda yakalanabilmistir. Ancak 2016 yilindan sonra tekrar gerileme egilimi baglamig
ve emek gelirlerinin pay1 2022 yilinda %24 seviyesine kadar diigsmiistiir. 2018-2022 yillar1 ortalamasi ise %28 diizeyindedir.
Ozetle 1990 sonrasinda fonksiyonel gelir dagiliminin bozuldugu anlagilmaktadir. Bu baglamda biiyiimenin yapisinin degistigi ve
artan refahtan iscilerin pay alamadig: ifade edilebilir. Bir bagka ifadeyle iktisadi biiyiime, emek gelirleri iizerinde pozitif bir etki
ortaya ¢ikaramamaktadir. Hatta tam tersine biiyiimeye ragmen reel licretlerde diisiis yasandig1 i¢in emek geliri elde edenler daha
yoksullasmaktadir. Ucretler genel diizeyindeki diisiis ve istihdam yapisindaki degisimin bu mekanizma ile toplu is sozlesmesi
kapsama orani iizerinde negatif etki yaptig1 sdylenebilir.

Toplu ig s6zlesmesi kapsama oraninin artmast, gerek isci haklar1 gerekse demokratiklesme agisindan énem arz etmektedir. Bu
calismanin sonuglar1 baglaminda degerlendirildiginde sanayi lehine gerceklestirilecek bir yapisal degisimin toplu is sdzlesmesi
kapsama oranim yiikseltecegi sOylenebilir. Yiiksek enflasyon siireci giiniimiiziin 6nemli sorunlarindan biridir. Enflasyonla mii-
cadele, beklentiler iizerinden gerceklestirilmeli ve ekonomik risklerin azaltilmasi saglanmalidir. Enflasyondaki diisiisiin toplu ig
so0zlesmesi kapsama oranini yiikseltecegi bu calismanin ¢iktilarindan birini olusturmaktadir. Ayrica gelir dagiliminin diizeltilme-
sine yonelik iktisat politikalarinin uygulanmasinin da toplu is s6zlesmesi kapsama oranini yiikseltecegi degerlendirilmektedir.
Ayrica iktisadi biiylimenin toplumun tiim kesimlerine yayilmasi, ekonomik istikrarin saglanmasi agisindan da onem tagimak-
tadir. Bu cergevede iicret gelirlerindeki asinmay1 Onleyecek diizenlemeler, emek gelirleri lehine uygulanacak vergi politikalar,
enflasyonla miicadele gibi unsurlar uygulamaya alinmalidur.
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Arastirma alaninda kullanilan analiz yontemlerine yonelik istatistiksel metotlarin gelismesi, analiz ve 6ngorii tekniklerinin ¢esitlen-
mesine onemli bir katkida bulunmustur. Bu kapsamda, 6zellikle matematiksel ve istatistiksel metodolojiler kullanarak verilerden
anlamli ¢ikarimlar yapabilen ve bu ¢ikarimlar: kullanarak birtakim tahminlerde bulunan makine 6grenmesi, yapay zeka alaninda
onemli bir gelisme kaydetmistir. Makine 6grenmesi, bir veri setini modele doniistiiren ¢esitli algoritmalar1 kapsar ve bu algo-
ritmalar, analiz ve 6ngorii siireclerinde temel bir disiplin olarak 6ne ¢ikmaktadir. Bu ¢alisma, kripto para piyasasinda genetik
algoritma ile optimize edilmis MACD parametrelerini, makine 6grenmesi yontemleri ve teknik analiz gostergeleri ile birlestirerek,
24 saat siirekli islem goren kripto piyasasinda yiiksek dogrulukta alim ve satim sinyalleri iiretmeyi amaglamaktadir. Bu baglamda
farkli makine 6grenmesi algoritmalarinin performanslari karsilasgtirillmis ve genetik algoritma ile optimize edilerek en uygun
modele ulasilmaya ¢alisilmistir. Sonug olarak, optimize edilmis MACD parametreleri kullanilarak yapilan islemlerin, optimize
edilmemis MACD parametreleriyle yapilanlardan daha iyi karlilik sagladigi gézlemlenmistir. Modelin, LTCUSDT c¢iftinde daha
iyi performans sergiledigi sonucuna varilmistir. Ozellikle derin 6grenme algoritmasinin LTCUSDT paritesinde daha iyi kar elde
edebildigi ancak, modelin ADAUSDT ciftinde kér elde edemedigi goriilmiistiir. Bunun sebebi de kripto piyasasinin volatilitesinin
yiiksek, istikrarsiz ve giincel haberlere olumlu/olumsuz ¢ok hizli tepki vermesinden kaynaklanmaktadir. Buradan yola ¢ikarak
gelistirilen modelin farkli kripto para ciftlerine farkli derecelerde uydugu sonucuna vartlmistir.

ABSTRACT

The evolution of statistical methodologies for research analysis has notably contributed to the diversification of analytical and predic-
tive techniques. Notably, machine learning, which leverages mathematical and statistical approaches to draw meaningful inferences
from data, has made remarkable strides in artificial intelligence,generating predictions based on these inferences.Encompassing a
spectrum of algorithms that transform datasets into models, machine learning emerges as a cornerstone in analytical and predictive
processes. Herein, weproduce high-accuracy buying and selling signals in the cryptomarket—a market that continuously operates
24 h a day. This is achieved by integrating MACD (Moving Average Convergence Divergence) parameters optimized with a
genetic algorithm specific tothe cryptocurrency market, machinelearning methods, and technical analysis indicators. Contextually,
we compared the performances of different machine learning algorithms. Using genetic algorithm optimization, we identified the
most suitable model.Results underscore the enhanced profitability of trades executed with optimized MACD parameterscompared
with those executed using nonoptimizedMACD parameters. Themodel performed optimallyon the LTCUSDT pair. Notably,the
deep learning algorithm exhibitedbetter profitability in the LTCUSDT pair.However, its effectiveness in generating profits in
the ADAUSDT pair was somewhere limited;this can be attributed to the high volatility, instability, and rapid response of the
cryptomarket to current news, whether positive or negative. Therefore,the developed model fits different cryptocurrency pairs to
varying degrees.

Anahtar Kelimeler: Makine Ogrenmesi Algoritmalari, Genetik Algoritma, Kripto Para, Derin Ogrenme, Karar Agaci
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EXTENDED SUMMARY
Machine learning algorithms are increasingly being embraced for their easy implementation and effective outcomes, particularly
in financial predictions. In financial applications, these algorithms have emerged as potent tools forinformation processing
and analysis, particularly in trading strategies,price predictions, and portfolio management. Deep learning algorithms excel in
creating high-performance classification models, especially in complex datasets. Decision tree algorithms are suitable for solving
classification and regression problems, whereas genetic algorithms have emerged as optimal methods for addressing complex
problems, optimization, and modeling systems related to randomness.

We aim to produce high-accuracy buying and selling signals in the cryptomarket, operating continuously 24 ha day. The approach
combines MACD parameters, optimized with a genetic algorithm in the cryptocurrency market, machine learning methods, and
technical analysis indicators. Machine learning algorithms are essential tools that transform datasets into models. We compared
the performances of different machine learning algorithms.

Furthermore, we examine the results obtained by optimizing the performance of these algorithms using genetic algorithms.
The data collection process commenced by obtaining candlestick data for ADAUSDT and LTCUSDT assets through the API of
Binance Crypto Exchange.A 1-h candlestick chart was used for the analysis, spanning November 9, 2021, to November 22, 2022.
Each candlestick data item includes information such as transaction time, opening, closing, high values, low values, and trading
volume. The candlestickdata were separated into optimization and test data. The optimization data were created by adding CMF,
RSI, Z-SCORE, ATR, BOP, CMO, and CC INDICATOR signals during the strategy generation phase. Next, thisdataset was
dividedinto machine learning training and test data. Long and short trading signals were established based on MACD and Signal
line crossovers, and a decision column was added.

During the optimization phase, the parameters of the MACD indicator were optimized using a genetic algorithm. The MACD
indicator uses the default parameters of 12, 26, and 9. Employing the NSGA-II genetic algorithm, the optimal parameter values for
the MACD indicator were calculated over 25 cycles. Subsequently, optimized MACD parameters were identified for ADAUSDT
and LTCUSDT based on the test results. Backtesting was performed using the optimized MACD parameters to obtain gain and
profitability ratios. Upon examining the accuracy rates of various machine learning algorithms,deep learning exhibitedthe highest
accuracy rate.

The optimized MACD parameters, training data of the most suitable machine learning algorithm, and the test data were
consolidated. The test data were evaluated by backtesting, employing optimized MACD parameters and trained machine learning
algorithms;this process revealedthe profit rate and profitability. The results indicate a high gain ratio and profitability in the
LTCUSDT asset when optimized MACD parameters and a deep learning algorithm were employed. However, for the ADAUSDT
asset, the combination failed to generate a profit. This highlights that the success of certain combinations of assets and strategies
may vary depending on market conditions. Therefore, for effective implementation of the proposed model, each asset’sstrategy
needs careful evaluation.

In backtests focusing on ADAUSDT and LTCUSDT cryptocurrency pairs, long—short trades using optimized MACD parameters
yieldedhigher profits thantrades executed with nonoptimized settings. The default MACD parameters typically involve three
parameters: a fast period of 12, a slow period of 26, and a correction period of 9. However,the averages obtained from the
optimization process deviatednoticeably from these standard values,suggesting that investors engaged in cryptoasset trading
maybenefit from an indicator responding rapidly to market dynamics.

Additionally, owingto the volatile nature of cryptoassets, the applicationof machine learning algorithms poses challenges in
accurately determining profits and losses before ensuring a clear data separation. This underscores the risk of exposure to sudden
price fluctuations in cryptoassets. In conclusion, this study found that long—short trades using optimized MACD parameters do not
always yield optimal results. However, profitability can be enhancedby leveraging machine learning algorithms to filter out data
leading to losses. Notably, the developed model demonstrated better compatibility with the LTCUSDT pair than the ADAUSDT,
showcasing a profit of 93.55% in the LTCUSDT pair. These results underscorethe potential advantagesof integrating machine
learning and technical analysis in the cryptocurrency market.
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Giris

Makine 6grenimi, yapay zekanin bir alt dal olarak dikkat ceken bir teknolojidir. Ozellikle matematiksel ve istatistiksel yontemleri
kullanarak verilerden c¢ikarimlar yapar ve ongoriilerde bulunur. Bu calisma, yaygin olarak kullanilan makine dgrenimi algorit-
malarini inceleyerek, performanslarini genetik algoritma ile optimize ederek karsilastirmaktadir. Farkli yaklagimlarla basarilari
degisen bu algoritmalar, siniflandirma, tahmin ve kiimeleme gibi problemlerde farkli sonugclar ortaya koymaktadir.

Finansal piyasa tahminleri glinlimiizde biiyiik bir ilgi odag1 olmustur. Kripto para piyasasi, son yillarda hizli bir evrim ge¢irmis ve
geleneksel finans diinyasinda yeni bir varlik sinifi olarak yerini almistir. Ancak, bu dinamik piyasa volatilitesi ve karmagikligiyla
taninmaktadir. Kripto para piyasalarinin tahmin edilmesi, kisa vadeli biiyiik karlarin yani sira biiyiik riskleri de beraberinde
getirmektedir. Bu baglamda, kripto varliklari iizerinde etkili ticaret stratejileri gelistirmek, karar alma siireglerini iyilestirmek ve
piyasa hareketlerini 6ngdrmek, yatirimcilar icin kritik 6neme sahiptir. Bu ¢aligsma, geleneksel teknik analiz gostergelerini makine
0grenmesi yontemleriyle birlestirerek ve genetik algoritma ile optimize ederek, 24 saat boyunca islem goéren kripto para piyasasinda
dogruluk orani yiiksek alim-satim sinyalleri iiretmeyi amaglamaktadir. Kripto varliklarin hassas ve ani fiyat degisimleri, teknik
analiz ve makine 6grenmesi modellerinin entegrasyonunu zorunlu kilmaktadir. Bu kapsamda, ¢aligsmada cesitli makine 6grenmesi
algoritmalar1 incelenmis, performanslart karsilastirilmig ve genetik algoritma kullanilarak bu algoritmalarin optimize edilmesi
tizerinde durulmustur. Finansal piyasalardaki karmasik iligkileri anlamak i¢in gelistirilen bu model, yatirimcilara daha bilingli
kararlar alma imké&n1 sunmay1 hedeflemektedir.

Caligsma, Ada ve Litecoin ciftleri iizerinden yapilan geriye doniik testlerle bir modelin 6nerildigi bir ¢erceve sunmaktadir. Bu
model, optimize edilmis Hareketli Ortalama Yakinsama Sapmasi (Moving Average Convergence Divergence- MACD) parame-
treleri kullanilarak elde edilen islemlerin, optimize edilmemig parametrelerle yapilan iglemlerden daha iyi performans gosterdigini
gostermektedir. Ancak, kripto varliklarina 6zgii volatiliteyi ve dig etkenlere bagl olarak modellerin etkinligi lizerinde belirleyici
olan faktorleri anlamak oldukca 6nemlidir. Bu nedenle, ¢esitli makine 6grenmesi algoritmalarinin yam sira genetik algoritma ile
optimize edilmis stratejilerin performans karsilagtirmalari, yatirimeilara daha giivenilir ticaret kararlar1 alma konusunda rehberlik
etmektedir.

Literatiir Taramasi

Makine d6grenmesi algoritmalarinin ¢ok yonlii kullanimi, pek ¢ok sektdrde onemli bir rol oynamaktadir. Her gecen giin daha
fazla kabul géren bu yontem, kolay uygulanabilirligi ve etkili sonuglariyla 6ne ¢ikmaktadir. Finansal piyasalarda makine 6grenmesi
uygulamalarina dair literatiirde yer alan ¢aligsmalar, bu alandaki 6nemli gelismeleri yansitmaktadir.

Pai & Wei (2007), gerceklestirmis olduklar1 ¢calismada Tayvan hisse senedi endeksi vadeli islem fiyatlarinin hareket yonlerini
ongdrmek amaciyla teknik gostergeler iceren alim satim verilerini degerlendirmislerdir. Destek Vektor Makinesi yontemini
kullanmiglardir. Analiz sonuglari, SVM modelinin, veri 6lgekleme ve farklilagtirma islemleri uygulandiinda en etkili performansi
sergiledigini gdstermisgtir.

Choudhry & Garg (2008), caligmalarinda hisse senedi piyasasi tahminleri i¢in Genetik Algoritma (GA) ve Destek Vektor
Makineleri (SVM) temelli bir hibrit makine 6grenme sistemi dnermislerdir. Yapilan analizler sonucunda, hibrit GA-SVM sisteminin
bagimsiz SVM sistemine kiyasla daha iistiin bir performans sergiledigi sonucuna ulagsmislardir.

Kara vd. (2011), yaptiklar1 caligmada iki etkin model gelistirmeye yonelik bir caligma siirdiirmiisler ve Istanbul Menkul Kiymetler
Borsas1 (IMKB) Ulusal 100 Endeksi’ndeki hareketin yoniinii tahmin etme performanslarini karsilagtirniglardir. Yapilan analizde
yapay sinir aglar1 ve destek vektor makinesi yontemlerine odaklanilmistir. Sonuglar, Yapay Sinir Ag1 (YSA) modelinin ortalama
performansinin (%75,74) Destek Vektor Makinesi (SVM) modelinden (%71,52) 6nemli 6l¢iide daha iyi oldugunu gostermistir.

Qiu & Song (2016), caligmalarinda giinliik borsa endeksinin yoniinii tahmin etmek amaciyla iki temel girdi degiskeni tiiriinii
karsilagtirmiglardir. Japon borsa endeksinin ertesi giinkii fiyatinin yoniinii tahmin etmek i¢in optimize edilmis bir yapay sinir ag1
(YSA) modeli kullanmiglardir. Aragtirmanin sonuglari, Tip 2 girdi degiskenlerinin daha yiiksek tahmin dogrulugu saglayabildigini
ve girdi de8iskenlerini uygun sekilde secerek optimize edilmis YSA modelinin performansini artirmanin miimkiin oldugunu
gostermiglerdir.

Aguirre, Medina, & Méndez (2020), gerceklestirdikleri calismada hisse senedi piyasasinda varlik fiyatlarinin tahmininde Genetik
Algoritmalar1 kullanarak, geleneksel teknik analize kars1 avantajlar1 aragtirmay1 amaclamiglardir. Sonuclar, Genetik Algoritmalar
araciligiyla daha yiiksek bir yatirim getirisi elde eden teknik gosterge parametrelerinin optimal degerlerinin bulunabilecegini ve
geleneksel teknik analizi ile Al ve Tut stratejisini yaklagik %4 oraninda geride birakabildigini 6nermektedir.

Demirel & Hazar (2021), ¢alismalarinda 2016-2020 yillari arasinda yiiksek piyasa degerine ve islem hacmine sahip kripto
varliklarin giinliik piyasa degerleri kullanilarak, BIST 100 endeksinin hareket yoniinii tahmin etmeyi hedeflemislerdir. Analizde,
Bitcoin, Ethereum ve Ripple gibi ge¢cmis piyasa degerleri, destek vektor makinelerinin egitiminde kullanilan girdi degiskenlerdir.
Ug farkli model olusturularak, optimizasyon saglanmaya caligilmistir. Model B’ nin performans skoru %352 olarak belirlenmistir.
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Latha & Sreekanth vd. (2022), K-En Yakin Komsu (KNN) algoritmasini kullanan bir makine 6grenimi modeline dayali olarak
borsa tahmini 6nerdikleri ¢caligmada elde ettikleri sonuglar, %70 daha yiiksek bir dogruluk gostermistir.

Pabuccu vd. (2023), Bitcoin fiyatlarinin hareketlerini yiiksek dogrulukla tahmin etmeyi amacladiklar1 ¢alismada, lojistik re-
gresyonun yani sira Destek Vektor Makineleri (SVM), Yapay Sinir Ag1 (ANN), Naive Bayes (NB) ve Rastgele Orman (RF) gibi
dort farkli Makine Ogrenimi (ML) algoritmas1 uygulanmustir. Analiz sonuglari, RF’nin en yiiksek tahmin performansina sahip
oldugunu, NB’nin ise en diisiik tahmin performansina sahip oldugunu gostermistir.

Senol & Denizhan (2023), yapmis olduklari ¢calismada yiiksek islem hacmine sahip olan Bitcoin, Ethereum ve Cardano gibi
ti¢ kripto para iizerinde fiyat tahmini gerceklestirmislerdir. Calismanin amaci, ¢oklu regresyon analizi ve yapay sinir aglarinin
performansini degerlendirmektir. Analiz sonuclari, Yapay Sinir Aglari ile yapilan tahminlerin Regresyon Analizi ile yapilanlara
kiyasla daha basarili bir performans sergiledigini gostermistir.

Metodoloji

Derin Ogrenme

Derin 6grenme, makine 6grenmesinin bir alt kiimesi olarak karsimiza ¢ikmaktadir. Derin 6grenme siniflandirmasi, yapay sinir
aglarinin caliyma mantig1 ile aynidir. Insanlarin biiyiik miktardaki verileri anlamalar1 ve islemeleri yillar siirebilirken, derin
6grenme bu islemi birkag saniye icerisinde basarabilmektedir. Ozellikle karmasik ve biiyiik veri setlerinde yiiksek performansl
siiflandirma modelleri olusturmak i¢in derin sinir aglar1 kullanilmaktadir. Bu yontem, makine 6grenimi alaninda etkili sonuglar
vermektedir.

Derin 6grenme, asagidaki baglamlarda kullanilabilir (Olorunnimbe ve Viktor, 2023:2086):

e Ticaret Stratejisi: Borsada alim ve satim kararlar1 almak i¢in algoritmik olarak olusturulan yontemler veya prosediirler.

e Fiyat Tahmini: Finansal varliklarin, 6zellikle hisse senetlerinin gelecekteki degerlerinin tahmin edilmesi. Bu genellikle bir
ticaret stratejisi olarak kullanilir.

o Portfoy Yonetimi: Uzun vadeli kar elde etmek i¢in bir grup finansal varligin se¢ilmesi ve yonetilmesi.

o Piyasa Simiilasyonu: Cesitli piyasa senaryolar1 altinda piyasa verilerinin simiilasyonu.

o Hisse Senedi Secimi: Gelecekteki getirilere dayali olarak borsadaki hisse senetlerinin se¢ilmesi. Bu genellikle bir ticaret veya
portfdy yonetimi stratejisi olarak kullanilir.

e Risk Yonetimi: Alim satimla ilgili risklerin degerlendirilerek getirileri en iist diizeye ¢ikarmak.

e Riskten Korunma Stratejisi: Bir varliga yatirrm yapma riskini azaltmak icin bagka bir varlikta ters bir yatirim pozisyonu
almay1 iceren strateji.

Yapay Sinir Aglar1 (Artificial Neural Networks- ANN)

Yapay sinir aglari, derin 6grenme alaninda temel bir yapi tas1 olarak kullanilmaktadir. Biyolojik sinir aglarini taklit eden yapay
bir modeldir. Bu yapay zeka yapilari, birbirine bagl islem yapilarini kullanarak yeni bilgiler tiiretme ve hi¢c gormedigi durumlarla
karsilastiginda kararlar verebilme yetenegine sahiptir (Karadag, 2022:40). Bir yapay sinir aginda ii¢ temel katman bulunmaktadir
(Yavuz ve Deveci, 2012:172):

Girdi Katmani (Input Layer): Ik katmandir. Disaridan gelen verileri kabul eder. Her bir giris, bir yapay sinir hiicresine baglanr.

Gizli Katmanlar (Hidden Layers): Gizli katmandaki noronlar, dig ortamla dogrudan bir baglantiya sahip degildirler. Girdi
katmani ile ¢ikti katmani arasinda bulunur ve birbirine baglh olan yapay sinir hiicrelerinden olusur. Sadece girdi katmanindan
gelen sinyalleri alip, bunlar igleyerek ¢ikti katmanina iletir.

Cikt1 Katmani (Output Layer): Son katmandir. Agin nihai ¢iktilarini iireten katmandir. Problem tipine gore tek bir ¢ikti hiicresi
veya birden fazla ¢ikt1 hiicresi olabilir.

Girdileri alir, gizli katmanlardaki agirlikli toplamlarla birbirine baglanmig diigiimlerden gecirir ve ardindan bir ¢ikt1 iiretir
(Odabag1 ve Toklu, 2023:98).

Karar Agaclar

Bir denetimli 6grenme teknigi olan karar agaci algoritmast hem smiflandirma hem de regresyon problemlerinde siklikla
bagvurulan yontemlerden biridir. Bu algoritma data setlerindeki karmagikliklar1 ele almak i¢in kullanilan uygun bir algoritmadir
ve agag¢ tabanli bir yapiya sahiptir. Karar agaglar bilgiyi bir aga¢ yapisinda modelleme yaklasimina dayanmaktadir. Bir karar
agacinda karar ve yaprak diiglimii olmak iizere iki diigiim bulunmaktadir. Dallar karar diigiimlerini temsil ederken yapraklar sonug
diigiimlerini temsil etmektedir. Her bir dali, programlama dilinde bulunan “eger” yapisina uygun olarak ayrilmis olan karar agaci,
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analiz edilen veriyi tiim modele entegre etmektedir. Bu kapsamda cesitli siniflandirma problemlerini etkili bir sekilde ¢ozmek igin
karar agaclar1 kullanilabilmektedir. Karar agacit modellerinin diger yontemlere gore daha hizli sonug vermesi ve veriler arasindaki
iligkileri yapisallikla gostermesi, tercih edilmesinde onemli bir etken olarak 6ne ¢cikmaktadir (Sel, 2020:90).

Karar agac1 yontemi, veri smiflandirmasini iki asamali bir siire¢ olarak gergeklestirir: grenme ve siniflandirma. Ogrenme
asamasinda, siniflandirma algoritmasi egitim verilerini inceleyerek bir model olusturur. Bu model, siniflandirma kurali veya karar
agac1 seklinde ifade edilir. Stmiflandirma agamasinda ise, bu kurallar veya karar agaci, test verileri kullanilarak dogrulugunu
degerlendirmek icin uygulanir. Egitim verilerinde kullanilacak alanlar ve agacin olusturulma sirasi, belirlenmesi gereken 6nemli
faktorlerdir. Bu baglamda, en yaygin kullanilan 6l¢ii, entropi 6l¢iisiidiir. Yiiksek entropi, sonuglarin belirsiz ve kararsiz oldugunu
gosterir. Bu nedenle, karar agacinin kokiindeki en diisiik entropiye sahip alanlar 6ncelikli olarak kullanilir (Calig ve ark., 2014: 6).

Karar agaclarinda yaygin olarak kullanilan algoritma nitel degiskenler icin entropidir (Gupta vd., 2017).

ID3 (Iterative Dichotomiser 3) Algoritmasi

ID3, J. R. Quinlan tarafindan gelistirilen ve karar a8aglarini olusturmak i¢in kullanilan ilk algoritmadir. Siniflandirma problemleri
icin kullanilabilecek etkili bir algoritmadir.

ID3 algoritmast, 6zellik degerlerini test ederek nesneleri siniflandirmak icin kullanilmaktadir. Verilen bir veri setinden bagla-
yarak, iistten agagiya bir karar agaci olusturur. Her diigiimde, bilgi kazancini (information gain) maksimize etmek ve entropiyi
minimize etmek icin bir 6zellik test edilir ve sonuclar nesneleri gruplamak icin kullanilir. Bilgi kazanci, bir 6zniteligin bir veri
kiimesini ne kadar iyi bolecegini 6l¢mektedir. Bu igslem, grup homojen olana kadar tekrarlanir ve bu, karar agacinin bir yaprak
diigiimiine ulastig1 noktada sona erer (Singh & Gupta, 2014:50-51).

Genetik Algoritma

Genetik algoritmalar, yapay zekd alanimin onemli bir bilesenidir ve biiyiik bir potansiyele sahiptir. Genetik algoritmalar
1960’1larda John Holland tarafindan tasarlanmustir. Holland’in 1975 tarihli “Dogal ve Yapay Sistemlerin Uyumu” adli kitabi,
genetik algoritmay1 biyolojik bir evrim soyutlamasi olarak tanitmistir ve Genetik algoritma kapsaminda uyarlama igin teorik bir
temel saglamistir (Holland, 1992). Bu algoritmalar, dogal seleksiyon ve dogal genetik kavramlarina dayanan arama algoritmalaridir.
Ayni zamanda bir optimizasyon algoritmasidir. Genetik algoritmalar, karmagik sorunlarin ¢oziimiinde oldukga etkilidir. Ozellikle
optimizasyon problemleri ve rastgelelikle ilgili modelleme sistemlerinde kullanilmaktadir (Kumar ve Husian vd., 2010:451).

Genetik algoritmalarin temel adimlar1 asagidaki gibidir (Kim & Shin, 2007:573):

Sekil 1. Genetik Algoritmanin Temel Adimlari
Genetik algoritma, en iyi ¢oziimii bulma amaciyla dogal secilim ve kalitim siireclerini taklit eden bir algoritmadir.

NSGA-II (Non-dominated Sorting Genetic Algorithm II - Baskin Olmayan Siralamali Genetik Algoritma II)

NSGA-II, genetik algoritma tabanli bir optimizasyon algoritmasidir. NSGA-II, genetik algoritma adimlarin1 kullanarak ¢ok
amacli optimizasyon problemlerinde ¢dziim kiimesinin kalitesini artirmay1 amaglamigtir Karar verme problemlerinde ve karmagik
sistem optimizasyonu dahil olmak iizere ¢esitli uygulamalar i¢in yararl bir yaklagimdir. (Chatterjee vd., 2018).
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Genel olarak NSGA-II asagidaki adimlarla detaylandirilmaktadir (Yusoff vd.,2011:3979).

Sekil 2. NSGA-II’nin Temel Adimlart

Veri ve Analiz Sonuclari

Calismanin amaci, 24 saat isleme acik olan kripto piyasasinda, gecmis verilere istatistik ve makine 6grenmesi metotlarini
uygulayarak dogruluk oran: yiiksek al ve sat sinyallerinin iiretilmesi hedeflenmistir. Uygulama asamalar1 Sekil3’de gosterilen akis
semasinda oldugu gibidir. Akis semasinin detaylari alt maddelerde belirtilmistir.

Sekil 3. Uygulamanin Asamalar
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Mum Verilerin Elde Edilmesi

ADAUSDT ve LTCUSDT varliklarina ait mum grafigi verileri, Binance Kripto Borsasi’nin API (Application Programming
Interface) araciligiyla toplanmigtir. Bu uygulamada, analiz i¢in 1 saatlik mum grafigi kullanilmigtir. Mum verileri, ADAUSDT ve
LTCUSDT nin diisiis yasamaya basladig1 9 Kasim 2021- 22 Kasim 2022 tarih araligin1 kapsamaktadir. Her bir mum grafigi verisi
satirinda islem zamani, acilig, kapanis, yiiksek, diigiik ve islem hacmi bilgileri bulunmaktadir. Bu veriler, belirtilen tarih araliginda
ADAUSDT ve LTCUSDT varliklarinin fiyat hareketlerini detayl bir sekilde icermektedir.

Optimizasyon ve Test Verilerinin Elde Edilmesi
Mum verileri elde edildikten sonra, 2/3 oraninda optimizasyon ve 1/3 oraninda da test verisi olarak ikiye ayrilmistir.

Tablo 1. Analizde Kullanilan Gostergeler

CMF (Chaikin Money Flow) : Chaikin Para Akis1 Gostergesi

RSI (Relative Strength Index) . Goreli Gug Endeksi Gostergesi
Z-SCORE . Z-Skor Gostergesi

ATR (Average True Range) : Ortalama Gergek Aralik Gostergesi

BOP (Balance of Power) . Gulc Dengesi Gostergesi

CMO (Chande Momentum Oscillator) : Chande Momemtum Osilatdrii Gostergesi
CC (Coppock Curve) : Coppock Egrisi Gostergesi

Optimizasyon verisine, strateji olusturma asamasinda CMF, RSI, Z-SCORE, ATR, BOP, CMO, CC GOSTERGE sinyalleri
eklenmistir.

Optimizasyon verisi de kendi icerisinde 2/3 oraninda “Makine Ogrenmesi Egitim Verisi” ve 1/3 oraninda “Makine Ogrenmesi
Test Verisi” olarak ikiye ayrilmigtir. Bu islemler tamamlandiktan sonra, Id, Acilis, Kapanis, Yiiksek, Diisiik, Hacim, CMF, RSI, Z
Score, ATR, BOP, CMO, CC, MACD, Sinyal, Histogram degerleri olan veri seti elde edilmistir.

Sekil 4. Uzun ve Kisa Islemlerin Mum Grafik Uzerinde Gosterilmesi

“MACD” ve “Sinyal” isaretlerinin birbirini kesmesine gore uzun ve kisa islem sinyalleri veri ¢ercevesine eklenmistir. “MACD”
isareti, “Sinyal” isaretini yukar1 yonlii kestigi an “uzun”, “MACD” isareti, “Sinyal” igaretini agag1 yonlii kestigi an “kisa” islem ve
diger durumlarda iglem olamayacak sekilde bir “karar” (decision) siitunu olusturulmustur.

Ada ve Litecoin icin dzet istatistiki bilgiler su sekildedir:
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e 9 Kasim 2021 tarihinde ADA kripto varliginin degeri 2.3146 USDT dir. 22 Kasim 2022 tarihinde ise 0.2976 USDT dir. lgili
tarihler arasinda %87,14 ’liik bir diisiis sergilemisgtir.

e 9 Kasim 2021 tarihinde LTC kripto varliginin degeri 291,09 USDT dir. 22 Kasim 2022 tarihinde ise 60.25 USDT dir. lgili
tarihler arasinda %79,3 ’liik bir diisiis sergilemistir.

Analizde kullanilan gdzlem sayilarina agagidaki tabloda yer verilmistir:

Tablo 2. Analizde Kullanilan G6zlem Sayilar

Toplam Gozlem Sayist : 9074
Optimizasyon Verisi : 6048
Makine Ogrenmesi Egitim Verisi : 4032
Makine Ogrenmesi Test Verisi ; 2016
Test Verisi : 3026

MACD Optimizasyonu ile Geriye Yonelik Test

Icerisinde gostergelerin ve karar siitununun bulundugu mum grafigi verileri, optimizasyon asamasina gonderilmistir. Optimiza-
syon asamasinda, MACD gostergesine ait parametrelerin (hizli, yavas, diizeltme) optimizasyonu saglanmistir. MACD gdstergesi
varsayilan 12, 26, 9 parametrelerini kullanmaktadir. NSGA-II genetik algoritmasi ile, toplam 25 dongiide MACD indikatoriiniin
optimum parametre degerleri hesaplanmistir. Bu uygulamada, varsayilan MACD parametreleri ile islem yapmak yerine, ilgili
kripto varliga ait, karlili§1 maksimize eden MACD parametreleri ile iglem yapilmasi hedeflenmistir.

Geriye yonelik testte, elde belirli bir miktar nakit oldugu kabul edilir. Stratejinin olusturulmasi sirasinda, elde edilen karar siitunu
ilk satirdan itibaren incelenir. "Uzun" veya "Kisa" islem karar1 alindiginda, mevcut nakit oraninda o anki mum kapanis verisine
gore varlik satin alinir. Karar siitunu taranmaya devam eder, sonraki "uzun" veya "kisa" iglemde varlik satilir ve bu satigin ardindan
belirlenen isarete gore (uzun veya kisa) yeni bir isleme girilir. Bu iglem, tiim mum grafigi satirlar1 tamamlanana kadar tekrarlanir.
Tiim satirlar incelendikten sonra geriye yonelik test, iki ana ¢ikt1 iiretir:

o Kazang orani: Gergeklestirilen n adet iglemin yiizde kac¢inin kazangl sonuclandiini gosteren bir ¢iktidir. Bu sonug, 0 ile 100
arasinda bir deger alir.

o Karlilik: Geriye yonelik testte yatirim i¢in kullanilan paranin yiizde kaginin kar sagladigini ifade eder. Bu sonug, 0 ile sonsuz
arasinda bir deger beklenir.

Algoritma, her iterasyonda, bir 6ncekinden daha optimum degerleri hesaplayarak pareto ¢izgisini olusturur. Bu ¢izgide birden
fazla deger bulunabilir bu nedenle ¢izgideki bir deger, optimum deger olarak kullanilabilir. Yatirimda, kirin maksimizasyonu her
zaman Onceliklidir. Bu nedenle, optimizasyon sonucunda elde edilen ¢oziim kiimesi i¢inde dncelikle en yiiksek karliliga sahip
olan, ardindan en yiiksek kazan¢ oranina sahip olan MACD parametreleri se¢ilmistir. Uygulamada test edilen kripto varliklar i¢in
optimize edilmis MACD parametreleri Tablo 3’te ayrintili olarak sunulmugtur.

Tablo 3. Kripto Varliklara Ait Optimize Edilmis MACD Parametre Degerleri

Hizh Yavas Diizeltme
ADAUSDT 8.1740 22.4026 5.2920
LTCUSDT 8.1740 23.2559 5.9233

Optimizasyon sonuglarina gore, ADAUSDT ve LTCUSDT kripto varliklari i¢in hizli, yavag ve diizeltme periyotlar: belirlenmistir.

Geriye Yonelik Test ve Makine Ogrenmesi

Optimize edilmis MACD parametreleri, “uzun” ve “kisa” islemlerin zamanlarin1 dogal olarak degistirmigtir. Optimizasyon
verileri kullanilarak elde edilen optimum MACD parametreleri ile geriye yonelik test gerceklestirilmis ve *kar’ ve ’zarar’ verileri
elde edilmistir. Bu gostergeler, islem tipi (uzun, kisa) ve sonug (kazang, kayip) verilerini i¢eren bir tabloya kaydedilerek makine
O0grenmesi veri seti olugturulmug ve bu veriler 2/3 egitim ve 1/3 test verisi olarak ayrilmustir.
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Optimizasyon veri seti iizerinde makine 6grenmesi siniflandirma algoritmasi kullanilarak zarar ettiren alim ve satis sinyallerinin
ayiklanmasi hedeflenmistir. Bu amagla, 6ncelikle optimizasyon verisinin geriye yonelik testi gerceklestirilmistir. Geriye yonelik
test sirasinda, alim anindaki pozisyon, MACD, CMF, RSI, ZSCORE, ATR, BOP, CMO, CC ve sonug verileri satirlar halinde bir
tabloya kaydedilerek makine 6grenmesi veri seti olusturulmustur. Bu set, 2/3 oraninda egitim veri seti ve 1/3 oraninda test veri
seti olarak ikiye ayrilmistir. Burada, alim esnasindaki CMF, RSI, ZSCORE, ATR, BOP, CMO, CC gostergeleri ile yanlis alim
kararlarin elenebilecegi degerlendirilmektedir.

Makine 6grenmesi veri setinde, kategorik veriler asagidaki gibi yeniden ifade edilmistir:

Uzun (long) :0
Kisa (short) :1
Kazang (profit) :0
Kayip (loss) :1

Egitim verileri ile Karar Agaclari ve Derin Ogrenme siniflandirma algoritmalar1 egitim ve test siirecine tabi tutulmustur. Test
stireci, ayrilan 1/3 test verisi ile gergeklestirilmis, bu siirecte hata matrisi olusturulmus ve dogruluk orani hesaplanmistir.
Dogruluk orani (DO), agagida gosterilen denklemdeki gibidir:
DO = Gergek Pozitif (GP) + Gergek Negatif (GN)
- Gergek Pozitif (GP) + Gergek Negatif (GN) + Yanlis Pozitif (YP) + Yanlis Negatif (YN)

Uygulanilan modelde, en yiiksek dogruluk oranina sahip makine 6grenmesi algoritmasina ait egitilmis veri kaydedilmis ve bir
sonraki agsamada bu veriler kullanilmigtir.

Bu calismada, ADAUSDT ve LTCUSDT nin uzun-kisa islemleri sirasinda elde edilen tiim gdsterge degerleri ¢ift grafikler
izerinde asagida gosterilmistir. Grafikler incelendiginde, gostergelere ait “zarar” veya “kar” degerlerinin herhangi bir alanda
sistematik olarak toplanmadig1 gozlemlenmistir. Verilerin sistemli bir sekilde bir araya getirilememesi, dogru makine 6grenmesi

algoritmasinin belirlenmesini zorlagtirmaktadir.
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Sekil 6. LTCUSDT

Egitim sonrasinda test edilen makine 6grenmesi algoritmalarinin dogruluk oranlar1 Tablo4’te sunulmustur.

Caligsmada, derin 6grenme yontemi tercih edilmis ve bunun i¢in yapay sinir aglari algoritmasi kullanilmistir. Toplamda dokuz
adet input oldugu icin derin 6grenmede kullanilan katmanlar, 9-18-27-18-9-1 seklindedir. Cikt1 katmani, ikili bir siniflandirma
problemi icin belirlenmis olup, 1 (Al), 0 (Alma) durumlarini temsil etmektedir. Derleme esnasinda su parametreler kullanilmastir:
optimizer="Nadam", loss="binary_crossentropy", metrics=["binary_accuracy’]) 400 defa egitim gerceklestirilmistir. Tahmin esigi
0.5’in iizerindedir.

Karar agaglari i¢in kullanilan parametre ise "Entropy” dir. Bu kapsamda ID3 algoritmasi kullanilmustir.

Tablo 4. Egitim Sonrasinda Test Edilen Makine Ogrenmesi Algoritmalarinin Dogruluk Oranlart

Derin Ogrenme Karar Agaclan
ADAUSDT 0.5956 0.5478
LTCUSDT 0.5854 0.5769

Tabloya gore, kripto varliklarin siniflandirilmasinda en yiiksek dogruluk oranini saglayan algoritmanin Derin Ogrenme oldugu
goriilmektedir; bu algoritma yaklasik %60 dogruluk oran1 sunmaktadir.

Modelin Nihai Testi

Yukarida elde edilen agamalarin sonucunda elimize 3 veri bulunmaktadir. Bunlar:

o Optimize edilmis MACD parametreleri,
o En uygun makine 6grenmesi algoritmasina ait egitim verileri
e Mum verileri elde edildikten sonra “Optimizasyon” ve “Test” verisi olarak ikiye ayrilan mum verilerinden “Test” verisi.
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Test verisi, optimize edilmis MACD parametreleri ve egitilmis makine d6grenmesi algoritmalarinin geriye yonelik testiyle
degerlendirilmis ve iki dnemli sonug elde edilmistir: kazang¢ orani ve karlilik. Aslinda, geriye yonelik test asamasindaki mum
verilerine simdiye kadarki siirecte miidahale edilmedigi i¢in gelecekteki tahminler yapiliyormus gibi degerlendirilebilir.

Yine bu agsamada, varsayllan MACD parametreleri, optimize edilmis MACD parametreleri ve hem optimize edilmis MACD
parametreleri hem de makine 6grenmesi algoritmalart ile “uzun” kisa iglemler gerceklestirilmis ve sonuglar karsilastirilmustir.

Bu calismada 6nerilen model, herhangi bir kripto varlik i¢in, varsayllan MACD parametrelerinden daha iyi sonug iireten MACD
parametrelerinin bulunmasi, zarar ettiren uzun-kisa iglemlerin makine 6grenmesi siniflandirma algoritmalar: ile ayiklanmasi
tizerinedir. Burada, en ¢ok dogruluk oranina sahip olan makine 6grenmesi algoritmasi ile islem yapmak en rasyonel se¢cim
olacaktir. Ancak, diger makine 6grenmesi algoritmalarinin nasil bir sonug iirettigi de test edilmis ve bdylelikle makine 6grenmesi
algoritmalar1 karsilagtirilmigtir.

Sunulan modelin, varsayilan MACD parametreleri ile olusturulan stratejiden daha karli olacagini varsayabiliriz. Ayrica, zarar
ettiren kararlar1 da ayrigstirmamizin da karliligimizi artiracagini varsayabiliriz. Bu maksatla, varsayilan MACD parametreleri ile
olusan sonuglar, sadece optimize edilmis MACD parametreleri ile olusan sonuclar (makine dgrenmesi algoritmalarinin zarar
ettiren sinyalleri ayiklamadig1 senaryo) ve hem optimize edilmis MACD parametreleri hem de makine 6grenmesi algoritmalari
ile zarar ettiren islemlerin ayiklandig1r modelin geriye yonelik test sonuclari tablo-5’te yer almaktadir.

Tablo 5. Modelin Geriye Yonelik Test Sonuglari

Optimize Edilmemis | Optimize Edilmis | Optimize Edilmis MACD Parametreleri ve

MACD MACD Egitilmis Makine Ogrenmesi Simflandirma
Parametreleri ile Parametreleri ile Algoritmalarn ile Yapilan Geriye Yonelik
Yapilan Geriye Yapilan Geriye Test Sonuglar
Yonelik Test Yonelik Test oL
Derin Ogrenme Karar Agaclan
Sonuglarn Sonuglan

Kazan¢ | Karhlik | Kazan¢ | Karhlik | Kazan¢ | Karlihlk | Kazang | Karlilik
Oram (%) Oranm (%) Orani (%) Oram (%)

ADAUSDT 0.3464 0.8467 0.3200 0.6972 0.3189 0.7096 0.3113 0.7953

LTCUSDT 0.3290 0.4518 0.3389 0.5578 0.3882 0.9355 0.000 0.000

Tablodaki veriler, optimize edilmemis ve optimize edilmis MACD parametreleri kullanilarak yapilan geriye yonelik test
sonuglarint igermektedir. Ayrica, optimize edilmis MACD parametreleri ve egitilmis makine 6grenimi siniflandirma algorit-
malariyla yapilan test sonuglart da bulunmaktadir. Bu testlerin her biri i¢in kazang orani ve karlilik oranlar verilmistir.

IIk siitun, optimize edilmemis MACD parametreleri ile yapilan test sonuglarim temsil ederken, ikinci siitun optimize edilmis
MACD parametreleri ile yapilan test sonuglarim gostermektedir. Uciincii siitunda, optimize edilmis MACD parametreleri ile derin
0grenme ve karar agaci algoritmasi kullanilarak yapilan test sonuglart yer almaktadir.

Her bir varlik (ADAUSDT ve LTCUSDT) i¢in kazang orani ve karlilik oranlari verilmistir. Bu kapsamda, ADAUSDT i¢in
optimize edilmemis MACD parametreleri ile kazang oran1 %34.64 ve karlilik oran1 %84.67 olarak belirtilmistir. Benzer sekilde,
optimize edilmis MACD parametreleri ve derin 6grenme algoritmasiyla yapilan testte kazang oranm1 %31.89 ve karlilik oram
%70.96 olarak goriilmektedir. Yani bu modelde ADAUSDT icin karlilik elde edilmemistir. Buna karsin LTCUSDT i¢in optimize
edilmemis MACD parametreleri ile kazang oran1 %32.90 ve karlilik oran1 %45.18 olarak belirtilmistir. Optimize edilmis MACD
parametreleri ve derin 6grenme algoritmasiyla yapilan testte kazang oran1 %38.82 ve karlilik oran1 %93.55 olarak goriilmektedir.

Bu veriler, farkli parametreler ve algoritmalar kullanilarak yapilan ticaret stratejilerinin performansini karsilagtirmak igin
kullanilabilir. Karlilik oranlar1 ve kazang oranlari, stratejinin ne kadar etkili oldugunu degerlendirmek icin 6nemli dl¢iitlerdir.

Sonug olarak Optimize Edilmig MACD Parametreleri ile LTCUSDT varlig1 icin derin 6grenme algoritmasi kullanildiginda hem
kazang oran1 hem de karlilik 6nemli 6l¢iide artmaktadir. Bu durum, derin 6grenme algoritmasinin LTCUSDT iizerinde daha etkili
oldugunu ve optimize edilmig MACD parametreleri ile birlestirildiginde daha basarili sonuglar elde edildigini gostermektedir. Ote
yandan, ADAUSDT varliginda elde edilen sonuglar, kar elde edilememesi seklinde goriilmektedir. Bu durum, belirli varlik ve strateji
kombinasyonlarinin her zaman ayni1 basariy1 elde etmedigini ve piyasa kosullarina bagli olarak degisebilecegini vurgulamaktadir.
Her varlik, farkli karakteristiklere sahiptir ve bu nedenle bir stratejinin bir varlik iizerinde basarili olup olmayacagini belirlemek
icin dikkatlice degerlendirilmesi gerekmektedir.
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Sonuc¢

Bu calismada makine 6grenmesi yontemlerine teknik analiz gostergeleri entegre edilip genetik algoritma ile optimize edilerek
24 saat igleme acik olan kripto para piyasasinda, ge¢mis verilere istatistik ve makine 6grenmesi metotlarini uygulayarak dogruluk
orani yiiksek al ve sat sinyallerinin iiretilmesi hedeflenmistir.

Makine 6grenmesi algoritmalari bir veri setini modele doniistiiren algoritmalaridir. Bu ¢calismada da makine 6grenmesi algorit-
malar1 sunulmus ve performanslari karsilagtirilmistir. Calismada ayrica makine 6grenmesi algoritmalarinin performansini artirmak
amaciyla, genetik algoritma ile optimize ederek performans karsilagtirmasi yapilmigtir. Farkli makine 6grenmesi algoritmalarini
karsilastirip en basarili ve en uygun modelin hangisi olacagi kripto varliklar iizerinde uygulanmasi ile belirlenmistir.

ADAUSDT ve LTCUSDT ye ait geriye yonelik testin icrasindan sonra, bu makalede ileri siiriilen modelde, Optimize edilmig
MACD parametreleri ile yapilan uzun-kisa islemlerden elde edilen karliligin, optimize edilmemis MACD parametreleri ile yapilan
uzun kisa islemlerden elde edilen karliliktan daha iyi sonug iirettigi gozlemlenmistir.

Varsayilan MACD degerleri,

e Hizli: 12
e Yavas: 26,
e Diizeltme: 9 ‘dur.

Bu parametreler, MACD indikatoriiniin ilk olarak Gerald Appel tarafindan gelistirildigi 1970’lerde yaygin olarak kullanilan
parametrelerdir. Bu parametreler, MACD indikatoriiniin temel 6zelliklerini yansitir ve ¢ogu yatirimer i¢in iyi bir baslangig
noktasidir.

Tablo 3’te elde edilen degerlerin, varsayilan degerlere pek de yakin olmadigi gézlemlenmigtir. Bu degerlerin ortalamalar:
alindiginda,

e Hizli: 11,1
e Yavas: 20,89,
e Diizeltme: 5,28 ‘dir.

MACD indikatorii parametrelerini degistirmek, MACD indikatoriiniin ¢alismasini etkilemek anlamina gelmektedir. Ornegin,
9 periyotluk EMA’y1 5 periyotluk EMA ile degistirmek, gostergenin daha hizli tepki vermesini saglar. Ancak, bu ayn1 zamanda
gostergenin daha az hassas olmasina da neden olur. Optimize edilmis MACD parametreleri ortalamalarinin, varsayilan MACD
parametrelerinden daha diisiik olmasi, kripto varliklarda kar elde etmek amaci ile yapilan islemlerde, yatirim yapan kisilerin daha
hizli tepki veren bir indikatore ihtiya¢ duymasindan kaynaklanabilir.

Uygulamadaki grafikler incelendiginde, veriler makine 6grenmesine daha girmeden kéar ve zarar verilerinin net ayrigtig1 bir
sonug¢ gozlenmemistir. Bunun nedeni, kripto varliklarin herhangi bir kurum/kurulug tarafindan denetimi olmamasidir. Bu yiizden
kripto varliklar1 “volatil” veya istikrarsiz olarak degerlendirmek yerinde olacaktir. Ciinkdi, bir haber akigiyla, spekiilasyonla veya
sosyal medya fenomeninin yiiklii iglemi ile ani yiikselisler ve diisiisler sergileyebilir. Bu ani yiikselisler veya diisiisler, satin alma
isleminden hemen sonra olugursa, mum verilerinden elde edilen istatistiksel hesaplamalara gére alim ve satim iglem kararinin
saglikli verildiginden bahsedilemeyecektir.

Optimize edilmis MACD parametreleri ile karar verilen uzun-kisa islemler, egitilmis makine 6grenmesi algoritmalari ile tahmin
ettirildiginde, “en iyi sonu¢ veren” algoritma godzlemlenememistir. Ancak, makine 68renmesi algoritmalar ile, zarar ettiren
verilerin ayitklanmasi ile daha iyi karlilifin elde edilebilecegi gozlemlenmigtir. Bu modelde, ADAUSDT kripto para ciftinde bir
kar elde edilememistir. Ancak LTCUSDT ciftinde, derin 6grenme algoritmasinin kullanilmasi ile LTCUSDT paritesinde %93.55
kar elde edilebilecegi gozlemlenmistir. Dolayisiyla gelistirilen bu modelin LTCUSDT ciftine ADAUSDT c¢iftinden daha fazla
uydugu sdylenebilir.
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ABSTRACT

The obtained results underscore the effectiveness of the SDBHA in objectively determining criteria weights across various
countries. Sensitivity and comparative analyses with other well-established methods, such as ENTROPY, CRITIC, SD, SVP,
LOPCOW, and MEREC, were conducted to assess the sensitivity, credibility, and reliability of SDBHA. According to the findings,
SDBHA is sensitive and close to a credible and reliable state. Remarkable observations include the effectiveness of SDBHA,
as indicated by simulation analyses, in consistently distinguishing and determining criteria weights across various scenarios,
demonstrating its stability and robustness. In conclusion, SDBHA emerges as a potent and objective criteria weighting technique,
notably enhancing the DEMATEL method and providing significant contributions to the literature on MCDM.

Keywords: MCDM, Somer’s D, DEMATEL, SDBHA, Criteria Weights

1. Introduction

Multi-criteria decision making (MCDM) is a methodology that is widely used in complex decision-making processes and
mathematical modelling, often involving a variety of factors. MCDM seeks to evaluate and rank alternatives based on the
preferences and priorities of decision makers. To achieve this, it is essential to determine the weights of the criteria, which
represent the decision-makers’ preferences (Saaty, 2008).

The field of MCDM offers a diverse array of techniques, such as ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW,
for calculating criterion weights (Keles, 2023). These techniques employ two fundamental characteristics of objective criterion
weights: 1) the degree of performance contrast across decision alternatives for each criterion, reflecting the range between maximum
and minimum values, and 2) the distinctiveness or conflict among criteria. By understanding and utilising these inherent data
characteristics, decision makers can gain valuable insights to guide their decision-making process (Ecer, 2020). Therefore, in the
MCDM criterion weighting literature, the criterion weighting logic can differ in methods that consider the relationships between
criteria (CRITIC, DEMATEL, MEREC).

Subjective weight coefficients inherently rely on personal experiences and subjective evaluations of decision makers, making
them susceptible to variations among individuals (Bas, 2021). Typically, these coefficients are derived from expert judgments,
but relying solely on subjective assessments can introduce errors and biases into the decision-making process. In contrast,
objective methodologies utilise mathematical models and information within the decision matrix to compute criteria weights,
thus disregarding inconsistencies and uncertainties in decision-makers’ judgments (Paksoy, 2017; Rahim, 2020; Demir, 2021).
Therefore, this study aims to develop the DEMATEL method, a subjective weighting method, with Somer’s D method to establish
an objective structure. By doing so, the limitation of the DEMATEL method, which is commonly used by researchers, to have a
subjective structure can be eliminated, thereby expanding its applicability.

In the study, the most important benefit situation of the Somer’s D method, (the relationship status between two variables has an
asymmetric structure and accordingly, the detection of the influencing and affected values of the criteria can be done objectively)
and the most important benefit situation of the DEMATEL method (determination of the structure of the relationships between
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criteria and accordingly, the calculation of the criteria weights) were taken into consideration and the SDBHA (Somer’s D-
DEMATEL based Hybrid Approach) method was developed. In this context, with the proposed method, prioritising relationships
among variables, the analysis and modelling of variables can be achieved more easily compared to the classical DEMATEL method,
considering the constraint of subjectivity in the DEMATEL method. The proposed method constitutes a significant contribution
to the existing body of literature on criterion weighting coefficient calculation methods, offering a fresh perspective to the field.

To achieve these objectives, the research delves into objective weighting methods, Somer’s D and DEMATEL. Subsequently, the
proposed method is employed to measure and rank the weights of criteria for the 19 G20 countries, utilising the Global Innovation
Index data for these countries. The validity and reliability of the proposed method were assessed through sensitivity analyses.
Comparative analyses were then conducted to evaluate the method’s credibility and reliability levels. Finally, simulation analyses
were performed to deconstruct the criteria weights and determine the stability of the method.

2. Literature

2.1. Methods for Calculating Criterion Weights in the Scope of the MCDM

Choosing the best option in decision making requires comparing alternatives across multiple criteria. Accurately weighting
these criteria is essential for effective comparison and selection of the most suitable option (Saaty, 2008). Weight coefficients
traditionally play this role in Multi-Criteria Decision Making (MCDM) problems (Ecer, 2020).

The field of MCDM offers a diverse array of objective weighting methods, such as CRITIC (Criteria Importance Through Inter
Criteria Correlation), ENTROPY, CILOS (Criterion Impact Loss), IDOCRIW (Integrated Determination of Objective Criteria
Weights), SVP (Statistical Variance Procedure), SD (Standard Deviation), MEREC (Method Based On Removal Effects of Criteria),
LOPCOW (Logarithmic Percentage Change-driven Objective Weighting), and SECA (Simultaneous Evaluation of Criteria and
Alternatives) (Ecer, 2020).

The CRITIC method assigns higher weights to criteria with greater variability (disorder) than others, reflecting their importance.
It analyzes correlations within the decision matrix to identify inconsistencies between criteria. Standard deviation is used to quantify
these contradictions, ultimately determining the criteria weights (Diakoulaki et al., 1995).

The ENTROPY method is a valuable tool for the decision-making process. Following the construction of the decision matrix,
this method employs the standard values of the decision matrix and the ENTROPY measure of the criteria to determine the
ENTROPY-based criterion weights (Aycin, 2019; Ulutag and Topal, 2020).

The CILOS method assigns higher weights to criteria with less impact deviation from ideal values (maximum or minimum).
Criteria are evaluated on the basis of a decision matrix, and weights are calculated by solving a system of linear equations
(Zavadskas & Podvezko, 2016; Sel, 2020).

The IDOCRIW method is a hybrid approach that combines both the ENTROPY and CILOS methods. This approach focuses
on determining the relative impact of a missing index. Initially, the weight coefficients for the criteria are determined using the
decision matrix values and the ENTROPY and CILOS methods. Subsequently, the ENTROPY and CILOS weights were integrated
to yield the IDOCRIW weights (Pala, 2021).

The SVP method objectively determines criterion weights based on variance. Unlike subjective methods, it relies solely on data
to calculate weights by dividing each criterion’s variance by the total variance (Odu, 2019; Giilencer Tiirkoglu, 2020; Nasser,
2023).

The SD method evaluates the deviation of criterion values from the arithmetic mean of these criteria to determine their weights.
To apply this method, the decision matrix is first normalised using its contained values. Subsequently, the standard deviation values
for each criterion were calculated and used to determine the criterion weights (Demir, 2021; Uludag and Dogan, 2021).

Similar to other weighting methodologies, the MEREC method begins by obtaining the decision matrix and its normalised
counterpart. Following this, the overall performance values of the decision alternatives are calculated using a natural logarithm-
based framework. Subsequently, considering the value of each decision alternative, adjustments to the performance values of the
other decision alternatives are recalculated on the basis of the natural logarithm. To conclude this method, the weight values for the
criteria are determined by calculating the removal effect on each criterion, specifically the sum of absolute deviations. Additionally,
in this method, as the influence of criteria on decision alternatives increases, the weight coefficients of the criteria also increase
(Demir, 2021; Keshavarz-Ghorabaee et al., 2021).

The LOPCOW method integrates data to find balanced weights for the criteria. It considers both individual variability and
the interrelationships between criteria. The method normalises the decision matrix and uses standard deviation to adjust for data
magnitude, ultimately determining the weights (Ecer Pamucar, 2022).
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The SECA method simultaneously evaluates decision alternatives and criterion weights. It analyzes the decision matrix using
standard deviation to determine both disagreement between criteria and criteria weights through a multi-objective optimisation
model (Keshavarz-Ghorabaee et al., 2018).

2.2. Somers’D Coefficient

Somer’s D coefficient is a non-symmetric measure used to assess the relationship between two ordinal variables. It can also
gauge the impact of an independent variable on a dependent variable. Ranging between -1 and +1, a value of O signifies no
association (Somers, 1962; Karagodz, 2010a; Karagdz, 2010b). Moreover, Somer’s D can be computed as long as the variables’
effect and relationship status, along with their respective data, do not merge into a single cell (Demir, 2022).

Somer’s D coefficient offers several quantitative measurement advantages. First, its simple structure allows integration into
various mathematical models. Second, it is robust, resistant to outliers, and insensitive to linearity, yielding more reliable results,
especially with real-world data showing non-uniform distribution. Third, it assists in identifying relationships between variables,
distinguishing them as dependent or independent, and evaluating their impacts on each other. Finally, Somer’s D coefficient
accurately predicts positive or negative interactions and relational structures between variables (Newson, 2006).

Additionally, Somer’s D method establishes a statistical framework by considering relationships and interactions among variables
in decision matrices, focussing on the "Accuracy Ratio." This aspect underscores the method’s reliability and stability in decision
making. The correlation coefficients computed by this method demonstrate consistency in criterion weighting and its ability to
yield results comparable to those of other methods, thereby enhancing its credibility (Orth, 2016). Fifth, Somers’s D method aligns
well with other measurement modelling methods, facilitating easier comparison of results and enabling more comprehensive
analysis (Metsdmuuronen, 2020). Sixth, Somers’ D method has a nonparametric property (Oktay, 2017). Parametric tests generally
require assumptions such as normal distribution of data and homogeneity of variances. However, nonparametric techniques do
not require such strict assumptions and do not make any assumptions about the sample distribution (Kalayci, 2019). Therefore,
Somer’s D can be used to measure relationships and effects between variables without any restrictions.

The Somer’s D method offers distinct advantages over other interactive coefficients found in the literature. Among nominal-scale
correlation coefficients such as Phi Coefficient, Contingency Coefficient, Cramer’s V, Goodman-Kruskal Tau, and Uncertainty
Coeflicient, which are commonly used, Somer’s D correlation coefficient stands out due to its ability to transition from an ordinal-
scale structure to a nominal-scale structure. This inclusivity allows for the measurement of ordinal-scale correlation coefficients
on a nominal scale, rendering Somer’s D more versatile than others (Kalayci, 2019). Conversely, Kendall’s Tau b, Kendall’s Tau c,
Gamma, Spearman Coefficient (Rho), and Pearson correlation coefficients are symmetric, limiting their ability to calculate values
indicating the influence of variables on each other and their mutual impact. Consequently, numerous studies in the literature use
Somer’s D relationship coefficient, especially in the context of objective criterion weighting methods. Table 1.

Table 1. Somer’s D coefficient in relation to current research

Author(s) Method(s) Theme
Reassessing the Severity and Prognosis of COVID-19:
AUC and Somer’s D Exploring the Influence of Clinical and Immunobiotype

Torres-Ruiz et al.,
2021

Factors
Yovi and Yamada, Somer’s D Analysis of the Relationship Among Fatigue Variables
2023 within the Scope of Occupational Health Status
Sanchez-Cabrero et Somer’s D, chi-square,  Analysis of the Relationship Among Teaching Training
al., 2023 and Eta Variables
Valencia-Arias et al., Somer’s D Analysis of the Relationship Among Variables of
2023 Student Satisfaction
Valencia-Arias and Somer’s D Analysis of Relationship Constructs Found in the Theory
Restrepo, 2020 of Planned Behaviour

When the relationship between two variables is classified as dependent and independent variables, 11 application steps are
required to determine the Somer’s D correlation coefficient. The application steps of the Somer’s D correlation coefficient are
explained below (Oktay, 2017).
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Step 1: Obtaining the Decision Matrix

X1 X1z Xyj
X21  X22  X2j

Step 2: Calculating the P;.*j Values

The P;} j values represent the sum of the cells to the south and east of the cell at (i,j) in the decision matrix, starting from the
northwest corner. The calculation formula for P} g is as follows:

1 J
AEDIDWT. )

, and the letter "J" represents the latest value of "j".

nin

The letter "I" represents the latest value of

Step 3: Calculating the C Value (Compatible Pairs)

1 J
P= Z Z xii P} 3)

Step 4: Calculating the Rl’.‘j Value

The R} : value represents the sum of the cells to the southwest of the cell at (,j) in the decision matrix, starting from the northeast
corner. The calculation formula for R} : is as follows.

I J
Riy= >, 2 i o

Step 5: Calculating the R Value (Compatible Pairs)

1 J
R= Z Zx,-jR;.*j 5)

Step 6: Calculating the Number of Values Dependent on Only the C, Variable (T¢,)

In the context of different types of dependent values, if the observation in the (i,j) cell is dependent only on the values in the i-th
row of the C, variable, the number of observations dependent on C,, is calculated as shown in Equation 6.

2T, = ZI: X2+ Z Z X2 (©6)

Step 7: Number of Observations Dependent on Only the C;, Variable (T¢,)

In the context of different types of dependent values, if the observation in the (i,j) cell is dependent only on the values in the i-th
row of the Cp, variable, the number of observations dependent on Cj, is calculated as shown in Equation 7.

J
Z X2 (7

1 1
_ E 2
ZTC;, = x+j +
i=1 i=1 j=1

1
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Step 8: Number of Observations Dependent on Both the C, and Cj, Variables (Cp)

In the context of different types of dependent values, if the observation in the (i,j) cell is dependent on the values in the i-th row
of both the C, and C}, variables, the number of observations dependent on C, and Cp, is given in Equation 8.

2Cup = le zjlxizj —x (8)

i=1 j=1

Step 9: Determining the Effect of Cp, on C, (cicb Co)

The maximum likelihood estimator of the coefficient (6) is given in Equation 9, depending on the multinomial sampling model.

X P-R 2(P-R
de,Co= it = ZE2R ©)
tR+le, X% -2 X
Step 10: Determining the Effect of C, on Cb(cfab)
The effect of C,, on Cj, can be estimated using the maximum likelihood estimator, which is given in Equation 10.
R P-R 2(P-R)
dc,Cp = = (10)
P+R+Tc, n2-Yl, x?ﬂ_

Step 11: Determining Somer’s D Correlation Coefficient (d)

The Somer’s D correlation coefficient can be estimated using the maximum likelihood estimator, which is given in Equation 11.

~ 2(P-R
d= 2 1 ZI( 2 )ZI 2 (11)
Xt = (i + 2y )

2.3. DEMATEL Method

DEMATEL (Decision Making Trial and Evaluation Laboratory) is a subjective criterion weighting method devised by Gabel
and Fontela in 1972. It facilitates the identification of interdependencies among variables with mutual relationships within a
relational structure in multi-criteria decision-making (Dinger, 2019; Tepe, 2021). In the DEMATEL method, variables exhibiting
an "influencing" nature in the relationship structure are termed "causes," while those with an "affected" nature are referred to as
"effects" (Dinger, 2019; Atan and Altan, 2020).

The DEMATEL method has found successful applications in various technical and social problems. In addition to identifying
the relationship structure between variables, it can also compute the importance values of these variables (Haste, 2020; Karadag
Albayrak, 2021). When preparing the decision matrix in the DEMATEL method, the influence values of variables can be determined
through subjective opinions obtained from an expert or a group of experts (Paksoy, 2017; Kaya and Karagan, 2020). Consequently,
the DEMATEL method offers a means to visually represent the relationships between criteria (Celikbilek, 2019; Ozceylan and
Ozkan, 2020).

The DEMATEL method offers several advantages. First, it effectively analyses mutual influences, including both direct and
indirect effects, among different factors, thereby unravelling complex cause-and-effect relationships in decision-making problems.
Second, it visualises the interrelationships between factors, facilitating a clear understanding of which factors mutually influence
one another. Third, DEMATEL can determine alternative rankings, identify critical evaluation criteria, and measure the weights
of these criteria (Aghelie et al., 2016; Si et al., 2019). Fourth, the method can analyse an unlimited number of indicators and
examine relationships even in the presence of data shortages (Ogradnik, 2018).

The DEMATEL method has been widely utilised by many researchers to determine inter-variable relationships, interactive
structures, and criterion weights (Smidovnik and Groselj, 2021). In this context, current studies related to the DEMATEL method
are presented in Table 2.
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Table 2. DEMATEL in relation to current research

Author(s) Method(s) Theme
Kumar et al., 2023 Modified Pythagoreanfuzzy =~ Assessment of Sustainable Carbon Dioxide
VIKOR and DEMATEL Storage in Geological Formations
Fuzzy DEMATEL and Fuzzy  Evaluating Factors Affecting the Readiness for

Nezhad et al., 2023

. AHP Implem.enting 10T in Indugtries . .
Ozdemirci et al., 2023 T-Sph}e)r}gc;l/} Aﬁ”}ZEZI}: TOP- l;;/:tl;arllt;on of Alternative Social Banking
Mao et al., 2023 Cu:;élefl‘;izzeyp]g(gi/[el?; Tt]l;iory gllzlcggscirisal;fghnology for the Treatment of Solid
Pinto, 2023 Cogniti\]/)eErlr\l/?g[%iE% and the Examining the Roots of Urban Blight

The application steps of the method are as follows (Aycin, 2019; Dinger, 2019; Oksiiz and Ongel, 2021).

Step 1: Creation of the direct relationship (impact values) matrix (D)

D=| dy dj di (12)

Given that m=n, the values of m and n represent the number of criteria. The values in the direct relationship matrix explain the
direct relationship between the i.th variable and the j.th variable.

The direct relationship matrix is typically constructed by obtaining information from the decision maker or decision makers
that are experts in the relevant subject. The decision-maker or decision-makers determine their decisions using an enhanced
comparison scale, as shown in

Table 3. DEMATEL comparative scale

Numerical Value Description
0 Ineffective
1 Low impact
2 Moderate impact
3 High impact
4 Very high impact

Step 2: Creation of the normalised decision matrix (x)

In order to normalise the direct relationship matrix, all values are normalized by dividing them by the maximum value of the
row and column sums. The normalised decision matrix is used to create the total impact matrix. The normalisation process uses
equations 13 and 14.

1 1
s = min , 13)
max; 3Ly |dij|" max; XL, 1dij

x=s.d (14)

Step 3: Creation of the total impact matrix (7)

Equation 15 is transformed into the matrix described in equation 16. The total impact matrix is created by subtracting the
normalised direct relationship matrix from the identity matrix, taking the inverse, and then multiplying it by itself. Therefore, the
total impact matrix reflects its relationship with the normalised decision matrix.
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T=x+x+-+x"=x(1-x)7" (15)

T=| tii t; ti (16)

Step 4: Identification of the impact values (d; )

The sum of each row value for the criteria in the total impact matrix is calculated.

d
m .
di=Y ;> D=| & (17)
i=1 .
din

mx1
Step 5: Estimation of the impacted values (7 )

The sum of each column value for the criteria in the total impact matrix is calculated.

rsz;.‘:ltij—)R[rl,...,rj...rn]lxn (18)

Step 6: Estimation of the relationship intensity (RC);
(RC)J Zd[+rj (19)
Step 7: Determining the Nature of Criteria as "Influencing" d; > r; : If the impact value of criterion (d;) a is greater than the
affected value of criterion (r;) then criterion (d;) is considered to be the cause of criterion (r ;).
Step 8: Determination of the Nature of Criteria as "Affected"

d; < r;: If the impact value of criterion (d;) is less than the affected value of criterion (r;), then criterion (d;) is considered to
be the effect of criterion (7).

Step 9: Determination of the Threshold Value

To create an appropriate influence diagram and make sound decisions, an appropriate threshold value is required. The threshold
value can be determined by conducting interviews with stakeholders or researchers. However, it can be difficult to bring stakeholders
together. In a more objective sense, the threshold value can be calculated as the arithmetic mean of the total relationship matrix
(T) values.

Step 10: Calculation of the Criterion Weights (w;)

First, the square of the sum of the values for the criteria’s direct and indirect effects is added to the square of the difference
between the values for the criteria’s direct and indirect effects. The square root of the resulting value is then calculated. It was
shown in Equation 20.

2 2
Wia = | [ Do)+ D D]+ [ D d) = D) (20)
i1 j=1 i=1 j=1

Second, the weight coefficients of the criteria were calculated by dividing the value of each criterion by the total value of the
criteria.
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Wi
= (21)

Wi = s —
2t Wiy

3. Materials and Methods
3.1. Proposed Method (Somer’s D-DEMATEL based Hybrid Approach)

In determining the weights of criteria, the distinctiveness and conflict among criteria highlight the nature of the criteria in terms
of priority and importance (Ecer, 2020). Therefore, within the scope of MCDM, there can be various differences in the methods
used to calculate weight coefficients.

In the DEMATEL method, the importance and weight of a variable is determined by the extent to which it positively or
negatively affects other variables. Accordingly, if a criterion has the highest positive or negative influence on other criteria and
the value of its impact on other criteria is maximal, then the weight assigned to that criterion will be the highest. Therefore, the
variable that contributes the most to the relational structure in the DEMATEL method has the highest weight coefficient (Ecer,
2020; Valencia-Arias et al., 2023).

In the CRITIC method, the weight coefficient of a variable is maximised when the sum of its relationships with other variables is
minimised (positive) or maximised (negative) and the standard deviation value is maximised (Diakoulaki et al., 1995). Therefore,
in the CRITIC method, the weight value of a variable increases as it becomes more distinct from other variables. In the ENTROPY
method, as the degree of uncertainty of criterion increases relative to other criteria, the weight coefficient of the criterion decreases.
Thus, the criterion with the highest degree of uncertainty acquires a more distinctive quality than other criteria (Aycin, 2019).
In the MEREC method, the weight of a particular criterion increases as the absolute difference between the average of criteria
with respect to decision alternatives, either by excluding or considering the criterion, and the average of criteria with respect to
decision alternatives becomes smaller (Keshavarz-Ghorabaee et al., 2021). Consequently, the criterion with the highest weight
has the greatest impact on decision alternatives. In the SD method, the weight of the criterion is maximised when its standard
deviation is the highest (Demir, 2022). Similarly, in the SVP method, the weight of a criterion is maximised when its variance
is the highest (Nasser, 2023). In the LOPCOW method, the mean square value of each criterion is calculated as a percentage of
the standard deviations, effectively mitigating the discrepancy (gap) arising from the dimensionality of the data. Consequently, a
decrease in the standard deviation of a criterion will reduce the gap attributed to the size of the data for that criterion, leading to
an increase in the weight assigned to the criterion (Ecer and Paumucar, 2022).

The objective weighting methods described above (ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW) focus on determin-
ing the importance (weight coefficient) of a criterion by considering its differentiation from other criteria through their respective
techniques. However, the DEMATEL method, unlike other methods, offers a more advantageous structure in determining criterion
weights by considering both negative (divergence) and positive effects (similarity). In this context, the DEMATEL method provides
a broader framework by incorporating contrasts that form the logic of criterion weighting, making it more advantageous than other
methods.

The DEMATEL method, as explained earlier, is a subjective criterion weighting technique (Torres-Ruiz et al., 2021). Evaluations
conducted within the scope of subjective weighting methods can lead to biases and errors (Rahim, 2020; Demir et al., 2021; Paksoy,
2021). In this context, the impact values between criteria can be determined using Somer’s D coefficient, and these impact values
can be integrated into the direct relation matrix created within the DEMATEL method. Subsequently, using Somer’s D method,
the total impact of each criterion on others and the total influence of each criterion by others are calculated. Then, these values are
integrated into the DEMATEL method using Equation 20, and the criterion with the highest total impact and influence values is
considered the most important. Thus, the subjective criterion weighting nature of the DEMATEL method can be transformed into
objective weighting by turning towards Somer’s D, resulting in the Somer’s D-DEMATEL based Hybrid Approach (SBDHA).
The DEMATEL method’s first three steps are designed to identify the degree to which a criterion affects other criteria. In the
proposed method, the values of the criteria affecting each other and being affected by each other are determined using Somer’s D
correlation coefficient from Equations 1 to 10. These values are then processed from Equations 22 to 32 to calculate the weights
of the criteria.

Step 11: Construction of the impact matrix based on Somer’s d

m=n: The number of criteria is denoted.

C;yvi: The text specifies the independent variable criteria in the column.

Cavj: The text specifies the dependent variable criteria in the row

cfcj —: The total influencing values of any criterion in the scope of Somer’s D on other criteria are represented.
de . < The total affected values of any criterion in the scope of Somer’s D on other criteria are represented.
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C.
Cf"l Ca1i Cav2 ... Caum
w2 Sd]] Sd12 e Sdlm
SD = : sdy; sdyy A sda, (22)
Civm . . . .
sdy1 sdy2 ... sdum

Step 12: Calculation of the total influence of criteria based on Somer’s D Method (ch —)

In this step, the total influence of each criterion on the other criteria is calculated using Somer’s D correlation coefficient.

n—1
() forde,— : |dc,—c,| +dc,—c;| + |de,>c,) - - - - +ldey—c, | = Z dc, = Cjn (23)
j:
n—1
(2)fordc,- : ldc,~c,| + ldc,—c;| +ldc,—cyl - .. - +ldey,—c, | = dc, = Cjy (24)
j=0,j#1
n—1
(3)fordc,- : |dcy—c, |+ ldc;—c| +ldey—ey| - - - +ldcyoc, | = dcy, — Cjy (25)
j=0,j#2
n-1
(m) fordc,— : |dc,—c,| +ldc,—~c,| +ldc,—csl ... -+ +|dc,—c, | = dc, — C; (26)
j=1
Step 13: Calculation of the Total Effectedness of Criteria Based on Somer’s D Method (dAci(_)
In this step, the total effect of each criterion on other criteria is calculated using Somer’s D correlation coefficient.
m—1
(1) forde,— : ldc,—c,| + ldc,—c;| +ldc,—c,| - .. - +|dc,—c,,| = ( dc, < Ciy1 ) (27)
i=1
m-—1
(2) fOV dC2<— : |dC2<—C1| + |dC2<—C3| + |dC2<—C4| ettt |dC2<—C6m| = ( Z dCz — Ci+l ) (28)
i=0,i#1
m—1
(3) forde, @ ldcy—c, | + ldcs—c, | + ldey—cy| - - -+ |dcy—c,,| = ( Z dcy « Ciy 29)
i=0,i#2
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m—1

2.

4

de, — Ci' (30)

(m) fordc,,— :ldc,,—c,| +ldc,,—c,| +ldc,,—c;| ... - +ldc,,-Cpy | = (

Step 14: Calculation of the Criteria Weights (w;)

In this step, after the total influencing and affected values of the criteria are found, the logic of Equation 31 shown in the last step
of the DEMATEL method is considered. Therefore, the square root of the sum of the squares of the total influencing and affected
coefficients of a criterion and the sum of the squares of the differences between the total influencing and affected coefficients of
the same criterion, is measured (w;, ).

wie =y [(de, =)+ (de, —)|*+[(de, =) - (de, <)) 31)

After the criteria are evaluated, the weights (w;, ) of the criteria are calculated by dividing the value of each criterion by the
sum of the values of all criteria (X, w;, ).

Wi

(32)

w; =
m .
1w

As a result, the SDBHA method is a hybrid method that combines Somer’s D and DEMATEL methods. In this regard, the
SDBHA method has several advantages. First, because the Somer’s D impact coefficients are between 0 and 1 or -1 and O,
normalisation is not required before determining the criterion weights. This helps to reduce the number of processing steps.
Second, the SDBHA method can be used to create a matrix of interactions between criteria, similar to the DEMATEL method.
This characteristic, especially if there is a theoretical basis for the relationship between criteria, allows the analysis of which
criteria should be affected by which criteria. This allows the development of strategies to improve and develop criteria. However,
the ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW methods do not provide an interaction matrix between criteria. Third,
the numerical interaction value diversity of the SDBHA method is greater than that of the classical DEMATEL method. In the
classical DEMATEL method, the effects between the directly related matrices between criteria are 0, 1, 2, 3, and 4. However, in the
SDBHA method, the aforementioned direct relationship matrix is provided with any effect values between 0 and 1 or -1 and 0, with
the help of Somer’s D correlation coefficient. This shows that the SDBHA method measures with real numerical values compared
with the classical DEMATEL method, and therefore increases the reliability of the SDBHA method. The fourth advantage of the
SDBHA method is that it is sensitive to 0 and negative values. In other words, even if there are zero or negative values in the
decision matrix, the weight values of the criteria can be calculated using the SDBHA method. However, in the ENTROPY and
MEREC methods, the weights of the criteria cannot be calculated because the subsequent steps are undefined when the values
in the decision matrix are negative or 0 because the ENTROPY and MEREC methods have a logarithmic transformation feature.
However, only negative values can be converted to positive values using the Z-score technique. Finally, the fifth advantage of the
SDBHA method is that it considers both the separation and similarity of criteria in the measurement of criterion weights, similar
to the DEMATEL method. However, in the ENTROPY, CRITIC, SD, SVP, MEREC, and LOPCOW methods, the criterion weight
measurement logic is based only on the separation of criteria from other criteria with mathematical models. In this context, the
SDBHA method has a broader and more inclusive feature (separation and similarity) than other objective criterion weighting
methods. Because, in the SDBHA method, similar to the DEMATEL method, when both positive and negative influence and
affected values increase, the weight coeflicient of criteria also increases.

While the SDBHA method offers advantages, it poses drawbacks, notably in determining criterion weight coefficients due to
computational complexity. As the number of criterion increases, intricate interactions escalate, demanding complex calculations
for Somer’s D impact and affected coefficients. Although software like SPSS or Python can handle these computations, manual
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calculation of Somer’s D coefficient without such tools is arduous and time-consuming. However, adapting formulas for Microsoft
Excel can simplify the process to some extent, facilitating the extraction of interactive or reciprocal relationships between criteria.

3.2. Data Set and Analysis of the Study

The research dataset comprises the Global Innovation Index (GII) criteria for 2022, focussing on 19 countries within the G20
group. The rationale behind selecting this dataset is to assess the discriminatory efficacy of the proposed model criteria among
countries, considering the substantial variations in values within this specific dataset. To facilitate understanding of the research,
Table 4 elucidates the abbreviations associated with this dataset. Table 4

Table 4. GII criterion abbreviations

GII Criteria Criteria Abbreviations
Institutions GII1
Human Capital and Research GII2
Infrastructure GII3
Market sophistication GlI4
Business sophistication GII5
Knowledge and technology outputs GII6
Creative outputs GII7

4. The Case Study

4.1. Computational Analyses

To facilitate the research, Somer’s D method was used to calculate the values of the criteria affecting and being affected by each
other for the 9th (Equation 9) and 110th (Equation 10) steps. Subsequently, Equation 22 is used to construct the Somer’s d impact
matrix. The results of these calculations are presented in Table 5.

Table 5. Reciprocal influences of the GII criteria on each other and values of influence received from one another

Dependent Variables
Criteria GIl GI2 GI3 GI4 GI5 GI6 GI7 T°?,L{l‘l‘;'s’a“t

GIIl 0 0,585 0444 0,766 0,591 0497 038 3,263

8 GIR2 0,588 0 0,629 0,494 0,706 0,541 0,612 3,57
E GII3 0,447 0,629 0 0,447 0,624 0,482 0,624 3,253
25 GIl4 0,766 0,491 0,444 0 0,591 0,614 0439 3,345
K GII5 0,591 0,702 0,62 0,591 0 0,673 0,614 3,791
= GII6 0497 0,538 048 0,614 0,673 0 0,684 3,486
GIl7 0389 0,623 0,635 0449 0629 0,701 0 3,426
Totalinfluence 5 )0 350 3950 3361 3814 3508 3353 24,134

values

In the final step, the weights of the criteria were calculated using Equations 30 and 31. The results of these calculations are
presented in Table 6.

Table 6. Criteria weight

Cri. ac]._, acﬁ_ (&Cj_, + &Ci(_)z (&Cj_) — acl«—)z Wi, w; Ranking
GIIl 3,263 3,278 42,7847 0,000225 6,541017 0,135513 6
GII2 3,57 3,568 50,9510 0,000004 7,138000 0,147881 2
GII3 3,253 3,252 42,3150 0,000001 6,505000 0,134767 7
GIl4 3,345 3,361 44,9704 0,000256 6,706019 0,138932 5
GII5 3,791 3,814 57,8360 0,000529 7,605035 0,157557 1
GIl6 3,486 3,508 48,9160 0,000484 6,994035 0,144899 3
GII7 3,426 3,353 45,9548 0,005329 6,779393 0,140452 4

Total 48,26850




EKOIST Journal of Econometrics and Statistics

4.2. Sensibility Analyses

This study evaluated the EXCEBM method’s sensitivity in MCDM. Sensitivity analysis involves applying different weighting
methods to a dataset and comparing the results. To assess EXCEBM’s sensitivity, we expect the weight rankings it generates to
differ from those obtained using established objective weighting techniques (Gigovic€ et al., 2016). Consistent with this approach,
we utilised established objective weighting techniques to compute and arrange the weighting coefficients associated with the
GII components. These techniques, which are widely employed in scholarly literature, include ENTROPY, CRITIC, SD, SVP,
MEREC, and LOPCOW. The corresponding numerical results are meticulously presented in Table 6.

Table 7. Results from alternative approaches for calculating objective weighting coefficients

Crireria ENTROPY CRITIC SD
Value Rank Value Rank Value Rank
GII1 0,164573 4 0,163467 5 0,142105 4
GII2 0,159298 5 0,175225 4 0,140713 5
GII3 0,070034 7 0,177098 3 0,095625 7
GIl4 0,135129 6 0,212622 1 0,132316 6
GII5 0,197835 2 0,125705 7 0,157028 2
GlIe6 0,273132 1 0,145883 6 0,181573 1
GII17 0,181157 3 0,178453 2 0,150639 3
Crireria Svp LOPCOW MEREC
Value Rank Value Rank Value Rank
GII1 0,205301 1 0,145873 3 0,138346 5
GII2 0,130519 5 0,14274 4 0,121069 6
GII3 0,069559 7 0,150857 2 0,081209 7
GIll4 0,143758 4 0,164339 1 0,179705 1
GII5 0,156056 3 0,130464 7 0,15391 3
GIIé 0,17243 2 0,132647 6 0,153532 4
GII7 0,122378 6 0,13308 5 0,172229 2

An examination of Table 6 reveals that the rankings of the GII weight values according to the SDBHA method are significantly
different from the rankings of the GII criterion weight values determined by other methods. This result indicates that the proposed
method is sensitive to the underlying relationships among the criteria.

4.3. Comparative Analyses

The comparative analysis examines the similarities and differences between the proposed method and other objective weight
coefficient calculation methods. The proposed method should be credible and reliable with other methods, while also demonstrating
a positive and significant correlation with different weight coefficient methods (Keshavarz-Ghorabacee et al., 2021). In support of
this, Figures 1 and 2 present a visual analysis of the weight coefficients determined according to the weight measurement methods
shown in Table 7.

Figure 1. Positions of the ENTROPY, CRITIC, SD, SVP, LOPCOW, and MEREC methods
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Figure 2. Positions of SDBHA-1
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Figure 3. Positions of the methods

A visual analysis of Figures 1, 2, and 3 reveals that the decrease and increase stability rates of a certain criterion from a certain
point to another point with the SDBHA method are more similar to those formed with the ENTROPY and SD methods than
those formed with other methods. This indicates that the SDBHA method has a positive relationship with the SD and ENTROPY
methods. The correlation values between the SDBHA method and other methods are presented in Table 7 to support this conclusion.

Table 8. Correlation values of the SDBHA method with those of other methods

Methods ENTROPY CRITIC SD SVP LOPCOW MEREC
SDBHA 0,513* -0,659* 0,545% 0,182 -0,600%* 0,242
p*<.05

4.4. Simulation Analyses

Simulations with varying decision matrices show the proposed method’s robustness. It diverged from other methods as the
scenarios increased, indicating stability. Furthermore, the proposed method’s average weight variance across scenarios should
surpass alternatives, demonstrating better discrimination between criterion weights. Finally, weight variance uniformity across
methods should be confirmed (Keshavarz-Ghorabaee et al., 2021). To assess the consistency of the SDBHA method with other
objective weighting methods, a simulation analysis was performed. This analysis involved generating 10 different scenarios, each
with a unique set of decision matrix values. For each scenario, correlation coefficients between the SDBHA and other methods
were calculated. The results of the simulation analysis are presented in Table 8 and Figure 4.

When Table 8 and Figure 4 are examined together, the 10 scenarios are divided into two groups. The first group consists of the
first three scenarios, and the second group consists of the last seven scenarios. As shown in Figure 4, as the number of scenario
increases, the correlation values of the SDBHA method with other methods diverge and decrease. Therefore, it is thought that
the characteristic features of the SDBHA method become more pronounced as the number of scenario increases. In addition, it
was determined that the correlation values of the SDBHA method with the ENTROPY, CRITIC, SD, and LOPCOW methods are
significant in all scenarios. In addition, the distribution of the relationships of the SDBHA method with other methods in space
within groups is specified in Figure 5.
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Table 9. Correlation values of the SDBHA method with other methods within the scope of scenarios

Group Scenarios ENTROPY CRITIC SD Svp LOPCOW MEREC
1. Scenario 0,560* -0,670* 0,585* 0,255 -0,642%* 0,310*
First group 2. Scenario 0,535* -0,650%* 0,590* 0,245 -0,620%* 0,320%*
3. Scenario 0,520* -0,690* 0,610* 0,325 -0,590* 0,280*
Group Scenarios ENTROPY CRITIC SD SVP LOPCOW MEREC
4. Scenario 0,569* -0,650* 0,555% 0,21 -0,625%* 0,235*
5. Scenario 0,510%* -0,630%* 0,550* 0,19 -0,560* 0,245*
6. Scenario 0,500%* -0,680* 0,540%* 0,13 -0,500%* 0,220*
Second group 7. Scenario 0,495* -0,620%* 0,450* 0,15 -0,534%* 0,200%*
8. Scenario 0,480* -0,600* 0,520%* 0,145 -0,535%* 0,195*
9. Scenario 0,505%* -0,605* 0,540%* 0,135 -0,525%* 0,230*
10. Scenario 0,480* -0,590* 0,500* 0,125 -0,495%* 0,210*
Mean 0,515 -0,639 0,561 0,191 -0,563 0,245
p*<.05
0,7 —«1. Scenario
0,6 —— 7:__;::-‘-‘ - - -.;:4--,-_.: g = 2. Scenario
0,5 [ 5 /-""; . 3. Scenario
0,4 \'
0,3 -
0,2 + T r - * ¥ v
ENTROPY CRITIC sD sSVP LOPCOW MEREC
0,7
0,6
0,5
0,4
0.3
0,2
0,1 T T

ENTROPY  CRITIC sD SVP LOPCOW  MEREC

Figure 4. Correlation assessment of the SDBHA method with alternative approaches across diverse scenarios

Dimenslon 2
Dimension 2

Figure 5. Discriminant analysis of the interrelation between the SDBHA method and alternative methodologies in diverse scenarios

Table 8 demonstrates a positive, moderate correlation between the SDBHA method and the ENTROPY and SD methods in
various scenarios, consistent with the expected positive correlation between the SD and ENTROPY methods. Figure 5 further
supports this observation, showing that the correlation values of the ENTROPY and SD methods closely group together in
the first scenario group. However, in the second scenario group, correlations between the SDBHA method and SD/ENTROPY
decreased, indicating reduced sensitivity of the SDBHA method to underlying criteria relationships as the number of scenarios
increased. Similarly, in the first group of scenarios, the SDBHA method demonstrated a negative, moderate correlation with the

178




Altintas, F.F., A New Proposal for the Measurement of Criterion Weights in the Scope of Multi-Criteria Decision Making...

CRITIC and LOPCOW methods. However, in the second group of scenarios, correlation values between the SDBHA method and
CRITIC/LOPCOW decreased, indicating reduced similarity between the CRITIC and LOPCOW methods as scenario numbers
increased. Consequently, it is observed that distinct method characteristics become more pronounced with an expanding number
of scenarios, leading to increasingly discernible differences between methods. Throughout the simulation analysis, the variance
values for each method across scenarios were calculated, as outlined in Table 9.

Table 10. Variation values of the methods across scenarios

Scenario SDBHA ENTROPY  CRITIC SD Svp LOPCOW  MEREC
. Sce. 0,000286 0,000249 0,000213  0,000263  0,000253 0,000298 0,000307
Sce. 0,000272 0,000246 0,000226  0,000252  0,000265 0,000280 0,000289
Sce. 0,000279 0,000244 0,000209  0,000269  0,000249 0,000286 0,000294
Sce. 0,000293 0,000253 0,000235  0,000246  0,000272 0,000271 0,000289
Sce. 0,000266 0,000249 0,000239  0,000253  0,000258 0,000292 0,000302
Sce. 0,000285 0,000241 0,000204  0,000260  0,000263 0,000277 0,000282
Sce. 0,000288 0,000257 0,000230  0,000248  0,000259 0,000293 0,000299
Sce. 0,000269 0,000242 0,000217  0,000256  0,000269 0,000269 0,000277
Sce. 0,000276 0,000251 0,000240  0,000247  0,000256 0,000282 0,000290
10. Sce. 0,000289 0,000247 0,000199  0,000265  0,000260 0,000274 0,000289

Mean 0,000280 0,000248 0,000221  0,000256  0,000260 0,000282 0,000292

p—

LRAINE DD

Table 9 clearly shows that the SDBHA method consistently demonstrates higher average variance values across scenarios
compared with the variance values of the ENTROPY, CRITIC, SD, and SVP methods. Conversely, these values consistently
remained lower than those observed for the LOPCOW and MEREC methods. Thus, the SDBHA method exhibits an enhanced
ability to discern criteria weights, as evidenced by its higher average variance value relative to the ENTROPY, CRITIC, SD, and
SVP methods.

To further assess the homogeneity of variances in the criterion weights of the SDBHA method, an ADM (ANOM for variances
with Levene) analysis was conducted across various scenarios. This analytical approach offers a visual representation of variance
uniformity, consisting of three elements: the general average ADM serving as the centreline, along with upper and lower decision
limits (UDL and LDL). If the standard deviations of all clusters fall within the LDL and UDL, this confirms variance homogeneity
(Keshavarz-Ghorabaee et al., 2021). Figure 6 presents a visual representation of the ADM analysis.

’ a=005

E 0,158 UDL

g 0156 0,15579
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S guae] — T 014200
0146 i ; ;
0144 LDL
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0'5 C?‘ )‘5’ éb 'a?o é.\& *0“’

fﬁf FF LSS

SCENARIOS

Figure 6. ADM Visual

As shown in Figure 6, the ADM values calculated for each scenario are located below the UDL values and above the LDL
values. This indicates that the variances in the identified weights for each scenario are homogeneous. This determination was
further confirmed by the Levene Test, the fundamental statistics of which are outlined in Table 10.
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Table 11. Levene test

Levene Statistic dfl df2 Sig.
0,510 2 10 0,240

pF*<.05

The p-value of 0.240 from Table 10 exceeds the significance threshold of 0.05, indicating that the variances in criterion weights
across scenarios are homogeneous. Overall, the results of the simulation analysis indicates the robustness and stability of the
SDBHA method.

Conclusion

Complex decision-making scenarios often necessitate the consideration of multiple criteria, a process effectively addressed by
MCDM methodologies. Assigning appropriate weights to these criteria is essential to reflect their varying degrees of importance
and ensure an unbiased decision-making process. Researchers have developed diverse weight determination methods, enriching
the field of MCDM. This study introduces Somer’s D-DEMATEL based Hybrid Approach (SDBHA) as a novel approach for
determining criterion weights.

The research dataset consisted of values related to the Global Innovation Index (GII) criteria for 19 countries in the G20 group.
This study first calculated and ranked the weights of the GII criteria for countries according to the proposed method (SDBHA).
Second, the weights of the criteria were calculated and ranked using the ENTROPY, CRITIC, SD, SVP, LOPCOW, and MEREC
objective weighting methods based on the GII values of the countries in question. These findings indicates that the SDBHA method
is sensitive because the GII rankings of the SDBHA method are very different from those of the other methods.

The SDBHA method was compared with other methods to assess their relationships. Results revealed a positive, significant, and
moderate correlation between the SDBHA method and the ENTROPY and SD methods, indicating its reliability and credibility.
In the simulation analysis, 10 scenarios emerged by varying quantities assigned to countries. Positive, significant, and moderate
correlations were consistently observed between the SDBHA method and the ENTROPY and SD methods across all scenarios.
The scenarios were then categorised into two groups, revealing differing and decreasing relationships between the SDBHA method
and other methods as scenario numbers increased. In general, the different characteristics of the methods became more pronounced
as the number of scenarios increased. The differences and characteristics between the methods were also increasingly noticed.
The variance values of the SDBHA and other criterion objective weighting methods were also calculated and compared within the
scenarios. The SDBHA method was found to have a higher variance value than the ENTROPY, CRITIC, SD, and SVP methods.
This indicates that the SDBHA method performs better in discriminating between criteria than the other methods. In the final
stage of the simulation analysis, the homogeneity of the variances in the criterion weights of the SDBHA method was examined.
The ADM (ANOM for variances with Levene) and Levene test analyses showed that the ADM values calculated for each scenario
were below the UDL values and above the LDL values. This indicates that the SDBHA method is robust and stable.

Discussion

This study aims to transform the subjective nature of the DEMATEL method into an objective one. This will allow the weights
of the criteria for decision alternatives to be calculated without the need for subjective judgement, expert opinion, or personal
evaluation. In addition to the original DEMATEL method being subjective and the proposed DEMATEL method being objective,
this study also increases the comprehensiveness of the DEMATEL method (with the proposed method) compared with other
weighting methods. In future studies, the proposed method can be further developed to create a relationship map and impact
diagram that are objective in nature. This will allow the mutual interactions and relationships between variables within the
DEMATEL framework to be revealed objectively. Furthermore, further development of the proposed method can contribute
to the field of statistics by providing a framework for modelling the relationships and interactions between variables, such as
structural equation modelling, curve estimation analysis, relationship coefficient analysis, canonical correlations, and probit and
logit functions. In addition, future research could develop new objective weighting methods based on the properties of methods
that determine the relationships and effects between criteria. In addition, curve estimation could be used to objectively calculate
the weights of criteria by taking into account the relationships between criteria using regression analysis with various functions
(quadratic, cubic, logarithmic, S-curve, exponential, etc.
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ABSTRACT

The vehicle routing problem (VRP), which is a type of traveling salesman problem (TSP), is a combinatorial optimization problem
which determines the shortest route distribution from a central warehouse to customer points in certain locations. Today, global
climate change resulting from high greenhouse gas emissions and the rapid decrease in natural resources have begun to threaten
life as well as the sustainability of our economic structures. For this purpose, businesses have begun to prioritize to the concept of
green logistics, which is based on the strategy of environmentally friendly activities in the production of goods and services. In
this study, a mathematical model is proposed to solve the green vehicle routing problem with capacity limited and heterogeneous
fleet (CHFGVRP), which is a type of vehicle routing problem under the green logistics strategy. Metaheuristic approaches produce
successful solutions when solving routing problems with an NP-hard class problem structure. The presented model was developed
by Ekol Inc., with the help of the Genetic Algorithm (GA) and Tabu Search (TS) metaheuristic solution approaches. It has been
optimized as a real distribution operation for logistics businesses. The main purpose of the present study is assigning vehicles of
different capacities of a logistics company to the most suitable loads for two different order sets, to determine the most appropriate
customer point route. Thus, as transportation costs decrease thanks to fuel savings, the amount of carbon emissions released
into the environment will also decrease. The results of this research will contribute to businesses which seek environmental and
economic sustainability, as well as to the developing scientific literature on the subject.

Keywords: Green vehicle routing problem, genetic algorithm, tabu search

1. Introduction

Many common activities, including transportation, production, and heating, emit greenhouse gases into the atmosphere and
increase the environmental restrictions to the point where they threaten the continuity of life for all living things. High carbon
emissions, one of the main causes of the global climate concerns, is an extremely important problem that requires attention from
the entire world.

Countries have taken action to reduce greenhouse gas emissions caused by fossil fuel use through many international agreements,
such as the Paris Agreement and the Kyoto Protocol. The main purpose of these agreements is to transition to alternative energy
sources in order to reduce carbon dioxide (CO;) levels in the atmosphere and to establish a logistics management system that will
enable the transportation of vehicles in a way that consumes less energy. In order for these efforts to yield results, regulations that
limit the actions of both individuals and companies are extremely important. The main source of (CO;) gas in the atmosphere,
which makes up approximately 59% of greenhouse gases, is fossil fuels. Transportation is the most notable sector which contributes
to this growing concern, with a high rate of 32% in total energy consumption and a share of 23% in carbon emissions (IEA Report,
2023).

Logistics management activities, which are included in all operations of supply chain management, are defined as the delivery
of the material to be supplied to the final consumer as a result of activities, such as storage, production, and distribution (Waters,
2003:17). Carrying out all logistics activities while minimizing damage to the environment is referred to as green logistics
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(Srivastara, 2007: 53). It is very important that logistics activities remain sustainable within the scope of the green strategy.
Increasing consumption results in a scarcity of natural resources, which causes the ecological balance to deteriorate and the
ecosystem to collapse. Logistics operations, which provide all the physical movement of this economic system, are extremely
important for sustainable supply chain management systems (Christopher. 2011:11).

Transportation uses the most fossil fuel among logistics activities. Freight transportation, which uses the roads in the country,
comprises approximately 76% of transportation activities in Turkey, 69% in the USA, and 45% in EU countries. Therefore, the
effective and efficient use of such transportation remains crucial to sustainable and green logistics strategies (Cevik & Giilcan,
2011:39). Therefore, obtaining the best routes for distributing product orders according to sustainable and green principles has
become a frequently studied application area for logistics management.

The traditional vehicle routing problem (VRP) is defined as determining the route of transportation activities to minimize the
total time and total distance in order to supply the demands of customers at multiple points with vehicles of certain capacities
from a central warehouse (Figliozzi, 2010:1). New constraints have been added, with many different models having been pro-
posed according to the different business goals. The most common of these include: distance limited (DARP), capacity limited
(CARP), distance and capacity limited (DCARP), recollection (RCARP), multiple warehouse (MWARP), and homogeneous or
heterogeneous fleet (HFARP) (Akcakoca et al., 2023:3).

Unlike traditional VRP, the green vehicle routing problem (GVRP) optimizes through including such variables as fuel consump-
tion and gas emissions in addition to the total travel length. Fuel consumption and gas emission variables are affected by a wide
variety of factors, such as: travel length, vehicle speed, vehicle load, time-varying speed, and road slope. In this way, GVRP targets
alternative fuel use, electric and hybrid vehicle use, and environmentally friendly routing (Lin, 2014: 1). With GVRP, distances
traveled and distribution networks will be optimized, with a reduction of fuel consumption through alternative nature-friendly
energy sources. Thus, natural energy resources will be consumed less, carbon emissions will decrease, and a positive contribution
will be made to the problem of global warming/climate change. This goal becomes possible through an optimization of the
organization of vehicle routes, distribution networks, and vehicle fleets (Bruglieri et al., 2022:2).

Operations research optimization problems can be broken down into two types: discrete and continuous. Combinatorial opti-
mization problems, which are a type of problem with discrete decision variables, have a structure which allows for rapid results
due to their solution approaches. It is possible to reach the solution by using simple linear programming methods. However, when
the number of constraints and variables in the mathematical model of the problem increases according to the difficulty level of
the problem, it will become a global optimization problem and enter the NP-hard problem class, which is notoriously difficult to
solve (Nilsson, 2003:3). VRP falls under the combinatorial problem class. Within the literature, exact solution approaches to solve
such problems have been listed as: branch and bound, branch cutting, cutting plane, and dynamic programming methods (Toth &
Vigo, 2002:455). The structure of real-life VRP problems fall under the complex and large-scale NP-hard class. It is not possible
to evaluate such problems in an acceptable time with definitive solution approaches. Instead, heuristic and metaheuristic methods
must be used, which can provide the result closest to the optimal solution in a shorter time.

This study examines the optimization of the VRP in distribution networks, which is the activity of logistics management with
the highest time and cost. For this purpose, an example application has been made on CHFGVRP, which is a type of VRP
designed in accordance with the aims of the green logistics strategy. Genetic algorithm (GA) and tabu search algorithm (TS),
which are metaheuristic solution methods, were used to model the solution. In practice, data from Ekol Logistics Inc.’s Adana
central warehouse was used. To write the algorithm, the C# 6.0 Visual Studio 2015 programming language was used. The main
purpose was to assign the vehicles of different capacities of a company operating in the logistics sector to the load in the most
appropriate way for distribution planning and to calculate the most appropriate order route. The results will contribute to reducing
costs, through fuel savings, and the amount of carbon emissions. Thus, this study aims to contribute to businesses that aim for a
more environmentally friendly and sustainable logistics management strategy, as well as the literature on the subject.

2. Literature Review

VRP is based on the knight’s tour problem posed by Leonhard Euler in 1759. The tour presented in this problem formed the
basis of the traveling salesman problem (TSP). TSP is a problem that aims to produce the shortest tour which passes through each
of the m points with known distances only once, at the least cost. The basis of the knight’s tour and TSP is to visit each point
in a single loop (Parberry, 1996:19). The first known definition of VRP was put forward by Dantzig and Ramser (Dantzig and
Ramser,1959).

VRP is defined as the problem in which routes are determined that enable vehicles with known capacities to reach customer
points from a warehouse by minimizing the circulation distances in order to meet a certain demand (Boz et al., 2024: 759). The
Clarke and Wright Savings Algorithm was the first such proposition meant to solve this problem (Clarke and Wright, 1964).
Afterwards, many different study examples were observed, with many posed for VRP by adding various goals and constraints
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(Maranzana, 1964; Webb, 1968; Christofides and Eilon, 1969; Laporte et al., 1987; Lenstra et al., 1990; Laporte, 1992; Solomon
et al., 1992; Fisher, 1995; Toth and Vigo, 1998; Nagy and Salhi, 2007).

GVRP differs from classical VRP by aiming to minimize the fuel consumption and total travel length of vehicles. Businesses
want to reduce the gas emissions and fuel consumption values of their vehicles in order to foster an image of social responsibility
within their sector and also to reduce their costs (Figliozzi, 2010:1). In recent years, there has been an increase in GVRP studies
with the influence of environmental policies. Bektag and Laporte have developed a new approach to the classical VRP as the
Pollution Routing Problem, a model in which travel distance, greenhouse gas emissions, and fuel consumption are taken into
account simultaneously (Bektag and Laporte, 2011). Despite this, the first study referred to as GVRP in the literature was put
forward by Erdogan and Miller-Hooks (Erdogan and Miller-Hooks, 2012).

Suzuki aimed to reduce greenhouse gas emissions and fuel consumption in the model it produced for heavy-duty vehicles
(Suzuki, 2011). The study of Demir et al differentiated itself by developing a model for GVRP that included new constraints
(Demir et al., 2011). Schneider et al. produced a model for electric vehicles (Schneider et al., 2014). Liu et al. proposed a
decision model in which the carbon footprint is minimized (Liu et al., 2014). Lin et al. developed a GVRP model based on
genetic algorithms (Lin et al., 2014). In the study of Kramer et al. the team proposed a limited model of speed, planning, and
routing with metaheuristic algorithms (Kramer et al., 2015). Hiermann et al. introduced a GVRP model for electric vehicles
with different capacities (Hiermann et al., 2016). Kog et al. proposed a model for vehicles with different fuel consumption (Kog
et al., 2016). Veldzquez-Martinez et al. carried out a study which aimed to reduce carbon emissions with a statistical method
(Velazquez-Martinez et al., 2016). Majidi et al.introduced a time-window GVRP model that takes carbon emissions and fuel
consumption into account (Majidi, et al., 2017).

Xu et al. implemented a multi-objective decision model that takes into account time window and changing vehicle speed (Xu et
al., 2019). Li et al. presented a multi-objective decision model proposal for the multi-warehouse GVRP model (Li et al., 2019).
Yu et al. employed an exact solution approach for a problem with a heterogeneous fleet and time window (Yu et al., 2019). Ren
et al. presented the green constrained model they pioneered for a fleet consisting of electric, gasoline, and diesel vehicles (Ren
et al., 2020). Abdullahi et al. proposed a new vehicle routing model, taking into account social, economic, and environmental
factors (Abdullahi et al., 2021) Utama et al. proposed a solution which takes fuel and delay costs into account in green constrained
problems with time windows (Utama et al., 2021). Ferreira et al. developed a mathematical model for a GVRP with discrete
delivery and loading constraints (Ferreira et al., 2021). Fakhrzad et al. proposed a model to solve the green vehicle routing problem
that arises in case of demand uncertainty (Fakhrzad et al., 2022). Su et al. developed a genetic algorithm-based model for a
GVRP with multiple warehouses and a limited time window (Su et al., 2023). Meng et al. implemented an application for the
heterogeneous green vehicle routing problem in case of different customer service demands (Meng et al., 2023).

When examining the literature, it can be seen that many different models and solution methods have been used for VRP and
GVRP. According to the information obtained from studies in which metaheuristic solution methods are frequently used due to
the problem structure, the following evaluations are taken as basis for the solution approach to be used in the study:

e GA and GA-based hybrid approaches have been frequently used as solution methods in studies. It was observed that they
provide better results than other methods.

e For VRP, which is a permutation-based problem by nature, the most suitable approaches to permutation-based coding used
to define the model are GA and TS methods.

e Since GA, semi-stochastic, and TS can be suitable for deterministic data structures, they are also suitable for all data that can
be used in VRP problems.

e While GA directly benefit from the objective function for the solution, the TS method can develop a solution without the
objective function. Additionally, both methods are population-based. Such similar and different features will add effectiveness
and comparative richness to the solution.

3. Problem Definition and Methods

In the study, a mathematical model was proposed to solve the CHFGVRP, with metaheuristic algorithms used for the solution.
Within the scope of the application, the study aimed to optimize the central warehouse Ekol Logistics Inc.’s central warehouse.
The first part of this section includes the data set obtained from the business. In the second step, the mathematical model proposed
for problem solving will be presented, before expressing the stages of the methods to be used in the solution.

3.1. Data Set

Data of order sets belonging to two different customer groups served by the Adana central warehouse of Ekol Logistics Inc.
were used in the problem. Table 1 expresses the values of two different order sets in terms of quantity and quantity.
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Table 1. Customer Orders

Order Set 1 2
Number of Distribution Points 161 154
Total Number of Orders (pieces) 499 372
Total Order Quantity (vw*) 39281 36306

*yw: volumetric weight = (Length x Width x Height) / 3000

The Yandex map application was used to obtain the map and distance matrix for the customer locations where the distribution
will be made. Customer location information for both order sets are illustrated in Figure 1 and 2.

Figure 1. Order Set-1 Customer Locations

Figure 2. Order Set-2 Customer Locations

The vehicle fleet information used to deliver the customer orders is included in Table 2 below.

Algorithms were written based on information received from the business. According to this:

e An average of 350-450 orders per day are distributed to approximately 130-170 order points.

e Distribution is made six days a week, between Monday and Saturday.

e Loading and unloading times of transported goods are blurred because they vary depending on the delivery point, product
weight, product volume, and delivery time. According to the information received from the company, the loading process
takes an average of 10 minutes and the unloading process takes an average of 15 minutes. The algorithm was written
accordingly.
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The time window during which vehicles operate for delivery and return orders is scheduled between 07:30 - 19:00 each day.
Depending on return orders, vehicle returns may be extended until 21:00.

According to the information obtained from the map service, the average speed of the vehicles was recorded as 40 km/h.
The coordinates of customer points were used to produce the distance matrix. With the help of the clustering algorithm, the
points closest to each other have been grouped together and the delivery points have been marked. This was done to ensure
that delivery vehicles can serve order points with a single vehicle. Since the number of points in the distribution network is
very high, the distance matrix table was not expressed nor in the algorithm.

Orders arriving at the warehouse automatically fall into the order pool after they are prepared, with the loads and averages of
the vehicles being determined according to the load amount and condition of the route. As there was no algorithm or program
used for this purpose in the business, the transactions are organized entirely by the intuitive planning of the employees.

Table 2. Vehicle Fleet List

Vehicle code Type Brand Vw Fuel Consumption (1t/km) Carbon Emission (gr/It)*
Ay Light Truck Iveco 7615 0,18 480,78
A, Van Iveco 6000 0,14 373,94
Ag Light Truck Mercedes 10662 0,21 560,91
A, Light Truck Iveco 7213 0,17 454,07
As Panelvan Fiat 5503 0,12 320,52
Ag Truck Mercedes 12017 0,22 587,62
A, Truck Mercedes 12017 0,22 587,62
Ag Truck Ford 14805 0,3 801,3
Ay Panelvan Iveco 4990 0,11 293,81

*[ Liter of diesel = 2671 grams of CO,

3.2. Mathematical Model

The two main purposes of the mathematical model developed for problem solving, the application of which is included in the
study, are to minimize fuel consumption and carbon emissions. According to the literature examined to produce the model, the
speed of the vehicle, the time-dependent speed of the vehicle, the load of the vehicle, the slope of the road, the vehicle fleet, and
the length of the trip are the main factors which affect the amounts of fuel consumption and carbon emissions. However, it was
understood that the problems examined in the studies were modeled in accordance with the various conditions of the relevant
country, city, and enterprise. According to the determined variables, business data will be expressed in the model as follows:

What is the fuel consumption type of the vehicles? All of the vehicles consume fossil fuels.

What is the capacity type of vehicle fleets? The company’s vehicle fleet has a heterogeneous structure.

Should road slopes be included in the model? Geographically, road slopes vary widely and can be neglected.

Should the average speed and time-dependent speed of the vehicle be included in the model, depending on the traffic density?
Traffic density is stochastic due to regional conditions. Therefore, fuel consumption, which may vary depending on vehicle
speed, will not be a valid constraint.

Since load weights constantly change depending on the loading and unloading frequency, is it appropriate to add them to
the model? This constraint has been neglected due to the wide variety of loads carried in the enterprise and the loading and
unloading operations occurring very frequently.

Accordingly, certain sources were used in the production of the linear multi-objective mathematical model written for the
CHFGVRP solution (Toth & Vigo, 2002:492; Lei et al., 2006; 957).

Parameters:

Z = Total daily working hours (hours), valid for all vehicles.
M = Average distance (km) traveled in traffic in one hour.
K, =v € V carrying capacity (vw) of the vehicle.
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B, =v € V the amount of fuel your vehicle burns per km (liters).

E, = v € V The amount of carbon emissions (CO,) produced by the vehicle per km.
T;; =1 ve j distance between nodes (km).

Q; =1 e N \{0} total (vw) of customer’s orders.

a = Fixed duration (hours) of loading to vehicles in the warehouse.

b = Fixed duration (hour) of the delivery process to customers.

Decision Variables:

X;jvr = 1, if the vehicle passes through arc ij at v € V, tour r € R, otherwise 0
yvivr = 1, if vehicle, v € V, tour r € R it calls at customer i, otherwise 0

q;jvr = Vehicle, v € V, tour r € R, the total amount of load it carries on the arc ij

Sets:

N = {0,1,...,N} node set (node O represents the warehouse, other nodes are used for customers)
A ={(i, j)li, jeN} arcs. (paths connecting two nodes)

V ={1,...,V} vehicle set

R=1{0,1,...,N — 1} a set of tours that a vehicle can take

Objective function:
Objective function 1: The total amount of fuel burned should be minimized

N N \%4
MinZZTijZ By X, v (1.1)

\%4
MinZZT,-jZ Ey.Xijur (1.2)

Restrictions:
Constraint 1: A customer should only be visited once.

Z Yir = 1 VieN \ {0} (1.3)
Constraint 2: All nodes that have input must also have an output.

N N
Z Xijor = Z Xjivr = Yiur VieN,veV,reR (1.4)
j=0 j=0

Constraint 3: The quantity delivered to customers should be as much as their demands.

N N
D @jive = D Gijor = Qi Yiur VieN \ {0}, veV, reR (1.5)
=0 =0

Constraint 4: The load carried by the vehicle at any time should not exceed its capacity.

qijvr < Ky . Xjjvr V(i, j)eA,veV,reR (1.6)

Constraint 5: (Total time a vehicle spends on the road) + (total delivery time of the vehicle) + (total loading time spent by the
vehicle in the warehouse) < It must be equal to or less than the total operating hours of the vehicle during the day.
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N-1 N N N-1 N N-1 N
Z Z Tij Xijor /M + Z Yivr b+ Z Xojvr-a < Z VveV (1.7
r=0 i=0 j=0 r=0 i=1 r=0 j=1
Constraint 6: The arc variable can take the value O or 1.
xijvre{0,1} V(i,j)eA,veV,reR (1.8)
Constraint 7: The customer variable can take the value O or 1.
vivr€{0, 1} VieN,veV,reR (1.9
Constraint 8: The load or order quantity must be greater than 0.
qijvr 20 V(i, j)eA,veV,reR (1.10)

3.3. Methods

VRP are problems within the NP-Hard class, which means that it is very difficult to reach the exact solution value in polynomial
time, that is, in an acceptable time. Therefore, it is appropriate to use heuristic and metaheuristic methods to solve such problems.
Genetic Algorithm and Tabu Search methods were used in the CHFGVRP solution discussed in the application. In this section,
the definition of the methods and solution steps will be presented.

3.3.1. Genetic Algorithm

The genetic algorithm (GA) is an optimization solution approach modeled on natural evolution processes. This algorithm is
produced by imitating the behavior of living things that adapt to natural processes at the highest level and can transmit their
hereditary characteristics to future generations. As a quantitative optimization approach, it can provide very successful solutions in
solving multi-objective and highly constrained problems, such as traveling salesman and scheduling, where classical optimization
techniques cannot be used (Zbigniew, 1996:15). The basic features of GA, which was first developed by John Holland in 1975,
can be listed as follows:

It is applicable for discrete and continuous optimization problems.

It can operate without getting stuck in local minimum points.

It provides convenience in terms of parameter definition for complex and nested data structures.

They speed up running algorithms due to their parallel working features.

In GA, the genetic structure of the individual is called the genotype, with the external appearance consisting of the individual’s
genetic structure being called the phenotype. The gene sequence that is of a certain length and contains the characteristics
of the individual is called a chromosome and represents the solution to the problem. Allele is the smallest unit within a
chromosome and is generally represented by 0.1 (Eiben & Smith, 2003: 25).

Chromosome
|

[ i
Lrjoftftfoftfoftftfu]1]1]

LYJ

Gene Allele

Figure 3. Order Set-2 Customer Locations

The community consisting of chromosomes that represents the alternative solution set in the problem is called the population.
The fitness function represents the objective function that evaluates each chromosome in the population according to its situation.
Genetic operators are operations that serve to expand the solution search area of the algorithm by producing better populations
than the existing generation. Operators used for this purpose include: selection, crossover, and mutation. The basic procedures for
using GA for optimization purposes are as follows (Michalewicz, 1996:17):
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Step 1. Representing the problem with genetic coding,

Step 2. Producing the initial solution to express the potential solution values,

Step 3. Determining the suitability of the solution values with the fitness function,

Step 4. Producing new individuals with genetic operators,

Step 5. Determining the stopping criterion and testing the criterion. If the result is appropriate, stop the algorithm; if not, renew
the process.

The GA solution stages are expressed in Figure 4 below.

Figure 4. Genetic Algorithm Solution Stages

Step 1: The GA method starts the optimization with the coding process for the representation of the problem. The genetic
coding of the problem represents the structural characteristics of the possible solution individuals (Eiben & Smith, 2003: 49). In
the literature, the following coding types can be found: binary, tree, permutation, and gray coding. Permutation coding is among
the most suitable for the structure of combinatorial problems, as it is in VRP. In practice, permutation coding was used for this
purpose.

For example, for a seven-city VRP, it will be understood that the vehicle will visit cities 2, 6, 4, 1, 5, 3, 7, and 9 in order.

216(411(5]13[7]9

Figure 5. Chromosome:

Step 2: The initial population of random solutions is the produced. These population individuals, representing different regions
within the solution space of the problem, can search from many different points at the same time. While there is no definitive
technique for determining population size, choosing the problem in accordance with its type and size will increase the effectiveness
of the solution (Drake & Marks, 2002:7). One of the generally accepted methods in the literature is to determine the population
size as a value between [n, 2n] to express the length of the n chromosomes. According to this information, the population size was
chosen to be 250.

Step 3: The fitness value is a parameter that determines the solution quality of the problem and is calculated according to the
fitness function. The fitness function will calculate a value for each chromosome in the current population. In order to reduce the
total distance, which is the main purpose of VRP, it is necessary to minimize the distance by changing the order depending on the
genes of each chromosome within the population.

Step 4: While some of the individuals in the population will be passed on to future generations, some will disappear. This
situation, referred to as natural selection, is a feature of the selection operator (Sakawa, 2002: 19). The most frequently used
methods for this selection include: roulette wheel, random selection, ranked selection, tournament selection, and elitism methods.
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In cases where the population volume is high, sequential, random, and roulette wheel methods provide ineffective results due to
the long processes. In this case, the tournament selection method may be appropriate. Among a certain number of individuals,
those with the highest fitness value are selected and passed on to future generations as parents (Eiben & Smith, 2003:84). The
present study employed the double tournament method for the selection process. In addition, if every individual in the population
is produced by crossing, elitism is achieved by directly adding the two best individuals in the population to the new population in
order to eliminate the possibility of good individuals not being selected and leaving the solution.

Various procedures must be performed to transfer the selected parents to the next population. The genetic operators used for this
purpose are: crossover and mutation. The process of obtaining new individuals with superior fitness values after combining the
qualities of two parents is called crossover (Gen & Cheng, 1997:2). The crossover operator, which must be selected according to the
type of coding used to define the problem, can be made via different methods, such as: single and double point, sequential, partial,
regular, circular, and position-based. One of the methods frequently used in VRP problems in the literature is the single-point
crossover method. It is used to cross two chromosomes with the same gene length. Selected parents are cut from a single point and
exchanged in order to produce new generations. The crossover probability is chosen between 0.3 and 0.9.

parentA: [ L]O[1]o]1]1]0]0] childa: [1]of1fofof1]1]o0]
puentB:  [L]L]U]0Of0f1]0J0] | cuildB: [i]i]1]o]1]1]of0]
Figure 6.

The mutation operator is used to reach global best solutions without being caught by local best solutions. This process is used
to include regions in the search space that cannot be reached with the crossover operator. The mutation operator, which varies
depending on the chromosome coding, can be applied with different methods, including: uniform, bit substitution, two-point
substitution, and inversion. When any gene for which the mutation operator is selected for VRP is transformed by the mutation
process, it is necessary to make a correction to prevent the gene expressed with the same sign and number from becoming a
duplicate. In such problems, the operator operation is provided by gene replacement in the general literature. This type of mutation
operator is called two-point substitution mutation and was used in this study.

Parent: IS[7I3]4IZIQI]IOI Child: ISI'/IiIll[ZIilllOI

Figure 7.

Step 5: The last step to complete the GA optimization process is to determine the stopping criterion and finish the algorithm.
The literature includes many criteria for this, including: a certain number of process iterations, approaching the target solution, a
certain time period, and minimum improvement. The most frequently used criterion is that when a certain number of iterations are
reached, the change occurs, and the target solution value is approached. For this study, it was accepted that the optimal solution
should be obtained when the algorithm cycle ends for the number of generations determined as the stopping criterion in solving
the problem.

3.3.2. Taboo Search

The taboo search (TS) approach was first developed by Glover and Hansen to be used in solving combinatorial optimization
problems (Lopez etal., 1998:317). In this approach, the word “taboo” relates to the restriction and prohibition of some inappropriate
regions in the solution space of the problem. In this method, the two basic solution strategies are the neighborhood search structure
and paying attention to the search projections in order to ensure diversity in each solution search without getting caught up in local
optimum points. In this approach, the transition to the next solution is achieved from the most appropriate solutions within the
existing neighborhood structure by performing high iterations. The best solution, if available, is selected among the best values
obtained in the past. The list produced in this way from a certain number of past solutions is defined as the taboo search list
(Al-Anzi & Allahverdi, 2007:84). This list is the basis of the solution and must be updated regularly so that the algorithm can
work without repetition. If the best solution is obtained among the existing solution values, it is accepted, even if it is in the taboo
list, and the search should continue using this renewed value. The list consisting of all subsets of the movements in the solution
space and the resulting neighborhood relations is called the candidate list. The length of time that solutions included in the taboo
list remain banned is called the ban period. The tolerance value will answer the questions of how much improvement is required
at solution points or to what extent deterioration will be allowed.
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The TS approach has many suitable basic components within metaheuristic algorithms for solving VRP. There are four basic
components: neighborhood search, frequency-based memory, recent memory, and mixed memory structure. The neighborhood
search movement, which defines the transition from one solution point to another, is the most basic solution strategy of the TS
algorithm. There are various strategies used to increase the solution efficiency of the TS algorithm. The most frequently used
activity strategies in the literature have been identified as: aspiration, diversification, intensification, oscillation, and restart.

In the TS algorithm, the solution starts with x; and moves to t with each iteration. The movement from X; to the best neighbor
X(z+1) 18 continued until the stopping criterion is met. The function continues without paying attention to whether f(x;11) is less
than f (x;), where the function f(x) is the cost of x. In order to produce a solution loop in the algorithm, previously examined
operations are prohibited. Instead of solution values, only prohibited solutions are recorded in memory to reduce memory and time
requirements. Here, short or long-term memory will be preferred depending on the timing of the movements made in the solution
space. For this reason, the algorithm must have a memory structure. This memory is examined according to four basic principles:
whether the solution has been examined recently, the frequency of review of the solution, the effectiveness of the solution, and
the quality of the solution. The TS approach is a solution algorithm that can implement different types of problems by expressing
them qualitatively and symbolically without the need for mathematical formulations (Glower & Laguna, 1997:1).

The basic procedures for using TS for optimization are as follows:
Step 1. Determining the initial solution and recording the solution in the appropriate memory as the best available solution.
Step 2. Determining a replacement function according to the neighborhood relationship status of the current solution and

performing a neighborhood search.

e Among the non-forbidden solutions, the solution that will optimize the objective function is selected as the new best solution,
e Short, medium, and-long term memory is updated when switching to a new solution,
o If the newly obtained solution is the best solution found, it is recorded as the current best solution.

Step 3. Step 2 is repeated until the specified stopping criterion of the algorithm is met. When the stopping criterion is met, the
problem is solved.

The basic solution stages of the TS approach for optimization are expressed in Figure 5 below.

Figure 8. Taboo Search Algorithm Solution Stages
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Step 1: The initial solution for the problem is obtained randomly. However, an initial solution can also be obtained by using a
heuristic algorithm developed to suit the problem. In this study, it was ensured that the first society consisted of more successful
individuals without breaking away from the random denominator through local search support. For this purpose, while placing
business chromosomes with permutation coding, local search support is provided by random selection among the individuals
closest to it.

Step 2: The TS algorithm has a memory structure in which the solutions produced during the run time or cycle are dynamically
stored. While the information in this prohibited list is stored in order to produce a new solution, a new solution that does not stick
to a local point in the solution space is allowed, even if it is worse than the current one. This is called the aspiration strategy.
According to this criterion which was employed in this study, the banned list was fashioned in this way so that the algorithm can
produce new solutions without entering a vicious circle.

The algorithm fitness value is calculated by the scores of the fitness function received from individuals in the current community.
Individuals who make the highest contribution to the best solution are taken into account for the fitness value. The suitability
value taken into consideration in this study is the time spent in the warehouse for loading, traveling, and unloading according to
the company’s lists of individuals. This process is carried out sequentially for each vehicle; when the load capacity is exceeded,
the selection stops and the next vehicle is moved.

Step 3: The process continues until the stopping criteria for the TS algorithm are met. These criteria vary depending on the
problem type, purpose, and volume. Accordingly, the criteria obtained from the basic information in the literature are:

e Reaching a specified number of iterations,

¢ Non-existence of neighbors of a selected neighboring solution point,

e Achieving a targeted solution value,

e The algorithm gets stuck at some point and cannot produce a better solution.

Approaching the targeted solution value and reaching a specified number of iterations were chosen as stopping criteria for the
algorithm in this study. This selection was made based on the basic structure of VRP problems and information obtained from the
literature.

4. Results

Within the scope of the application, the distribution operation was optimized for the data set which contains two business
days’ order information from the Adana central warehouse of Ekol Logistics Inc. The company does not use any mathematical
algorithms in its current distribution processes. Transactions are organized in an order determined by intuitive experiences, with
the results obtained in practice being compared with this current situation.

For the analysis of the mathematical model produced for CHFGVRP optimization, the GA and TS solution algorithms were
run with the help of the C# programming language. The obtained results were evaluated comparatively. For both approaches, the
analysis results obtained were examined according to the number of generations determined as the algorithm stopping criterion
and their closeness to the targeted solution value. The effectiveness of the algorithm was increased by dividing the businesses in
the problem definition into distribution clusters according to their proximity of 100 and 250 meters to each other.

The GA solution results improved as the number of generations increased. This shows that the algorithm works dynamically and
effectively according to the solution strategy. In addition, the solution time of the algorithm did not increase very much in parallel
with the increase in the number of generations, between 00:05 and 01:52 for both order sets. These two criteria proved that the
algorithm was produced with parameters suitable to solve the problem.

Table 3 below expresses the results obtained from order sets with the GA approach. According to the literature, values ranging
from 30 to 200 are taken for the number of generations. Due to the large number of order quantities and order points used in this
study, the problem structure with high combinations showed that between 50 and 1000 generations were required. The crossover
and mutation rates were taken as 0.9 and 0.03, which are generally accepted in the literature. Likewise, the number of crossover
type double tournaments and individuals was taken as 250. Weobserved the solution time of the algorithm to be between 00:05
and 01:50 for order set-1 and between 00:06 and 01:52 for order set-2, which means that results are given in an acceptable time.

Figure 9 shows the change in emission amounts according to the number of generations for the two order sets.

Although there is no significant difference in the number of order points between the order sets, the difference in order quantities
is significant. This situation will affect the total load amount, that is, vehicle capacity usage, and may increase the overall emissions.
However, for both orders, the decreasing trend in emissions that occurred with the generation increase was found to be at similar
levels and in very close amounts. This indicates that the algorithm uses vehicle capacities effectively, with distribution to order
points being carried out with effective routing. In addition, as the number of generations increased, the effectiveness of reducing
the emissions began to decrease. In this way, the limitations of the solution efficiency of the algorithm are revealed.
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Table 3. Genetic Algorithm Solution Results

Order Set - 1 Order Set - 2
Number of Clustering Number of Solution Distance Fuel (Lt) Emission Number of Solution Distance Fuel (LY Emission
Generations Distance Locations Time (Km) (Gr) Locations Time (Km) (Gr)
100 100 00:05 3279 529,54 1414428 110 00:06 3105 501,08 1338411
50
250 87 00:05 3063 480,03 1282186 95 00:06 2935 591,24 1579202
100 100 100 00:11 3058 536,24 1432323 110 00:13 3030 526,62 1406602
250 87 00:11 2806 475,68 1270567 95 00:13 2621 449,56 1200801
0 100 100 00:13 2634 471,09 1258308 110 00:15 2492 349,81 934369
15
250 87 00:13 2398 380,52 1016395 95 00:15 2682 449,89 1201682
100 100 00:15 2619 59,628 1059267 110 00:17 2320 411,52 1099196
200
250 87 00:15 2266 354,31 946388 95 00:17 2233 396,45 1058944
250 100 100 00:18 1992 332,30 887600 110 00:21 2186 369,64 987325
250 87 00:18 2324 408,92 1092252 95 00:21 2099 339,12 905816
300 100 100 00:22 2060 334,28 892888 110 00:24 2282 429,62 1147515
250 87 00:23 2181 359,39 959957 95 00:26 2177 379,77 1014392
100 100 00:28 1788 342,62 915164 110 00:29 2072 343,05 916313
400
250 87 00:29 1980 324,03 865510 95 00:30 1937 327,75 875430
00 100 100 00:41 2194 370,63 989978 110 00:44 2169 382,52 1021737
250 87 00:43 1927 335,12 895132 95 00:46 2075 384 1025664
00 100 100 01:10 1789 332,31 887624 110 01:17 2156 367,73 982233
7
250 87 01:13 1827 323,26 863454 95 01:19 2030 359,58 960461
1000 100 100 01:45 1937 333,18 889926 110 01:56 1906 326,90 873167
250 87 01:50 1741 302,68 808484 95 01:52 1904 325,70 869971
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Figure 9. Changes to the Genetic Algorithm Emission Values

The TS solution results for both order sets are expressed in Table 4 below. As with the GA approach, the number of generations
was chosen to be between 50 and 1000, in accordance with the problem structure. Solution values were obtained for clustering
distances of between 100 and 250 meters for both order cluster customer locations where distribution operations will be carried
out. The number of individuals was taken as 250.

In the TS algorithm, the performance of solution times increased with a low acceleration compared to the increase in the number
of generations. This result indicates that the produced algorithm has a correct memory structure, local search support supports the
solution capacity of the algorithm, and the algorithm works harmoniously with the mathematical model made for the problem.
Therefore, as the clustering distance and number of generations increased, the algorithm’s resolution speed increased slightly,
ranging from 00:04 to 01:46 for both order sets. Despite this, there was a high level of improvement in the solution results. Figure
10 below illustrates the change in emissions according to the number of generations for the two order sets.

For both order sets, the emissions decreases which correspond to the increase in the number of generations are similar. This is
proof that the algorithm works effectively for different numbers of order points and order quantities. Similar to the GA results,
increasing the number of generations increased the solution efficiency. However, the decrease in the emissions decreased when the
number of generations increased. This situation revealed the solution limitations of the algorithm.
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Table 4. Tabu Search Solution Results

Order Set - 1 Order Set - 2
Number of ClL_lstering Numbfer of Sol}xtion Distance Fuel (Lt) Emission Numbfer of Sol.ution Distance Fuel (LY) Emission
Generations Distance Locations Time (Km) (Gr) Locations Time (Km) (Gr)
100 100 00:04 3598 604,91 1615741 110 00:05 4866 800,34 2137722
%0 250 87 00:04 3517 627,28 1675491 95 00:05 3368 513,88 1372600
100 100 00:09 3463 585,60 1564164 110 00:12 3008 448,59 1198210
100 250 87 00:10 3216 552,06 1474578 95 00:12 3028 446,72 1193215
100 100 00:12 3535 668,68 1786070 110 00:14 2869 424,83 1134747
130 250 87 00:13 2681 444,12 1186271 95 00:14 2499 463,67 1238489
100 100 00:14 2558 458,24 1223985 110 00:16 2346 377,77 1009050
200 250 87 00:15 2273 404,79 1081220 95 00:17 2240 484,48 1294046
100 100 00:17 2233 378,62 1011294 110 00:20 2135 344,74 920827
>0 250 87 00:18 2146 363,82 971789 95 00:21 2260 492,41 1315253
100 100 00:20 2258 354,97 948151 110 00:23 2124 392,62 1048714
300 250 87 00:21 2117 364,74 974245 95 00:25 2109 457,12 1220994
100 100 00:25 2211 422,59 1128764 110 00:27 2037 373,58 997858
400 250 87 00:26 2050 387,17 1034157 95 00:29 1878 339,53 906911
100 100 00:38 1912 321,06 857577 110 00:41 2007 419,79 1121259
200 250 87 00:39 1884 314,36 839682 95 00:42 1827 327,35 874378
100 100 01:01 1904 330,83 883673 110 01:10 1975 360,59 963162
700 250 87 01:03 1821 331,96 886689 95 01:12 1999 365,60 976544
100 100 01:32 1793 334,99 894784 110 01:44 1951 332,62 888428
1000 250 87 01:31 1749 311,33 831589 95 01:46 1906 326,12 871093
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Figure 10. Changes in Emission Values for the Taboo Search Algorithm

The algorithms of both methods used in problem solving and the proposed mathematical model provided strong results with
high compatibility in acceptable times. According to the results obtained, it was determined that the GA and TS approaches result
in very similar solutions for both order sets. This shows the effectiveness of the algorithms and method selection that work in high
harmony with the mathematical model of the problem. In addition, the algorithm parameters and solution strategies determined
for both methods resulted in high performance. Table 5 below expresses the comparison of the performance averages of the GA
and TS algorithms obtained for both order sets and the distribution operation data intuitively applied by the business.

According to the solution results, the current solution improvement for order set-1 was over 20% on average in both methods.
Although there is no significant difference between the healing power of the methods, the GA approach gave better results. For
order set-2, the improvement was over 10% on average. Again, there is no significant difference between the methods, but GA is
still more effective. The main reason for this difference between the two order sets is that the customer points within the order set
are located at very far and dispersed distances for order set-2. This situation affected the algorithm performance, resulting in lower
levels of improvement.
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Table 5. Comparison of GA, TS, and Business Existing Solution Results

Order Set - 1
Solution Approach Distance (Km) % Fuel (Lt) % Emission (Gr) %
Existing Solution 2241 * 413,97 * 1105713 *
GA 1741 22,3 302,68 26,8 808484 26,8
TS 1749 21,9 311,33 24,7 831589 24,7
Order Set - 2
Solution Approach Distance (Km) % Fuel (Lt) % Emission (Gr) %
Existing Solution 2197 * 389,13 * 1039366 *
GA 1904 13,3 325,7 16,3 869971 16,2
TS 1906 13,2 326,12 16,1 871093 16,1

5. Conclusion

Planning distribution operations, which are among the logistics management activities, at low costs and with minimal damage
to the natural ecological balance is extremely important for the sustainability of social and economic life. This study discusses
the green vehicle routing problem with capacity-constrained and heterogeneous fleets, which is a type of green vehicle routing
approach that has started to appear frequently in the literature in recent years. The problem was modeled for the optimization of
the distribution of a large-scale logistics company operating in Turkey.

In the model developed to solve the problem, a multi-purpose linear model was produced with the objective functions of reducing
the amount of fuel and emissions. The study aimed to increase the solution efficiency with the help of two different objective
functions. Two different metaheuristic solution approaches were used to solve the problem in the NP-Hard class. The aim here
was to compare the solution power of an alternative solution method and the mathematical model used in practice. Both solution
methods had close solution efficiency for two different order sets. This indicates that the algorithms are effectively determined
with parameters appropriate to the problem structure.

There are many different studies in the literature regarding the green constrained vehicle routing problem. Studies have frequently
measured the analysis effectiveness of mathematical models proposed under certain purposes and constraints. For this purpose,
some experimental analyses were preferred instead of real business data. This study will contribute to the literature as a result of
the real business data used and the analysis applied comparatively with two different metaheuristic approaches. In future studies,
more dynamic models and solution algorithms can be produced by adding such constraints as traffic density, load weight, and road
slope to real-life problems.
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0Z

Para, bir degisim araci olarak, bir hesap birimi olarak ve bir deger saklama araci olarak temelde ii¢ ana fonksiyon ifa etmektedir.
Bu fonksiyonlarini yerine getirmek iizere yabanci paranin ulusal para yerine veya ulusal para ile birlikte kullanilmasi dolarizasyon
olarak ifade edilmektedir. Dolarizasyon, iilke ekonomilerini farkli yonlerden etkileme potansiyeline sahiptir. Ayrica dolariza-
syonun varligi, ekonomilerin kirilganligini arttirmasi agisindan dnemli bir konudur. Ekonomik krizlerin etkileri dolarizasyon ile
artarken doviz kuru dalgalanmalari finansal krizlere yol agmaktadir. Dolarizasyon ile déviz kuru dalgalanmalar1 arasindaki iliskinin
arastirtlmas1 daima politika yapicilar ve aragtirmacilarin dikkatini ceken bir konu olmustur. Dolarizasyon ve doviz kuru dalgalan-
malarinin bir arada gerceklesmesi ekonomileri yerel paranin deger yitirmesine bagl enflasyonist risklere agik hale getirmektedir.
Bu yiizden dolarizasyon iizerine yapilan caligmalarda enflasyonun belirleyiciligi dikkate alinmalidir. Enflasyondan arindirilmig
reel kur verileri bu noktada dogru bir analiz i¢in kullanighdir. Tiirkiye ekonomisi finansal serbestlesmeye gectigi 1980’ lerden
itibaren dolarizasyon ve doviz kuru dalgalanmalari i¢in ¢ok sayida gézlem barindirmaktadir. Tiirkiye’de yasanan 2001 finansal
krizinin ardindan para otoritesinin diizenlemeleri egliginde ekonomide yeni bir istikrar donemi baglamig ve enflasyonun kontrol
altina alinmasinda 6nemli basarilar elde edilmigtir. Ne var ki, giiniimiize degin Tiirkiye ekonomisinde dolarizasyon, yabanci kur
oynakliklart ve enflasyon gibi temel konular 6nemini korumaya devam etmistir. Tiirkiye ekonomisinde dolarizasyon reel kur iligk-
isinin aragtirildigi 2003 Ocak ile 2023 Aralik donemini kapsayan bu ¢aligmada literatiire yeni katilan Fourier terimli birim kdk ve
es biitiinlesme testleri kullanilmistir. Bu testlerden elde edilen bulgular kullanilarak yapilan Granger nedensellik test sonuglarina
gore dolarizasyon reel kurun nedeni iken, reel kurun dolarizasyonun nedeni olmadigi sonucuna varilmigtir.

ABSTRACT

Money has three main functions, serving as a medium of exchange, a unit of account, and a store of value. Dollarization is defined
as having foreign currencies replace and/or accompany local currency in fulfilling these functions. Dollarization has the potential
of affecting economies in various ways. The existence of dollarization is also an important issue regarding its effect on increasing
economic fragility. Exchange rate fluctuations cause financial crises, while dollarization boosts the effects of economic crises.
The relationship between dollarization and exchange rate fluctuations has always attracted the attention of both policy makers and
researchers. The combined presence of dollarization and exchange rate fluctuations makes economies prone to inflationary risks due
to depreciation of local currency. Therefore, studies should consider the significance of inflation. Inflation-adjusted real exchange
rate data are useful for an accurate analysis in this regard. The Turkish economy has numerous observations on dollarization and
exchange rate fluctuations since the beginning of its transition to financial liberalization in the 1980s. The aftermath of the 2001
financial crisis in Tiirkiye marked the start of a new era of stability, as significant successes were gained over controlling inflation,
accompanied by legislative regulations through the Banking Regulation and Supervision Agency and the Central Bank of the
Republic of Tiirkiye. However, fundamental issues such as dollarization, exchange rate fluctuations, and inflation still maintain
their importance in the Turkish economy these days. This study examines the relationship between dollarization and the real
exchange rate over the January 2003-December 2023 period using the literature’s newly added Fourier unit root and cointegration
tests. The results of these tests have been implemented into the Granger causality test, which shows dollarization to affect the real
exchange rate, while the real exchange rate does not cause dollarization.
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EXTENDED SUMMARY

Money is a fundamental economic element and a vital tool for the economy and its functionality. Money’s functions can be
summarized as being a medium of exchange, a unit of account, and a store of value. Among these functions, money serving as a
medium of exchange has primary importance. This function is the main pillar of trade, production and other economic components.
While its other functions (i.e., unit of account and store of value) are related to preserving wealth, whereas its function as a medium
of exchange is a pure money function. Dollarization is simply a matter of money. In dollarization, foreign currencies substitute or
replace the functions of local currency. Understanding and measuring dollarization is possible by observing these functions. The
more a foreign currency takes over these functions, the more an economy is subject to dollarization.

Dollarization has emerged as a phenomenon for mostly developing countries consisting of South American, Middle Eastern,
North African, and Far East Asian countries. In the aftermath of the collapse of the Soviet Union, the transition economies of
Eastern Europe also joined these developing countries. Therefore, dollarization records can be collected from numerous countries
all over the world. The countries that deal with dollarization have also had to deal with some other macroeconomic issues such
as exchange rate fluctuations and their related crises, inflation, unstable economic growth, and unemployment, and Tiirkiye is one
of these countries. Since the beginning of the financial liberalization that took place in the early 1980s, dollarization has become
particularly visible in Tiirkiye. The 2001 financial crisis occurred as a milestone for the Turkish economy after years of economic
turbulence, high inflation, and political instability. This crisis helped establish the many essential regulations that would lead the
Turkish financial system to successful years later on. However, that the financial system needed to heal was obvious, with some
weaknesses still remaining and currently troubling the country’s prosperity.

Far from being an isolated issue, dollarization has effects on every aspect of economics. Firstly, this issue creates difficulties
for money authorities. The more that foreign currencies replace the functions of a local currency, the more difficult implementing
effective money policies becomes. Central banks lose control of money when the money supply shifts to a dollarized structure.
Secondly, exchange rates are related to dollarization. A high level of dollarization causes a local currency to depreciate, which in
turn furthers dollarization. Individuals and firms nationwide see exchange rates as an indicator of economic resilience. Dollarization
and exchange rate fluctuations that oscillate together indicate a confidence issue. Thirdly, dollarization in many cases becomes
related to inflation. In open economies, general price levels are directly tied to exchange rate fluctuations due to foreign trade. The
link between exchange rate and inflation indicates the importance of dollarization regarding general price levels.

Dollarization in Tiirkiye has attracted academic studies that have mainly focused on the factors causing dollarization and the
consequences of a dollarized economy. These studies have stated the primary factors causing dollarization to be inflation, nominal
and real exchange rates, and local currency depreciation. Studies have additionally stated consumer sentiment index, current account
deficit, credit default swap (CDS) premium, and deposit interest rates as other causing factors, with the primary consequences being
inflation, exchange rate instabilities, and further dollarization. While the consequences seem to be macroeconomic indicators, the
main threat is how it weakens money policy tools. The solution to this risk involves money authorities taking rapid and decisive
actions.

This study examines the nexus between dollarization and the real exchange rate in Tiirkiye, as these chosen factors reflect
a historical reality. Dollarization in Tiirkiye has had a long record of accompanying the various economic crises, with volatile
exchange rates and dollarization having played significant roles in every crisis. Furthermore, the real exchange rate is another
significant element, because it is a combined reflection of inflation and exchange rate fluctuations. The study is based on data
between January 2003-December 2023 and conducts the Fourier term unit root and cointegration tests. The findings of these tests
are then used in the Granger causality test, with the results showing that the interaction between dollarization and real exchange
rate works in one direction: Dollarization causes the real exchange rate, while the real exchange rate does not cause dollarization.

According to the results of the study and the nature of dollarization, policy makers should firmly keep their eyes on the
dollarization issue, as it causes long-term macroeconomic weaknesses. Dollarization on its own also causes further dollarization.
Money policies become less effective over time through dollarization. Controlling inflation also becomes less likely with ineffective
policy tools. In conclusion, money authorities should take the dollarization trend under control quickly and early using every tool
possible. With the help of a speedy intervention, dollarization will hopefully be prevented from deepening before it causes any
more harm on the economy, and this approach will be for the benefit of each actor in the economy.
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Giris

Dolarizasyon iilke ekonomilerini farkli yonlerden etkileme potansiyeline sahip 6nemde olmasi nedeni ile politika yapicilar,
finansal aktorler ve arastirmacilarin ilgisini ceken bir konu olmustur. Ulke ekonomisinde paranin fonksiyonlarim yerine getirmek
icin yabanci paranin ulusal para yerine veya ulusal para ile birlikte kullanilmasi dolarizasyon olarak ifade edilmektedir. Yabanci
para biriminin paranin {i¢ klasik rolii olan, hesap birimi olmasi, 6deme araci olmas1 ya da deger saklama araci olmasi rollerinden
herhangi birinde kullaniliyorsa bu kismi dolarizasyon anlamina gelmekte iken iilkenin kendi parasini kullanmaktan tamamen
vazgectigi durumu ise tam dolarizasyon olarak adlandirilmaktadir. (Calvo, 2002, 394-395)

Paranin fonksiyonlarinda yabanci para biriminin ulusal paray1 kismen veya tamamen ikame etmesi dolarizasyondur. Ancak bunun
fonksiyonlardan hangilerinde 6ne ¢iktig1 6nem tagimaktadir. Fonksiyonlardan baglicasi olan degisim araci olma fonksiyonundaki
dolarizasyon ayni1 zamanda kur ikamesi olarak da adlandirilmaktadir. Servet saklama ve hesap birimi olma fonksiyonlarindaki
dolarizasyon ise sadece servet koruma amacina hizmet ettiginden nispeten daha hafif kabul edilmektedir.

Ulkelerin ulusal paralarinin islevini kaybetmesi para politikalarinda etkinsizlige neden olmaktadir. Para politikalarinin etkisini
yitirmesi, kronik hale gelen enflasyon, makroekonomik gostergelerde istikrarsizlik basta olmak iizere ekonomide ciddi sorunlari
da beraberinde getirmektedir. Dolarizasyonun artmasinin temel nedeninin ekonomide yasanan istikrarsizliklar oldugu sdylenebilir.
Ekonomideki kriz donemlerinde ulusal para birimi basta olmak {izere ulusal varliklara azalan giiven, yabanci varliklarca ikame
edilmelerini de beraberinde getirmektedir. Varlik ikamesi olarak adlandirilan bu durum dolarizasyonu beslemektedir. Ulusal
paranin yiiksek enflasyon nedeniyle deger saklama araci olma 6zelligini kaybetmesi yabanci parayi elde tutma egilimini arttir-
maktadir. Yurtici yerlesik hane halki ve firmalarin alim giiciinii koruma giidiileri onlar1 yabanci para cinsinden varlik tutmaya
itmektedir.

Varlik ikamesinin bankacilik sistemindeki sonucu mevduat dolarizasyonudur. Mevduat dolarizasyonu, finansal kurumlarin fi-
nansal aracilik fonksiyonunun bir geregi olarak kredi dolarizasyonuna doniisme egilimindedir. Bankalarin verecekleri kredilerde
yabanci paray1 oncelikli olarak tercih etmesi kaynak yapilarinin dogal bir sonucudur. Bankalarin ve firmalarin kaynak yapisindaki
yabanci para mevcudiyeti yiikiimliiliik dolarizasyonu olarak adlandirilmaktadir. Yiikiimliiliik dolarizasyonu, kendi parasiyla yurt-
disinda bor¢lanamayan, yurti¢inde de yerel para birimiyle istedigi faiz ve vadeyi bulamadigindan gene yabanci para bor¢lanan
tilkeleri ve kurumlar: etkiler. Ayrica borg¢ alanlar ile bor¢ verenler ulusal para biriminin istikrarsizlig1 nedeni ile yabanci para
cinsinden bor¢lanmak ve bor¢ vermek isteyebilmektedir.

Bankalarin hane halki ve firmalarin tercihleri sonucunda kaynak yapilarinin yabanci para yogun bir yapiya biiriinmesi kaynak
tarafinda dolarizasyon yasamalarina neden olmaktadir. Bunun dogal bir sonucu olarak bankalar varlik taraflarinda yabanci para
islem yapmaya calismaktadir. Boylece bankalar hem kaynak hem de varlik dolarizasyonunu bir arada yagamaktadir. Finansal kesim
bilancolarinda gergeklesen bu dolarizasyon tiirii finansal dolarizasyon olarak adlandirilmaktadir. Bankalarin varlik ve yiikiimliiliik
dolarizasyonunu ayni anda yasamalarina bagli olarak gelisen finansal dolarizasyon oncelikle bankalarin hareket kabiliyetini
sinirlamakta, devaminda ise firmalarin ulusal para cinsinden krediye erisiminde zorluklar yagamasina neden olmaktadir.

Para politikasinin temel hedefi fiyat istikrarinin saglanmasidir. Ekonomide dolarizasyonun varligi s6z konusu ise ulusal para
talebi hem ulusal hem de yurtdis1 etkilere acik hale gelmektedir. Bu durum para talebinin tahminini zorlagtirmaktadir. Dolar-
izasyon seviyesi yliksek ise dalgali kur rejimi uygulansa bile merkez bankalari istenilen para politikalarin1 uygulamakta 6zgiir
olamamaktadir. Dolarizasyonun, yol agti§1 makroekonomik sorunlarin yaninda parasal aktarim mekanizmasini bozucu etkisi de
bulunmaktadir. Bu durum parasal aktarim kanallarindan en onde geleni olan faiz kanalinin istenen sonucu vermemesine neden
olmaktadir. Merkez bankalar1 ulusal para iizerinden faiz oran1 hakkinda karar alirken, alinan kararlarin etkisi dolarizasyonun
yiiksekligi nispetinde etkisiz kalmaktadir. Parasal aktarim kanalinin etkisizligi faiz kanaliyla sinirli degildir. Déviz kuru kanali
dolarizasyona bagl doviz kuru dalgalanmalarindan etkilendiginden merkez bankalarinin bu kanaldaki hareket kabiliyeti sinirlan-
maktadir. Bir diger kanal olan beklentiler kanalinda ise ulusal para deger kayiplarinin etkili oldugu goriilmektedir. Dolarizasyon ve
iligkili oldugu doviz kuru hareketleri beklentiler iizerinde etkili olmaktadir. Bu durum merkez bankalarinin beklentiler kanalindaki
yonlendirmelerini giiclestirmektedir. Son olarak varlik fiyatlar1 kanalinda da merkez bankalar zorluk yasamaktadir. Doviz kuru
dalgalanmalarinin arttigi, ulusal paranin belirgin deger kayb1 yasadigi donemlerde varlik fiyatlarinda 6zellikle gayrimenkulde
fiyatlarin doviz kuruna uyarlandig1 gézlemlenmektedir. Bu durum, merkez bankalarinin varlik fiyatlar1 kanalinda karsilagtiklart
giicliik nedeniyle fiyat istikrar1 cabalarinda zorlanmalarina yol agmaktadir.

Ulke ekonomisinde doviz kurunun degeri ekonomik agidan ileriye yonelik beklentileri de etkilemektedir. Firmalarin yabanci
para cinsinden yiikiimliiliiklerinin fazlali§1 belirsizliklerin yogun oldugu ortamlarda kirilganlig1 da arttirmaktadir. Piyasalarda
oynakligin arttig1 donemlerde doviz kuru piyasasinda, sirketler geri 6deme gii¢liigii yasamamak i¢in doviz kuru iizerinde ilave
baski yaratacak bir doviz talebinde bulunabilirler. (Emsen, 2022). Yiiksek dolarizasyonun ekonomik krizlerin etkisini arttirdig1 da
bir gercektir. Déviz kurunda yasanan dalgalanmalarin ekonomide finansal krizlere yol agma potansiyeli de mevcuttur. Ozellikle
ithalata bagimli iiretim yapan sektorler doviz kuru oynakligindan ciddi derecede etkilenmektedirler. Ozellikle ulusal parada yasanan
ani ve hiz1 deger kayiplari firmalarin iiriin ve hizmetlerindeki fiyatlandirma davraniglarinin zincirleme olarak etkilemektedir.
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Dolarizasyonun varliginda ekonominin yabanci para biriminin etki alaninda olmasi ekonomideki enflasyonist baskiy1 arttirabilir
ve iilkeyi ekonomik krize siiriikleyebilir. Bu temel bulgular dolarizasyon durumunun politika yapicilar tarafindan dnemsenmesi
ve iiretilen politikalarda da dikkate alinmasi gerekliligini gostermektedir.

Dolarizasyonun iilke ekonomilerini farkli yonlerden etkileme potansiyeline sahip olmasi konu ile ilgili farkli bakis acilar ile
gelistirilmis genis bir literatiirii de beraberinde getirmistir. Ak¢ay, Alper ve Karasulu (1997) ¢calismalarinda Tiirkiye’de dolarizasyon
ile doviz kuru istikrarsizligr iliskisini arastirmistir. Calismada dolarizasyonun, EGARCH-M model ile belirlenen déviz kuru
oynakligint arttirdig1 sonucuna varimstir. Yinusa (2008) calismasinda nominal déviz kuru volatilitesi ile dolarizasyon iligkisini
Nijerya ekonomisi icin Granger nedensellik testini kullanarak analiz etmistir. Elde edilen bulgular ¢ift yonlii nedensellik iligkisinin
varligin1 gostermektedir.

Ozkaramete (1996) ¢alismasinda Tiirkiye’de dolarizasyonu etkileyen faktorleri 1990 ile1995 donemini iceren aylik verileri
kullanarak aragtirmistir. Elde edilen bulgular Tiirk Lirasi’nin deger kaybinin arttik¢a dolarizasyon oraninin da artacagi yoniindedir.
Bu sonug dolarizasyon artisi ile ulusal para deger kaybindaki paralelligi gosteren diger ¢alismalarin bulgulariyla uyumludur. Corak
ve Aksoy (2022) calismasinda Tiirkiye ekonomisinde dolarizasyon ve enflasyon iliskisini 2006 Ocak ile 2022 Eyliil dénemine
ait aylik verileri kullanarak analiz etmislerdir. Calismada sunulan Granger nedensellik test bulgular1 dolarizasyondan enflasyona
dogru bir iliskinin varligin1 gostermektedir. Dolarizasyon ve doviz kuru hareketleri arasindaki iliskilerin dogru yonliiliigiiyle
ilgili diger ¢alisma bulgulariyla birlikte diisiiniince bu sonucun da literatiirle uyumlu oldugu goriilmektedir. Kaya ve Kara (2022)
caligmalarinda Tiirkiye ekonomisinde dolarizasyonu belirleyen faktorleri arasgtirmis ve dolarizasyonun ekonomik biiyiimeye olan
etkileri iizerinde durmusgtur. 2014 Ocak ve 2022 Mart donemini kapsayan verilerin kullanildig1 bu ¢alismada elde edilen bulgular
ile dolarizasyonun sebepleri arastirilmistir. Calisma sonucuna gore cari agi§in artmasinin, CDS risk priminin ylikselmesinin,
doviz kurundaki artiglarin, mevduat faiz oraninin yiikselmesinin ve ithalat artisinin dolarizasyona yol actig1 tespit edilmistir.
Bunun yaninda enflasyonda meydana gelen artigin ise dolarizasyonu azaltti§i sonucuna ulasilmigtir. Ayrica dolarizasyon ile
ekonomik biiyiime arasinda ayni yonlii bir iligki oldugu tespit edilmistir. Kolcu ve Yamak (2022) yapmig olduklar1 ¢aligmada
doviz kuru ile dolarizasyon iligkisini 2012 Aralik ile 2021 Ocak donemini kapsayan aylik veriler kullanarak arastirmistir. Mevduat
dolarizasyonu ile doviz kuru ve tiiketici giiven endeksi arasinda uzun dénem iliskinin varlig1 tespit edilmistir. Elde edilen bulgulara
gore dolarizasyon, doviz kuru artiglarindan ve diigiislerinden dogru yonlii etkilenmektedir. Bu sonug, dolarizasyonun doviz kuru
dalgalanmalar1 ile giiclii iligkisini gostermektedir. Dumrul (2010) tarafindan yapilan ¢alismada Tiirkiye’de ticarl disa agiklik,
beklenen doviz kuru, beklenen enflasyon orani ve Tiirkiye ile ABD arasindaki reel faiz oranlari farki degiskenleri ile dolarizasyon
iligkisi 1980 ile 2009 donemi i¢in incelenmistir. Analiz sonuglarina gore tiim degiskenler i¢inden dolarizasyonu etkileyen en 6nemli
faktoriin beklenen reel doviz kuru oldugu bulunmustur. Hekim (2008) tarafindan yapilan ¢alismada Tiirkiye’de dolarizasyon,
enflasyon orani, faiz orani, doviz kuru endeksi ve kredibilite iligkisi 1992 Ocak ile 2017 Aralik donemi i¢in arastirilmistir. Elde
edilen bulgulara gore dolarizasyonun en 6nemli belirleyicileri; enflasyon ve reel doviz kurunda meydana gelen degismeler olarak
tespit edilmistir. Erbaykal, Daric1 ve Kadioglu (2008) calismasinda Tiirkiye ekonomisinde dolarizasyon reel GSYIH, faiz oranu,
nominal efektif doviz kuru degiskenlerinin iligkisi 2001 Mayis ve 2006 Aralik donemini kapsayan verilerle arastirilmigtir. Bu
caligmaya gore dolarizasyonun tersine dondiigii ve dedolarizasyonun bagladigi sonucuna ulagilmastir.

Literatiirde bulunan ¢aligmalardan farkli olarak, bu calismada dolarizasyon ile reel kur iligkisine odaklanilmis ve literatiire yeni
katilan Fourier terimli birim kok testi ve Fourier terimli eg biitiinlesme testi kullanilarak analiz gergeklestirilmistir. Caligmanin
takip eden boliimiinde, kullanilan ekonometrik yontem anlatilmisg, sonraki boliimde ise ekonometrik analizden elde edilen ampirik
bulgulara yer verilmistir.

Ekonometrik Yontem

Dolarizasyon ve reel kur iligkisinin arastirildig1 bu ¢aligmada ilgili degiskenler arasindaki iligki Granger nedensellik ile arastirila-
caktir. Analizin ilk asamasi degiskenlerin duraganlik seviyelerinin belirlenmesidir. Duraganlik seviyelerinin belirlenmesinde kul-
lanilan birim kok testleri Dickey ve Fuller (1979) testi ile ortaya ¢cikmistir. Takip eden siirecte ilgili test prosediiriinii farklilastiran
bir¢ok birim kok testi literatiire kazandirilmigtir. Bu test prosediiriindeki temel degisim Perron (1989) caligmasi ile olmustur. Bu
caligmada yapisal kirilmalarin varliginin birim kok test prosediiriine etkileri aragtirilmig ve test sonuglarinda yaratti§1 olumsu-
zluklar acikca ortaya konmugtur. Bu ¢aligmay: takip eden siirecte yapisal kirilmalarin birim kok testine etkisini modelleyen farkli
caligmalar literatiire kazandirilmigtir. Bu ¢alismada literatiirdeki son gelismeler cercevesinde Enders ve Lee (2012) caligmasi ile
literatiire kazandirilan Fourier terimli birim kok testi kullamlmistir. Tlgili test yapisal kirilmalarin etkisini Fourier terimleri ile test
prosediiriine dahil etmektedir. Bu ¢aligmada ilgili testin tercih edilmesinin nedeni Enders ve Lee (2012) calismasinda nerilen
testin yapisal kirilmalarin formu ve yeri fark etmeksizin giiclii bir test olmasindandir. Enders ve Lee (2012) calismasinda asagidaki
model yapilar1 kullanilmaktadir.
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Ay: = pyi—1 + ay + azsin(2rkt /T) + agcos(2nkt/T) + e;)

Ay, = py;—1 + a1 + ap + azsin(2nkt /T) + agcos 2nkt/T) + e;)

Yukaridaki denklemlerde k frekans sayisini, t deterministik trendi, T gdzlem sayisini, sin ve cos ise trigonometrik terimleri,
n=3.14 ifade etmektedir. Model tahmininde k frekans sayisinin belirlenmesi 6nemlidir. Enders ve Lee (2012) calismasinda uygun
frekans sayis1 seciminde kalinti kareler toplaminin minimizasyonunu dnermistir. Birim kok temel hipotezinin (p=0) sinanmasinda
kullanilacak olan test istatistigi agsagidaki gibidir.

A

TDF = =<
P Ship)

Burada p, p parametresinin tahminini Sh(p) ise standart hatay1 ifade etmektedir. Elde edilen test istatistik degeri Enders ve
Lee (2012) calismasindaki tablo ile kargilastirilarak karar verilebilir. Bu test prosediiriinde 6nemli bir diger nokta trigonometrik
terimlerin anlamliliginin stnanmasidir. Bu agamada Enders ve Lee (2012) ¢aligmasinda F(k) testinin kullanim1 onerilmigtir (Bos
Hipotez: a3 = @4 = 0). Bu test istatistigi asagidaki gibi hesaplanabilir.

(KKTr — KKTyr(k))/2

R = K Tor O/ (T =)

KKTg kisith model kalint1 kareler toplamini, KKT7yg kisitsiz model kalinti kareler toplamini, q kisitsiz model parametre
sayisini, T ise gozlem sayisini ifade etmektedir. Elde edilen test istatistigi Enders ve Lee (2012) kritik degerleri ile karsilastirlir.
Trigonometrik terimlerin istatistiksel anlamsizlig1 ADF testinin kullanilabileceginin gostergesidir.

Es biitiinlesme test prosediiriinde yapisal kirilmalarin varligina Fourier terimlerinin kullanimu ile izin veren test prosediirii
Banerjee, Arcabic ve Lee (2017) ¢aligmast ile gelistirilmistir. Bu test i¢in kullanilacak olan modeller agagida gosterilebilir.

. [2nkt 2mkt / )
Ayie = yo+ yisin| —— | +y2c0s +O1YL-1+Y Va1 @ Aot + €&
Yukaridaki denklemlerde k frekans sayisini, t deterministik trendi, T gozlem sayisini, sin ve cos trigonumetrik terimleri, 7=3.14
ifade etmektedir. Model tahmininde k frekans sayisinin se¢iminde kalinti kareler toplaminin minimizasyonunu &nerilmistir. Eg
biitiinlesme test istatistigi asagidaki gibi hesaplanabilecektir.

A =—$l
ADL = 0050

Burada &, §; parametress tahminini, se($;) ise standart hatay1 ifade etmektedir. Elde edilen test istatistik Banerjee, Arcabic ve
Lee (2017) calismasindaki tablo degerleri ile karsilastirilarak karar verilebilir.

Trigonometrik terimlerin anlamlilig1 i¢in F(k) testinin kullamimi 6nerilmistir (Bos Hipotez: y; = y» = 0). Bu test istatistigi
agagidaki gibi hesaplanabilir.

F(k) = (SSRy — SSR; (k) /2
(SSRy (k) /(T —my)

Burada SSR( kisith model kalint1 kareler toplamini, SSR; kisitsiz model kalint1 kareler toplamini, T gozlem sayisini, m;
ise kisitsiz model parametre sayisin ifade etmektedir. Burada kullanilacak kritik degerler Banerjee, Arcabic ve Lee (2017)
caligmasinda sunulmustur.

Ampirik Sonuglar

Tiirkiye Ekonomisinde dolarizasyon reel kur iligkisinin arastirildig1 bu calismada dolarizasyon icin yabanci para mevduatinin
tiim mevduata orani kullanilmigtir. Calismada kullanilan veriler Tiirkiye Cumhuriyet Merkez Bankasi Elektronik Veri Dagitim
Sistemi’nden temin edilmigtir ve 2003 Ocak ile 2023 Aralik donemini kapsamaktadir.
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Calismanin ampirik analiz boliimiinde dolarizasyon ve reel kur degiskenleri arasinda nedensellik analizi yapilacaktir. Bu
analizin hangi model iizerinden gergeklestirileceginin tespitinde degiskenlerin duraganlik durumu ve aralarinda eg biitiinlesme
olup olmadig1 6nemli bir noktadir. Bu nedenle ampirik analizin ilk asamasinda kullanilacak serilere ait birim kok testlerinin
yapilarak serilerin duraganlik mertebelerinin tespit edilmesi gerekmektedir. Oncelikli olarak Genisletilmis Dickey ve Fuller
(ADF) testi ve Phillips Perron (PP) birim kok testleri kullanilmig ve sonuclar tablo 1 de sunulmustur.

Tablo 1. ADF ve PP Birim Kok Test Sonuglari

ADF PP
Sabit Sabit Sabit Sabit

Terim ve Sabit Terim ve Terim ve Sabit Terim ve

Trend Yok  Terimli Trendli Trend Yok  Terimli Trendli

Dolarizasyon -1.4187 -2.498 -2.8087 -1.5965 -2.514 -2.8451
ADolarizasyon -12.6188*  -12.6581* -12.6824* | -12.5976* -12.6267* -12.6419°
Reel Kur -0.999755 -0.051503 -2.612825 | -0.779296 -0.307064 -3.021934
AReel Kur -12.4966*  -12.5073* -12.6597* | -11.4939* -11.5159* -11.9947°

2 %1 anlamlilik seviyesinde duraganligi gostermektedir.

ADF ve PP birim kok test sonuglart dolarizasyon ve reel kur degiskenlerinin diizey degerleri ile duragan olmadigim fark
alindiktan sonra duragan hale geldiklerini gostermektedir. Yapilan bu testlere ilave olarak Ng-Perron birim kok testi ile de
duraganlik mertebesi arastirilmis ve sonuglar tablo 2 de sunulmustur.

Tablo 2. Ng-Perron Birim Kok Test Sonucu

Sabit Terimli Sabit Terim ve Trendli
MZa MZt MSB MPT MZa MZt MSB MPT
Dolarizasyon  -0.23141 -0.16324 0.70543  29.75 -2.11159  -1.0273  0.4865  43.1423
ADolarizasyon -80.5349* -6.34531* 0.07879* 0.30496* | -117.329* -7.64904* 0.06519* 0.8132*
Reel Kur -0.66629 -0.34446 0.51699 17.5855 |-1.8615 -0.85058 0.45693 41.2677
AReel Kur -53.4201* -5.16146* 0.09662* 0.47553* |-183.939* -9.58846* 0.05213* 0.50012*

2%]1 anlamlilik seviyesinde duraganligi gostermektedir.

Ng-Perron birim kok test sonuglarina gore seriler diizey degerlerine gore duragan degilken fark alindiklarinda duragan hale
gelmektedirler. Bu bulgular ADF ve PP testlerinden elde edilen bulgular desteklemektedir.

Yapisal kirilmalarin birim kok test siirecine yaptig1 yaniltici etkileri dikkate almak ve elde edilen test sonuglarinin giivenilirligini
arttirmak icin yapisal kirilmalar1 dikkate alan Enders ve Lee (2012) Fourier terimli birim kok testi kullanilmig ve sonuglar tablo 3
te sunulmustur.

Tablo 3. Enders Lee Birim Kok Test Sonuglar1

Sabit Terimli k Test Istatistigi F
Dolarizasyon 1 -2.3037 5.78
Reel Kur 1 -1.6047 2.6978
Sabit Terim ve Trendli

Dolarizasyon 1 -2.8121 5.4112
Reel Kur 1 -4.5245 5.99

Tablo 3 te sunulan Enders ve Lee (2012) Birim kok test sonuglari incelendiginde her iki degisken i¢in gerek sabit terimli gerekse
sabit terim ve trendli model yapilan igin F test istatistiklerinin Enders ve Lee (2012) calismasinda sunulan kritik degerlerden
kiiciik oldugu goriilmektedir. Bu bulgu trigonometrik terimlerin anlamsizligin1 gostermektedir. Bu nedenle ADF test sonuglarinin
kullanilabilecegi sdylenebilir.
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Elde edilen sonuclar genel olarak degerlendirildiginde degiskenler arasindaki es biitiinlesme iligkisinin arastirilabilecegi
sOylenebilir. Calismanin bu boéliimiinde tutarli sonuglar elde edebilmek i¢in farkli model yapilarini kullanan farkli es biitiin-
lesme testlerinden faydalanilacaktir. Ampirik analizde kullanilan ilk test Engle Granger testidir. Ilgili test ait sonuclar tablo 4 te
sunulmustur.

Tablo 4. Engle Granger Es biitiinlesme Test Sonuglari

Sabit Terimli

Bagimli Degisken tau istatistigi Olasilik 7 istatistigi Olasilik
Dolarizasyon -2.115163 0.469 -6.435669 0.6131

Reel Kur -0.209998 0.9799 -0.573494 0.9777

Sabit Terim ve

Trendli

Bagimli Degisken tau istatistigi Olasilik 7 istatistigi Olasilik
Dolarizasyon -1.771208 0.8565 -8.686086 0.7345

Reel Kur -2.05566 0.7499 -11.6169 0.5449

Tablo 4 te sunulan Engle Granger e biitiinlesme testi sonuglarina gore gerek sabit terimli modelde gerekse sabit terim ve trendli
modelde es biitiinlesme bulgusuna rastlanmamaktadir. Eg biitiinlesmenin varlig1 bir de Johansen eg biitiinlesme testi ile sinanmig
ve ilgili test bulgulari tablo 5’te raporlanmustir.

Tablo 5. Johansen Es biitiinlesme Test Sonuglart

Maksimum
iz Kritik Ozdeger Kritik

Ozdeger Istatistigi  Deger  Olasilik Ozdeger  Istatistigi  Deger  Olasilik
Model 1
None 0.01863  5.53062 12.3209 0.4955 0.01863 4.64597 11.2248 0.5286
Atmost1  0.00357 0.88464  4.12990 0.4011 0.00357 0.88464 4.12990 0.4011
Model 2
None 0.02332  8.12554  20.2618 0.8139 0.02332 5.82885 15.8921 0.8068
Atmost1  0.00925 2.29668 9.16454 0.7182 0.00925 2.29668 9.16454 0.7182
Model 3
None 0.01907 4.94320  15.4947 0.8148 0.01907 4.75671 14.2646 0.7722
Atmost1  0.00075 0.18649  3.84146 0.6658 0.00075 0.18649 3.84146 0.6658
Model 4
None 0.04625 14.6447 25.8721 0.6041 0.04625 11.6981 19.3870 0.4438
Atmost1 0.01185  2.94659 12.5179 0.8828 0.01185 2.94659 12.5179 0.8828
Model 5
None 0.03737 11.8973  18.3977 0.3167 0.03737 9.40839 17.1476 0.454

Atmost1 0.01002 248895 3.84146  0.1146 0.010026 2.488955 3.841466  0.1146

Johansen testinin 5 farkli model yapisina iligkin sonuclarinin sunuldugu tablo 5 ten elde edilen bulgular tiim model yapilarinda
es biitlinlesmenin olmadigim gostermektedir.

Olas1 yapisal kirilma varlifinin es biitiinlesme test sonuglarini yaniltict hale getirebilecegi diisiincesi ile yapisal kirilmalarin
varligina izin veren Banerjee, Arcabic ve Lee (2017) Fourier terimli es biitiinlesme testi kullanilmis ve sonuglar tablo 6° da
sunulmustur.
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Tablo 6. Banerjee, Arcabic, Lee Fourier Eg biitiinlesme Test Sonuglari

Sabit Terimli k Test Istatistigi F
Dolarizasyon Reel Kur 1 -1.489573556  3.383953789
Sabit Terim ve Trendli k Test Istatistigi F
Dolarizasyon Reel Kur 1 -2.401083663  5.667199997

Tablo 6 da sunulan Banerjee, Arcabic ve Lee es biitiinlesme test sonuglari incelendiginde F test istatistiklerinin Banerjee, Arcabic
ve Lee (2017) ¢aligmasinda sunulan kritik degerlerden kii¢iik oldugu goriilmektedir. Bu bulgudan hareketle trigonometrik terimler
istatistiksel olarak anlamsizdir. Bu durum diger testlerden elde edilen bulgularin kullanilabileceginin gostergesidir.

Sonuglar bir biitiin olarak degerlendirildiginde dolarizasyon ve reel kur serilerinin diizey degerleri ile duragan olmadigi, ilk
farklar alininca duragan oldugu, ayn1 zamanda seriler arasinda eg biitiinlesme iligkisinin var olmadig1 sdylenebilir. Elde edilen bu
bulgular kullanilarak yapilan Granger nedensellik testi, serilerin fark halleri ile olusturulan vektdr otoregresif model kullanilarak
gerceklestirilmigtir. Granger nedensellik sonuclari tablo 7 de sunulmugtur.

Tablo 7. Nedensellik Test Sonuglari

Test Istatistigi Olasilik
Reel Kur — Dolarizasyon 1.27673 0.5282
Dolarizasyon — Reel Kur 20.01185 0.0000

Elde edilen Granger nedensellik test bulgularina gore dolarizasyon reel kurun nedeni iken, reel kur dolarizasyonun nedeni
degildir.

Sonug

Ekonomide yasanan istikrarsizligin arttirdigi dolarizasyon, temel hedefi fiyat istikrarini saglamak olan merkez bankalarinca uygu-
lanan para politikalarinin etkinligini kaybetmesine yol agmaktadir. Para arz ve talebinde dolarizasyonun yol actig1 genlesme, merkez
bankalarinin uygun politika arac1 bulmasini giiglestirmektedir. Para politikalarinda kaybolan bu etkinlik temel makroekonomik
gostergelerde bozulmayi beraberinde getirmektedir. Bu durumda sorunu baglatan seyin ayni zamanda sorunun ¢dziimiiniin 6niinde
en biiyiik engel oldugu bir denklem olugmaktadir. Ekonomide dolarizasyonun varli§1 s6z konusu oldugunda ulusal para talebi
hem ulusal hem de yurtdis1 etkilere acik hale gelmektedir. Para talebinde yasanan bu daginiklik merkez bankalarinin isini
giiclestirmektedir. Dolarizasyonun varliginda ekonominin yabanci para biriminin baskisi altinda olmasi ekonomideki enflasyonist
riskleri arttirmaktadir. Boylece dolarizasyona bagli olarak coklu makroekonomik risklere maruz kalan ekonomi kriz tehlikesi
yasamaktadir. Bu temel bulgular dolarizasyon durumunun politika yapicilar tarafindan 6nemsenmesi ve iiretilen politikalarda da
dikkate alinmas1 gerekliligini gostermektedir. Para otoritelerinin dolarizasyonun yol agtig risklerden kaginmak amaciyla hizlica
aksiyon almasi gerekmektedir. Bu ¢alismada dolarizasyon reel kur iligkisi 2003 Ocak ile 2023 Aralik aras1 donem i¢in yapisal
kirilmaya izin veren birim kok ve eg biitiinlesme testleri kullanilarak aragtirilmistir. Elde edilen bulgular dolarizasyonun reel kurun
nedeni oldugunu gosterirken, reel kurun dolarizasyonun nedeni olmadigini gostermektedir. Elde edilen bulgu yiiksek dolarizasyon
durumunda déviz kurunun bu durumdan etkilenecegini gostermektedir. Kur soklarini kontrol etmek isteyen politika yapicilar
tarafindan bu duruma uygun politikalar iiretilmeli, dolarizasyonun koklesmesine miisaade edilmemelidir.
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0z

Bu caligsmada farkli panel veri yapilarina ve farkli tahmincilere bagh olarak 6ngorii analizi yapilmistir. Cevresel kuznets egrisi
cercevesinde olusturulan panel veri modelleri, heterojen ve homojen panel veri grubu olarak iki ayri birim grubu iizerinden
olusturulmustur. Heterojen panel veri olarak G20 iilke grubu ve homojen panel veri olarak G8 iilke grubu ele alinarak 1990 —
2020 donemleri icin olusturulmustur. Ardindan sabit etkiler tahmin 6ngoriisii, tesadiifi etkiler tahmin 6ngoriisii ve birlesik 6ngorii
yontemleri ile drneklem dig1 ongoriileri elde edilerek bu 6ngoriilerin performanslari karsilastirilmistir. Calismada 6rneklem digt 1
yil, 3 yil ve 3 y1l ortalamast igin 6ngorii degerleri tahmin edilmistir. Ongérii performanslari ortalama hata kare ve kok ortalama hata
kare ile degerlendirilmistir. Sonucunda ise literatiirdeki ¢caligmalarla uyumlu olarak homojen tahmincilerin daha iyi performans
gosterdigine ulagilmistir. Ayrica homojen panel veri yapisinda sabit etkiler tahmincisi ile elde edilen 6ngoriiniin, heterojen panel
veri yapisinda ise tesadiifi etkiler tahmincisi ile elde edilen 6ngoriiniin daha iyi performans sergiledigi goriilmiistiir. Homojen panel
veri yapisinda birlesik ongoriiniin tesadiifi etkiler tahmincisi ile elde edilen 6ngdriiden daha iyi oldugu ve heterojen panel veri
yapisinda ise sabit etkiler tahmincisi ile elde edilen 6ngoriiniin birlesik 6ngdrii yonteminden daha kotii performans sergiledigine
ulagiimistir. Calismada, Huang (2019) tarafindan gelistirilen yeni ongorii yontemlerinden birlesik 6ngorii yontemi incelenerek
diger 6ngorii yontemleri ile performanslar1 kiyaslanmigtir. Bu ¢alismanin bir diger bakis agisi ise birlesik 6ngorii yonteminin
heterojenlik ve i¢sellik acisindan farkli kosullar altindaki performansi da incelenmistir.

ABSTRACT

In this study, forecast analysis was conducted on the basis of different panel data structures and predictors. Panel data models,
constructed within the framework of the Environmental Kuznets Curve, were developed using two separate unit groups: the G20
country group as heterogeneous panel data and the G8 country group as homogeneous panel data for the period 1990-2020.
Subsequently, out-of-sample forecasts were obtained using a fixed effects predictor, a random effects predictor, and combined
forecasting methods, and the performances of these forecasts were compared. Forecast values were estimated for out-of-sample 1
year, 3 years, and a 3-year average. Forecast performances were evaluated using the mean squared error and root mean squared
error. As a result, it was found that, in line with the literature, homogeneous predictors exhibited better performance. In addition, it
was observed that the forecast obtained with the fixed effects predictor in the homogeneous panel data structure performed better,
whereas the forecast obtained with the random effects predictor in the heterogeneous panel data structure performed better. The
combined forecast in the homogeneous panel data structure was better than the forecast obtained with the random effects predictor,
whereas in the heterogeneous panel data structure, the forecast obtained with the fixed effects predictor performed worse than the
combined forecasting method. In this study, the combined forecasting method developed by Huang (2019) was examined, and its
performance was compared with other forecasting methods. Another perspective of this study was to examine the performance of
the combined forecasting method under different heterogeneity and endogeneity conditions.
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EXTENDED SUMMARY

In this study, forecasting analysis is performed on the basis of different panel data structures and different estimators. The panel data
model built within the framework of the environmental Kuznets curve is constructed for the period 1990-2020 by taking the G20
country group as heterogeneous panel data and the G8 country group as homogeneous panel data. Then, fixed-effects forecasting,
random-effects forecasting, and combined forecasting methods are used to obtain out-of-sample forecasts their performances are
compared. In this study, out-of-sample forecasts are estimated for 1 year, 3 years a average. Forecast performances are evaluated
using the mean square error (MSE) and root mean square error (RMSE). The results show that homogeneous forecasters perform
better in line with the studies in the literature. It is also observed that the prediction obtained with the fixed effects estimator
outperforms the prediction obtained with the random effects estimator in the homogeneous panel data structure and the prediction
obtained with the random effects estimator in the heterogeneous panel data structure. In the homogeneous panel data structure,
combined forecasting outperforms obtained with the random effects estimator in the heterogeneous panel data structure, obtained
with the fixed effects estimator performs worse than combined forecasting. Another perspective of this study is to examine the
performance of the combined forecasting method under different conditions in terms of heterogeneity and endogeneity.

In the analysis of the study, stationarity analysis of the variables used for the environmental Kuznets curve panel data models
for the G20 and G8 countries was performed. Then, it is determined that the model for the G20 country group is heterogeneous
and that the panel data model for the G8 country group is homogeneous. Since it is aimed to compare the forecasts of fixed effects
estimator, random effects estimator combined estimator as forecasting estimators, panel data models are estimated with these
estimators and then out-of-sample forecasts are estimated by estimating in 1-year and 3-year samples.

In this study, G20 countries (Argentina, Australia, Brazil, Canada, China, European Union, France, Germany, India, Indonesia,
Italy, Japan, Mexico, Russia, Saudi Arabia, South Africa, Turkey, United States, United Kingdom) covering the period 1990 - 2020
are considered as the heterogeneous panel data model, while G8 countries (Canada, France, Germany, Italy, Japan, Russia, United
States, United Kingdom) with the same time dimension covering the period 1990 - 2020 are considered as the homogeneous panel
data model. For both G20 and G8 country group panel data, one-year (2020) and three-year (2018, 2019 and 2020) forecasts are
made for the combined forecasts developed with the within-group fixed effects estimator, the generalised least squares random
effects estimator then the combination of fixed effects and random effects estimators. These forecasts are compared with the MSE
and RMSE performance criteria.

The contribution of this study to the literature can be expressed as the comparison of forecasts by considering homogeneous
and heterogeneous panel data structures separately. In addition, this study examines the performance of the combined forecasting
method proposed by Huang (2019), which emerged as a different forecasting method, in these different panel data structures
and analyzes the performance of the forecasts obtained with fixed and random effects estimators in cases of heterogeneity and
endogeneity.

The aim of this study is to compare the performance of the prediction values by estimating the models with different panel data
estimators and to analyse the performance of the forecasts of the random effects and fixed effects estimators as well as the combined
forecasts in the presence of heterogeneity and endogeneity. The second section of the paper presents the panel data model used, the
Environmental Kuznets Curve, and reviews related studies. The third section presents the literature on forecasting methods with
panel data and the results of these studies. In the fourth section, panel data estimators and forecasting theory are presented, and in
the fifth section, environmental Kuznets curve panel data model estimations and findings obtained from forecasts are explained.
In the last section, forecasting performance comparisons and evaluations obtained from the application are presented.
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Giris
Onemli bir kiiresel olgu olan kiiresellesme, artan rekabetle birlikte iilkeler arasinda daha yakin sosyal, ekonomik ve siyasi baglar

arast iliskiyi giiclendirmistir. Diinya ¢apinda 6nemli bir ekonomik biiyiimeye yol agmis olsa da kiiresellesme, basta artan enerji
tiiketimi olmak iizere olumsuz cevresel etkileri de beraberinde getirmigtir.

Oncelikli olarak sanayilesme, ulasim, niifus yogunlugu, yoksulluk, trafik ve miilkiyet haklarimin yanls diizenlenmesi nedeniyle
kaynak somiiriileri gibi konular ¢evre kirliligine sebep olarak yer almaktadir. Bu durum hava kirliligi ve ekosistem degisiklikleri ile
kamitlanabilmektedir (Borhan vd., 2012). Hiikiimetler aras1 Iklim Degisikligi Paneli (IPCC) raporlarinda vurgulanan kiiresel 1s1nma,
bagta karbondioksit (CO2) olmak iizere artan sera gazi emisyonlari nedeniyle kritik bir ¢evresel sorun olarak tanimlanmaktadir.
Zararli atiklarin ¢evrede birikmesi ve iiretim siireglerine dahil edilmemesi ekonomik riskler olugturmaktadir (Dam vd., 2013).
Sonug olarak, ekonomik faaliyetlerin hizla genislemesi ¢evresel sorunlart daha da kétiilestirmekte ve bu da ekonomik kalkinmay1
engellemektedir. Bu durum, baslangigtan itibaren ekonomi ve ¢evrenin birbirine bagl oldugunun altini ¢izmektedir. 1970°1i
donemlerin sonlarindan itibaren cevre ekonomisi bir disiplin olarak meydana ¢ikmistir ve 1990’11 dénemlerde de ekonomi ile
cevre arasindaki iligkilere dair ¢aligmalar nem kazanmaya baslamig ve devam etmistir.

Nobel iktisat odiillii Simon Kuznets, 1955 yilinda yaptig1 calismasinda, uzun vadede kisi bagina diisen gelirdeki degisimin
dinamiklerini incelemistir (Kdmiiryakan, 2019). Calismada, bir iilkenin ekonomik biiylimesi sirasinda gelir esitsizliginin artip
azalmasini tespit etmeye ¢aligmis ve bu egilimleri etkileyen faktdrleri ortaya ¢ikarmayr amaclamstir. Kuznets, kisi bagina diisen
gelirin tipik olarak ekonomik genislemeyle birlikte artarken, gelir esitsizliginin biiyiimenin ilk asamalarinda baglangicta artma
egiliminde oldugu sonucuna varmistir. Bununla birlikte, ekonomik biiyiime devam ettikce gelir esitsizliginin azalmaya bagladigi
kritik bir doniim noktasina dikkat cekmistir. Kuznets egrisi olarak bilinen bu olgu, gelir esitsizligi ile ekonomik kalkinma arasinda
can veya diger bir tabirle ters U seklinde bir iligki oldugunu gostermektedir. Kuznets’in 1780’den 1950’ye kadar Almanya, Birlesik
Krallik ve ABD’den elde edilen verilere dayanan analizi, kalkinmanin ilk agamalarinda kisi bagina diisen Gayri Safi Yurti¢i Hasila
(GSYIH) arttikca gelir esitsizliginin kotiilestigini, ancak Kisi bagina diisen gelir belirli bir esigi astiginda azaldigin1 vurgulamugtir
(Caligkan, 2022).

1990’1arin basinda Grossmann ve Krueger, 1977°den 1988’e kadar 42 iilkede hava kalitesi ve ekonomik biiylime arasindaki
iligkiyi inceleyen ufuk agic1 bir ¢caligma yiiriitmiistiir. Analizleri, Kuznets’in bulgularina benzer bir iliski ortaya koyarak Cevresel
Kuznets Egrisi’ni tanitti, ancak kisi bagina diisen milli gelir ve ¢evre kirliligine, 6zellikle de kiikiirt dioksite (SO2) odaklandi.
Geleneksel diisiincenin aksine, niiansli modeller buldular: kisi bagina diisen GSYIH ve SO2 emisyonlari arasinda ters U seklinde
bir iligki, karanlik madde ile N seklinde iligkiler ve asili atmosferik pargaciklar ile dogrusal biiylime. Sabit etkiler metodolojisini
kullanan panel veri analizi yoluyla bu egilimleri dogrulamislar ve ekonomik kalkinma ile cevresel bozulma arasindaki karmagik
dinamiklere 151k tutmuslardir. Cevresel Kuznets Egrisi teorisi, baglangigta sadece ¢evre kirliligi ve ekonomik biiyiime {izerine
tanimlanmustir ve teorinin agiklanmasinda kullanilan model asagidaki gibi ifade edilebilmektedir (Giiris ve Sak, 2019).

2 3
Yie = a; + B1Xir + Bo X, + B3 X, + €ir

Burada modelde yer alan bagimli degisken CO2 serisini ifade etmekte iken, X degiskeni kisi bag1 gelir degiskenini ifade
etmektedir.

Grossmann ve Krueger’in 1991-1995 yillar1 arasindaki arastirmalari, iilkeler arasinda ekonomik biiylime ve ¢evresel kalite
arasindaki baglantiy1 incelemistir. Ekonomik kalkinmada cevresel bozulmanin baglangigta arttig1 ve daha sonra iyilestigi doniim
noktalarini tespit etmislerdir. Bu doniim noktalarin1 1991°de kisi bagina diisen GSYH’nin yaklasik 4.000 ila 5.000 dolar arasinda
oldugunu tespit etmisgler, 1995°te ise kisi basina diisen GSYH’nin yaklagik 8.000 dolar oldugu ikinci bir doniim noktas: 6n-
ermiglerdir. Analizleri karmagik modeller ortaya ¢ikarmistir: Kisi basina diisen GSYH ile SO2 emisyonlari, kolibakteriler ve
nehirlerdeki agir metaller gibi kirleticiler arasinda N seklinde iliskiler ve nehirlerdeki karanlik madde ve nitrojen seviyeleri ile ters
U seklinde egilimler. Genel olarak, ¢calismalari, ekonomik biiylime ile cevre kalitesinde dogrudan bir diisiis oldugu fikrine meydan
okuyarak, ekonomik kalkinma ve cevresel etkiler arasindaki niiansli dinamikleri ortaya koymustur.

Panayotou (1993) Grossmann ve Krueger’in Cevresel Kuznets Egrisi (EKC) hipotezini 55 iilke i¢in dogrulamistir. En Kiigiik
Kareler yontemini kullanarak, ormansizlagma icin 800-1.200veSO2veNO XemisyonlarBiin3.800 — 5.500 arasinda doniim nok-
talar1 olan ters U seklinde bir egri bulmustur. Kisi bagina diigen GSYH 10.000 $’1n iizerine ¢iktiginda ikinci bir kayma oldugunu
ve bunun da iilkelerin biiylime i¢in enerji yogun endiistrilere odaklanmasiyla N seklinde bir EKC’ye yol a¢tigini belirtmistir.
Ekonomik biiyiime ve cevre kirliligi genellikle EKC hipotezi araciligiyla ve genellikle kiibik bir fonksiyon kullanilarak asagidaki
gibi analiz edilebilmektedir.
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Grafik 1. Milli Gelir Artig1 ile Cevresel Bozulma Arasindaki Muhtemel Iligki Tiirleri
Kaynak: Caligkan, 2022, s.308.

Grafik 1, ekonomik biiyiime ile ¢cevre kirliligi arasindaki iliskiyi temsil eden Cevresel Kuznets Egrisi’nin (EKC) ¢esitli sekillerini
gostermektedir. Pozitif egimli bir dogrusal EKC (b), negatif egimli bir hiperbolik (L tipi) EKC (c), pozitif egimli bir egrisel EKC
(d), bir iistel fonksiyon EKC (e), ters U seklinde bir parabolik EKC, a U seklinde parabolik EKC (f), N seklinde bir EKC (g) ve ters
N tipi kiibik EKC’ler (h). Ekonomik biiyiime ve ¢evre kirliligi, grafiklerdeki ¢esitli egrilerde de gosterildigi gibi her zaman net bir
model izlemeyebilmektedir. Bu sebeple her durumda dogrudan ters U seklinde bir iligki beklemekten kacinilmalidir (Caligkan,
2022).

Bu calismada amag, farkli panel veri tahmincileri ile modellerin tahmin edilerek 6ng6rii degerlerinin performanslari karsilagtiril-
makta ve heterojenlik, i¢sellik durumlarinda tesadiifi etkiler ile sabit etkiler tahmincilerinin 6ngdriilerinin yanisira birlesik ongorii-
lerin peformanslar1 incelenmistir. Caligmanin girig boliimiinde kullanilan panel veri modeli olan Cevresel Kuznets Egrisi ve bu
konuyla iligkili ¢caligmalardan elde edilen incelemelere yer verilmekte iken, ikinci boliimiinde panel veri ile 6ngorii yontemleri
literatiirii ve bu caligmalarin sonuglar1 yer almaktadir. Ugiincii boliimde panel veri tahmincileri ile 6ngorii teorisi bulunmakta iken
dordiincii boliimde cevresel kuznets egrisi panel veri model tahminleri ve ongoriilerden elde edilen bulgular aciklanmigtir. Son
boliimde ise uygulamadan elde edilen 6ngorii performans karsilastirmalari ve degerlendirmeleri yapilmugtir.

Literatiir

Panel veri 6ngoriisiine dayali ¢alismalar Baltagi ve Griffin’in 1997 yillarindaki calismalariyla baglamistir. Bu calismada benzin
icin dinamik talep spesifikasyonu kullanilarak homojen ve heterojen panel tahmincilerinin 1, 5 ve 10 yillik 6ngorii ufuklarinda
ongoriilerinin performanslar karsilagtirilmistir. Homojen tahmincilerinin 6ngorii ortalama hata karesinin heterojen tahmincilerden
daha iyi performans gosterdigi sonucuna ulagilmugtir.

Baltagi, Bresson, Griffin ve Pirotte (2003)’de homojen, heterojen ve Shrinkage tahminciler i¢in 6ngorii performans karsilastir-
masi1 yapilmistir. Caligmalarinda daha 6nce 18 OECD iilkesi genelinde uluslararasi benzin talebi ve ABD eyaletleri genelinde
sigara talebi panelleri kullanilarak elde edilen bulgularin aksine, bu Fransiz paneli, fiyat ve gelirdeki bolgeler arasi1 degisimin bolge
ici degisime kiyasla kiiciik olmasi1 bakimindan ¢ok farklidir. Bu panel seti ile birimler arasinda heterojenlik olmasi durumunu
simgelemektedir. Ozellikle birimler arasinda parametre heterojenligi nemli olmas1 halinde, bu tiir bir panel setinde ortaya cikmak-
tadir. Homojen, heterojen ve shrinkage tahmincilerin 6rneklem dig1 6ngdrii performanslari incelendiginde heterojen tahmincilerin
en kotii performansa sahip olduklar1 gériilmektedir. Shrinkage tahmincileri, heterojen tahmincilerden daha iyi 6ngorii performans
gostermesine ragmen hala genis bir aralifa sahiptir ve bdylece homojen tahmincilerin en iyi 6ngoriiye sahip oldugu sonucuna
ulagilmaktadir.

Brucker ve Siliverstovs (2006), ¢alismalarinda 1967 — 2001 donemi igin 18 iilkeden Almanya’ya go¢ verilerini kullanarak,
orneklem dis1 dngoriiler icin homojen ve heterojen tahmincilerin performansini karsilagtirmiglardir. 5 yil ve 10 yil ileri ongdriileri
icin kok ortalama hata kare (RMSE) kriterine gore en kotii performans gdsteren ortalama grup tahmincisi olmak iizere genel
olarak da heterojen tahmincilerin kotii performans sergilediklerine ulasilmistir. Bunun nedenini 18 iilke genelinde regresyon
parametrelerinin dengesiz olmasina baglamaktadirlar ve ayrica iilkeler arasindaki heterojenlikten kaynaklanan sapmalar, homojen
yontemleri ile dikkate alinmaktadir.

Huang, Lee ve Ullah (2019), caligmalarinda sabit ve tesadiifi etkiler tahmincilerinin Hausman test istatisti§ine bagli agirlik-
larla birlestirilmesinden elde edilen birlesik tahmincinin, sabit etkiler tahmincisinden ve belirli kosullar altinda tesadiifi etkiler
tahmincisinden daha iyi performans gosterdigini belirtmistir. Uygulamasinda, 1997-2012 dénemi boyunca 51 eyalette panel veri
kullanarak konut gaz ve elektrik talep tahminlerinin performanslarini karsilagtirmistir. Konut gaz tiiketiminin ve konut elektrik
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tiiketiminin bagimli oldugu, kisi bas1 kisisel gelir, konut elektrik fiyat1 ve konut dogal gaz fiyatinin agiklayici degiskenler oldugu
iki ayr1 model tahmin etmiglerdir. Biiyiik veri seti gbz oniine alindiginda, modeli kesilmis bir veri seti kullanarak (son 3 yillik
veriler olmadan) tahmin edilmis ve ardindan her tahminciyi 6rneklem dis1 bir 6ngdrii donemine uygulanmustir. Sabit etkiler ve
tesadiifi etkiler ongoriilerini birlestiren ve agirliklari Hausman istatisti§ine ters olarak bagli olan birlesik 6ngorii yaklagiminin
Ongoriiniin tiim icsellik dereceleri i¢in sabit etkiler Ongoriisiinii esit sekilde domine edebilecegini gostermektedir. Ayrica, orta ila
biiyiik boyutlu derecelerde i¢sellik ve heterojenlik icin tesadiifi etkiler ongoriisiine gore sonlu 6rneklem MSFE’yi azaltabildigine
de ulagilmaktadir.

Pesaran, Pick ve Timmermann (2022), yaptiklar1 ¢aligmada heterojen parametrelere sahip modeller igin farkli heterojenlik
dereceleri ile farkli birim ve zaman boyutlarinda 6ngorii dogrulugu karsilastirilmasi yapilmistir. Homojen 6ngorii yontemlerinin
heterojen ongoriilere dayali1 ongoriilerden daha iyi performans gosterebilecegi kosullar1 aragtirmiglardir ve 6ngorii dogrulugunun
parametre heterojenligi derecesine, heterojenligin dngoriiciilerle iligkili olup olmadiina, modelin uyumunun iyi olup olmadigina
ve Ozellikle de veri setinin zaman boyutuna bagli oldugunu gostermislerdir. Ayrica havuzlanmig (homojen) ve heterojen ongoriiler
i¢cin optimal kombinasyon agirliklarinin Onerildigi ve ayrica On test araci olarak kullanilabilecek yeni bir 6ng6rii havuzlanabilirlik
testi gelistirmiglerdir.

Bu calismanin literatiire katkisi, oncelikle homojen ve heterojen panel veri yapilarinin ayri ayri ele alinarak dngoriilerinin
karsilastirilmasi olarak ifade edilebilmektedir. Ayrica farkli 6ngorii yontemi olarak ortaya ¢ikan Huang’in 6nerdigi birlesik 6ngorii
yonteminin bu farkli panel veri yapilarindaki performansinin incelenmesi ile sabit ve tesadiifi etkiler tahmincileriyle elde edilen
ongoriilerin heterojenlik ve i¢sellik durumlarindaki performanslarinin analiz edilmesi amaclanmustir.

Metodoloji

Tesadiifi etkiler tahmincileri ve sabit etkiler tahmincileri ile panel veri modelleri tahmin edilerek bunlarin 6ngorii degerleri elde
edilebilmektedir ve Ongorii literatiiriiniin baglangicindan giincel doneme kadar kargilagtirmalarina yer verilmigtir. Bu boliimde
tesadiifi etkiler ve sabit etkiler tahmincileriyle 6ngérii teorisine ve ardindan birlesik 6ngorii teorisine yer verilmistir.

Vir+s, t+s zamanda i. birimin gergeklesen degerini ifade etmektedir. Burada i=1,. .. ,n birimve  +s = 1,...,T zaman boyutunu
tanimlamaktadir. t donemindeki 6ngoriiciiniin elinde bulunan mevcut bilgilere bagh olarak y;,4, sonucuna iliskin h donem ileri
Ongoriiniin elde edildigi varsayilmaktadir. m = 1, ..., M indeksi, ongorii modellerini (birim 6ngoriilerini) ve s>0 6ngorii ufkunu
tanimlamak tizere $;s4p|z,m Olarak gosterilebilmektedir (Timmermann, Zhu, 2019, s.6).

Homojen tahmincilerden tesadiifi etkiler modeli y;; = x;;p + v;; olmak tizere i = 1,2,...,nvet = 1,2,...,T olarak sirastyla
birim ve zaman boyutunu gostermektedir. x;;, q adet agiklayici degiskenler iizerindeki i. birimin t. donemi goézlemidir. , g X 1
bilinmeyen bir e§im parametresi iken hata teriminin igerisinde birim etki ve modelin hata terimi bulunmaktadir: v;; = o; +u;;. Bu
denkleme bagli olarak genellestirilmis en kiigiik kareler (GLS) asagidaki gibi elde edilmektedir.

Bre = (X Q' X)7' X' Q7Y
Bu tahminci ile t. donem i. birim i¢in s donem ileri 6ngorii tahmini asagidaki gibi ifade edilebilmektedir (Baltagi, 2013, s.1000):

R 04
Vi, 7+8,RE = Xi,T+SBRE + 5 TUiRE
9]
A2 —
Burada Z23,4; acilimi a; gg olarak ifade edilebilmektedir. a; grg ise tesadiifi etkiler tahmincisinin birim etkisi olarak
52 i(RE) , >
1

tanimlanmak iizere, @;’yi tahmin etmek icin i;gp = %Ztﬁi,( rE) oldugunda agagidaki minimizasyon gerceklestirilmektedir:

5% (yir — X — @i)?) . S}

(o) (c3)

A2
Ta

" (@)

@; Th;(rE)

Y(i,7+s) nin en iyi sapmasiz tahmincisi asagidaki sekilde de ifade edilebilmektedir:
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R R o
Vi, T+S,RE = Xi, T+SPRE + W Q7 VRrE

BuradaVgrp =y—X fi rEVvew = E(v; r41v) olarak agiklanmaktadir. T+s donem i¢in hata terimi ise v; 145 = @; +u; 1+s seklinde
tanimlanmaktadir. Ayrica w = o-lzl(li ® Br ) olmak iizere 1;, Iy nin i. birim t. donem kolonunu gostermektedir.

Bir digeri ise sabit etkiler i¢eren bir panel veri regresyon modeli kullanarak 6ngorii yapmaktir. Sabit etkiler ile 6ng6rii kisminda
yer alan birim etkisi ¢pg = (D'D)"'D'(y — X)Prg olmak iizere i. birim i¢in &; Fg) = ¥i — X;PprE olarak tanimlanmaktadir.
Boylece, i. birim ic¢in s donem sonras1 ongoriisii iki sekilde ifade edilebilmektedir (Baltagi, 2013, s.1001):

Vir+s,FE = Vi + (Xi,745 — %) BFE

Vi1+s,FE = Xit + SPFE + Ui(FE)

Tesadiifi etkiler spesifikasyonu altinda, ﬁR g asimptotik olarak etkin bir tahminci olmak iizere, GFE ise sapmasiz ve tutarhidir
ancak etkin degildir. E(e;x;;) #0 kosulu saglanmadigi durumda Prz sapmal ve tutarsiz olabilmekte iken, prr tahmincisi bu
durumdan etkilenmemektedir. f’nin birlesik tahminci 6ngoriisii icin ise tesadiifi etkiler ve sabit etkiler tahmincisi ongoriilerini
kullanarak agagidaki sekilde ifade edilmektedir (Huang, 2019, s.30):

Be =whre + (1 —w)BrE

Burada;

kosulu bulunmaktadir. Buradaki H,, ise asagidaki gibi ifade edilebilmektedir.

H, =n(Bre - Bre) [Vre - Vrel " (Bre — Bre)

7, daralma derecesini kontrol eden bir daralma parametresidir. Degigken sayis1 q olarak ifade edilmek iizere, g>2 oldugunda
7=(q-2 olarak ayarlanmalidir. H,, ise Hausman (1978) istatistigini ifade etmektedir. H,<7 oldugunda . = Prg olmakta iken,
H,, > 7 oldugunda ise . tahmincisi frg ve Pre’nin agirlikli ortalamasidir.

Birlegik ongorii teorisine gore, Pre ve Prre’nin, Hausman istatistiginin ve .’ nin i¢sellik durumunda p = \/Lﬁa’nin ortak

asimptotik dagilimini sunmaktadir. frg ve Prg nin ortak asimptotik dagilimi normaldir. o= #0 oldugunda gz nin asimptotik
sapmas! bulunmaktadir ancak Prg tutarhidir. Hausman istatistigi, asimptotik olarak merkezi olmayan ki-kare dagilimna sahip
olmakla birlikte, merkezi olmayan parametre h, yerel igsellik parametresi o’ye baghdir. 41 > A > --- > A, olmak lizere,
W(VrEg — VgEg) matrisinin siralanmig 6zdegerlerini temsil eden d degerl d= M ve T = g — 2 olarak tanimlanmak
lizere, bir diger birlesik 6ngorii teorisine gores d>2 olmast ve 0 < 7 < 2(d — 2) k0§u1u saglanmakta ise asagidaki esitsizlik
gegerli olmaktadir (Huang, 2019, 5.32). Ikinci teoremdeki agiklamalara 1st1naden birlesik tahmincinin asimptotik risk agisindan
sabit etkiler ongoriisiinii domine edebilecegi ve teoremlerden elde edilen bir diger sonu¢ da orta ve biiyiik derecelerde i¢sellik ve
heterojenligin giiclii oldugu durumlarda tesadiifi etkiler ongoriisiine gére 6ngorii ortalama hata karesini azalttig1 belirtilmektedir
(Huang, 2019, s.34).

Vi, T+s,c = X; g, cBe +WW Q re + (1 =W)ii(rE) = Wi 145,RE + (1 = W) i Ts. FE
Ayrica drneklem ici 6ngorii tahminindeki iistiinliiglin 6rneklem dig1 6ngdriide de gecgerli olup olmadigint géormek amacryla

w. kosulunun bulundugu denklemde gosterilen agirliklandirma kullanilarak ; 7.5 e ve ¥; 745, re nin birlestirilmesiyle y; 74s.¢
tahminine yukaridaki sekilde ulagilabilmektedir.
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Veri Seti ve Bulgular

Calismada heterojen panel veri modeli olarak G20 iilkeleri 1990 — 2020 donemini kapsayan G20 iilkeleri (Arjantin, Avustralya,
Brezilya, Kanada, Cin, Avrupa Birligi, Fransa, Almanya, Hindistan, Endonezya, 1talya, Japonya, Meksika, Rusya, Suudi Arabistan,
Giiney Afrika, Tiirkiye, Amerika, Ingiltere) ele alinmakta iken, homojen panel veri modeli olarak da yine ayni zaman boyutu
kapsaminda 1990 — 2020 donemi ile G8 iilkeleri (Kanada, Fransa, Almanya, Italya, Japonya, Rusya, Amerika, Ingiltere) ele
alinmagtir.

Tablo 1. Degisken ve Tanimlart

Kisaltmalar Degisken Tanimlar1

CO2 CO2 Emisyonu (Kisi Bagina Metrik Ton)
GDP Kisi Bagina GSYIH (Cari ABD Dolari)
GDP2 Kisi Basina GSYIH (Cari ABD Dolar1) karesi
GDP3 Kisi Bagina GSYIH (Cari ABD Dolar) kiipii

Kaynak: World Bank

Ongorii tahmini 6ncesindeki asamalar arasinda oncelikle degiskenler igin birim kok analizi yapilarak degiskenlerin duraganlik
mertebeleri belirlenmektedir. Ayrica panel veri modellerinin homojenlik analizi da yapilmaktadir. Ardindan 6rneklem dis1 6ngorii
icin tiim 6rneklem icerisinden 1 ve 3 donem kestirimleri yapilarak model tahminleri gergeklestirilmektedir. Son olarak ise tahmin
edilen modellerden ongoriiler gerceklestirilerek bu ongoriilerin performans kriterleri ile karsilagtiriimasi yapilmaktadir. Caligmada
heterojen ve homojen panel veri yapilarinin 6ngorii performanslarini ayri olarak ele almak icin iki farkli panel veri birim grubu
kullanilmustir. Oncelikle G20 iilke grubu ile yapilan analize ve sonuglarina yer verilmistir.

Tablo 2. G20 HAC Robust Homojenlik Test Sonucu

Delta Olasilik Degeri
11.875 0.000*
Adj. 12.966 0.000%*

HAC Kernel: Bartlett

G20 iilke grubu i¢in yapilan homojenlik testi sonucuna gére HAC test istastikleri olasilik degerleri %35 ten kiigiik oldugu i¢in
egim katsayilarinin homojen oldugunu varsayan sifir hipotezi reddedilmektedir ve egim katsayilarinin heterojen oldugu belirtilen
alternatif hipotez kabul edilmektedir.

G20 panel grubu i¢in model tahminlerine gegcmeden 6nce modelde kullanilan degigkenlerin duraganlik seviyeleri incelenmek-
tedir. Her iki modelde yer alan tiim deg8iskenler icin oncelikle yatay kesit bagimlilik testi analizi yapilmaktadir ve ardindan tiim
degiskenlerde yatay kesit bagimlilik s6z konusu oldugu icin panel ikinci nesil birim kok testi uygulanmaktadir.

Tablo 3. G20 Birim Kok Test Sonucu

t-bar Z[t-bar] Olasihk Karar
Degeri
CO2 -1.365 1.878 0.970 1(0) diizeyde duragan
degil
GDP -2.611 -3.899 0.001* 1(0) diizeyde duragan
GDP2 -2.582 -3.766 0.001* 1(0) diizeyde duragan
GDP3 -2.545 -3.595 0.001* 1(0) diizeyde duragan
ACO2 -3.250 -6.742 0.001* 1(1) diizeyde duragan

*;0.05’te anlamlilig1 gostermektedir.
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Pesaran test sonuclar1 incelendiginde CO2 serisi icin test istatistigi olasilik degerleri %35 ten kiiciik oldugu i¢in Hp reddedilmek-
tedir ve diizeyde duragan olmadig1 sonucuna ulagilmaktadir. Serinin birinci farki alinmistir ve tekrar test uygulandiginda 1. farkta
duragan oldugu tespit edilmektedir. GDP, GDP2 ve GDP?3 serilerinin test istatistigi olasilik degerleri %5’ten biiyiik oldugu icin
duraganligi ifade eden Hy reddedilememektedir ve serilerin diizeyde duragan oldugu goriilmektedir.

Degiskenlerin duragan halleri ile sabit etkiler ve tesadiifi etkiler panel veri modelleri tahmin edilmektedir ve agsagidaki tabloda

model tahmin sonuglarina yer verilmektedir.

Tablo 4. G20 Sabit Etkiler Model Tahmini (1990 —2019)

ACO2 Katsayilar Std. Hata t test P>|t|

GDP -2.9985 1.207 -2.48 0.013*
GDP2 0.3986 0.142 2.79 0.005*
GDP3 -0.0172 0.005 -3.12 0.002*
Sabit 7.3680 3.345 2.20 0.028*

*; 0.05°te anlamlilig1 gostermektedir.

G20 panel veri grubu i¢in 1 yillik donem kestirimi yapilarak 1990 — 2019 donemleri arasi sabit etkiler panel veri model tahmini

gerceklestirilmigtir.

Tablo 5. G20 Sabit Etkiler Model Tahmini (1990 —2017)

ACO2 Katsayilar Std. Hata t test P>|t|
GDP -3.0912 1.243 -2.49 0.013*
GDP2 0.4067 0.147 2.77 0.006*
GDP3 -0.0173 0.005 -3.05 0.002*
Sabit 7.6549 3.439 223 0.027*

*;0.05’te anlamlilig1 gostermektedir.

G20 panel veri grubu i¢in 3 yillik donem kestirimi yapilarak 1990 — 2017 donemleri arasi sabit etkiler panel veri model tahmini

gerceklestirilmigtir.

Tablo 6. G20 Tesadiifi Etkiler Model Tahmini (1990 — 2019)

ACO2 Katsayilar Std. Hata t test P>|t|

GDP -3.0580 1.143 -2.67 0.007*
GDP2 0.3942 0.135 2.92 0.004*
GDP3 -0.0166 0.005 -3.17 0.002*
Sabit 7.7937 3.169 2.46 0.014*

*;0.05’te anlamlilig1 gostermektedir.

G20 panel veri grubu icin 1 yillik donem kestirimi yapilarak 1990 — 2019 donemleri arasi tesadiifi etkiler panel veri model
tahmini gerceklestirilmigtir.
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Tablo 7. G20 Tesadiifi Etkiler Model Tahmini (1990 — 2017)

ACO2 Katsayilar Std. Hata t test P>|t|
GDP -3.1773 1.182 -2.69 0.007*
GDP2 0.4090 0.140 2.92 0.004*
GDP3 -0.0172 0.005 -3.16 0.002*
Sabit 8.0966 3.273 2.47 0.013*

*;0.05’te anlamlilig1 gostermektedir.

G20 panel veri grubu i¢in 3 yillik donem kestirimi yapilarak 1990 — 2017 donemleri arasi tesadiifi etkiler panel veri model
tahmini gergeklestirilmistir. Orneklem dig1 ongorii yapabilmek i¢in 1990 — 2020 dénem boyutundan 1 yil ve 3 yil ileri ngorii
tahmini yapabilmek i¢in sirasiyla 1990 — 2019 donemleri ve 1990 — 2017 donemleri i¢in sabit etkiler ve tesadiifi etkiler panel veri
modelleri tahmin edilmektedir. G20 iilke grubuna ait panel veri modelinde yer alan degiskenlerin i¢selligini analiz etmek amaciyla
Durbin-Wu-Hausman igsellik testi yapilmaktadir.

Tablo 8. G20 Igsellik Test Sonucu (1990 —2019)

Test Istatistigi Olasilik Degeri
Durbin (Score) x3 4.2443 0.039*
Wu-Hausman 4.2296 0.040*

F(1,507)

*; 0.05’te anlamlilig1 gostermektedir.

G20 panel veri modeli 1990 — 2019 dénem modeli i¢in i¢sellik testi sonucuna gore test istatistigi olasilik degeri %35’ ten kiiciik
oldugu i¢in Hy hipotezi reddedilmektedir ve degiskenler i¢in i¢sellik bulundugu tespit edilmektedir.

Tablo 9. G20 igsellik Test Sonucu (1990 — 2017)

Test Istatistigi Olasihk Degeri
Durbin (Score) x3 3.9147 0.047*
Wu-Hausman 3.8974 0.048*

F(1,469)

*.0.05°te anlamliligi gostermektedir.

G20 panel veri modeli 1990 — 2017 dénem modeli i¢in i¢sellik testi sonucuna gore test istatistigi olasilik degeri %35 ten kiigiik
oldugu i¢in Hy hipotezi reddedilmektedir ve degiskenler icin i¢sellik bulundugu tespit edilmektedir. G20 i¢in ¢aligmanin en son
asamasi olan tahmincilere ait 6ngoriiler elde edilerek ortalama hata kare (MSE) ve kok ortalama hata kare (RMSE) kriterlerine
gore Ongorii performans sonuglari agagidaki tabloda yer almaktadir.

G20 iilke grubu panel veri tahmincileri ile yapilan 6ngoriiler degerlendirildiginde 1 yillik ve 3 yillik 6ngorii performanslarinda en
diisiik MSE ve RMSE ye sahip tahmincinin sabit etkiler tahmincisi oldugu goriilmektedir. Ikinci olarak ise sabit etkiler tahmincisini
birlesik 6ngorii takip etmektedir ve bu iic ongdrii tahmincileri acisindan en kotii performansa sahip olan tesadiifi etkiler tahmin
Ongoriisii yer almaktadir.

G20i¢in yapilan tiim analizler G8 iilke grubu i¢in de ayni1 sekilde uygulanmakta ve bulgularina sirasiyla agagida yer verilmektedir.
Oncelikle G8 iilke grubu icin homojenlik analizi yapilmustir.
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Tablo 10. G20 Ongorii Performanslarinin Kargilagtirilmasi

1 y1l ileri 6ngorii 3 yil ileri 6ngorii

Rank Tahminci MSE RMSE Tahminci MSE RMSE
1 FE 0.39417 0.62783 FE 0.1920501 0.4382352
2 Combined 0.39431 0.62794 Combined 0.1920507 0.4382359
3 RE 0.40427 0.63582 RE 0.1921896 0.4383943

3 yil ortalamasi

Rank Tahminci MSE RMSE

1 FE 0.271843 0.5149784
2 Combined 0.271913 0.5150386
3 RE 0.276546 0.5190347

Tablo 11. G8 HAC Robust Homojenlik Test Sonucu

Delta Olasilik Degeri
1.261 0.207
Adj. 1.377 0.169

HAC Kernel: Bartlett

G8 iilke grubu i¢in yapilan homojenlik testi sonucuna gore ise HAC test istastikleri olasilik degerleri %5’ten biiyiik oldugu icin
egim katsayilarinin homojen oldugunu varsayan sifir hipotezi reddedilememektedir ve homojen oldugu kabul edilmektedir.

Tablo 12. G8 Birim Kok Test Sonucu

t-bar Z[t-bar] Olasihk Karar
Degeri
CO2 -2.274 -1.487 0.068 1(0) diizeyde duragan degil
GDP -2.624 -2.539 0.006%* 1(0) diizeyde duragan
GDP2 -2.582 -3.766 0.001* 1(0) diizeyde duragan
GDP3 -2.545 -3.595 0.001* 1(0) diizeyde duragan
ACO2 -3.250 -6.742 0.001* 1(1) diizeyde duragan

*; 0.05’te anlamlilig1 gostermektedir.

G8 iilke grubu i¢in kullanilan serilerde Pesaran’in PESCADEF testi uygulandi§inda CO2 serisinin diizeyde duragan olmadigi, 1.
farkta duragan oldugu goriilmektedir. GDP, GDP2 ve GDP3 serileri incelendiginde ise diizeyde duragan oldugu tespit edilmektedir.

Degiskenlerin duragan halleri ile sabit etkiler ve tesadiifi etkiler panel veri modelleri tahmin edilmektedir ve agsagidaki tabloda
model tahmin sonuglarina yer verilmektedir.

G8 panel veri grubu i¢in 1 yillik donem kestirimi yapilarak 1990 — 2019 donemleri arasi sabit etkiler panel veri model tahmini
gerceklestirilmigtir.

G8 panel veri grubu icin 3 yillik donem kestirimi yapilarak 1990 — 2017 donemleri arasi sabit etkiler panel veri model tahmini
gerceklestirilmigtir.
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Tablo 13. G8 Sabit Etkiler Model Tahmini (1990 — 2019)

ACO2 Katsayilar Std. t test P>|t|
Hata
GDP -29.53 11.73 -2.52 0.013*
GDP2 3.276 1.265 2.59 0.010*
GDP3 -0.119 0.044 -2.66 0.008*
Sabit 87.48 35.76 2.45 0.015%*
*;0.05’te anlamlilig1 gostermektedir.
Tablo 14. G8 Sabit Etkiler Model Tahmini (1990 —2017)
ACO2 Katsayilar Std. t test P>|t|
Hata
GDP -31.52 12.20 -2.58 0.010*
GDP2 3.482 1.318 2.64 0.009*
GDP3 -0.126 0.046 -2.70 0.007*
Sabit 93.87 37.14 2.53 0.012*
*;0.05’te anlamlilig1 gostermektedir.
Tablo 15. G8 Tesadiifi Etkiler Model Tahmini (1990 — 2019)
ACO2 Katsayilar Std. t test P>t|
Hata

GDP -21.50 9.137 -2.35 0.019*
GDP2 2.400 0.980 245 0.014*
GDP3 -0.088 0.034 -2.54 0.011*
Sabit 63.42 28.13 2.25 0.024*

*;0.05’te anlamlilig1 gostermektedir.

G8 panel veri grubu icin 1 yillik donem kestirimi yapilarak 1990 — 2019 donemleri arasi tesadiifi etkiler panel veri model
tahmini gerceklestirilmigtir.

Tablo 16. G8 Tesadiifi Etkiler Model Tahmini (1990 — 2017)

ACO2 Katsayilar Std. t test P>|t|
Hata

GDP -26.20 9.653 -2.71 0.007*

GDP2 2.900 1.037 2.80 0.005*

GDP3 -0.105 0.036 -2.87 0.004*

Sabit 78.00 29.67 2.63 0.009*

*;0.05’te anlamlilif1 gostermektedir.
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G8 panel veri grubu icin 1 yillik dénem kestirimi yapilarak 1990 — 2017 donemleri arasi tesadiifi etkiler panel veri model
tahmini gerceklestirilmistir. Orneklem dig1 &ngérii yapabilmek igin 1990 — 2020 dénem boyutundan 1 yil ve 3 yil ileri ngérii
tahmini yapabilmek i¢in sirasiyla 1990 — 2019 donemleri ve 1990 — 2017 donemleri i¢in sabit etkiler ve tesadiifi etkiler panel veri
modelleri tahmin edilmektedir. G8 iilke grubuna ait panel veri modelinde yer alan degiskenlerin i¢selligini analiz etmek amaciyla
Durbin-Wu-Hausman igsellik testi yapilmaktadir.

Tablo 17. G8 Igsellik Test Sonucu (1990 —2019)

Test istatistigi Olasilik Degeri
Durbin (Score) x? 0.0881 0.766
Wu-Hausman F(1,210) 0.0857 0.770

*.0.05’te anlamlilig1 gostermektedir.

G8 panel veri modeli 1990 — 2019 donem modeli icin i¢sellik testi sonucuna gore test istatistigi olasilik degeri %5’ten biiyiik
oldugu icin degiskenlerin digsal oldugunu belirten Hy hipotezi reddedilememektedir.

Tablo 18. G8 Igsellik Test Sonucu (1990 — 2017)

Test Istatistigi Olasiik Degeri
Durbin (Score) x? 0.0218 0.882
Wu-Hausman F(1,194) 0.0212 0.884

*;.0.05°te anlamlilig1 gostermektedir.

G8 panel veri modeli 1990 — 2017 donem modeli i¢in icsellik testi sonucuna gore test istatistigi olasilik degeri %35 ten biiyiik
oldugu icin degiskenlerin digsal oldugunu belirten Hy hipotezi reddedilememektedir. G8 i¢in ¢aligmanin en son agamasi olan
tahmincilere ait ongoriiler elde edilerek MSE ve RMSE kriterlerine gore ongorii performans sonuclari agagidaki tabloda yer
almaktadir.

Tablo 19. G8 Ongoérii Performanslarinin Kargilagtirilmast

1 y1l ileri 6ngori 3 yil ileri 6ngorii
Rank Tahminci MSE RMSE Tahminci MSE RMSE
1 RE 0.56955 0.75468 RE 0.39103 0.62532
2 Combined 0.57717 0.75972 Combined 0.39459 0.62816
3 FE 0.57813 0.76035 FE 0.39839 0.62761

3 yil ortalamast

Rank Tahminci MSE RMSE
1 RE 0.43561 0.656148
2 Combined 0.43997 0.659315
3 FE 0.44143 0.659228

G8 iilke grubu panel veri tahmincileri ile yapilan ongoriiler degerlendirildiginde 1 yillik ve 3 yillik 6ngorii performanslarinda
en diisik MSE ve RMSE’ye sahip tahmincinin tesadiifi etkiler tahmincisi oldugu goriilmektedir. Tkinci olarak ise sabit etkiler
tahmincisini birlesik ongorii takip etmektedir ve bu {i¢ 6ngorii tahmincileri agisindan en kotii performansa sahip olan sabit etkiler
tahmin ongoriisii yer almaktadir.
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Calismanin analizinde, G20 ve G8 iilke gruplari i¢in ¢evresel kuznets egrisi panel veri modelleri i¢in kullanilan degiskenlerin
duraganlik analizleri yapilmistir. Ardindan G20 iilke grubuna ait modelin heterojen oldugu ve G8 iilke grubu panel veri modelinin
ise homojen oldugu tespit edilmistir. Ongérii tahmincileri olarak sabit etkiler tahmincisi, tesadiifi etkiler tahmincisi ve birlesik
tahminci ongoriileri kargilastirilmas: amaclandig i¢in bu tahminciler ile panel veri modelleri tahmin edilmis ve ardindan 1 yil ve
3 yillik 6rneklemde kestirimler yaparak orneklem dis1 6ngoriiler tahmin edilmigtir.

Hem G20 hem de G8 iilke grubu panel verileri i¢in grup ici sabit etkiler tahmincisi, genellestirilmis en kiigiik kareler tesadiifi
etkiler tahmincisi ve ardindan sabit etkiler ve tesadiifi etkiler tahmincilerinin kombinasyonu ile gelistirilen birlesik 6ngdrii i¢in
1 yillik (2020 yil1) ve 3 yillik (2018, 2019 ve 2020 y1l1) 6ngorii tahminleri gerceklestirilmistir. Bu dngoriiler ise MSE ve RMSE
performans kriterleri ile karsilagtirilmgtir.

Sonu¢

Calismada panel veri modelleri ile belirli tahmincilerin éngoriilerinin kargilastirilmast hedeflenmektedir. Ongérii tahmincileri
arasinda yer alan ve Bai Huang (2019) tarafindan gelistirilen birlesik 6ngorii tahmincisinin biiyiik 6rneklem boyutu i¢in heterojenlik
ve i¢sellik dereceleri agisindan sabit etkiler tahmincisi 6ngoriisiinden daha iyi performans sergiledigi belirtilirken orta ve kiigiik
orneklemlerde birlesik 6ngoriiniin tesadiifi etkiler tahmincisi 6ngoriilerine kiyasla daha diisiik MSE ve RMSE degerlerine sahip
oldugu ifade edilmektedir.

Oncelikle G20 paneli icin homojenlik testi yapildiginda heterojen panel veri modeli oldugu sonucuna ulagilmustir. Sabit etkiler
tahmincisinde dikkate alinan bir diger konu ise i¢sellik konusu olmaktadir. G20 paneli i¢in yapilan Durbin-Wu-Hausman igsellik
testi sonucuna gore i¢sellik oldugu yani, bagimsiz degigkenler ile hata teriminin korelasyonlu olduguna ulagilmistir. Bu igsellik
sorunu sabit etkiler tahmincisinde dikkate alindi§1 i¢in bu tahminci ile yapilan 6ngoriiniin de iyi oldugu sonucu elde edilebilmek-
tedir. Degerlendirilmesi gereken bir diger konu ise birlesik dngoriiniin tesadiifi etkiler ile yapilan ngoriiden daha iyi performans
gostermesidir. Birlesik 6ngorii i¢in yapilan monte carlo simiilasyonlar1 sonucunda orta ve kii¢iik 6rneklem boyutlarinda ve igsellik
varsayimi altinda tesadiifi etkiler tahmincisi 6ngoriisiine kiyasla daha diisiik RMSE degeri elde edildigi belirtilmistir. Bu ifadenin,
heterojen ve i¢sellik oldugu goriilen G20 panel veri modeli tahmin ve ardindan 6ngorii sonuglart kapsaminda tutarlt oldugu ve
tesadiifi etkiler tahmincisi 6ngoriisiinden daha iyi performansa sahip oldugunu gostermektedir.

G8 iilke gurubu panel veri modelinin ise homojen bir yapida oldugu ve yapilan Durbin-Wu-Hausman igsellik testi sonucu
digsallik varsayimini sagladigi goriilmektedir. Bu yap1 altinda digsallik olmasi da tesadiifi etkiler tahmincisi ile yapilan 6ngoriiniin
digerlerine kiyasla daha iyi performans sergilemesini tetiklemektedir. Burada dikkat edilmesi gereken sonug ise birlesik 6ngoriiniin
sabit etkiler tahmincisi ongoriisiinden daha iyi performansa sahip olmasidir. Bu ¢aligmada Onerilen yontem olan birlesik ongorii
yonteminin heterojenligin ve igselligin yiiksek oldugu durumda tesadiifi etkiler tahminci ile elde edilen 6ngoriiden daha iyi
performans gosterdigi ve homojen panel veri ve digsallik oldugu durumda ise tesadiifi etkiler tahmincisinin en iyi ngoriiye sahip
olmastyla birlikte, birlesik 6ngoriiniin sabit etkiler tahmincisinde daha iyi olduguna ulagilmaktadir.
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AMAC KAPSAM

EKOIST Journal of Econometrics and Statistics yilda iki kez olmak iizere, her 6 ayda bir yayinlanmaktadr.

Dergimiz 6l¢gme, tahmin, test, tahmin ve politika analizi konularin1 kapsayan, ekonomi ve ilgili konularda olmak iizere
yeni ekonometrik tekniklerin uygulanmast ile ilgili yiiksek kaliteli makaleler yayinlamay1 amag¢lamaktadir.

Ekonometrik tekniklerin dikkatli ve titiz bir sekilde uygulanmas: ile elde edilen sonuglarin uygun yorumlanmasi
tizerinde durulmaktadir.

Makalelerde ekonomik igerik iizerinde vurgu yapilmalidir.

EKOIST Journal of Econometrics and Statistics basta Ekonometri, istatistik ve Yoneylem Arastirmasi olmak iizere
yiiksek kaliteli arastirmalar yayinlamaktadir.

Uzmanlik alanlarina deginen, ulagilabilir teknikleri iceren ve diger arastirmacilar tarafindan kolayca tekrarlanabilen,
ekonomide yenilik¢i, niceliksel aragtirmalar i¢in bir ¢ikig saglamaktir.

Tiim gonderimler farkli hakemler tarafindan inceleme siirecine tabidir.
EKOIST Journal of Econometrics and Statistics 2005°ten bu yana alt1 ayda bir “hakemli dergi” olarak yaymlanmaktadur.
Derginin dili Ingilizce ve Tiirkgedir.

Cesitli ekonomik sorunlara uygulanabilir istatistiksel yontemleri tanitan katkilar amaclanir.

Yayin Politikas1

Dergi yayn etiginde en yiiksek standartlara baglidir ve Committee on Publication Ethics (COPE), Directory of Open
Access Journals (DOAJ), Open Access Scholarly Publishers Association (OASPA) ve World Association of Medical
Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser; Principles of Transparency and Best Prac-
tice in Scholarly Publishing baglig1 altinda ifade edilen ilkeler icin: https://publicationethics.org/resources/guidelines-
new/principles-transparency-and-best-practice-scholarly-publishing

Gonderilen makaleler derginin amag¢ ve kapsamina uygun olmalidir. Orijinal, yayinlanmamis ve bagka bir dergide
degerlendirme siirecinde olmayan, her bir yazar tarafindan icerigi ve gonderimi onaylanmig yazilar degerlendirmeye
kabul edilir.

Makale yaymlanmak iizere Dergiye gonderildikten sonra yazarlardan hi¢birinin ismi, tiim yazarlarin yazili izni olmadan
yazar listesinden silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirast degistirilemez.

Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek
yayin, telif haklar1 ihlali ve ¢ikar catismasinin gizlenmesi, etik dig1 davranislar olarak kabul edilir. Kabul edilen
etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olas1 kuraldisi,
uygunsuzluklar iceren makaleler de dahildir.

Intihal

On kontrolden gegirilen makaleler, iThenticate yazilimi kullamlarak intihal igin taramr. Intihal/kendi kendine intihal
tespit edilirse yazarlar bilgilendirilir. Editorler, gerekli olmasi halinde makaleyi degerlendirme ya da iiretim siirecinin
cesitli asamalarinda intihal kontroliine tabi tutabilirler. Yiiksek benzerlik oranlari, bir makalenin kabul edilmeden dnce
ve hatta kabul edildikten sonra reddedilmesine neden olabilir. Makalenin tiiriine bagli olarak, bunun oranin %15 veya
%20’den az olmas1 beklenir.

Cift Kor Hakemlik

Intihal kontroliinden sonra, uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun 6nemi ve
dergi kapsami ile uyumlulugu acisindan degerlendirilir. Editor, makalelerin adil bir sekilde ¢ift tarafl1 kor hakemlikten
gecmesini saglar ve makale bicimsel esaslara uygun ise, gelen yaziy1 yurti¢inden ve /veya yurtdisindan en az iki hakemin
degerlendirmesine sunar, hakemler gerek gordiigii takdirde yazida istenen degisiklikler yazarlar tarafindan yapildiktan

sonra yayinlanmasina onay Vverir.
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Acik Erisim Tlkesi

Dergi acik erisimlidir ve derginin tiim igcerigi okura ya da okurun dahil oldugu kuruma ticretsiz olarak sunulur. Okurlar,
ticari amac haricinde, yayinci ya da yazardan izin almadan dergi makalelerinin tam metnini okuyabilir, indirebilir,
kopyalayabilir, arayabilir ve link saglayabilir. Bu BOAI acik erisim tanimiyla uyumludur.

Derginin acik erisimli makaleleri Creative Commons Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) olarak
lisanshdir.

islemleme Ucreti

Derginin tiim giderleri Istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayimni ve makale siireglerinin
yiiriitiilmesi ticrete tabi degildir. Dergiye gonderilen ya da yayn icin kabul edilen makaleler i¢in islemleme {icreti ya
da gonderim iicreti alinmaz.

Telif Hakkinda

Yazarlar dergide yaymlanan ¢alismalarinin telif hakkina sahiptirler ve calismalar1 Creative Commons Atif-GayriTicari
4.0 Uluslararas1 (CC BY-NC 4.0) olarak lisanslidir. CC BY-NC 4.0 lisansi, eserin ticari kullanim diginda her boyut
ve formatta paylasilmasina, kopyalanmasina, ¢ogaltilmasina ve orijinal esere uygun sekilde atifta bulunmak kaydiyla
yeniden diizenleme, doniistiirme ve eserin iizerine inga etme dahil adapte edilmesine izin verir.

Diizeltme, Geri Cekme, Endise ifadesi

Editorler, yayinlanan makalede, bulgulari, yorumlar1 ve sonuglar etkilemeyen kiigiik hatalar tespit edilirse diizeltme
yayinlamay1 diisiinebilirler. Editorler, bulgular1 ve sonuglari gecersiz kilan biiyiik hatalar / ihlaller s6z konusu oldugunda,
makaleyi geri ¢cekmeyi diistinmelidir.

Yazarlar tarafindan aragtirma veya yayini kotiiye kullanmaya yonelik olasilik s6z konusu ise; bulgularin giivenilir
olmadigina ve yazarlarin kurumlarinin olayr sorusturmadigina dair kamtlar var veya olasi sorusturma haksiz veya
sonucsuz goriiniiyor ise, editorler endise ifadesi yayinlamay1 diistinmelidir. Diizeltme, geri cekme veya endige ifadesi
ile ilgili olarak COPE ve ICJME yonergeleri dikkate alinir.

Arsiv Politikasi

Dergide yayinlanan tiim yazilarin korunmasini ve kalici olarak erisilebilir olmasini saglamak i¢in makaleler, ulusal bir
arsiv sitesi olarak hizmet veren ve ayn1 zamanda LOCKSS’in icerigi toplamasina, korumasina ve sunmasina izin veren
Dergipark’ta saklanmaktadir.

Ek olarak, yazarlarin kendilerinin makalelerinin son PDF siirtimiinii Open Archives Initiative (https://www.openarchives.org/)
standartlarma uygun acik elektronik arsivlerde arsivlemeleri onerilir. Yazarlar, yayinladiklari arsiv versiyonundan, 1.U.
Yaymevinin dergi web sitesinin URL’sine baglant1 saglamalidir.

Hakem Degerlendirme Politikalar:

Daha o6nce yaymlanmamis ya da yaymlanmak {izere bagka bir dergide halen degerlendirmede olmayan ve her bir
yazar tarafindan onaylanan makaleler degerlendirilmek {izere kabul edilir. Gonderilen ve 6n kontrolii gecen makaleler
iThenticate yazilimi kullanilarak intihal icin taramr. Intihal kontroliinden sonra, uygun olan makaleler bas editor
tarafindan orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile uyumlulugu ag¢isindan degerlendirilir.

Secilen makaleler en az iki ulusal/uluslararasi hakeme ¢ift tarafli kor hakemlik ile degerlendirmeye gonderilir; yayin
karari, hakemlerin talepleri dogrultusunda yazarlarin gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda
bas editor tarafindan verilir.

Editor ve Hakem Sorumluluklar:

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirirler. Yayina gonderilen makalelerin adil bir sekilde cift tarafl1 kor hakem degerlendirmesin-
den gecmelerini saglar. Gonderilen makalelere iligskin tiim bilginin, makale yayinlanana kadar gizli kalacagini garanti

eder.
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Bas editor icerik ve yayinin toplam kalitesinden sorumludur. Gereginde hata sayfasi yayinlamali ya da diizeltme
yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigmasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemler, arastirma, yazarlar ve/veya arastirmaya fon saglayanlarla c¢ikar catigmasi icinde olmamalidir. Hakemler
degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmig yazilara iligskin tiim bilginin gizli
tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri doniis saglamas1 miimkiin goriin-
miiyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editdr hakemlere gozden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi durumlarda editoriin karariyla, ilgili
hakemlerin makaleye ait yorumlar1 ayn1 makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu siirecte
aydinlatilmasi saglanabilir.

Hakem Siireci

Bas Editor, makaleleri, yazarlarin etnik kékeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli kor hakem degerlendirmesinden
gecmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararasi hakeme degerlendirmeye gonderilir; yayin karari, hakemlerin talepleri
dogrultusunda yazarlarin gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bag editor tarafindan verilir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigmasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda hakemlerin asagidaki hususlar1 dikkate alarak
degerlendirmelerini yapmalar1 beklenir.

e Makale yeni ve dnemli bir bilgi iceriyor mu?

o Oz, makalenin icerigini net ve diizgiin bir sekilde tanimliyor mu?

Yontem biitiinliiklii ve anlagilir sekilde tanimlanmig mi1?

Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

Alandaki diger calismalara yeterli referans verilmig mi?

o Dil kalitesi yeterli mi?

Hakemler, gonderilen makalelere iliskin tiim bilginin, makale yayinlanana kadar gizli kalmasin1 saglamali ve yazar
tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasiflt hissetmiyor ya da zamaninda geri doniis saglamasi miimkiin goriin-
miiyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gozden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir.
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YAYIN ETIiGi VE iLKELER

EKOIST Journal of Econometrics and Statistics, yayin etiginde en yiiksek standartlara baglidir ve Committee on Pub-
lication Ethics (COPE), Directory of Open Access Journals (DOAJ), Open Access Scholarly Publishers Association
(OASPA) ve World Association of Medical Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser;
Principles of Transparency and Best Practice in Scholarly Publishing baglig1 altinda ifade edilen ilkeler i¢in adres:
https://publicationethics.org/resources/ guidelines-new/principles-transparency-and-best-practice-scholarly-publishing

Gonderilen tiim makaleler orijinal, yayimnlanmamis ve basgka bir dergide degerlendirme siirecinde olmamalidir. Her bir
makale editorlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden gegirilir. Intihal, duplikasyon, sahte
yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklar ihlali ve
cikar catigmasinin gizlenmesi, etik dis1 davraniglar olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olasi
kuraldisi, uygunsuzluklar iceren makaleler de dahildir.

Arastirma Etigi

Dergi arastirma etiginde en yiiksek standartlar1 gozetir ve asagida tanimlanan uluslararasi arastirma etigi ilkelerini
benimser. Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

e Aragtirmanin tasarlanmasi, tasarimin gozden gecirilmesi ve arastirmanin yiiriitiilmesinde, biitiinliik, kalite ve
seffaflik ilkeleri saglanmalidir.

e Aragtirma ekibi ve katilimcilar, arastirmanin amaci, yontemleri ve ongoriilen olasi kullanimlari; arastirmaya
katilimin gerektirdikleri ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

o Arastirma katilimcilarinin sagladigi bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir. Arastirma katilim-
cilarin 6zerkligini ve sayginligini koruyacak sekilde tasarlanmalidir.

e Arastirma katilimcilar1 goniillii olarak arastirmada yer almali, herhangi bir zorlama altinda olmamalidirlar.
e Katilimcilarin zarar gormesinden kaginilmalidir. Arastirma, katilimcilari riske sokmayacak sekilde planlanmalidir.
e Aragtirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar ¢atismasi varsa belirtilmelidir.

e Deneysel caligmalarda, arastirmaya katilmaya karar veren katilimcilarin yazili bilgilendirilmis onay1 alinmalidir.
Cocuklarin ve vesayet altindakilerin veya tasdiklenmig akil hastalig1 bulunanlarin yasal vasisinin onay1 alinmalidir.

e (Calisma herhangi bir kurum ya da kurulusta gerceklestirilecekse bu kurum ya da kurulustan ¢alisma yapilacagina
dair onay alinmalidir.

e insan 6gesi bulunan c¢alismalarda, “yontem” boliimiinde katilimcilardan “bilgilendirilmis onam” alindiginin ve
caligmanin yapildigi kurumdan etik kurul onay1 alindig1 belirtilmesi gerekir.

Yazarlarm Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal oldugu, daha
once bagka bir yerde yayinlanmadi81 ve bagka bir yerde, baska bir dilde yayinlanmak iizere degerlendirmede olmadigi
konusunda teminat saglamalidir. Uygulamadaki telif kanunlar ve anlagmalar1 gozetilmelidir. Telife bagli materyaller
(6rnegin tablolar, sekiller veya biiyiik alintilar) gerekli izin ve tesekkiirle kullanilmalidir. Bagka yazarlarin, katkida
bulunanlarin ¢aligmalar1 ya da yararlanilan kaynaklar uygun bicimde kullanilmali ve referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkisi olmalidir, bu baglamda “yazar”
yayinlanan bir arastirmanin kavramsallagtirilmasina ve dizaynina, verilerin elde edilmesine, analizine ya da yorumlan-
masina belirgin katki yapan, yazinin yazilmasi ya da bunun icerik acisindan elestirel bicimde gozden gegirilmesinde
gorev yapan birisi olarak goriiliir. Yazar olabilmenin diger kosullar1 ise, makaledeki calismay1 planlamak veya icra et-
mek ve / veya revize etmektir. Fon saglanmasi, veri toplanmasi ya da arastirma grubunun genel siipervizyonu tek bagina
yazarlik hakki kazandirmaz. Yazar olarak gosterilen tiim bireyler sayilan tiim olgiitleri karsilamalidir ve yukaridaki
oOlciitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin isim siralamasi ortak verilen bir karar olmaldir.
Tiim yazarlar yazar siralamasini Telif Hakki Anlagsmasi Formu’nda imzali olarak belirtmek zorundadirlar.
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Yazarlik icin yeterli ol¢iitleri karsilamayan ancak galigmaya katkist olan tiim bireyler “tesekkiir / bilgiler” kisminda
siralanmalidir. Bunlara 6rnek olarak ise sadece teknik destek saglayan, yazima yardimci olan ya da sadece genel bir
destek saglayan, finansal ve materyal destegi sunan kisiler verilebilir.

Biitiin yazarlar, aragtirmanin sonuglarini ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan finansal iligkiler,
cikar catismasi ve ¢ikar rekabetini beyan etmelidirler. Bir yazar kendi yayinlanmig yazisinda belirgin bir hata ya da
yanliglik tespit ederse, bu yanligliklara iliskin diizeltme ya da geri cekme icin editor ile hemen temasa gecme ve igbirligi
yapma sorumlulugunu tagir.

Editor ve Hakem Sorumluluklar:

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, cinsel yoneliminden, uyrugundan, dini inancindan
ve siyasi felsefesinden bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli kor
hakem degerlendirmesinden ge¢melerini saglar. Gonderilen makalelere iligkin tiim bilginin, makale yayinlanana kadar
gizli kalacagini garanti eder. Bag editor icerik ve yayinin toplam kalitesinden sorumludur. Gereginde hata sayfasi
yayinlamali ya da diizeltme yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda c¢ikar ¢atigmasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve Dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yilikiimliidiir.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destek¢ileriyle ¢ikar catigmalari olmamalidir.
Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmis yazilara iligkin tiim bilginin gizli tu-
tulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editdre raporlamalidirlar.
Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri doniis saglamas1 miimkiin goriin-
miiyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gdzden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi durumlarda editoriin karariyla, ilgili
hakemlerin makaleye ait yorumlar1 ayn1 makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu siirecte
aydinlatilmasi saglanabilir.

YAZILARIN HAZIRLANMASI
Dil

Derginin yayin dili Tiirkce ve Ingilizce’dir.

Yazilarin Hazirlanmasi ve Gonderimi

Aksi belirtilmedikge gonderilen yazilarla ilgili tiim yazigmalar ilk yazarla yapilacaktir. Makale gonderimi online olarak
ve http://ekoist.istanbul.edu.tr iizerinden yapilmalidir. Gonderilen yazilar, yazinin yayinlanmak {izere gonderildigini
ifade eden, makale tiiriinii belirten ve makaleyle ilgili bilgileri iceren (bkz: Son Kontrol Listesi) bir mektup; yazinin
elektronik formunu iceren Microsoft Word 2003 ve iizerindeki versiyonlari ile yazilmis elektronik dosya ve tiim
yazarlarin imzaladig1 Telif Hakki Anlagmast Formu eklenerek gonderilmelidir.

1. Calismalar, A4 boyutundaki kagidin bir yiiziine, {iist, alt, sag ve sol taraftan 2,5 cm. bogluk birakilarak, 12 punto
Times New Roman harf karakterleriyle ve 1,5 satir aralik ol¢iisii ile hazilarlanmalidir.
2. Caligmalar 4500 - 8500 sozciik arasinda olmalr ve sayfa numaralar1 sayfanin altinda ve ortada yer almalidur.

3. Yazar/yazarlarin adlar1 ¢alisgmanin bagliginin hemen altinda saga bitisik sekilde verilmelidir. Ayrica yildiz dipnot
seklinde (*) yazarin unvani, kurumu ve e-posta adresi ve telefonu sayfanin en altinda dipnotta belirtilmelidir.

4. Dergimize gonderilen Tiirkce makalelerde Girig boliimiinden once 200-250 sozciik arasinda ¢aligmanin kapsamint,
amacini, ulasilan sonuglar1 ve kullanilan yontemi kaydeden Tiirkce ve Ingilizce 6z (abstract) ile Tiirkce makalelerde
600-800 kelime iceren Ingilizce genisletilmis 6zet yer almalidir. Ingilizce makalelerde ise, yalnizca Ingilizce 6z
(abstract) yer almahdir. Ingilizce ve Tiirkge 6zlerin altinda calismanin icerigini temsil eden 3-5 Ingilizce, 3-5 Tiirkge

anahtar kelime yer almalidur.
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5. Calismalarin baslica su unsurlar1 icermesi gerekmektedir: Baslik, Tiirkce 6z ve anahtar kelimeler; Ingilizce baslk,
Ingilizce 6z ve anahtar kelimeler; Ingilizce genisletilmis 6zet, ana metin béliimleri, son notlar ve kaynaklar.

6. Metin i¢i alintilama ve kaynak gosterme i¢in APA (American Psychological Association) kaynak sitilinin 6. versiy-
onu kullanilmalidir. APA 6 stili hakkinda bilgi i¢in; http://ekoist.istanbul.edu.tr/ tr/content/yazarlara-bilgi/kaynaklar
sayfasini ziyaret edebilir veya Yazarlara Bilgi’nin Kaynaklar baglig1 altinda ilgili agiklama ve ornekleri inceleye-
bilirsiniz.

7. Calismalarda tablo, grafik ve sekil gibi gostergeler ancak ¢alismanin takip edilebilmesi agisindan gereklilik arz ettigi
durumlarda, numaralandirilarak, tanimlayici bir baglik ile birlikte verilmelidir. Tablolara ait baglik {istte, Sekiller’e
ait baglik altta yer almalidir. Demografik 6zellikler gibi metin ig¢inde verilebilecek veriler, ayrica tablolar ile ifade
edilmemelidir.

8. Yaymlanmak iizere gonderilen makale ile birlikte yazar bilgilerini iceren kapak sayfast gonderilmelidir. Kapak say-
fasinda, makalenin basligi, yazar veya yazarlarin bagh bulunduklar1 kurum ve unvanlari, kendilerine ulagilabilecek
adresler, cep, is ve faks numaralari ve e-posta adresleri yer almalidir (bkz. Son Kontrol Listesi).

9. Kurallar dahilinde dergimize yayinlanmak iizere gonderilen caligmalarm her tiirlii sorumlulugu yazar/yazarlarina
aittir.

10. Dergi Yazi Kurulu ve hakem raporlar1 dogrultusunda yazarlardan, metin iizerinde bazi diizeltmeler yapmalari
istenebilir.

11. Yaymlanmasina karar verilen ¢alismalarin, yazar/yazarlarinin her birine dergi gonderilir.

12. Dergiye gonderilen ¢alismalar yayinlansin veya yayinlanmasin geri gonderilmez.

KAYNAKLAR

Derleme yazilar1 okuyucular icin bir konudaki kaynaklara ulagsmay1 kolaylastiran bir ara¢ olsa da, her zaman orijinal
calismay1 dogru olarak yansitmaz. Bu yiizden miimkiin oldugunca yazarlar orijinal calismalar1 kaynak gostermelidir. Ote
yandan, bir konuda ¢ok fazla sayida orijinal ¢calismanin kaynak gosterilmesi yer israfina neden olabilir. Birka¢ anahtar
orijinal ¢caligmanin kaynak gosterilmesi genelde uzun listelerle ayni isi goriir. Ayrica giiniimiizde kaynaklar elektronik
versiyonlara eklenebilmekte ve okuyucular elektronik literatiir taramalariyla yayinlara kolaylikla ulasabilmektedir.

Kabul edilmis ancak heniiz sayiya dahil edilmemis makaleler Early View olarak yayimlanir ve bu makalelere atiflar
“advance online publication” seklinde verilmelidir. Genel bir kaynaktan elde edilemeyecek temel bir konu olmadikg¢a
“kisisel iletisimlere” atifta bulunulmamalidir. Eger atifta bulunulursa parantez iginde iletisim kurulan kisinin adi ve
iletigimin tarihi belirtilmelidir. Bilimsel makaleler i¢cin yazarlar bu kaynaktan yazili izin ve iletisimin dogrulugunu
gosterir belge almalidir. Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar metinde belirtilmelidir.
Kaynaklar alfabetik olarak siralanmalidir.

Referans Stili ve Formati

EKOIST Ekonometri ve Istatistik Dergisi, metin i¢i alintilama ve kaynak gosterme icin APA (American Psychological
Association) kaynak sitilinin 6. edisyonunu benimser. APA 6. Edisyonu hakkinda bilgi icin:

e American Psychological Association. (2010). Publication manual of the American Psychological Association (6"
ed.). Washington, DC: APA.

e http://www.apastyle.org/

Metin icinde Kaynak Gosterme

Kaynaklar metinde parantez icinde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir. Birden fazla kaynak gos-
terilecekse kaynaklar arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak siralanmalidir.
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Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)
Tek yazarli kaynak;

(Akyolcu, 2007)

Iki yazarl kaynak;

(Saymer ve Demirci, 2007, s. 72)
Ug, dort ve bes yazarh kaynak;
Metin icinde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12-13) Metin i¢inde tekrarlayan kullanimlarda:
(Ailen ve ark., 2000)

Alti ve daha ¢ok yazarl kaynak;
(Cavdar ve ark., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tiim kaynaklar metnin sonunda ayr1 bir boliim halinde yazar soyadlarina gore alfabetik olarak numara-
landirilmadan verilmelidir.

Kaynak yazimu ile ilgili 6rnekler asagida verilmistir.
Kitap

a) Tiirkce Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danigmanlik Ltd.

b) Tiirkceye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: Iletisim Yaynlar1.

¢) Editorlii Kitap

Oren, T., Uney, T. ve Colkesen, R. (Ed.). (2006). Tiirkiye bilisim ansiklopedisi. Istanbul: Papatya Yayincilik.

d) Cok Yazarh Tiirkge Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme. Ankara: Total Biligim.
e) Ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) Ingilizce Kitap Icerisinde Boliim

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures
in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.

g) Tiirkce Kitap Icerisinde Boliim

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yonetimi ve liderlikteki onemi. M. Zencirkiran (Ed.),
Orgiit sosyolojisi kitabt i¢inde (s. 233-263). Bursa: Dora Basim Yayin.

h) Yayimcinin ve Yazarin Kurum Oldugu Yayin

Tiirk Standartlar1 Enstitiisi. (1974). Adlandirma ilkeleri. Ankara: Yazar.

Makale

a) Tiirkce Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrast yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma
girisimleri. Istanbul Universitesi Florence Nightingale Hemsgirelik Dergisi, 15(60), 179-182.

b) Ingilizce Makale

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society,
10(2), 149-173. http://dx.doi.org/10.1177/0957926599010002002
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¢) Yediden Fazla Yazarli Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. Heineman, T. C. (2015). Effi-
cacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372,2087-2096.
http://dx.doi.org/10.1056/NEJMoal1501184

d) DOI’si Olmayan Online Edinilmig Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi Boliimii tezlerinin atif analizi. Tiirk
Kiitiiphaneciligi, 26, 349-369. Erisim adresi: http://www.tk.org.tr/

e) DOI’si Olan Makale

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical
Services Quarterly, 27,261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Olarak Yayunlannmis Makale

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advanceonline publication.
http://dx.doi.org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanligin rayihasi. Sabit Fikir, 52, 38-39.

Tez, Sunum, Bildiri

a) Tiirkce Tezler

Sari, E. (2008). Kiiltiir kimlik ve politika: Mardin’de kiiltiirlerarasilik. (Doktora Tezi). Ankara Universitesi Sosyal
Bilimler Enstitiisii, Ankara.

b) Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available from Pro-
Quest Dissertations and Theses. (UMI No. 9943436)

¢) Kurumsal Veritabaminda Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cul-
tural practices in Ege University (Doctoral dissertation). Retrieved from: Retrieved from http://library.iyte.edu.tr/tr/hizli-
erisim/iyte-tez-portali

d) Web’de Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of
California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/ tonta/yayinlar/phd/ickapak.html

e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/Doktora Tezi

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representa-
tion, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10),
5428.

f) Sempozyum Katkist

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of
prodromal Alzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive
impairment, dementia, and mortality in adults with Down syndrome. Symposium conducted at American Psychological
Association meeting, Orlando, FL.

g) Online Olarak Erisilen Konferans Bildiri Ozeti

Cinar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde dijital araclar: Google sinif uygulamasi tizerine bir
degerlendirme [Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu Universitesi, Eskisehir. Erisim adresi:
http://ab2015.anadolu.edu.tr /index.php?menu=5&submenu=27

h) Diizenli Olarak Online Yayumlanan Bildiriler

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral
cortex. Proceedings of the National Academy of Sciences, 105,12593-12598. http:// dx.doi.org/10.1073/pnas.0805417105
i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu ve ark. (Ed.), Communications in Computer and Infor-
mation Science: Vol. 397. Worldwide Communalities and Challenges in Information Literacy Research and Practice
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icinde (s. 134—140). Cham, Isvicre: Springer. http://dx.doi.org/10.1007/978-3- 319-03919-0

Jj) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgec T. (2001, Haziran). Fen bilgisi ogretmen adaylarinn fen branglarina karst tutumlar
ile fen branglarindaki bagarilarinn iliskisi. X. Ulusal Egitim Bilimleri Kongresi’nde sunulan bildiri, Abant izzet Baysal
Universitesi, Bolu

Diger Kaynaklar

a) Gazete Yazist

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlari. Cumhuriyet, s. 13.

b) Online Gazete Yazist

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak icin tiiketiciyi bekliyor. Milliyet. Erigsim adresi: http://www.milliyet
c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.david
bordwell.net/blog/page/27/

d) Online Ansiklopedi/Sozliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi i¢inde. Erigim adresi: http://tr.wikipedia.org/wiki/Bilgi_mimarisi

Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.), The Stanford encyclopedia of philosophy.Retrieved from
http://plato.stanford.edu/entries/ethics-business/

e) Podcast

Radyo ODTU (Yapimci). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erisim adresi: http://www. radyoodtu.com.tr/
J) Bir Televizyon Dizisinden Tek Bir Boliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Yonetmen). (2012). Runaways [Televizyon dizisi
boliimii]. D. Shore (Bas yapimci), House M.D. icinde. New York, NY: Fox Broadcasting.

g) Miizik Kaydi

Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] icinde. Istanbul: Ak Miizik.
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SON KONTROL LiSTESI

Asagidaki listede eksik olmadigindan emin olun:

o Editore mektup
e Makalenin tiirii
e Baska bir dergiye gonderilmemis oldugu bilgisi
e Sponsor veya ticari bir firma ile iligkisi (varsa belirtiniz)
e Istatistik kontroliiniin yapildig1 (aragtirma makaleleri icin)
e Ingilizce yoniinden kontroliiniin yapildig:
e Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin gézden gecirildigi
e Kaynaklarin APA6’ya gore belirtildigi
o Telif Hakki Anlagmasi Formu
e Daha dnce basilmig ve telife bagli materyal (yazi-resim-tablo) kullanilmisg ise izin belgesi
o Kapak sayfasi
e Makalenin tiirii

Makalenin Tiirkce ve Ingilizce bashg:

Yazarlarin ismi soyadi, unvanlart ve bagh olduklari kurumlar (iiniversite ve fakiilte bilgisinden sonra sehir ve
iilke bilgisi de yer almalidir), e-posta adresleri

Sorumlu yazarin e-posta adresi, agik yazigsma adresi, is telefonu, GSM, faks nosu

Tiim yazarlarin ORCID’leri
e Makale ana metni
e Makalenin Tiirkge ve Ingilizce baghg1
e Ozetler: 200-250 kelime Tiirkge ve 200-250 kelime Ingilizce
e Anahtar Kelimeler: 3-5 adet Tiirkce ve 3-5 adet Ingilizce
e Makale Tiirkce ise, 600-800 kelime Ingilizce genisletilmis dzet (Extended Summary)
e Makale ana metin boliimleri
e Finansal destek (varsa belirtiniz)
e Cikar ¢atigsmasi (varsa belirtiniz)
e Tesekkiir (varsa belirtiniz)
o Kaynaklar
e Tablolar-Resimler, Sekiller (baslik, tanim ve alt yazilariyla)

Al0
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INFORMATION FOR AUTHORS

Aim and Scope
EKOIST Journal of Econometrics and Statistics is published twice a year, every 6 months.

Our journal aims to publish high quality articles on the application of new econometric techniques, including economics
and related topics, covering measurement, forecasting, testing, forecasting and policy analysis.

Appropriate interpretation of the results obtained by careful and rigorous application of econometric techniques is
emphasized.

Emphasis should be stressed on economic content in articles.

EKOIST Journal of Econometrics and Statistics publishes high quality research, mainly in the fields of Econometrics,
Statistics and operations research.

To provide an outlet for innovative, quantitative research in economics, which includes achievable techniques and can
be easily repeated by other researchers.

All submissions are subject to a double blind review process.

EKOIST Journal of Econometrics and Statistics has been published as a “peer-reviewed journal” every six months
since 2005.

The language of the journal is English and Turkish.

Contributions that introduce statistical methods that are applicable to a variety of economic problems are actively
encouraged.

Publication Policy

The journal is committed to upholding the highest standards of publication ethics and pays regard to Principles of
Transparency and Best Practice in Scholarly Publishing published by the Committee on Publication Ethics (COPE),
the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers Association (OASPA), and the
World Association of Medical Editors (WAME) on https://publicationethics.org/resources/guidelines-new/principles-
transparency-and-best-practice-scholarly-publishing

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance with the aim
and scope of the Journal. Only those manuscripts approved by every individual author and that were not published
before in or sent to another journal, are accepted for evaluation.

Changing the name of an author (omission, addition or order) in papers submitted to the Journal requires written
permission of all declared authors.

Plagiarism, duplication, fraud authorship/denied authorship, research/data fabrication, salami slicing/salami publica-
tion, breaching of copyrights, prevailing conflict of interest are unethical behaviors. All manuscripts not in accordance
with the accepted ethical standards will be removed from the publication. This also contains any possible malpractice
discovered after the publication.

Plagiarism

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. If plagiarism/self-
plagiarism will be found authors will be informed. Editors may resubmit manuscript for similarity check at any peer-
review or production stage if required. High similarity scores may lead to rejection of a manuscript before and even
after acceptance. Depending on the type of article and the percentage of similarity score taken from each article, the
overall similarity score is generally expected to be less than 15 or 20%.
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Double Blind Peer-Review

After plagiarism check, the eligible ones are evaluated by the editors-in-chief for their originality, methodology, the
importance of the subject covered and compliance with the journal scope. The editor provides a fair double-blind peer
review of the submitted articles and hands over the papers matching the formal rules to at least two national/international
referees for evaluation and gives green light for publication upon modification by the authors in accordance with the
referees’ claims.

Open Access Statement

The journal is an open access journal and all content is freely available without charge to the user or his/her institution.
Except for commercial purposes, users are allowed to read, download, copy, print, search, or link to the full texts of the
articles in this journal without asking prior permission from the publisher or the author. This is in accordance with the
BOALI definition of open access.

The open access articles in the journal are licensed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International (CC BY-NC 4.0) license.

Article Processing Charge

All expenses of the journal are covered by the Istanbul University. Processing and publication are free of charge with
the journal. There is no article processing charges or submission fees for any submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain the copyright to their work licensed under the Creative Commons Attribution-
NonCommercial 4.0 International license (CC BY-NC 4.0) (https:// creativecommons.org/licenses/by-nc/4.0/) and grant
the Publisher non-exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted, non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Correction, Retraction, Expression of Concern

Editor should consider publishing correction if minor errors that do not effect the results, interpretations and conclusions
of the published paper are detected. Editor should consider retraction if major errors and/or misconduction that invalidate
results and conclusions are detected.

Editor should consider issuing an expression of concern if there is evidence of research or publication misconduct by
the authors; there is evidence that the findings are not reliable and institutions of the authors do not investigate the case
or the possible investigation seems to be unfair or nonconclusive.

The guidelines of COPE and ICJME are taken into consideration regarding correction, retractions or expression of
concern.

Archiving Policy

To guarantee that all papers published in the journal are maintained and permanently accessible, articles are stored in
Dergipark which serves as a national archival web site and at the same time permits LOCKSS to collect, preserve, and
serve the content.

Additionally, authors are encouraged to self-archive the final PDF version of their articles in open electronic archives
with that conform to standards of Open Archives Initiative (https://www.openarchives.org/). Authors should provide a
link from the deposited version to the URL of IUPress journal website.

Peer Review Policies

Only those manuscripts approved by its every individual author and that were not published before in or sent to another
journal, are accepted for evaluation.
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Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by editor-in-chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope.

The editor hands over the papers matching the formal rules to at least two national/international referees for double-blind
peer review evaluation and gives green light for publication upon modification by the authors in accordance with the
referees’ claims.

Responsibility for the Editor and Reviewers

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual ori-
entation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the full
authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees
must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to clarify
a particular point.

Peer Review Process

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope. Editor-in-Chief evaluates manuscripts for their scientific
content without regard to ethnic origin, gender, sexual orientation, citizenship, religious belief or political philosophy
of the authors and ensures a fair double-blind peer review of the selected manuscripts.

The selected manuscripts are sent to at least two national/international external referees for evaluation and publication
decision is given by Editor-in-Chief upon modification by the authors in accordance with the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is responsible
for final decision for publication of the manuscripts in the Journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected while conducting
the review.

e Does the manuscript contain new and significant information?

e Does the abstract clearly and accurately describe the content of the manuscript?

e [s the problem significant and concisely stated?

o Are the methods described comprehensively?

o Are the interpretations and consclusions justified by the results?

o [s adequate references made to other Works in the field?

o [s the language acceptable?
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Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees is
important.

Publication Ethics and Malpractice Statement

EKOIST Journal of Econometrics and Statistics is committed to upholding the highest standards of publication ethics and
pays regard to Principles of Transparency and Best Practice in Scholarly Publishing published by the Committee on Pub-
lication Ethics (COPE), the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers Associa-
tion (OASPA), and the World Association of Medical Editors (WAME) on https://publicationethics.org/resources/guidelines-
new/ principles-transparency-and-best-practice-scholarly-publishing

All parties involved in the publishing process (Editors, Reviewers, Authors and Publishers) are expected to agree on
the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not under
the review of any other publication synchronously. Each manuscript is reviewed by one of the editors and at least
two referees under double-blind peer review process. Plagiarism, duplication, fraud authorship/denied authorship,
research/data fabrication, salami slicing/salami publication, breaching of copyrights, prevailing conflict of interest are
unnethical behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the publication. This also
contains any possible malpractice discovered after the publication. In accordance with the code of conduct we will
report any cases of suspected plagiarism or duplicate publishing.

Research Ethics
The journal adheres to the highest standards in research ethics and follows the principles of international research ethics

as defined below. The authors are responsible for the compliance of the manuscripts with the ethical rules.

e Principles of integrity, quality and transparency should be sustained in designing the research, reviewing the design
and conducting the research.

o The research team and participants should be fully informed about the aim, methods, possible uses and requirements
of the research and risks of participation in research.

o The confidentiality of the information provided by the research participants and the confidentiality of the respondents
should be ensured. The research should be designed to protect the autonomy and dignity of the participants.

e Research participants should participate in the research voluntarily, not under any coercion.

e Any possible harm to participants must be avoided. The research should be planned in such a way that the
participants are not at risk.

o The independence of research must be clear; and any conflict of interest or must be disclosed.

o In experimental studies with human subjects, written informed consent of the participants who decide to participate
in the research must be obtained. In the case of children and those under wardship or with confirmed insanity, legal
custodian’s assent must be obtained.

o If the study is to be carried out in any institution or organization, approval must be obtained from this institution
or organization.

o In studies with human subject, it must be noted in the method’s section of the manuscript that the informed consent
of the participants and ethics committee approval from the institution where the study has been conducted have
been obtained.
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Author Responsibilities

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical standards and rules.
And authors must ensure that submitted work is original. They must certify that the manuscript has not previously
been published elsewhere or is not currently being considered for publication elsewhere, in any language. Applicable
copyright laws and conventions must be followed. Copyright material (e.g. tables, figures or extensive quotations)
must be reproduced only with appropriate permission and acknowledgement. Any work or words of other authors,
contributors, or sources must be appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the manuscript. The
author(s) of the original research articles is defined as a person who is significantly involved in “conceptualization and
design of the study”, “collecting the data”, “analyzing the data”, “writing the manuscript”, “reviewing the manuscript
with a critical perspective” and “planning/conducting the study of the manuscript and/or revising it”. Fund raising,
data collection or supervision of the research group are not sufficient roles to be accepted as an author. The author(s)
must meet all these criteria described above. The order of names in the author list of an article must be a co-decision
and it must be indicated in the Copyright Agreement Form. The individuals who do not meet the authorship criteria
but contributed to the study must take place in the acknowledgement section. Individuals providing technical support,
assisting writing, providing a general support, providing material or financial support are examples to be indicated in

acknowledgement section.

All authors must disclose all issues concerning financial relationship, conflict of interest, and competing interest that
may potentially influence the results of the research or scientific judgment.

When an author discovers a significant error or inaccuracy in his/her own published paper, it is the author’s obligation
to promptly cooperate with the Editor to provide retractions or corrections of mistakes.

Responsibility for the Editor and Reviewers

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual ori-
entation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the full
authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees
must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to clarify
a particular point.
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MANUSCRIPT SUBMISSION GUIDE
Language

The language of the journal is both Turkish and English.

Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript is to be submitted
online via http://ekoist.istanbul.edu.tr and it must be accompanied by a cover letter indicating that the manuscript is
intended for publication, specifying the article category (i.e. research article, review etc.) and including information
about the manuscript (see the Submission Checklist). Manuscripts should be prepared in Microsoft Word 2003 and
upper versions. In addition, Copyright Agreement Form that has to be signed by all authors must be submitted.

1. The manuscripts should be in A4 paper standards: having 2.5 cm margins from right, left, bottom and top, Times
New Roman font style in 12 font size and line spacing of 1.5.

2. The manuscripts should contain between 4500 and 8500 words and the page numbers must be at the bottom and in
the middle.

3. The name(s) of author(s) should be given just beneath the title of the study aligned to the right. Also the affiliation,
title, e-mail and phone of the author(s) must be indicated on the bottom of the page as a footnote marked with an
asterisk ().

4. Submitted manuscripts in Turkish must have before the introduction section, the abstract both in Turkish and English,
between 200 and 250 words and an extended abstract in English between 600-800 words, summarizing the scope,
the purpose, the results of the study and the methodology used. Underneath the abstracts, 3 to 5 keywords that
inform the reader about the content of the study should be specified in Turkish and in English. If the manuscript is
written in English, it must include an abstract only in English.

5. The manuscripts should contain mainly these components: title, abstract and keywords; extended abstract, body text
with sections, footnotes and references.

6. The 6" version of the APA (American Psychological Association) reference style should be used for in-text citation
and references list. For information and samples on the APA 6 style please refer to http://ekoist.istanbul.edu.tr/en/content
/information-for-authors/references and/or REFERENCES section in the Information for Authors.

7. Tables, graphs and figures can be given with a number and a defining title if and only if it is necessary to follow
the idea of the article. the article. The title of table should be placed above the table; caption of figure should be
placed beneath the figure. Features like demographic characteristics that can be given within the text should not be
indicated as tables separately.

8. Atitle page including author information must be submitted together with the manuscript. The title page is to include
fully descriptive title of the manuscript and, affiliation, title, e-mail address, postal address, phone and fax number
of the author(s) (see The Submission Checklist).

9. Authors are responsible for all statements made in their work submitted to the Journal for publication.
10. The author(s) can be asked to make some changes in their articles due to peer reviews.
11. A copy of the journal will be sent to each author of the accepted articles upon their request.

12. The manuscripts that were submitted to the journal will not be returned whether they are published or not.

REFERENCES

Although references to review articles can be an efficient way to guide readers to a body of literature, review articles
do not always reflect original work accurately. Readers should therefore be provided with direct references to original
research sources whenever possible. On the other hand, extensive lists of references to original work on a topic can
use excessive space on the printed page. Small numbers of references to key original papers often serve as well as
more exhaustive lists, particularly since references can now be added to the electronic version of published papers,
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and since electronic literature searching allows readers to retrieve published literature efficiently. Papers accepted but
not yet included in the issue are published online in the Early View section and they should be cited as “advance
online publication”. Citing a “personal communication” should be avoided unless it provides essential information not
available from a public source, in which case the name of the person and date of communication should be cited in
parentheses in the text. For scientific articles, written permission and confirmation of accuracy from the source of a
personal communication must be obtained.

Reference Style and Format

EKOIST: Journal of Econometrics and Statistics complies with APA (American Psychological Association) style 6"
Edition for referencing and quoting. For more information:

e - American Psychological Association. (2010). Publication manual of the American Psychological Association
(6" ed.). Washington, DC: APA.

e http://www.apastyle.org

Citations in the Text
Citations must be indicated with the author surname and publication year within the parenthesis.

If more than one citation is made within the same paranthesis, separate them with (;).
Samples:

More than one citation;

(Esin, et al., 2002; Karasar, 1995)

Citation with one author;

(Akyolcu, 2007)

Citation with two authors;

(Saymer & Demirci, 2007)

Citation with three, four, five authors;

First citation in the text: (Ailen, Ciambrune, & Welch, 2000) Subsequent citations in the text: (Ailen, et al., 2000)
Citations with more than six authors;

(Cavdar, et al., 2003)

Citations in the Reference

All the citations done in the text should be listed in the References section in alphabetical order of author surname
without numbering. Below given examples should be considered in citing the references.

Basic Reference Types
Book

a) Turkish Book

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8'" ed.) [Preparing research reports]. Ankara, Turkey: 3A Egitim
Danigmanlik Ltd.

b) Book Translated into Turkish

Mucchielli, A. (1991). Zihniyetler [Mindsets] (A. Kotil, Trans.). Istanbul, Turkey: iletisim Yayinlar1.

¢) Edited Book

Oren, T., Uney, T., & Colkesen, R. (Eds.). (2006). Tiirkiye biligim ansiklopedisi [ Turkish Encyclopedia of Informatics].
Istanbul, Turkey: Papatya Yayincilik.
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d) Turkish Book with Multiple Authors

Tonta, Y., Bitirim, Y., & Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme [Performance eval-
uation in Turkish search engines]. Ankara, Turkey: Total Bilisim.

e) Book in English

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) Chapter in an Edited Book

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures
in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.

g) Chapter in an Edited Book in Turkish

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yonetimi ve liderlikteki 6nemi [Organization culture:
Its functions, elements and importance in leadership and business management]. In M. Zencirkiran (Ed.), Orgiit sosy-
olojisi [Organization sociology] (pp. 233-263). Bursa, Turkey: Dora Basim Yayin.

h) Book with the same organization as author and publisher

American Psychological Association. (2009). Publication manual of the American psychological association (6" ed.).
Washington, DC: Author.

Article

a) Turkish Article

Mutlu, B., & Savaser, S. (2007). Cocugu ameliyat sonras1 yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma
girigsimleri [Source and intervention reduction of stress for parents whose children are in intensive care unit after
surgery]. Istanbul University Florence Nightingale Journal of Nursing, 15(60), 179-182.

b) English Article

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society,
10(2), 149-173. http://dx.doi.org/10.1177/0957926599010002002

¢) Journal Article with DOI and More Than Seven Authors

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. Heineman, T. C. (2015). Effi-
cacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372,2087-2096.
http://dx.doi.org/10.1056/NEJMoal1501184

d) Journal Article from Web, without DOI

Sidani, S. (2003). Enhancing the evaluation of nursing care effectiveness. Canadian Journal of Nursing Research,
35(3), 26-38. Retrieved from http://cjnr.mcgill.ca

e) Journal Article wih DOI

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical
Services Quarterly, 27,261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Publication

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online publication.
http://dx.doi.org/10.1037/a45d7867

g) Article in a Magazine

Henry, W. A., IIL. (1990, April 9). Making the grade in today’s schools. Time, 135, 28-31.

Doctoral Dissertation, Master’s Thesis, Presentation, Proceeding

a) Dissertation/Thesis from a Commercial Database

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation).Available from ProQuest
Dissertations and Theses database. (UMI No. 9943436)

b) Dissertation/Thesis from an Institutional Database

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cul-
tural practices in Ege University (Doctoral dissertation). Retrieved from Retrieved from: http://library.iyte.edu.tr/tr/hizli-
erisim/iyte-tez-portali
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¢) Dissertation/Thesis from Web

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of
California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/ tonta/yayinlar /phd/ ickapak.html

d) Dissertation/Thesis abstracted in Dissertations Abstracts International

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representa-
tion, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10),
5428.

e) Symposium Contribution

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of
prodromalAlzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive
impairment, dementia, and mortality in adults with Down syndrome. Symposium conducted at the meeting of the
American Psychological Association, Orlando, FL.

f) Conference Paper Abstract Retrieved Online

Liu, S. (2005, May). Defending against business crises with the help of intelligent agent based early warning solutions.
Paper presented at the Seventh International Conference on Enterprise Information Systems, Miami, FL. Abstract
retrieved from http://www.iceis.org/iceis2005/abstracts_2005.htm

g) Conference Paper - In Regularly Published Proceedings and Retrieved Online

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral
cortex. Proceedings of the National Academy of Sciences, 105,12593-12598. http:// dx.doi.org/10.1073/pnas.0805417105
h) Proceeding in Book Form

Parsons, O. A., Pryzwansky, W. B., Weinstein, D. J., & Wiens, A. N. (1995). Taxonomy for psychology. In J. N. Reich,
H. Sands, & A. N. Wiens (Eds.), Education and training beyond the doctoral degree: Proceedings of the American
Psychological Association National Conference on Postdoctoral Education and Training in Psychology (pp. 45-50).
Washington, DC: American Psychological Association.

i) Paper Presentation

Nguyen, C. A. (2012, August). Humor and deception in advertising: When laughter may not be the best medicine.
Paper presented at the meeting of the American Psychological Association, Orlando, FL.

Other Sources

a) Newspaper Article

Browne, R. (2010, March 21). This brainless patient is no dummy. Sydney Morning Herald, 45.

b) Newspaper Article with no Author

New drug appears to sharply cut risk of death from heart failure. (1993, July 15). The Washington Post, p. A12.

c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.david
bordwell.net/blog/page/27/

d) Online Encyclopedia/Dictionary

Ignition. (1989). In Oxford English online dictionary (24 ed.). Retrieved from http://dictionary.oed.com

Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.). The Stanford encyclopedia of philosophy. Retrieved from
http://plato.stanford.edu/entries/ethics-business/

e) Podcast

Dunning, B. (Producer). (2011, January 12). in Fact: Conspiracy theories [Video podcast]. Retrieved from http://itunes.apple.
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