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EDITORDEN
Degerli okuyucular,

Istanbul Universitesi Iktisat Fakiiltesi Ekonometri Béliimii tarafindan yayimlanan dergimiz, hem
teorik hem de ampirik nicel yaklagimlari kullanarak hazirlanan makaleleri yayinlayan ulusal bir dergidir.
Ekonomik aragtirmalarda karsilagilan tanimlama, tahmin, test, karar ve tahmin konularini ele alan makaleler
dergimizin kapsami igerisindedir. EKOIST: Journal of Econometrics and Statistics Dergisi, literatiirde giincel
olarak ele alinan, ampirik Ekonomide ve Ekonometride dikkat ceken makalelerle ilgilenmektedir.

Dergimizin Haziran 2021 doneminde yayimlanan 34. sayisinda 5 makale yer almaktadir. Bu makalelerden
ilki, Prof. Dr. Selahattin GURIS tarafindan yazilan “Ekonometrik Okuryazarlik ve Ekonometri Egitimi”
baglikli ¢alismadir. Caligmada iktisadi, finansal ve ekonometrik okuryazarhik kavramlarina dikkat ¢ekmis,
literatiirde daha once bahsedilmeyen ekonometrik okuryazarligin kavramsal bir tartijmasini yapmistir.
Yazar, ekonometrik okuryazar olabilmek i¢in nelerin gerektirdigine dair bir gergeve olusturmaya galigmustir.
Ayrica ekonometrik okuryazar olmanin saglayacag katkilar iizerinde durulmustur.

Ikinci sirada ise “Istatistik Dersi Sinav Kaygis1 Uzerinde Etkili Olan Faktérlerin Incelenmesi: Universite
Ogrencilerine Yonelik Bir Aragtirma” baghikli Dog. Dr. Sema ULUTURK AKMAN tarafindan hazirlanan
makale yer almaktadir. Bu galiyjmada ekonometri lisans programinda 6grenim gérmekte olan 350 6grenci
ile gergeklestirilen anketler ile 6grencilerin istatistik dersine yonelik sinav kayg: diizeyleri tizerinde 6ncelikle
cinsiyet ve yas faktorlerinin etkili olup olmadig: belirlenmeye galisiimigtir.

Bu saymnin tiglincii makalesi ise, “Financial Performance Evaluation of Airline Companies with Fuzzy
AHP and Grey Relational Analysis Methods ” baglikli Enes Ellibes ve Dog. Dr. Gok¢e Candana ait makaledir.
Tiirkiye ve dort tilkede faaliyet gosteren havayolu sirketinin finansal performans: bulanik AHP ve gri iliskisel
analiz yontemleriyle ele alinmistur.

Aras. Gor. Siireyya IMRE tarafindan yazilan “ The Determinants Of Child Labor in MINT Countries:
Dynamic Panel Data Analysis” baglikli dordiincii makalede ise ¢ocuk is¢iligine neden olan faktérler dinamik
panel veri modelleri ile analiz edilmistir.

“Mathematical Study of the Verhulst and Gompertz Growth Functions and Their Contemporary
Applications” baglikli Cemil ISKENDER tarafindan yazilan son makale ise niifus ile ilgili analizinde lojistik
ve Gompertz biiyiime fonksiyonlarindan yararlanilmistir.

Bu sayida makaleleri ile destek veren yazarlarimiza, degerli vakitlerini makaleleri incelemeye ayirarak
hakemlik yapan degerli bilim insanlarina ve yayin kurulumuza ve emegi gegen herkese tesekkiirlerimi
sunarken, okuyuculara faydali olmasini diliyorum.

Prof. Dr. Burak GURIS
Bas Editor
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ARASTIRMA MAKALESi / RESEARCH ARTICLE

Ekonometrik Okuryazarlik ve Ekonometri Egitimi

Econometric Literacy and Econometrics Education
Selahattin Giiris"

Oz

Okuryazarlk dendiginde ilk olarak okuma ve yazma anlasiimaktadir. Okuryazarlk bir dil ile yazilan metinleri okuyabilme
ve okunan metinleri anlama yetenegidir. Okuryazarlik okuma-yazma anlami disinda bilimsel okuryazarlik anlaminda da
kullanilmaktadir. Bilimsel okuryazarlik bir yaklasimdir ve bu yaklasim gesitli konularda edilen bilgi ve becerilerin sosyal
ve ekonomik yasama katkida bulunacak sekilde 6grenilmesi ve kullaniimasini ifade etmektedir. Bilimsel okuryazarlk
yaklagimi ile ginliik hayatimizi, isimizi karar almamizi kolaylastirici bilgiler edinilmesi amaglanmaktadir.

Tum bilim ve bilim dallarinin okuryazarhgi olabilecegi gibi ekonometri bilim dalinin da okur yazarlig olabilir. Ekonometrik
okuryazarlik ekonometrinin nemini ve katkilarini arttirirken, ekonometriden yararlanmayi da zorunlu hale getirmektedir.
Bu sayede hatali uygulamalarin yapilmasi engellenirken daha dogru kararlar alinmasina da katki verilmis olacaktr.
Ekonometrik okuryazarlik kavrami literattire kazandirilirken, bu konu ile ilgili calismalar yapilmahdir.

Ekonometri iktisadi olaylarin ekonometrik yontemler ile analiz edilmesini saglar. Ekonometri dersleri farkl bélimlerde
ve farkli diizeylerde verilmektedir. iktisat maliye isletme gibi bélimlerde ve diger fakiiltelerin farkl bé&limlerinde
temel ekonometri dersleri verilmektedir. Bu 6grencilere farkli bir yaklasimla butiin temel ekonometrik yontemler
temel formiiller ile verilerek, ispatlardan ve asiri teorik agiklamalar yapmadan ekonometri 6gretebiliriz. Bu egitimi alan
ogrenciler ekonometrik aragtirmalar iceren raporlari gérdiiklerinde, bunlari inceleyerek degerlendirebilirler.

Anahtar Kelimeler
Ekonometrik okuryazarlik, Ekonometri egitimi, Ekonometrik yontemler

Abstract

When it comes to literacy, reading and writing are the first things that come to mind. Literacy is the ability to read
and understand a written language. The term is also used in scientific literacy, where it refers to the learning and use
of knowledge and skills in various disciplines to contribute to social and economic life. By utilizing a scientific literacy
approach, the aim is to obtain information that facilitates daily life and decision-making in business.

Literacy can be achieved in all scientific disciplines, including econometrics. While econometric literacy increases the
importance and contribution of econometrics, it also must benefit from econometrics. Thus, while preventing erroneous
practices, econometrics will also contribute to making correct decisions. Therefore, while introducing the concept of
econometric literacy regarding the existing literature, studies on this subject should be conducted.

Econometrics enables the analysis of economic events through econometric methods, making significant, indispensable
contributions. Basic econometrics courses are taught in economics, finance, business administration, and different
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departments of other faculties. We can teach econometrics to these students with a different approach,
providing all basic econometric methods and formulas without offering proofs or excessive theoretical
explanations. When students receiving this education see reports containing econometric research, they can
examine and evaluate the reports and apply their knowledge.

Keywords
Econometric literacy, Econometrics education, Econometric methods

Extended Summary

Econometrics enables the analysis of economic events through econometric
methods, making significant, indispensable contributions. Economic events can be
explained through econometric analyses or research, and projections can be made for
the future. Additionally, contributions can be made to states and the private sector at
macro and micro levels, guiding and improving decision-making.

To learn econometrics, one needs to understand mathematics, economics, and
statistics; these core subjects need to be learned, followed by econometric methods.
In addition, one should also understand computers and, if coding cannot be done, have
basic proficiency with package programs. With all these prerequisites, econometrics
courses in various social science disciplines, such as economics, finance, business,
and engineering, provide insufficient study hours necessary for understanding
advanced econometric analysis. For this reason, it may be considered to provide a
different approach to econometrics and provide more useful information to those not
directly related to econometrics; econometric literacy is one such approach.

For a person to be considered econometric literate, they must have relative
knowledge and skills. Econometric literate persons should be able to understand
applied econometric reports in line with their knowledge, examine the interpretations,
think about the accuracy and the appropriateness of the methods used, comprehend
the deficiencies and errors, think about and question the variables not included in the
research and the content of econometric research, and at least be aware of certain
computer package programs.

An econometric literate person should understand basic econometric issues,
methods, and models and have knowledge of econometrics curriculum subjects; the
person who knows all subjects well will be the econometrist. Topics can be explained
with simple, clear, and verbal examples as much as possible, and common practice
errors can be stated. For econometric literacy, issues can be addressed with very few
formulas without solving examples, which can be given based on predicted results.
Important computer package program outputs can be introduced through solved
examples.
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Econometrics courses are taught by different departments and at different levels.
Economics, mathematics, and computer courses are taught in the econometrics
departments before any actual econometrics courses are taught. Statistics courses are
introduced in the second semester, after introducing mathematics, which completes
the first of the four-year education. Various other econometrics courses are taught
in the following six semesters. Since the topics taught in different courses are
interconnected, all courses cannot be taught simultaneously, and the curricula are
quite intense. One way to offer some flexibility in the curriculum is to start teaching
statistics and mathematics together in the first semester, which can be done in the
statistics departments of science faculties. In this case, econometrics can be taught
in the second semester. As students complete studying theoretical econometrics,
they can be asked to do practical work in the second semester of the last academic
year. To offer students the opportunity to review their knowledge, they can be taught
econometric literacy in the final semester.

Basic econometrics courses are taught in economics, finance, business
administration, and different departments of other faculties. These courses are usually
taught for two or three semesters. Therefore, we cannot say that the econometric
literacy level of the graduates from these departments will be high. However, we can
teach econometrics to these students with a different approach, providing all basic
econometric methods and formulas without offering proofs or excessive theoretical
explanations. When students receiving this education see reports containing
econometric research, they can examine and evaluate the reports and apply their
knowledge. These basics can be taught more easily within a shorter period, and
persons related to economic issues must be econometric literate. Thus, incomplete
and erroneous practices can be identified, corrected, and prevented.
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Ekonometrik Okuryazarhk ve Ekonometri Egitimi

Bilimsel Okuryazarhk Yaklasimi

Okuryazarlik bir dil ile yazilan metinleri okuyabilme ve okunan metinleri anlama
yetenegi olarak tanimlanmaktadir. Birlesmis Milletler Egitim, Bilim ve Kiiltiir Orgiitii
UNESCO kapsami okuryazarligi yazili kaynaklari, kayitlart kullanarak tanimlama,
anlama, yorumlama, birlestirme, iletisim kurma ve hesap yapma yetenegi olarak
genisletmistir. Okuryazarligin bu tanimini bilimsel okuryazarlik olarak adlandirtyoruz.
Okuryazarligin bilimsel okuryazarlik anlami, ¢esitli bilimler ve bilim dallar ile ilgili,
giinliik yasantimiz1 ve is yasamimizi kolaylastiric1 becerileri, bu becerileri edinmeyi,
bunun icin gerekli faaliyetleri kapsayacak kadar genistir. Bu kapsamda elde edilen
bu beceriler ile hayat kolaylagtirilmis olacagi gibi, karsilasilan problemlerin ¢6ziimii
bunlarla ilgili karar vermek de kolaylasmuis olabilir. Bu faaliyetlere ulusal ve uluslararasi
kiiltiirtin, arastirmalarin, goriislerin de katkisi olacaktir.

Okuryazarlik temel becerileri edinmek gibi basit bir islem degildir, beceriler elde
edilebilir, ancak elde edilenler sosyal ve ekonomik yasama katkida bulunacak sekilde
kullanilmadikga, giinliik yasantimiza, is hayatimiza kolaylastirict etkisi olmadik¢a
bir anlami olmayacaktir. Okuryazarlik kuramlar1 yalmzca bireylerde yapilan
degisikliklere dayanarak gelistirilemez, s6z konusu okuma yazma etkinlikleri,
uygulamalari, kuramlar gelistirilmesi tesvik edilmelidir.

UNESCO 2006 Egitim igin Tiim Kiiresel izleme raporunda okuryazarlig1 beceri
olarak ele almistir(UNESCO 2006 Education for All Global Monitoring Report,
p.147). Buna gore okuryazarhigin kapsadigi beceriler; okuma, yazma ve sozlii
beceriler, sayisal yetenek becerileri, bilgi ve bilgiye erisimi saglayan beceriler,
uygulandigi ve bulundugu yerde okuryazarlik, 6grenme siireci olarak okuryazarlik,
metin olarak okuryazarlik olarak ele alinmaktadir. Goriildiigii gibi okuryazarlik yasanti
boyunca kullanilabilecek, alinacak kararlar1 kolaylastirabilecek, yasantilarimiza yon
verebilecek becerileri kapsamaktadir. Okuryazarligin bir baska yonii toplum ile
iletisimdir. Okuryazarlik bireylere, toplumla iletisim kurabilme bilgisini ve giiclinii
gelistirme olanaklar1 da saglar.

iktisadi, Finansal ve Ekonometrik Okuryazarhk

Gerek gilinliik yasantimizi yakindan ilgilendirmesi, gerekse ekonometriye daha
yakin olmasi nedeniyle iktisadi ve finansal okuryazarlik bizim i¢in 6nemlidir.
Iktisadi okuryazarlik finansal okuryazarlig kapsar, fakat finans alani daha gok ilgi
cektiginden finansal okuryazarlik daha popiilerdir. Tktisadi ve finansal okuryazarlik
sOyle tanimlanabilir.

Iktisadi okuryazarlik, iktisadi olaylari, iktisadi degisimleri ve gelismeleri
anlayabilme, yorumlayabilme, degerlendirebilme ve bunlarin sonucunda kararlar
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alabilme bilgi ve becerisidir seklinde tanimlanabilir. Iktisadi okuryazarlik, smnirli
kaynaklarin kullanimu ile ilgili rasyonel kararlar vermek i¢in temel ekonomik fikirleri
bilmek ve uygulamaktir.

Finansal okuryazarlik, finansal kavramlari, finansal olaylar1 ve finansal riskleri
bilme, anlama ve degerlendirebilme bilgisine sahip olma, bu bilgiyi kullanarak finansal
kararlar alabilme bilgi ve becerisidir seklinde tanimlanabilir. Finansal okuryazarlik
en basit anlami ile paranin yonetimidir. Paranin yonetiminde riskler olabilir, boyle
durumlarda finansal okuryazarlik paranin yonetiminde bilingli ve dogru karar
verme, risklere karsi etkili onlemler alma davranislar olarak tanimlanabilir. Finansal
okuryazarlik kisilerin giinliik yasamlarinin, faiz oranlari, enflasyon gibi olaylarin
etkisinin ve borsa, yatirim fonlar1 gibi daha genel olaylarin degerlendirilmesidir.
(Worthington, 2006:59-79, Basu, 2005:2,. Lusardi, 2008:4-7).

Literatiirde pek ¢ok bilim veya bilim dali ile ilgili okuryazarliktan soz edilirken,
ekonometrik okuryazarlik kavrami sadece bir makalede yer almaktadir (Giris,
2019:1-10). Dijital okuryazarliktan bilgi okuryazarligina, finansal okuryazarliktan
saglik okuryazarligina kadar pek cok okuryazarlik kavrami yaninda ekonometriye
en yakin okuryazarlik iktisadi veya ekonomik okuryazarliktir. Ekonometri diginda
kalan bu bilim veya bilim dallarina bakildiginda giinliik hayatin daha ¢ok i¢inde
olduklari, giinliik yasamda daha genis kitleleri ilgilendirdikleri, ayrica 6grenilmesinin
de ekonometriye gore daha kolay oldugu goriilmektedir. Literatiirde yer almayan
ekonometrik okuryazarliktan farkli olan bu okuryazarliklarin Ol¢iilmesi, genis
kitlelere yayilmasina, hatta ¢ocuklara temel egitimlerle birlikte egitim verilebilmesi
caligmalar1 yapilmaktadir.

Ekonometrik okuryazarlik, ekonometriden yararlanma ve ekonometri 6gretilmesi ile
ilgilidir. Ekonometrinin konusu iktisadi olaylardir ve onlari elde ettigi veriler ile analiz
eder. Bu analizler sonucunda iktisadi olaylar, iktisadi olaylar etkileyen degiskenler,
bu degiskenler arasindaki iliski aciklanabilir; gelecek donemler igin tahminler
yaparak katkilar saglayabilir. Giinlimiizde ¢cok hizli bilgi akis1 saglanmaktadir, gelisen
bilgisayarlar ve paket programlar ile ekonometrik aragtirmalar daha kolay ve daha
kisa siirede yapilabilmektedir. Bu uygulama kolayliklar1 yaninda ekonometri teorisi de
¢ok hizli gelismektedir. Bu geligmeler iktisadi ve finansal okuryazarlik kavramlarimi
ve bunlarla ilgili ¢alismalari da yayginlagtirmistir. Finansal okuryazarligin dlgiilmesi,
cocuklara, genclere ve biiyliklere finansal okuryazarlik egitimi verilmesi ile ilgili
aragtirmalar yapilmaktadir. Ayni sekilde ekonometrik okuryazarlik ile ilgili aragtirmalar
yapilmali ve bu kavramu literatiire katilmali, bununla ilgili ¢alismalar yayginlasmalidir.

“Ekonometrik okuryazarlik, iktisadi (iktisadi ve finansal) olaylar1 analiz etmek
icin bazi arastirmalari yapabilme, yapilmis ekonometrik arastirmalari ve bunlarla
ilgili olarak yazilan raporlar1 anlayabilme, yorumlayabilme, degerlendirebilme bilgi
ve becerisidir” seklinde tanimlanabilir (Gtirig, 1992:3).
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Ekonometri, lisans egitimi sirasinda ekonometri boliimlerinde dort yil verilir, bu
egitimin son ii¢ yilinda ekonometri dersleri yer almaktadir. Ancak Iktisat ve Tktisadi
ve Idari Bilimler Fakiiltelerinin iktisat, maliye gibi baz1 boliimleri ile diger bazi
fakiiltelerin baz1 boliimlerinde ekonometri dersi 2, 3 veya 4 donemlik dersler olarak
verilmektedir. Bu nedenle herkese kisa siirede ekonometri 6gretmek, temel bilgileri
yeterli olanlara bile olduk¢a zordur. Her seye ragmen ekonometriden yaralanmaktan,
ekonometrinin katkilarindan vazgecemeyiz. Daha genis kitlelere ekonometrik bilgiler
vermek i¢in ekonometrik okuryazarlik ile ilgili ¢caligmalar yapmaliyiz.

Iktisadi olaylar1 analiz ederken ekonometri istatistiksel yontemleri kullandigindan
istatistiksel okuryazarliktan da s6z edilebilir mi? Ekonometrinin konusu iktisadi
olaylardir ve bununla smirlidir. Oysa istatistik pek cok bilim dalinda yapilan
aragtirmalarda kullanilir ve kendine 6zgii bir konusu yoktur. Istatistiksel olarak
analiz edilen iktisadi olaylar ekonometrinin inceleme alaninda yer almaktadir.
Sonug olarak pek ¢ok bilim dalmin konusu ile ilgili olan istatistik icin “Istatistiksel
Okuryazarlik” s6z konusu olacaktir. Ekonometrinin zor olarak nitelendirilme sebebi
de iktisat bilgisi olmayip, gerekli olan matematik bilgisinin eksikligidir. Istatistiksel
okuryazarlik nicel okuryazarlik olarak ta degerlendirilebilir. Bu kavramlar birbirleri
ile karisabilmektedir (Ben-Zvi ve Garfield, 2004).

Ekonometrik Okuryazarin Bilgi ve Becerileri

Nasil ekonometrik okuryazar olunur, ne kadar ekonometri bilene ekonometrik
okuryazar denir? Ilk sdylenebilecek yeterince iktisat ve matematik bilen, ekonometri
egitimi almis kisilerdir diyebiliriz. Burada 6nemli olan 6grenmesinin yaninda
ekonometrik yontemler ile ne yaptigi, nasil ve ne amagla kullandigidir. Burada
ekonometrinin nerede, yani iiniversitelerde veya 6zel kurslarda 6grenilmis olmasi
6nemli degildir.

Ekonometrik okuryazarin, iktisadin temel kavramlari ile ilgili bilgisi olmali,
matematigin temel kavramlarmi bilmesi gereklidir ve bunlar bilinme derecesi ne
kadar artarsa okuryazarlik seviyesi de o kadar artacaktir. Bunun yaninda ekonometrik
okuryazarin ¢ok iyi ekonometri bilmesi gerekmez, ekonometrik yontemlerin
temelini bilmesi, ekonometrik yontemler ve modellerin 6zelliklerini, onlarla neler
yapilabilecegini, is hayatinda veya giinliilk hayatta nasil kullanacagini bilmelidir.
Temel kurallar bilirken ekonometrik yontemlerin temel yapisini, nasil isledigini,
yorumlanmasini, testlerinin yapilisini ve yorumunu bilirken; yontemlerin neden
aciklandigi gibi oldugunu, ispatlarini, nasil tahmin edildiklerini, kullanilan bilgisayar
programlarini bilmesi gerekmez.

Sonug olarak ekonometrik okuryazar en azindan ne bilmelidir. Ozellikle yapilmis
caligmalarin, yapilmis arastirmalarin ne amagcla, hangi tiir veri ile uygulanabilecegini
bilmeli, bunlarin testlerini bilmeli, eksik veya fazla yonlerini degerlendirebilir olmalidir.
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Temel biliniyorsa ekonometrik yontemler ve onlarin alt bagliklarina, ayrmtilarina
inilmesi gerekecektir. Ayrica yapabiliyor ise basit modeller de tahmin edebilir.

Ekonometrik, iktisadi ve finansal okuryazarliklar her zaman kesin olarak
ayrilamazlar, birbirleri ile iliskilidirler. Ornegin, enflasyona gére evinin kirasini
attiracak biri, enflasyonu yayinlanmis kaynaklardan belirleyerek kirasii arttirir,
enflasyon iktisadi bir kavramken, enflasyonun hesaplanmasi ekonometrik veya
istatistiksel islemler gerektirir.

Ekonometrik okuryazarlik diger okuryazarliklar gibi goreceli bir kavramdir. Tiim
okuryazarliklar i¢in kigilerin egitimi, bilgi ve tecriibelerine bagli olarak okuryazarlik
seviyesi veya derecesi kigsilere goére farkliliklar gosterecektir. Ekonometrik
okuryazarlik diger okuryazarliklara gore biraz fazla egitim ve bilgi gerektirebilir.
Ekonometrik okuryazarlik seviyesini belirlemek i¢in simnavlar diizenlenebilir, bu
smavlar yabanci dil smavlar1 gibi merkezi de yapilabilir. Ekonometrik okuryazarlik
egitimleri {iniversiteler veya &zel egitim kurumlarinca diizenlenebilir. Ozel kurslar
veya egitimler sonucunda sinavlar yapilip basari sertifikasi verilebilir.

Bir kisiye ekonometrik okuryazar diyebilmemiz i¢in goreceli de olsa bazi bilgi
ve becerileri olmalidir. Ekonometrik okuryazar kismen de olsa bilgisi dogrultusunda
hazirlanmig  ekonometrik uygulamali raporlart  anlayabilmeli, yorumlarin
irdeleyebilmeli, bunlarin dogrulugunu, kullanilan yontemlerin uygunlugu konusunda
fikir yiiriitebilmeli, eksikleri ve hatalar1 kavrayabilmeli, arastirmada yer verilmeyen
degiskenler ve ekonometrik arastirmalarin igerigi ile ilgili fikir ytiriitebilmeli, bunlar1
sorgulayabilmeli, belli bash bilgisayar paket programlarindan en azindan haberdar
olmalidur.

Ekonometrik okuryazar temel ekonometrik konulari, yani yontemleri ve modelleri
anlayabilmeli, temel bilgi diizey hedefi ekonometri bolimleri miifredati olmalidir.
Tiim konularin dort dortliik bilinmesi gereklidir diyemeyiz, tiim konular iyi bilen
kisi ekonometrist olacaktir. Ilgilenenler gecmis bilgileri ve konulara yakinliklari
olgiisinde 6grenebildikleri kadar 6greneceklerdir.

Ekonometrik okuryazarlik i¢in konular ¢ok az formiil ile 6rnek ¢ézmeden ele
alinabilir, 6rnekler tahmin edilmis sonuglar ile verilebilir, anlatim miimkiin oldugunca
basit, agik ve s6zel 6rnekler ile verilebilir. Ayrica sikca rastlanan uygulama hatalar1
aciklanmalidir. Ornek olarak temel bilgisayar paket program ¢iktilar1 tanitilabilir,
¢Oziilmiis 6rnekler incelenebilir.

Ekonometrik Okuryazarhgin Saglayacag) Katkilar

Ekonometrik okuryazarlik egitimi almis bir bireyin kendisine ve ¢evresine gesitli
katkilar1 olacaktir. Teknolojiyi etkin kullanmis olacaktir, daha ¢ok bilgiye ulasarak
daha iyi kararlar alacaktir, ekonometrik okuryazarlik derecesi arttik¢a kisi daha
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analitik diisiinen, daha hizl1 ve iyi kararlar veren biri olacaktir, bu sayede kendine olan
giiveni de artacaktir. Hem kendine, hem de calistig1 firma, kurum ve sektdre, hatta
iilkesine daha faydali olabilecektir. ilgisi arttik¢a iktisadi, finansal ve ekonometrik
okuryazar haline gelecektir. Boylece kendine ve meslegine giiveni olan daha bilgili
kisiler yetigtirmis oluruz. Ekonometrik analiz yapma konusunda yetersiz olsa da, bazi
arastirmalari yapabilir. Bilgisini ve yeterliligini arttirma konusunda bilingli olacaktir.
Kendini zamanla gelistirme firsatt bulabilecektir. Ekonometri ve ekonometrik
aragtirmalara farkindalik yaratabilir. Hatali rapor ve arastirmalari belirleme olasiligi
vardir.

Bir anlamda ekonometriyi genel kiiltiir gibi yeterince iktisat egitimi almig, giincel
iktisadi bilgiler ile ilgili kisilere anlatabiliriz, herkesin bilgi ve ilgisi 6l¢iisiinde
ekonometriye yakinlagsmasini saglayabiliriz. Ekonometrik okuryazarlik egitimi almus,
ekonometrist olmayan kisiler, ekonometrinin ne ise yaradigi, neler yapilabilecegi
konusunda fikirleri olsa bile, tiim ekonometrik konular1 gzden gecireceklerinden,
ekonometriyi daha iyi kavrayacaklar ve gercek boyutlarini goreceklerdir.

Ekonometri grenirken formiiller, formiil ¢ikartmalar, bilgisayar komutlari, sayisal
islemler arasinda bogulup gergekten ekonometrinin, kullanilan yontemlerin ne ise
yaradig1 ve kullanim nedenleri gozden kagabilir. Dolayisiyla, 6gretme veya 6grenme
stireci ¢ok zaman aliyor, bu kopukluga, unutmaya neden oluyor. Sonunda sadece
en iyi modeli bulma, en iyi modeli tahmin etme ¢abasina doniiliiyor, yorum, sonug,
aragtirmanin yapilma nedeni gozden kagiyor. Oysa ekonometristler diginda konu ile
ilgili olanlarn ilgi odag: yorumdur, sayisal sonuglar, model, yapilan testler, bunlarin
giincelligi ekonometristlerin ilgi alanina girmektedir. Arastirmadan piyasalarin,
sirket yoneticilerinin, iktisat¢ilarin, isletmecilerin vs. beklentileri bizim yorum
dedigimiz sonuctur ve o sonucun ona nasil bir katkida bulunacag, alacag: kararlarda
yol gosterici olup olamayacagidir. Ekonometrik okuryazarlik egitimi ile konular,
yontemler ve yorumlari kisa siirede gozden gecirileceginden s6z konusu kopukluk
olmayacaktir. Ayrica bu sayede yapilan arastirmanin sayisal tarafi kadar tamamina
6nem vereceklerdir.

Ne kadar yararli oldugu konusunda karar vermede zorlanacagimiz, ekonometri
lisans veya yliksek lisans boliimleri i¢in “Ekonometrik Okuryazarlik” dersleri
konularak bildikleri ekonometriyi daha iyi anlamalari, daha ¢cok ekonometri bilmeleri,
daha genis bir ekonometrik inceleme alanina sahip olmalar1 saglanabilir. Ekonometri
adi ve kavrami daha yaygin olarak kabul gorebilir.

Ekonometri Egitimi ve Ekonometrik Okuryazarhk

S6z ettigimiz gibi ekonometri dersleri farkli bolimlerde ve farkli diizeylerde
verilmektedir. Ekonometri 6gretmek icin ekonometri boliimlerinde once iktisat,
matematik ve bilgisayar kullanimi dersleri verilir, istatistik dersleri matematige giris
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dersi ardindan ikinci yartyil baslar, dort yillik egitimin ilk yili bunlara tamamlanir.
Sonraki ii¢ yil her yariyil ekonometri dersleri verilerek, son yariyil dahil, egitim
tamamlanir. Derslerin konulari birbirleri ile baglantili oldugundan birbirini takip
ederek verilmesi gereken dersler bir arada yogun bir sekilde verilemez, zorlanip
verilirse 6grenilemez. Program olduk¢a yogundur ve Ogrenciler tam anlami ile
uygulama yapmadan mezun olurlar. Bu programlari rahatlatmanin bir yolu fen
fakiilteleri istatistik boliimleri gibi istatistik derslerini matematik dersleri ile ilk
yariyll baglar ve ilk yilin ikinci yariyili ekonometri dersi verilmeye baglanir.
Boylece son yilin ikinci yariyili teorik ekonometri bilgileri tamamlanmig 6grencilere
uygulama yaptirilir. Son yartyil ekonometrik okuryazarlik dersi konup 6grencilerin
tiim bilgilerini gézden gegirmeleri saglanabilir.

Ekonometri dersleri ilk yil ikinci yariyil baglatilmasa bile dordiincti yilin ikinci
yariyilt ekonometrik okuryazarlik dersi konup O6grencilerin bilgilerini gézden
gecirmeleri saglanabilir. Her iki durumda da mezunlar ekonometrik okuryazar
olmalidir. Boyle yogun bir ders programi ekonometri boliimlerinden baska boliimlerde
verilemez, ekonometri i¢in cok fazla ders saati ayrilamaz. Iktisat maliye isletme gibi
boliimlerde ve diger fakiiltelerin farkli boéliimlerinde veriler ekonometri derslerinin
icerikleri bir birine benzemektedir ve genellikle iki veya iic dénem ekonometri
dersi verilmektedir, bunlar dért yariyil gegmemektedir. Ozellikle bu boliimlerde
verilen dersler, basit regresyon ile baslayip siirenin yettigi kadar, 6grencilere de
bagli olarak farkli igerikler ile verilmektedir. Bu nedenle bu boliimlerin mezunlarinin
ekonometrik okuryazarlik seviyesinin yiiksek olacagini soyleyemeyiz. Bu verilen
bilgilerin gercek hayatta, uygulamada ne kadar kullanilabilecegi de tartisilabilir. Bu
ogrencilere ekonometri ve ekonometrik model kavrami agiklandiktan sonra farkli
bir yaklagimla biitiin ekonometrik yontemleri temel formiiller ile ispatlardan ve asiri
teorik aciklamalardan uzak durarak agiklayabiliriz. Verdigimiz derslerin 6grencilere
ne kadar kalici ve faydali bilgiler verdigini de dikkate alarak “Ekonometrik
Okuryazarlik” ¢ercevesinde farkli bir egitim yaklagimi gelistirmeliyiz. Bu egitimi alan
ogrenciler ekonometrik arastirmalar i¢eren raporlar ile karsi karsiya kaldiklarinda,
bunlar1 inceleyerek degerlendirebilirler, yapilmis pek cok ekonometrik caligmayzi,
aragtirmayi inceleyerek alinacak kararlarda bunlardan yararlanabilirler. Yapilacak
bu islemler ekonometrik arastirmayi yapmaktan daha kolay olacak ve bu bilgileri
edinmek daha kolay olacaktir.

Ekonometri okuryazarligi, finansal veya iktisadi okuryazarlik gibi gereklidir. Bu
okuryazarlik is hayati ile ilgili, is yasamu ile ilgili biraz daha iist diizey bilgi sahibi
insanlar igin gegerli olacaktir. Ilk olarak ekonometrik okuryazarlik egitimine iktisat
ve isletme boliimlerin dgrencilerinden ve mezunlarindan baglanmalidir. Bunlar is
hayatina atildiklar1 zaman en azindan ekonometrik caligmalar1 analiz edebilen, ne
yapildigini anlayabilen, degerlendirebilen kisiler, ¢alisanlar olacaklardir. Bu egitimin
daha dogru kararlar alinmasina neden olacagindan hem ekonomiye, hem is hayatina
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hem de yetistirdigimiz kisilere katkis1 olacaktir. Bu yaklasgim daha dogru bir egitim
vermemizi saglayacaktir.

Lisans veyayiiksek lisans diizeyinde ekonometri boliimlerinde daha ¢ok ekonometri
dersi, daha yogun ekonometrik bilgi verildiginden durum biraz daha farklidir.
Ogrenimleri ekonometri icin gerekli temel dersleri alarak baslarlar. Uygulamali
dersler alirlar. Verdigimiz uygulamali ekonometri derslerini ikiye ayirabiliriz. Bunlar
baslangicta bilgisayar uygulamalar1 dersleridir ve bilgisayar paket programlarini
Ogretmeye yoneliktir. Bu derslerde paket program Ogretilir, 6grenciye uygulama
yaptirilir. Yapilan uygulamalarda sadece yontemin isleyisi ile bilgisayar programinin
isleyisi, ¢iktilarin nasil yorumlanacaginin 6gretilmesi 6nemlidir, yapilan uygulamalar
basit olabilmektedir. Ikinci grupta ise gercek uygulamali ekonometri dersleri vardir.
Bu derslerde yapilan uygulamalarin iktisadi tarafi da dnemlidir. Yapilmig ger¢ek
caligmalar incelenir ve Ogrencilere de boyle c¢alismalar yaptirilmaya ¢aligilir. Bu
derslerde yapilmis ¢alismalar incelenirken siz olsaniz ne yapardiniz, bu ¢alismanin
neleri eksik, nasil farkli bir yaklasim olabilirdi gibi sorulara cevap verilmeleri istenir.
Ayrica dgrencilere benzer ¢aligsmalar da yaptirilir. Ekonometri bolimlerinde egitim
alanlar ekonometrik okuryazardirlar. Yiiksek lisans ve doktora programlarina da
ekonometrik okuryazarlik dersi konabilir.

Sonu¢

Bir anlamda ekonometriyi genel kiiltiir gibi yeterince iktisat egitimi almis, giincel
iktisadi bilgiler ile ilgili kisilere anlatabiliriz, herkesin bilgi ve ilgisi 6l¢iisiinde
ekonometriye yakinlagmasini saglayabiliriz. Ekonometrik okuryazarlik egitimi
almis, ekonometrist olmayan kisiler, ekonometrinin ne oldugun, neler yapilabilecegi
konusunda fikirleri olsa bile, tiim ekonometrik konular1 gézden gegireceklerinden,
ekonometriyi daha iyi kavrayacaklar ve gercek boyutlarini goreceklerdir.

Ekonometri o6grenirken formiiller, formiil c¢ikartmalar, bilgisayar komutlari,
sayisal islemler arasinda bogulup gercekten ekonometri, kullanilan yontemler ne ise
yartyor, kullanim nedeninin ne oldugu gozden kagabiliyor. Ogretme veya 6grenme
slireci ¢ok zaman aliyor, bu kopukluga, unutmaya neden olabiliyor. Sonunda sadece
en iyi modeli bulma, en iyi modeli tahmin etme ¢abasina doniiliiyor, yorum, sonug,
aragtirmanin yapilma nedeni gozden kagiyor. Oysa ekonometristler disinda konu ile
ilgili olanlarin ilgi odag1 yorumdur, sayisal sonuglar, model, yapilan testler, bunlarin
giincelligi ekonometristlerin ilgi alanina girmektedir. Aragtirmadan piyasalarin, sirket
yoneticilerinin, iktisat¢ilarin, isletmecilerin vs. beklentileri bizim yorum dedigimiz
sonugtur ve o sonucun ona nasil bir katkida bulunacag, alacagi kararlarda yol gosterici
olup olamayacagidir. Ekonometrik okuryazarlik egitimi ile konular, yontemler ve
yorumlari kisa siirede gozden gegirileceginden s6z konusu kopukluk olmayacaktir.
Ayrica bu sayede yapilan aragtirmanin sayisal tarafi kadar tamamina 6nem vereceklerdir.
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Gerek dort yi1l egitim veren ekonometri boliimlerinde, gerekse genellikle birkag
yartyll ekonometri dersi verilen bolimlerde ekonometri dersleri ekonometrik
okuryazarlik dersleri seklinde verilebilir. Ekonometri lisans veya yiiksek lisans
boliimleri i¢in “Ekonometrik Okuryazarlik” dersleri konularak bildikleri ekonometriyi
daha iyi anlamalari, daha ¢ok ekonometri bilmeleri, daha genis bir ekonometrik
inceleme alanina sahip olmalar1 saglanabilir.

Ekonometrik konular ile iligkisi olan kisiler mutlaka ekonometrik okuryazar
olmalidir, bu sayede eksik ve hatali uygulamalar belirlenebilir, diizeltilir ve hatali
uygulamalarin yapilmalar1 engellenmis olur. Ekonometrik okuryazarlik ile ilgili
yapilabilecekleri soyle siralayabiliriz.

- Ekonometrik okuryazarligin 6l¢iilmesi i¢in bir test gelistirilmelidir.

- Deneme dersleri yapilip, faydali olup olmadig1 incelenerek derslerin verilis
sekli revize edilmelidir.

- Bu caligmalar Oncelikle iktisat ve isletme fakiilteleri Ogrencileri igin
yapilmalidir.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismasi: Yazar ¢ikar ¢atigmasi bildirmemistir.
Finansal Destek: Yazar bu ¢alisma igin finansal destek almadigini beyan etmistir.
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Istatistik Dersi Sinav Kaygisi Uzerinde Etkili Olan Faktérlerin
incelenmesi: Universite Ogrencilerine Yonelik Bir Arastirma

Examination of Factors Affecting Test Anxiety in Statistics Courses: A Research for
University Students

Sema Ulutiirk Akman'

Oz

istatistige duyulan ilgi ve ihtiyacin giin gectikge artmasi sonucunda, istatistik dersi pek cok fakiilte ve yiiksekokulun
ders programlarinda yer alir hale gelmistir. Buna bagli olarak gesitli istatistik egitimleri ve danismanlk hizmetleri ile de
arastirmacilara destek olunmaktadir. istatistik, veri toplama verileri diizenleme, dzetleme, analiz etme gibi pek ok islevi
yerine getiren bir bilim dalidir. Bu baglamda istatistik, matematik ile dogrudan baglantili hesaplamalar, modellemeler
icerir. istatistik uygulamalarinin matematik ile olan bu iliskisi, cogu kez istatistik yéntemler kullanmak ya da istatistik
sonuglar ya da tablolari yorumlamak zorunda kalan arastirmacilar icin bir kaygi unsuru olusturmaktadir. Ote yandan,
on lisans ya da lisans diizeyinde istatistik dersi alan 6grenciler de benzer sebeplerle derse yonelik kaygi hissetmektedir.
istatistik kaygisi, uygulanan istatistik analiz ydnteminden ya da istatistigin karmasikligindan bagimsiz olarak, istatistikle
ilgilenildigi zaman ortaya ¢ikan bir kaygi turtidar. Kaygi, baslangigta 6grenmeyi motive edici, kolaylastirici etki yaratmakta,
ilerleyen seviyelerde ise 6grenmeyi engelleyici bir etken haline dontismektedir. O halde 6grenme islevinin geregi gibi
yerine getirilmesi igin, kayginin ve dolayisiyla istatistik kaygi seviyesinin kontrol altinda tutulabilmesi 6nem tasimaktadir.
istatistik kaygisi yaninda sinav kaygisi da akademik basariyi olumsuz etkileyen bir kayg tiiriidir. Ogrencilerin, istatistik
kaygisi ve sinav kaygisi Uzerinde hangi faktorlerin etkili olduguna iliskin ¢ok sayida galisma yapilmistir. Bu ¢alismada,
Ogrencilerin cinsiyet, yas, derse devam durumu ve istatistik dersinin diger derslere gére daha zor bir ders olduguna
yonelik algilariyla sinav kaygi diizeyleri arasinda iliski bulunup bulunmadigi arastirlmistir. Calisma, Ekonometri Lisans
Programinda 6grenim gormekte olan 350 6grenci ile gergeklestirilen yliz ylze anket yéntemiyle toplanan veriler ile
gergeklestirilmistir. Logaritmik dogrusal model uygulamasi sonucunda, 6grencilerin cinsiyetiyle istatistik sinav kaygisi
arasinda iliski bulunmadigi, ancak yas faktoriinlin istatistik sinav kaygisi tzerinde etkili oldugu tespit edilmistir. Buna
gore, yas ilerledikge 6grencilerin sinav kaygisi artmaktadir. Ote yandan, 6grencilerin istatistik dersinin zor bir ders oldugu
yoniindeki algisiyla istatistik dersi sinav kaygisi arasinda da bir iliski s6z konusudur. Ogrencilerin istatistik dersinin zor ders
oldugu inanci arttikga sinav kaygisi da artmaktadir.

Anahtar Kelimeler
istatistik kaygisi, Sinav kaygisi, Logaritmik dogrusal modeller

JEL Siniflama Kodlan
123,129, C38

Abstract

As the interest and demand for statistics increase daily, statistics courses have become a part of the curriculum of
many faculties and colleges. Statistics is a branch of science that starts with the data collection process and performs
many functions, such as organizing, summarizing, and analyzing data. In this context, statistics include calculations and
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models related to data analysis, which is directly related to mathematics. This relationship between statistical
applications and mathematics is often used by statistical methods, or is considered by researchers who
interpret statistical results or elements of a table. Meanwhile, students enrolled in statistics courses at college
or undergraduate levels are also anxious about these courses for similar reasons. Statistical anxiety is a type of
anxiety that arises when dealing with statistics regardless of the method applied or the complexity of statistics.
Anxiety creates a motivating and facilitating effect at the beginning of learning and turns into a factor that
prevents learning at a later time. Therefore, it is important to keep the level of anxiety and statistical anxiety
under control to fulfill the learning function properly. In addition to statistics anxiety, exam anxiety is also a type
of anxiety that negatively affects academic achievement. Many studies have been conducted on which factors
are effective on students’ statistical anxiety and exam anxiety. In this study, the relationship between students’
gender, age, attendance, their perception that statistics course is a more difficult course than other courses,
and their exam anxiety levels were investigated. The study was carried out with the data collected by face-to-
face questionnaires with 350 students studying in the Econometrics Undergraduate Program. Consequently, it
was found that there was no relationship between students’ gender and statistical exam anxiety. However, it
was determined that the age factor affected the statistical exam anxiety since the exam anxiety of the students
increased with the students’ age. In addition, it was determined that students’ perception of statistics lessons
also increase exam anxiety.

Keywords
Statistical anxiety, exam anxiety, log-linear models

JEL Classification Codes
123,129, C38

Extended Summary

The interest and need in statistics are increasing daily in many fields, especially
social sciences and health sciences. Therefore, statistics education is included
in undergraduate and associate degree programs of many faculties and colleges.
However, according to statistical interests and needs, training programs and consulting
services are provided for researchers.

Statistics is a branch of science that starts with the data collection process and
performs many functions, such as organizing, summarizing, and analyzing data. In
this context, statistics include calculations and models related to data analysis, which
is directly related to mathematics. This relationship between statistical applications
and mathematics is often used by statistical methods, or is considered by researchers
who interpret statistical results or elements of a table. However, students enrolled
in statistics courses at the college or undergraduate level are also anxious about the
courses for similar reasons.

Statistical anxiety is a type of anxiety that arises when dealing with statistics
regardless of the method applied or the complexity of statistics. Anxiety creates a
motivating and facilitating effect at the beginning of learning, and turns into a factor
that prevents learning at a later time. Therefore, it is important to keep the level of
anxiety and statistical anxiety under control to fulfill the learning function properly.

In addition to statistical anxiety, exam anxiety is also a type of anxiety that
negatively affects academic achievement. Numerous studies have been conducted to
determine effective methods for students’ statistical anxiety and exam anxiety.
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In this study, the relationship between students’ gender, age, attendance, their
perception that statistics course is a more difficult course than other courses, and their
exam anxiety levels were investigated. The study was carried out with data collected
by face-to-face questionnaires with 350 students studying in the Econometrics
Undergraduate Program. Log-linear models were used as the analysis method in the
study.

Log-linear analysis is a method used to model cell frequencies, especially in three
or more dimensional contingency tables.

Log-linear models are a non-parametric analysis method developed to analyze the
relationships between two or more variables measured on a nominal or ordinal scale
and the interactions between subcategories of variables. Multidimensional frequency
analysis is used in categorical data analysis and aims to estimate the observed
frequency values for categorical variable levels and thus to determine the effects of
variable levels on the observed frequencies.

Logarithmic linear models, which constitute a special form of generalized linear
models, show to be widely used in both social sciences and health sciences due to
their non-parametric methods and do not require significant assumptions for their
applicability.

Log-linear models used to model cell frequencies in contingency tables aim to
estimate parameters that define the relationship between categorical variables. An
important feature of log-linear models includes their ability to not separate categorical
variables as dependent-independent variables and evaluate all variables as an
independent variable by modeling cell frequencies for all combinations of levels of
categorical variables in the model. Therefore, log-linear models are used to determine
the extent of the frequency in a particular cell of the contingency table depending on
the levels of other categorical variables in the contingency table.

Multiway frequency analysis consists of hierarchical models. The models in
question start from the most comprehensive saturated model to the fully independent
model in which all variables are unrelated. Therefore, among the mentioned models,
it is necessary to determine the model that best estimates the observed frequencies in
the contingency table and includes the least parameters as the best model.

Although there are different algorithms for determining the most suitable model,
the most used method is determining the appropriate model using the backward
elimination method, which is based on removing non-significant interaction
parameters from the model, starting from the saturated model.

Alternative models were tested to evaluate the effect of students’ gender, age, class
attendance, and perception that the statistics course is a difficult course on statistical
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exam anxiety. The parameters were interpreted by deciding that the two models were
appropriate.

As aresult, it was found that there was no relationship between students’ gender and
statistical exam anxiety. However, it was determined that age affected the statistical
exam anxiety since the exam anxiety of students increased with age. In addition, it
was determined that students’ perception of statistics being a difficult subject also
increases statistical exam anxiety.
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Istatistik Dersi Sinav Kaygis1 Uzerinde Etkili Olan Faktérlerin incelenmesi:
Universite Ogrencilerine Yonelik Bir Arastirma

Istatistige duyulan ilgi ve gereklilik, basta sosyal bilimler ve saglik bilimleri olmak
iizere pek cok alanda giin gegtikce artmakta ve buna bagli olarak istatistik egitimi, cok
say1da fakiilte ve yiiksekokulun lisans ve 6n lisans programlarinda yer almaktadir. Ote
yandan, istatistige duyulan ilgi ve ihtiyaca bagli olarak hazirlanan egitim programlar
ve danismanlik hizmetleri ile de arastirmacilara destek olunmaktadir.

Istatistik, veri toplama siireciyle baslayan, verileri diizenleme, dzetleme, analiz
etme gibi pek ¢ok iglevi yerine getiren bir bilim dalidir. Bu baglamda istatistik, veri
analiziyle ilgili olarak matematik ile dogrudan baglantili birtakim hesaplamalar,
modellemeler igerir. [statistik uygulamalarmin matematik ile olan bu iliskisi, gogu kez
istatistik yontemler kullanmak ya da istatistik sonuclar ya da tablolar1 yorumlamak
zorunda kalan arastirmacilar i¢in bir kaygi unsuru olusturmaktadir. Ote yandan, 6n
lisans ya da lisans diizeyinde istatistik dersi alan 6grenciler de benzer sebeplerle
derse yonelik kayg1 hissetmektedir.

Kaygi, endise, gerginlik, odaklanamama seklinde karakterize edilen olumsuz bir
durum olarak nitelendirilmektedir. Istatistik kaygis1 ise, istatistik dersi alma ya da
istatistiksel analizler yapma sirasinda ortaya ¢ikan ve bireye kendini kotii hissettiren
bir duyguyu ifade etmekte (Cruise vd. 1985: 92) ve matematikle ilgili olmakla beraber
matematikten farkli bir kaygi tiirlinii ifade etmektedir (Chew ve Dillon, 2014: 199).

Istatistik kaygisi, uygulanan istatistik analiz yonteminden ya da istatistigin
karmasikligindan bagimsiz olarak, istatistikle ilgilenildigi zaman ortaya ¢ikan bir
kaygi tiiriidiir. Bu baglamda, istatistik dersi alirken ya da veri toplama, verileri
analiz etme, analiz sonuglarimi yorumlama gibi islemleri gerceklestirirken hissedilen
durumsal kaygiy1 ifade etmekte (Onwuegbuzie, DaRos ve Ryan, 1997:28) ve diger
kaygi tiirlerinden farkli bir kaygi tiirii olarak karsimiza ¢ikmaktadir.

Istatistik kaygisiin dgrencinin kisilik 6zellikleri yaninda, matematik bilgi ve becerisi,
smav kaygisi, smif kaygisi, yorumlama kaygisi, yardim isteme kaygisi, 6gretim elemant
kaynakli kaygi gibi pek ¢ok faktdre bagli olarak ortaya ¢iktig1 varsayilmaktadir. S6z konusu
faktorlerin kisisel, durumsal ve gevresel faktorler olmak {izere baslica li¢ ana baslikta
toplanabilecegi kabul edilmektedir. Kisisel faktorler algilama, tavir ve tutumlar, benlik
saygisi, 0grenme stilleri ve genel kaygi diizeyi gibi psikolojik ve duygusal faktorler olarak
siralanabilir. Durumsal faktorler, dogrudan dersle ilgili olan faktorlerdir ve dersin islenis
sekli, 6gretim elemamn, dersin akis hizi, derste kullanilan terminoloji gibi unsurlardan olusur.
Cevresel faktorler ise, kisiye 6zel nedenler olup cinsiyet, yas, akademik boliim, matematik
dersine yonelik gegmis tecriibeler seklinde ifade edilmektedir (Baloglu. 2004:2).

Yukarida sayilan faktorler, 6grencilerin istatistik kaygisi tizerinde etkili olmakta
ve kaygi diizeylerini olumlu ya da olumsuz anlamda etkileyebilmektedir.
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Istatistik kaygi diizeyi yiiksek olan dgrenciler, 6grenme konusunda daha ¢ok
caba sarf etmek ve daha ¢ok zaman harcamak zorunda kaldiklarindan, 6grenme
ortamlarini diizenleme konusunda daha az verimli olmakta ve bu sebeple 6grenmeye
daha az odaklanma imkam bulmaktadir (Onwuegbuzie, 2004). Bu durumun soz
konusu 6grencilerde sinava hazirlanma ve 6devleri tamamlama konusunda erteleme
davranigina yol acgtig1r goriilmektedir (Bell, 2001). Sonug olarak, istatistik kaygi
diizeyinin yliksek olmasinin, akademik basariy1 olumsuz etkileyen bir faktor olarak
degerlendirildigi goriilmektedir (Ghani ve Maat, 2018: 2281).

Kaygmin 6grenme iizerinde etkisinin, kayginin diizeyine bagli olarak farklilik
gosterdigi kabul edilmektedir. Scovel (1978) kaygiy1 bu baglamda kolaylastirici ve
engelleyici kaygi olarak ikiye ayirmaktadir. Buna gore, bireyler her iki kaygi tiirlinti de
icinde barindirmakta, kolaylagtirict kaygi 6grenciyi 6grenme konusunda miicadeleye
sevk ederek motive etmekte, boylelikle 6grenilene yaklagtirmakta; engelleyici kaygi
ise 6grenilenden kaginmaya ve dolayisiyla uzaklagmaya sebep olmaktadir.

Kaygimin 6grenme {izerindeki bu farkli etkisinin nasil gergeklestigini belirlemeye
yonelik yapilan arastirmalarda, kayg: diizeyinin goreceli olarak artmasinin 6grenme
iizerinde pozitif etki yarattigi, ancak kaygi seviyesindeki artigin belirli bir esik
degeri agmas1 halinde ise etkinin negatife dondiigii ve o noktadan itibaren kaygidaki
artisin 6grenmeyi ya da performansi olumsuz yonde etkiledigi ortaya konulmustur
(Kennerley, 2017). Dolayisiyla, baslangicta 6grenmeyi motive edici, kolaylastirict
etki yaratan kaygi, ilerleyen seviyelerde 6grenmeyi engelleyici bir etken haline
doniismektedir. O halde 6grenme islevinin layikiyla yerine gelmesi i¢in, kayginin
ve dolayisiyla istatistik kaygi seviyesinin kontrol altinda tutulabilmesi Onem
tasimaktadir.

Sonug olarak, 6grencilerde stres kaynakli kaygilarin varligi, egitim ve 6gretim
faaliyetlerinin basarisin1 etkileyen Onemli faktorlerden biridir. Bu baglamda
Ogrencilerin smav ile degerlendirilmeleri durumunda kaygi hissetmelerine ve diisiik
performans sergilemelerine neden olan sinav kaygisi; sinavlarda, testlerde ya da diger
formal degerlendirmelerde zayif performansa yol agan korku seklinde tanimlanmakta
(Safren, 2000; Kapikiran, 2002:34) ve 6grencilerin akademik basarilarin1 olumsuz
yonde etkileyen dnemli bir faktor olarak degerlendirilmektedir (Ozer ve Topkaya,
2011:13).

Ogrencilerin sinav kaygismnin, dgrencilerin kisilik 6zellikleri yaninda, biiyiidiikleri
aile ortam1 ve aile iiyelerinin davranislar1 ve biligsel yeterlilik ve becerileriyle de
ilgili oldugu kabul edilmektedir. Bu baglamda, dgrencilerin gerek sinav kaygisini
gerekse istatistik kaygisini 6lgmek {izere ¢ok sayida dlgek gelistirilmistir.

Bu ¢alismanin amaci, 6grencilerin istatistik kaygisim 6lgmek iizere gelistirilmis
Statistical Anxiety Scale (SAS) 6lgeginin siav kaygisi alt boyutunda yer alan maddeler
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arasindan en uygun olan maddeyi belirlemek ve bu maddeyi kullanarak &grencilerin
istatistik dersinde sinav kaygisi tizerinde etkili olan faktorlerin neler oldugunu tespit
etmektir. Bu nedenle, 6ncelikle SAS 6l¢eginden kisaca bahsetmek yararli olabilir.

Daha 6nce de ifade edildigi gibi, 6grencilerin istatistik kaygi seviyesini 6lgmek
amaciyla gelistirilmis farkli 6lgekler bulunmaktadir. Bu amagla ilk kullanilan 6lgek,
aslinda matematik kaygisim1 6lgmek amaciyla gelistirilmis Olcektir ve dolayisiyla
istatistik kaygisini 6lgmek i¢in matematik kaygisin1 6lgmeye yonelik envanter
kullanilmigtir. Daha sonra istatistik kaygisinin matematik kaygisindan farkli bir tiir
kaygiy1 ifade ettigi diislincesiyle istatistik kaygi diizeyini 6lgmeyi amaglayan 6zel
Olcekler gelistirilmistir. Bu 6l¢eklerden biri de SAS dlgegidir.

Vigil-Colet, Lorenzo ve Condon (2008) tarafindan gelistirilen SAS 6l¢egi, sosyal
bilimler alaninda en az on yil deneyimi olan istatistik egitmenlerinin goriisleri
dogrultusunda daha once Cruise, Cash ve Bolton (1985) tarafindan gelistirilen
STARS 6l¢eginin maddeleri arasindan se¢im yapilarak olusturulmustur. Baslangicta
33 maddeden olusan 6l¢ek, pilot calisma sonrasinda 9 madde elenerek sinav kaygisi,
yardim isteme kaygisi ve yorumlama kaygist olmak iizere toplam 3 alt boyuttan
olusan ve her alt boyutta da 8§ madde i¢ermek iizere toplamda 24 maddeden olusan
bir 6l¢ek haline gelmistir.

SAS 6l¢eginin alt boyutlarindan biri olan sinav kaygisi bu ¢aligmanin odak noktasini
olusturmakta ve dgrencilerin sinav kaygisini belirlemeye yonelik olarak istatistik
dersi alan 6grencilerin cinsiyet, yas, derse devam durumu ve dersin zor olduguna
yonelik inanglariyla istatistik dersi simav kaygisi arasinda iliski olup olmadigim
ortaya koymak amaglanmaktadir. Calisma; Bektas, Akman ve Yesilaltay tarafindan
gerceklestirilen ve Istanbul’da bulunan bir devlet iiniversitesinin Ekonometri Lisans
Programina kayitli 6grencileri arasindan secilen 6rneklemden hareketle toplanan
veriler ile gergeklestirilmistir (Bektas, Akman ve Yesilaltay, 2021).

Calismada Ekonometri Boliimiinde 6grenim gérmekte olan 6grencilerin istatistik
dersine yonelik sinav kaygisi iizerinde 6zellikle yas ve cinsiyet etkisi belirlenmeye
caligilacagindan, bu amagla dnce istatistik kaygisi ve sinav kaygisi lizerinde cinsiyet
ve yas etkisini belirlemeye yoOnelik literatiir 6zetine yer verilecek, sonra érneklemin
nasil belirlendigi ve kullanilan analiz yontemi kisaca agiklanarak elde edilen sonuglar
yorumlanacaktir.

Literatiir Ozeti

Ogrencilerin istatistige yonelik kaygi diizeylerini belirleyen faktorlere iliskin ok
sayida ¢alisma s6z konusudur. Bu ¢alismalarin bir kism1 asagida 6zetlenmistir:

Swanson, Meinert ve Swanson (1994) ve Zanakis ve Valenzi (1997) yaptiklar
caligmalar sonucunda 6grencilerin istatistik dersine yonelik genelde olumsuz bir tavir
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gelistirdigini ve bu olumsuz tavrin istatistik kaygisini arttirma yoniinde etkili oldugunu
belirlemislerdir. Ote yandan Onwuegbuzie, DaRos ve Ryan (1997) dgrencilerin
istatistik derslerini ¢ok hizli islenen dersler olarak algiladiklarini ve buna bagl olarak
kaygi diizeylerinin arttigini, ayrica ders ve 6gretim elemanina yonelik geri bildirim
ve cesaretlendirme konusunda goriilen eksikliklerin de dersle ilgili olumsuz alg1 ve
tavir almaya sebep oldugunu ve bu durumun &grencilerin istatistik kaygi diizeyini
arttirdigini belirlemistir (Baloglu, Zelhart ve Kocak 2007:30).

Ogrencilerin demografik 6zelliklerinden olan cinsiyet ve yas degiskenleri
ile istatistige yonelik tutumlar1 ya da istatistik kaygisi arasinda iliski bulunup
bulunmadigini arastiran ¢alismalar da bulunmaktadir. Ornegin, Onwuegbuzie (1995)
ve Zeidner (1991) kadinlarin erkeklere kiyasla daha fazla istatistik kaygisi tasidiklarim
tespit etmis, ancak Baloglu (2001) ise istatistik kaygisi a¢isindan kadinlar ile erkekler
arasinda bir farklilik bulunmadigimi saptamstir. Ote yandan, Onwuegbuzie (1998) ve
Royse ve Rompf (1992) tarafindan gerceklestirilen arastirmalarda, yas olarak daha
biiylik 6grencilerin yasi kiiciik olanlara kiyasla istatistik dersine yonelik daha kaygili
olduklari tespit edilmistir (Baloglu, 2004:2).

Baloglu (2003) 246 iiniversite 6grencisi ile gerceklestirdigi arastirmasinda, istatistik
kaygis1 acisindan cinsiyet ve yas gruplari arasinda etkilesim etkisi bulunmadigini,
cinsiyet ana etkisinin de istatistik kaygis1 lizerinde anlamli bir etkisi bulunmadigini
belirlemis, ayrica ileri yastaki 0grencilerin istatistik dersinin Oneminin farkinda
olmakla beraber kaygi duyduklarini, yas1 kiiciik 6grencilerin ise istatistik dersinin
6neminin farkinda olmadiklarini ve kaygi da tasimadiklarini tespit etmistir (Baloglu,
2003:863).

Vahedi, Farrokhi ve Bevrani (2011), Tebriz Universitesi’nde 300 lisans &grencisi
ile gergeklestirdigi aragtirmasinda kadin &grencilerin erkek 6grencilere kiyasla
istatistikle ilgili olarak daha yiiksek kaygi diizeyine sahip oldugunu tespit etmistir
(Vahedi, Farrokhi ve Bevrani, 2011:96). Benzer sekilde, Papanastasiou ve Zembylas
(2008), Kibris Universitesinde 472 lisans dgrencisi ile gerceklestirdigi arastirmasinda
da kadinlarin erkeklere kiyasla daha kaygili olduklarini saptamistir (Eduljee ve
LeBourdais, 2015:71).

Ote yandan, dgrencilerin cinsiyetinin istatistik kaygis1 yaninda sinav kaygisi
iizerinde de etkili bir faktor oldugu goriilmektedir. Nitekim, El-Zahhar ve Hocevar
(1991), Kapikiran (2002), Peleg-Popko (2004), Chapell (2005) ve Zaheri, Shahoei
ve Zaheri (2012) yaptiklart ¢alismalarda kadin dgrencilerin sinav kaygi diizeyinin,
erkek 6grencilere gore daha yiiksek oldugunu belirlemistir (Diindar, Yapict ve Topcu,
2008:183).

Aragtirmalardan da goriildiigli gibi, tiniversite 6grencilerinin cinsiyetleri, yapilan
aragtirmalara gore farkli sonuglar verebilmekle beraber, istatistik kaygisi tizerinde
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genel olarak etkili bir faktordiir ve kadin Ogrencilerin istatistik kaygisi erkek
ogrencilere kiyasla daha yiiksektir. Benzer sekilde, cinsiyet faktorii sinav kaygisi
tizerinde de belirleyici bir faktdr olarak karsimiza ¢ikmaktadir ve kadin 6grencilerin
sinav kaygisi erkek ogrencilerden daha fazladir. Ote yandan, dgrencilerin yas
faktoriiniin istatistik kaygisi iizerinde etkili bir degisken oldugu tespit edilmekle
beraber, sinav kaygisi iizerinde dogrudan yas-sinav kaygist iliskisine yonelik bir
caligmaya rastlanmamastir.

Bu calisma ile oncelikle Ekonometri Boliimii 6grencilerinin istatistik dersine
yonelik sinav kaygisi lizerinde cinsiyet ve yas faktorlerinin etkisinin belirlenmesi
ve arastirma sonuc¢larmin yukarida bahsedilen arastirmalarin  sonuglartyla
karsilagtirilmas1  amaglanmaktadir. Ote yandan, o&grencilerin istatistige yonelik
olumsuz inan¢ ve tutumlarinin da 6grenme iizerinde olumsuz etkileri oldugu ifade
edildiginden (Gal ve Ginsburg, 1994; Yasar, 2014: 61) 6grencilerin istatistik dersinin
zorluk derecesine yonelik algilarmin da sinav kaygisi tizerinde etkili olup olmadig:
arastirilacaktir.

Metodoloji ve Bulgular

Bu ¢alismada Ekonometri bolimii lisans 6grencilerinin istatistik siav kaygisi
iizerinde cinsiyet, yas, derse devam durumu ve tiniversiteye yerlestirilmeye esas puan
tiirlerinin etkisi belirlenmeye caligilmistir.

Anket Tasarmm

Nicel arastirma yontemlerinden tarama deseninin kullanildigi aragtirmada
ogrencilerinin demografik 6zellikleri yaninda SAS 6l¢eginin maddelerine yonelik
yargisal sorulara yer verilmistir.

Bu ama¢ dogrultusunda g¢alismanin anakiitlesini, Ekonometri bolimii lisans
programinda 6grenim gérmekte olan ve daha dnce istatistik dersi almig 611 6grenci
olusturmaktadir. Ekonometri boliimiinde 6grenim gormekte olan 350 6grenci ile
goniilliilik esasina gore goriisiilerek gergeklestirilen yiiz yilize anket yontemiyle veri
toplanmustir.

SAS 6lgegi, daha once de ifade edildigi gibi, 6grencilerin istatistik kaygi diizeyini
olgmek amaciyla gelistirilmis bir 6lgektir. Olgek, sinav kaygisi, yardim isteme
kaygist ve yorumlama kaygisi olmak iizere 3 alt boyuttan ve her alt boyutta da 8
madde olmak iizere toplam 24 maddeden olugsmaktadir. Bu ¢alismada 6grencilerin
istatistik sinav kaygisini ortaya koymak iizere “Sinavdan hemen 6nce bir konuyu
yeterince anlamadigimi fark ettigimde” bigimindeki madde dikkate alinmistir. S6z
konusu madde, sinav kaygisi alt boyutundaki maddeler arasinda en yiiksek faktor
yiikiine sahip olan ve dgrencilerin sinava yonelik kaygisini en iyi yansitan maddedir.
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SAS 6lgeginde yer alan tim maddelere iligkin yargisal ifadeler 5°1i Likert dl¢ceginde
hazirlanmis ve Ogrencilerden kaygi diizeylerini lile 5 arasinda derecelendirmesi
istenmistir. Ogrencilerin ilgili maddeye yénelik verdikleri cevaplar, diisiik, orta
ve yiiksek kaygi diizeylerini gosterecek sekilde {i¢ kategoride toplanarak yeniden
diizenlenmistir.

Katilimcilarin demografik 6zelliklerine gore dagilimi Tablo 1°de verilmistir:

Tablo 1
Katilimcilarin Demografik Ozelliklerine Gore Dagilimt
Degisken Degisken Diizeyleri Frekans % Frekans
L Kadin 227 64,9
Cinsiyet Erkek 123 35,1
18-20 155 44,3
Yas Gruplari 21-22 147 42,0
23+ 48 13,7
Yontem

Calismada, oOzellikle {i¢ ya da daha yiikksek boyutlu kontenjans tablolarinda
hiicre frekanslarini tahmin etmek amactyla kullanilan logaritmik dogrusal modeller
kullanilmastir.

Logaritmik dogrusal modeller, parametrik olmayan bir analiz yontemi olup,
isimsel ya da sirali 6l¢iim diizeyinde iki veya daha ¢ok degisken arasindaki iliskileri
ve bunun yaninda s6z konusu degiskenlerin 6l¢iim diizeyleri arasindaki iliski veya
etkilesimleri analiz etmek tizere gelistirilmis bir yontem toplulugudur. Cok yonlii
kontenjans tablolar analizi veya ¢ok yonlii frekans analizi olarak da bilinen yontem,
kategorik verilerin analizinde kullanilmakta ve kategorik degiskenlerinin diizeyleri
icin gozlenen frekans degerlerini tahmin etmeyi ve dolayisiyla degiskenlerin
diizeylerinin gozlenen frekanslar iizerindeki etkilerini belirlemeyi amacglar.

Kontenjans tablolarinda yer alan hiicre frekanslarin1 modellemek i¢in kullanilan
logaritmik dogrusal modeller, kategorik degiskenler arasindaki iliskiyi tanimlayacak
parametreleri tahmin etmeyi amaglar. Logaritmik dogrusal modellerin 6nemli bir
ozelligi, kategorik degiskenleri bagimli-bagimsiz degisken olarak ayirmamasi ve
modelde yer alan kategorik degiskenlerin diizeylerinin tiim kombinasyonlari i¢in
hiicre frekanslarint modelleyerek, tim degiskenleri bir bagimsiz degisken gibi
degerlendirmesidir. Dolayisiyla logaritmik dogrusal modeller, kontenjans tablosunun
belirli bir hiicresindeki frekansin kontenjans tablosunda yer alan diger kategorik
degiskenlerin diizeylerine nasil ve ne Ol¢iide bagli oldugunu belirlemek amaciyla
kullanilmaktadir. Diger bir deyisle her kategorik degisken model icinde, hiicre
frekanslarini belirleyen bir bagimsiz degisken gibi ele alinmaktadir. (Azen ve Walker,
2011:137).
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Yontem, her ne kadar tiim degiskenleri bir bagimsiz degisken gibi modellese
de degiskenler arasindaki etkilesim iliskileri, s6z konusu degiskenler arasindaki
iligkileri gostermektedir. Degiskenlerin tiim diizeyleri igin etkilesim etkileri ayri
ayr1 parametrelerle ifade edildiginden, her diizeyde etkilesimin ya da iliskinin nasil
gerceklestigi goriilmektedir.

Logaritmik dogrusal modellerde parametre tahmini en ¢ok benzerlik yontemine
gore yapilmaktadir. Ornegin, X, Y ve Z seklinde isimlendirilen ii¢ kategorik degisken
s6z konusu oldugunda, degiskenlerin i,j,k hiicresindeki beklenen frekansi ; jy,

log(pij) = A+ AF + A+ X+ 25+ 358+ 4F + 257

modeli ile tahmin edilecek ve bu model, X, Y ve Z degiskenlerinin sirastyla
I, J ve K adet diizeyleri i¢in miimkiin tim degisken ve diizey kombinasyonlarini
icerdiginden doymus model olarak adlandirilacaktir.

Modelde yer alan,

A, ortalama etkiyi,

A%, /1}/ ve A% , X, Y ve Z degiskenlerinin ana etkilerini,

Ag;_y, /'lﬁcz ve /1]Ykz » degigkenler arasindaki ikili etkilesim etkilerini (yani Afg-y, X
ile Y degiskeni arasindaki etkilesim etkisini, Af‘;(z X ve Z degiskenleri arasindaki
etkilesim etkisini ve A‘l’kZ ise Y ve Z degiskeni arasindaki etkilesim etkisini),

/1‘5-1,;2 ise X, Y ve Z degiskenleri arasindaki ii¢lii etkilesim etkisini gostermektedir
(Topaloglu ve Atay, 2020:568).

Modelde yer alan /1{?5-},’(2 tic yonlii etkilesim terimi, herhangi iki degisken arasindaki
odds oraninin iigiincli degiskenin kategorisine ya da diizeyine gore degisebilecegini
gostermektedir. Dolayisiyla, herhangi iki degisken arasindaki odds oraninin, tiglincii
degiskenin tabakalarima bagli olma bi¢iminin modellenmesi, {i¢ yonlii etkilesim
teriminin modelde yer almasiyla saglanabilmektedir. Bagka bir deyisle ii¢ yonlii
etkilesim teriminin modelde bulunmamasi, herhangi iki degisken arasindaki odds
oranini {iglincli degiskenin tiim tabakalar i¢in esit olacak sekilde sinirlamaktadir
(Azen ve Walker, 2011:144). Dolayisiyla, iiglii etkilesim teriminin modelde yer
almamast durumunda, iki degisken arasindaki odds oraninin {igiincli degiskenin
kategorilerine gore degismedigi anlagilmaktadir.

Herhangi iki degisken arasindaki iliskinin, ticlincii degiskenin diizey ya da
tabakalar1 arasinda farklilik gostermemesi durumunda, s6z konusu ii¢ degisken
arasindaki etkilesimi gosteren tglii etkilesim teriminin modelde yer almamasi
gerekeceginden model,
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log(pijie) = A+ AL + A7 + 2% + A5 + A2 + A

bigiminde kurulacaktir. Uglii etkilesim teriminin yer almadigi ancak tiim
degiskenler arasindaki ikili etkilesim etkilerinin bulundugu yukaridaki model
homojen iliski modeli olarak adlandirilmaktadir. (Agresti, 2007:208-209).

Oysa homojen iliski modelinde oldugu gibi, degiskenlerin tiimii degil sadece bir
kismu iliskili ya da diger deyisle bir kism1 bagimsiz olabilir. Ornegin,

log(piji) =2+ Af + A+ + 3+ AF

seklinde kurulan modelde, /1562 ve /1]YkZ biciminde iki etkilesim parametresi
bulunmakta ve Aﬁczparametresi Y degiskeni sabitken ya da kontrol altindayken X ve Z
degiskenleri arasindaki iliskiyi, /1]Ykz parametresi ise X degiskeni kontrol altindayken
Y ve Z degiskenleri arasindaki iliskiyi ifade etmektedir.

Yukaridaki yazimdan da goriildiigii gibi, modelde, Z degiskeni kontrol
altindayken X ve Y degiskenleri arasindaki etkilesimi gosteren lfg-y parametresi yer
almamaktadir. Bunun sebebi, Z degiskeni sabitken X ve Y degiskenlerinin kosullu
bagimsiz olmalaridr. Iste iigiincii degiskenin kontrol altinda olmas1 durumunda diger
iki degisken arasindaki kosullu iligkiyi gdsteren ve ayni1 zamanda ii¢iincii degisken
sabit oldugunda diger iki degisken arasindaki kosullu bagimsizligi temsil eden bu tiir
modellere kosullu bagimsizlik ya da kosullu iliski modelleri denmektedir (Agresti,
2007:208).

X, Y ve Z seklinde gosterilen ii¢ degiskenden ikisinin bagimsiz olmasi durumunda
ise ortaya ¢ikan model kismi bagimsizlik modeli ya da ortak olasilik modeli olarak
adlandirilmaktadir. Ornegin, X ile Z ve Y ile Z degiskenlerinin bagimsiz olmalari
durumunda degiskenlerin ana etkilerini ve X ve Y degiskeni arasindaki etkilesim
etkisini igeren model,

log(pij) = A+ AL + A7 + 2% + 2

bi¢ciminde kurulacaktir. S6z konusu modelde X ile Z ve Y ile Z degiskenlerinin
bagimsiz olmalar1 sebebiyle aralarinda iliski ya da etkilesim bulunmayacak ve bu
degiskenler arasindaki etkilesimi ifade eden /15(2 ve /1]YkZ parametrelerin degerleri sifir
olacagindan s6z konusu parametreler modelde yer almayacaklardir (Azen ve Walker,
2011:153).

Son olarak, degiskenlerin kendi aralarinda iliski ya da etkilesim i¢inde olmadiklari
ya da bagka bir deyisle, her bir degiskenin diger tiim degiskenlerden bagimsiz olmasi
durumunda ise,

log(piji) = A+ AF + A + 2%
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modeli s6z konusu olmakta ve bu model degiskenlerin yalnizca ana etkilerini
iceren tam bagimsizlik modeli olarak adlandirilmaktadir (Azen ve Walker, 2011:154).

X, Y ve Z seklinde li¢ degisken s6z konusu oldugunda logaritmik dogrusal modeller,
degiskenler arasindaki tiim ikili ve tiglii etkilesim etkilerini ve tiim degiskenlerin ana
etkilerini iceren doymus model ile sadece degiskenlerin ana etkilerinden olusan tam
bagimsizlik modeli arasinda yer alan farkli yapida modellerden olugmakta ve bu
sebeple hiyerarsik bir yap1 sergilemektedir. Dolayisiyla, hiyerarsik yapidaki modeller
arasindan kontenjans tablosunun hiicre frekanslarini en iyi tahmin eden modelin
belirlenmesi ve bu asamada modele yonelik en az parametre igerme kosuluna da
dikkat edilmesi onerilmektedir.

En uygun modelin secimine yonelik farkli algoritmalar s6z konusu olmakla
beraber en ¢ok kullanilan yontem, doymus modelden baslayarak, anlamli olmayan
etkilesim parametrelerini modelden ¢ikarmak esasina dayanan geriye dogru eleme
yontemiyle uygun modeli belirlemektir (Saragbasi ve Altunay, 2016:71).

Uygun model ile ilgili olarak gozlenen ve model ile tahmin edilen frekanslarin
ne derece uyumlu oldugu Ki-kare uygunluk testi ve/veya olabilirlik oran testi ile
smanmakta (Azen ve Walker, 2011, s.153), ayn1 zamanda gozlenen frekanslar ile
beklenen frekanslar arasindaki farklar iizerinden hesaplanan standartlastirilmig
kalintilarin mutlak deger olarak 2 degerini agmamasi istenmektedir (Agresti,
2007:38).

Ote yandan, logaritmik dogrusal modellerin hiyerarsik yapisi geregi, iist diizey
etkilegsim teriminin modelde yer almasi, diisiik diizeyli etkilesim terimlerinin de
modelde yer almasimi gerektirmektedir. (Altas ve Yildirim, 2003:217). Dolayistyla
modelde tglii etkilesim terimi yer aliyorsa, tiim ikili etkilesim terimlerinin ve tiim
degiskenlerin ana etkilerinin modelde yer almas1 gerekecektir.

Logaritmik dogrusal modellerde, uygun model olarak belirlenen modelde yer alan
ana etki parametreleri, ilgili degiskene yonelik odds degerinin logaritmasini; ikili
etkilesim parametreleri ise ilgili iki degiskene iligkin odds oranmin logaritmasini
vermektedir. Boylelikle, modelde yer alan parametre tahminlerinin dogrudan {istel
degerlerini hesaplayarak odds degerine ve odds oranlarina ulasilabilmektedir (Azen
ve Walker, 2011:161-162).

Bulgular

Ogrencilerin istatistik dersine yonelik sinav kaygisimi belirlemek iizere SAS
Olceginde Ogrencilerin, sinava iliskin kaygi diizeyini belirlemek amaciyla sorulan
“simava girmeden hemen dnce bir konuyu yeterince anlamadigimi fark ettigimde”
sorusuna verdikleri cevaplar ile 6grencilerin cinsiyeti, yasi, istatistik dersinin zor
ders olduguna yonelik algilar1 ve derse devam durumlari birlikte degerlendirilerek,
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degiskenlere yonelik kontenjans tablolarmin hiicre frekanslarii en iyi tahmin eden
logaritmik dogrusal model ya da modeller belirlenmeye calisilacak ve sonuglar
yorumlanacaktir.

Bu amagla oncelikle 6grencilerin cinsiyet, yas, derse devam durumu ve istatistik
dersinin zor ders olduguna yonelik algilariyla istatistik sinav kaygisi arasinda
iligki bulunup bulunmadigi arastiritlmis ve sonuglar asagida verilen Tablo 2 ile
diizenlenmistir:

Tablo 2
Degiskenlerin Siav Kayg Diizeyiyle Iliskisine Yonelik Pearson Ki-kare Testi Sonuglart

. Ki-kare . . | Test istatistiginin olasihk
Degisken test istatistigi Serbestlik derecesi degeri Sonug¢
Cinsiyet 0,293 2 0,864 iliski yok
Yas Gruplar1 12,565 4 0,014 Tliski var
Derse Devam 0,553 2 0,759 fliski yok
Durumu
Zor ders algisi 18,935 4 0,001 iliski var

Tablo 2’de verilen Pearson Ki-kare testi sonuglarina gore, 6grencilerin cinsiyeti
ve derse devam durumlariyla istatistik dersi sinavina iliskin kaygi diizeyleri arasinda
bir iliski s6z konusu degildir. Dolayisiyla, 6grencilerin sinav kaygi diizeyleri
cinsiyetlerine gore ve derse devam edip etmemelerine gore farklilik gostermemektedir.
Buna karsin, 6grencilerin istatistik dersine yonelik kaygi diizeylerinin, 6grencilerin
yagslar1 ve istatistik dersinin zor bir ders olduguna yonelik algilartyla iligkili oldugu
goriilmektedir.

Yukarida 6zetlenen bilgiler 15181nda, 6grencilerin sinav kaygi diizeyiyle belirlenen
degiskenler arasinda iliski bulunup bulunmadigi, s6z konusu degiskenler arasindaki
etkilesim etkileri ve kismi iligkiler g6z oniine alinarak kurulan alternatif modellerle
belirlenmeye ¢alisilmis ve geriye dogru eleme yontemi uyarinca uygun modeller
saptanmuistir.

Daha 6nce ifade edildigi gibi, logaritmik dogrusal modeller, kontenjans tablosunda
yer alan hiicre frekanslarmi bir bagimli degisken gibi ele almakta ve s6z konusu
hiicre frekanslarini tahmin etmek iizere tiim degiskenleri bir bagimsiz degisken gibi
modellemektedir. Bu yap1 i¢inde, degiskenler arasinda etkilesim etkilerinin varligi iki
degiskenin baglantili ya da iligkili oldugunu gostermektedir.

Model ¢oziimlemeleri sonucunda elde edilen, dogrudan degiskenlere yonelik
parametre tahminleri, hiicre frekanslarini tahminde degiskenlerin ana etkilerini;
degiskenler arasindaki etkilesimlere yonelik parametre tahminleri ise, hiicre
frekanslarii tahmin etmede degiskenler arasindaki etkilesim etkilerini gdstermektedir.
Ayrica, dogrudan degiskenlere iliskin parametre tahminleri ilgili degiskenin odds
degerinin logaritmasini, degiskenler arasindaki etkilesim parametrelerinin tahminleri
ise degiskenlere yonelik odds oranlarinin logaritmasini vermektedir.
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Ote yandan, modellerin analiz sonuglarimin verildigi tablolarda goriilen z degerleri
de ilgili degisken ya da etkilesimlerin hiicre frekanslarini tahmin etmede ne derece
etkili oldugunu gostermektedir. Buna gore mutlak deger olarak z degeri en yiiksek
olan ana etki ya da etkilesim etkisi, hiicre frekanslarini tayin etmede en 6nemli paya
sahiptir.

Logaritmik dogrusal modellerde amag¢ kontenjans tablosu hiicre frekanslarim
tahmin etmek oldugundan, gbzlenen frekanslar ile modelin tahmin ettigi frekanslar
arasindaki farklarin kiigiik olmasi hedeflenir. Diger degisle, gbzlenen frekanslar
ile beklenen frekanslar birbirine ne kadar yakin ya da uyumlu ise, model o 6lciide
basarilidir. S6zii edilen kosulun saglanip saglanamadigini belirlemek iizere, gdzlenen
ve beklenen frekanslar arasindaki farklari temel alan Ki-kare uygunluk testi ve bu
teste ¢ok yakin bir test olan olabilirlik oran testi kullanilir. Her iki testin de temel
hipotezi, gozlenen ve beklenen frekanslar arasinda fark olmadigi bigimindedir ve
temel hipotezin reddedilmesi, gozlenen ve beklenen frekanslar arasinda anlamh
farkhilik olmadigi gostermektedir. Ote yandan, gdzlenen ve beklenen frekanslar
arasindaki farklarin, yani kalintilarin standartlagtiritlmis degerlerinin de mutlak deger
olarak 2’yi agmamas1 hiicre frekanslarina yonelik tahminlerin basarisina yonelik bir
baska test olarak degerlendirilmektedir.

Model.1:

Ogrencilerin cinsiyeti, yas1 ve smav kaygis1 degiskenlerine yonelik olusturulan
kontenjans tablosunun hiicre frekanslarini tahmin etmek konusunda en uygun model,
tiim degiskenlerin ana etkilerini ve Yag*Sinav kaygis1 etkilesim etkisini i¢eren kismi
bagimsizlik modeli olup, modele yonelik parametre tahminleri, z degerleri ve test
istatistiginin olasilik degerleri Tablo 3’te verilmektedir:

Tablo 3

Cinsiyet, Yas gruplari ve Sinav kaygisi Degiskenleri i¢in Kismi Bagimsizlik Modeli Sonuglari
Parametre Parametre tahmini z degeri | Test istatistiginin olasihk degeri
Sabit 2,132 9,842 0,000
Cinsiyet-Kadm 0,613 5,473 0,000
Yas (18-20) 1,407 6,177 0,000
Yas (21-22) 1,265 5,471 0,000
Sinav kaygisi(Diistiik) -2,079 -3,397 0,01
Siav kaygisi (Orta) -0,134 -0,447 0,655
Yag(18-20)* Sinav kaygisi(Orta) -0,539 -1,560 0,119
Yas(21-22)* Sinav kaygisi(Orta) -0,596 -1,682 0,093

Tablo 3’te yer alan degiskenlere yonelik ana etkiler ile etkilesim etkilerine ait z
degerlerine bakildiginda, kontenjans tablosundaki hiicre degerlerini belirlemede
en yiiksek etkiler sirasiyla, cinsiyet, yas, sinav kaygisi ana etkileri ve Yas*Sinav
kaygisi etkilesim etkisidir. S6z konusu model ile tahmin edilen beklenen frekanslar
ile gozlenen frekanslar arasindaki uyum ya da uygunlugu belirlemek iizere
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gerceklestirilen olabilirlik oran testi ve Ki-kare uygunluk testi sonuglar1 Tablo 4’te
verilmistir:

Tablo 4
Cinsiyet, Yas, Sinav kaygist ve Yas*Sinav kaygisi Modeli Uyum Iyiligi Testleri
Test istatistigi Serbestlik derecesi Test istatistiginin olasihk degeri
Olabilirlik oran testi 3,490 8 0,900
Pearson Ki-kare testi 3,559 8 0,895

Tablo 4’te yer alan test sonuglarina gére, modelin tahmin ettigi hiicre frekanslar
ile gozlenen frekanslar arasinda istatistik agidan anlamli bir fark bulunmamaktadir ve
dolayistyla tahmin edilen frekanslar hiicre frekanslariyla uyumludur.

Gozlenen ve model ile tahmin edilen (beklenen) frekanslar ve aralarindaki farklart
ifade eden kalintilar ve standartlastirilmis kalintilar ise Tablo 5’te gosterilmektedir:

Tablo 5
Cinsiyet, Yas, Sinav Kaygisi Ana Etkileri ile Yas*Sinav Kaygis Etkilesim Etkisini I¢eren Kismi Bagimsizlik
Modelinin Gozlenen ve Beklenen Frekanslari, Yiizdeleri, Kalintilart

Gizlenen Beklenen

Sinav kaygisi  Yaggruplan  Cinsiyet  Frekans % Frekans % Kalint Stand. kalnt  Dizkalnt ~ Sapma
Diigiik 18-20 Kadin 5 1,4% 4,540 1,3% 460 216 1368 212
Erkek 2 0,6% 2,460 0,7% - 460 -,293 -,368 -303

21-22 Kadin 15 4,3% 13,620 3,6% 1,380 374 651 368

Erkek 8 1,7% 7,380 2,1% 1,380 -,508 -,651 525

23+ Kadin 1 0,3% 1,946 0,6% -,946 -678 -1,148 -748

Erkek 2 0,6% 1,054 0,3% 946 A1 1,148 818

Orta 18-20 Kadin a3 9,4% 32,429 9,3% A7 00 183 100
Erkek 17 4,9% 17,571 5,0% - 571 -136 -183 -137

21-22 Kadin 29 8,3% 26,591 7.6% 2,409 467 838 460

Erkek 12 3,4% 14,409 4,1% -2,409 - 635 -,639 - 654

23+ ladin 12 3,4% 13,620 3,8% 1,620 -,439 - 764 - 448

Erkek 9 2,6% 7,380 21% 1,620 586 64 ATE

Ylksek 18-20 Kadin G4 18,3% 63,560 18,2% 440 055 10 055
Erkek 34 9,7% 34,440 9,8% -, 440 - 075 =110 - 075

21-22 Kadin 54 15,4% 55,129 15,8% 1,129 -152 -,295 -153

Erkek 3 3,3% 20,871 8,5% 1,129 206 1295 205

23+ Kadin 14 4,0% 15,566 4.4% -1,566 -,397 -,694 -404

Erkek 10 2,9% 8,434 2,4% 1,566 530 694 524

Tablo 5 incelendiginde, uyum iyiligi testlerine gore kontenjans tablosundaki hiicre
frekanslarini bagarili sekilde tahmin ettigi kabul edilen cinsiyet, yas, smav kaygisi
degiskenlerinin ana etkilerini ve Yas*Sinav kaygisi etkilesim etkisini igeren kismi
bagimsizlik modeline ait standartlagtirilmis kalintilarin, genel olarak 1 degerinin
cok altinda oldugu goriilmektedir. Literatiirde standartlastirilmis kalintilarin 2’den
kiigiik olmas1 modelin basarili kabul edilmesi i¢in yeterli sayildigindan, s6z konusu
model, basarili kabul edilerek degiskenlere yonelik ana etki ve etkilesim etkilerinin
parametreleri yorumlanabilir.
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Daha once de ifade edildigi gibi ana etki parametreleri ilgili degiskenin odds
degerini vermektedir. Dolayisiyla, cinsiyet degiskeninin Kadin kategorisi i¢in ana
etki parametresi 0,613 tahmin edilmistir ve bu durumda odds degeri Exp(0,613)=1,85
hesaplanmaktadir. Buna gore tesadiifen segilecek bir grencinin kadin olma olasilig:
erkek olma olasiligindan 1,85 kat fazladir.

Ogrencilerin yas grubuna ydnelik tahmin edilen ana etki parametreleri ise 18-20 yas
grubu i¢in 1,407; 21-22 yag grubu i¢inse 1,265°dir. SPSS paket programi logaritmik
dogrusal modellere iliskin ¢6ziimlemelerde, degiskenin 2’den fazla kategori igermesi
durumunda son kategoriyi referans kategori almakta ve dolayistyla kiyaslamalar bu
kategoriye gore yapilmaktadir. Buna gore, tesadiifen segilecek bir 6grencinin 18-20
yas kategorisinde olma olasiligi, 23+ yas grubunda olma olasiligindan Exp(1,407)=
4,08 kat daha fazladir. Benzer sekilde, 6grencinin 21-22 yas grubunda olma olasilig1
da 23+ yag grubunda bulunma olasiligina kiyasla Exp(1,265)=3,54 kat daha fazladir.

[statistik dersi smnavina yonelik ana etki parametrelerinin tahmin degerlerine
bakildiginda da, tesadiifen segilecek bir dgrencinin diisiik kaygi tasima olasilig
yliksek kaygi tagima olasiliginin Exp(-2,079)=0,13 kat1 oldugu anlagilir. Parametre
tahmininin negatif igaret tasiyor olmasi olasiligin referans kategoriye gore daha az
oldugunu gosterir. Dolayisiyla, 0,13 seklinde hesaplanan odds degeri, tesadiifen
secilecek bir 6grencinin diisiik kaygi tasima olasiliginin yiiksek kaygi tasiyor olma
olasiliginin %131 kadar oldugu soylenebilir.

Yas*Smav kaygist degiskenlerinin etkilesim etkilerini gosteren parametre
degerlerine bakildiginda (18-20)Yas*Orta diizeyde sinav kaygisi diizeylerinde 0,119;
(21-22)Yas*Orta diizeyde sinav kaygisi kategorilerinde ise 0,093 seviyesinde oldugu
goriillir. SOz konusu parametreler anlamli kabul edildiginde, s6z konusu kategorilere
iliskin parametre degerlerinden odds oranlar1 hesaplanabilecektir. Buna gore, (18-20)
Yas grubunda bir 6grencinin orta diizeyde kaygi tasima olasiligi, yiikksek kaygi tasima
olasiligina kiyasla Exp(-0,539)=0,58dir. Dolayistyla bu yas grubunda yiiksek kaygi
tagima olasilig1 daha fazladir. Benzer sekilde, (20-22) Yas grubunda bir 6grencinin
orta diizeyde kaygi tasima olasiligi, yiiksek kaygi tasima olasiligina kiyasla Exp(-
0,596)=0,55"dir ve s6z konusu yas grubunda istatistik sinavina yonelik yiiksek kaygi
tasima olasilig, orta diizeyde kaygi tasima olasiligindan daha fazladir.

Degiskenler arasindaki iliskiyi gosteren etkilesim parametreleri {izerinden
hesaplanan odds oranlarinin 1 olmasi, iki degigkenin iligkisiz oldugunu baska bir
deyisle iki degiskenin bagimsiz oldugunu ifade etmekte; odds oranmin 1’den
uzaklagmasi ise iki degisken arasinda bir iligski oldugunu ifade etmektedir. Yukarida
aciklanan modelin Yag*Simav kaygisi etkilesim parametrelerinin anlamlilik diizeyi
yaklasik 0,10 olmakla beraber odds oranlarmin 1°den uzak deger almasi ve 6rneklem
hacminin 0,50 oraninin {istinde bulunmasi sebebiyle model genel olarak anlamli
kabul edilmistir. Buna gore, 6grencilerin yaslariyla istatistik sinavina yonelik kaygi
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diizeyleri arasinda bir iligki vardir ve 6grencilerin yas1 arttikca istatistik sinavina
iligkin kaygi diizeyleri de artmaktadir.

Model.2:

Ogrencilerin istatistik sinavi kaygi diizeyi iizerinde etkili olabilecek degiskenlerle
kurulan alternatif modeller arasinda, 6grencilerin istatistik dersini diger derslere
kiyasla zor bir ders olarak algilama diizeyinin, sinav kaygi diizeyiyle iligkili oldugu
goriilmiistiir. Buna yonelik olusturulan modelden geriye dogru eleme yontemiyle
belirlenen cinsiyet, istatistik dersinin diger derslere kiyasla zor ders oldugu algisi
ve sinav kaygist degiskenlerinin ana etkilerini ve Cinsiyet*Sinav kaygis1 ve Diger
derslere gore zor ders*Simav kaygisi etkilesim etkilerini igeren kosullu iliski modeli,
en uygun model olarak belirlenmistir. S6z konusu modele yonelik parametre
tahminleri, z degerleri ve test istatistiginin olasilik degerleri Tablo 6’da verilmistir:

Tablo 6

Cinsiyet, Dersin Zor Ders Oldugu Algisi ve Sinav Kaygisi degiskenleri icin Kosullu Iliski Modeli Sonuclart

Parametre Param‘etre z degteri Test istatisti?in?n
tahmini olasihik degeri

Sabit 4,198 38,328 0,000

Cinsiyet-Kadin 0,613 5,473 0,000

Diger derslere gore zor ders (Fark yok) -4,145 -6,594 0,000

Diger derslere gore zor ders (Daha zor) -1,991 -6,922 0,000

Sinav kaygisi(Diisiik) -2,079 -3,397 0,01

Smav kaygist (Orta) -0,134 -0,447 0,655

Sinav kaygisi(Diisiik)* Cinsiyet(Kadin) 2,142 3,477 0,001

Siav kaygisi(Orta)* Cinsiyet(Kadin) 0,907 2,963 0,003

S(l)l;e:ivefsazfl?;i(;f)uk)* Diger derslere gore 1,993 3.731 0.000

:;r;;:i\; i(sazg;s}i a(]zcl;lf)lik)* Diger derslere gore 1117 2,444 0.015

f;:ziaz];g;]l{(ﬁ)z?)* Diger derslere gore 0.974 2.438 0.015

S(l)rrlazivei(saz]%;sl;((z)ég)* Diger derslere gore 0.281 0.950 0.342

Tablo 6’da yer alan degigkenlere yonelik ana etkiler ile etkilesim etkilerine ait
z degerlerinin mutlak deger cinsinden biiylikliik siralamasi, hiicre frekanslarinin
belirlenmesindeki etki siralamasidir.

Modelde yer alan etkilesim etkileri parametrelerinin istatistik agidan anlamh
olmalari, ilgili degiskenler arasinda etkilesim yani iligki oldugunu gostermektedir.
Dolayisiyla, 6grencilerin cinsiyetleriyle istatistik dersini diger derslere kiyasla zor
ders olarak algilamalari arasinda bir iliski s6z konusudur. Ote yandan, dgrencilerin
istatistik dersinin zor olduguna iliskin algilariyla istatistik sinavina yonelik kaygi
diizeyleri arasinda da bir iligki vardir.
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Cinsiyet, dersin diger derslere gore zor oldugu algisi ve istatistik dersi sinav
kaygis1 degiskenlerinin ana etkileriyle Cinsiyet*Sinav kaygisi ve Diger derslere gore
zor ders*Simav kaygisi etkilesim etkilerini igeren kosullu iliski modeli ile tahmin
edilen (beklenen) frekanslar ile gézlenen frekanslar arasindaki uygunlugu belirlemek
iizere gergeklestirilen olabilirlik oran testi ve Ki-kare uygunluk testi sonuglar1 Tablo
7’de verilmistir:

Tablo 7

Cinsiyet, Istatistik Dersinin Diger Derslere Gére Zor Oldugu Algisi, Sinav kaygist ve Cinsiyet*Sinav kaygisi,
Diger derslere gore zor ders*Sinav Kaygist Modeli Uyum Lyiligi Testleri

Test istatistigi Serbestlik derecesi Anlamlhilik seviyesi
Olabilirlik oran testi 4,781 6 0,572
Pearson Ki-kare testi 4,344 0 0,630

Tablo 7°de yer alan test sonug¢larina gore, modelin tahmin ettigi hiicre frekanslar
ile gézlenen frekanslar arasinda istatistik agidan anlamli bir fark bulunmamaktadir ve
dolayisiyla tahmin edilen frekanslar hiicre frekanslariyla uyumludur.

Gozlenen ve yukaridaki kosullu iliski modeli ile tahmin edilen (beklenen)
frekanslar ile gbzlenen ve beklenen frekanslar arasindaki farklari ifade eden kalintilar
ve standartlastirilmis kalintilar ise Tablo 8’de gosterilmistir.

Tablo 8 incelendiginde, gozlenen frekanslarla model ile tahmin edilen frekanslarin
uyumlu olduklar1 anlagilmaktadir. Nitekim, standartlastirilmis kalintilarin genel
olarak 1’den ¢ok kii¢iik deger almasi da modelin gozlenen frekanslar1 tahmin etmede
oldukga basarili oldugunu gostermektedir.

Tablo 8

Cinsivet, Istatistik Dersinin Zor Ders Oldugu Algisi ve Sinav Kaygisi Ana Etkileri ile Cinsiyet*Sinav
Kaygisi, Diger derslere gire zor ders*Sinav kaygis Etkilesim Etkilerini Iceren Kosullu Iliski Modelinin
Gozlenen ve Beklenen Frekanslari, Yiizdeleri ve Standartlastirilmis Kalintilart

Diger derslere gore zor i Bakiahar,
Kayq! ders Cinsiyet  Frekans % Frekans % Kalinti Stand Kalinh Dz Kalint Sapma
Dustk  Farkyok Kadin 8 2.3% 7.351 21% 649 239 949 236
Erkek 0 0.0% 649 0,2% -649 -.805 -949 -805
Daha zor Kadin 8 2.3% 7671 2,2% 328 118 265 118
Erkek 2 0,6% 2,329 0,7% -329 -215 -,265 -2
Gok daha zor Kadin 5 1.4% 742 21% -2421 -,.889 -1,395 - 945
Erkek 8 2.3% 5579 1,6% 2421 1,025 1,395 962
Orta Fark yok Kadin 15 4.3% 14,703 4,2% ,207 078 361 077
Erkek 1 0.3% 1,297 0.4% -,207 -,261 -,361 -272
Daha zor Kadin 17 4.9% 18,411 53% -1,411 -329 -832 -333
Erkek 7 2,0% 5,589 1,6% 1,411 597 832 574
Gok daha zor Kadin 42 12,0% 41,100 11,7% 900 140 256 A40
Erkek 30 8.6% 30,900 8,8% -.900 -162 -,256 -163
Yilksek  Farkyok Kadin 1 3.1% 11,946 3,4% -946 -274 -1,193 =277
Erkak 2 0,6% 1,054 0,3% 946 921 1,193 819
Daha zor Kadin 3 8.9% 29918 8,5% 1,082 198 601 197
Erkek 8 2.3% 9,082 26% -1,082 -,359 -,601 -367
Gok daha zor Kadin 90 25,7% 88,479 25,3% 1,521 162 A15 161
Erkek 65 18,6% 66,521 19,0% -1521 - 186 - 415 -187
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Parametre anlamliliklar, uyum 1iyiligi testleri ve standartlastirilmis kalintilarm
incelenmesi sonucunda kontenjans tablosundaki hiicre frekanslarimi tahmin etmede
¢oziimlenen modelin uygun oldugu kabul edilmistir. Dolayisiyla, modelde yer alan
degiskenlere iligkin ana etki parametreleri ve etkilesim etkisi parametreleri yorumlanabilir.

Degiskenler arasindaki etkilesimi bir diger deyisle iliskiyi gostermesi sebebiyle
sadece etkilesim parametrelerine yonelik yorumlar iizerinde durulacaktir.

Diger derslere gore zor ders(Fark yok)*Cinsiyet(Kadin) etkilesim etkisinin
parametre tahmini 2,142 ve dolayisiyla odds oram1 da Exp(2,142)=8,52
hesaplanmaktadir. Buna gore erkeklere kiyasla kadinlarda istatistik dersinin diger
derslerden daha zor olmadig: algisi 8,52 kat daha fazladir.

Ote yandan, Diger derslere gére zor ders(Daha zor)* Cinsiyet(Kadin) etkilesim
etkisinin parametre tahmini 0,907 ve dolayisiyla odds oram1 da Exp(0,907)=2,47
hesaplanmaktadir. Buna gore kadinlarda istatistik dersini diger derslere gore daha
zor oldugu algisi erkeklere kiyasla 2,47 kat daha fazladir.

Smav kaygisi(Diisik)*Diger derslere gore zor ders(Fark yok) etkilesim
parametresi 1,993’tiir ve dolayisiyla odds orani, Exp(1,993)=7,34 hesaplanmaktadir.
Istatistik dersini diger derslere gére ¢ok zor bulanlara kiyasla istatistik dersinin zorluk
derecesinin pek de farkli olmadigimi diistinenlerde, sinav kaygisinin diisiik olmasi
olasilig1 7,34 kat daha fazladir.

Sinav kaygisi(Diistik)*Diger derslere gore zor ders(Daha zor) etkilesim parametresi
1,117°tiir ve dolaysiyla odds orani, Exp(1,117)=3,05 hesaplanmaktadir. Istatistik
dersinin diger derslerden ¢ok daha zor oldugunu diistinenlere kiyasla, zor oldugunu
diisiinenlerde diisiik sinav kaygisi olasiligi yaklasik 3 kat daha fazladir.

Sinav kaygisi(Orta)*Diger derslere gore zor ders(Fark yok) etkilesim parametresi
0,974’ diir ve dolayisiyla odds orani, Exp(0,974)=2,64 hesaplanmaktadir. Buna gore
istatistik dersinin diger derslere gore ¢ok daha zor oldugunu diisiinenlere kiyasla, ¢ok
da farkli olmadigini diisiinenlerde orta seviyede simav kaygist bulunmasi olasiligi
yaklasik 2,5 kat daha fazladir.

Sinav kaygi diizeyi ile istatistik dersinin diger derslere kiyasla daha zor bir
ders oldugu algisina yonelik iki degiskenin etkilesim etkisini gdsteren parametre
degerlerine ve odds oranlarina bakildiginda, derse yonelik zorluk algisina baglh
olarak istatistik dersi sinav kaygisinin da arttig1 goriillmektedir.

Sonu¢

Universite dgrencilerinin cinsiyet ve yaslarinin istatistik kaygisi iizerinde etkili
olup olmadigina yonelik ¢ok sayida arasgtirma yapilmistir. Bu aragtirmalarin bir
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kisminda cinsiyetin 6grencilerin istatistik kaygi diizeyini belirleyen bir faktdr oldugu
ve kadin 6grencilerde istatistik kaygi diizeyinin erkek 6grencilerden daha yiiksek
oldugu tespit edilmistir. Ancak, bazi arastirmalarda ise cinsiyetin istatistik kaygi
diizeyi tlizerinde etkili olmadig1 dolayisiyla, kadin 6grencilerle erkek 6grencilerin
kayg1 diizeyleri arasinda bir fark bulunmadigi belirlenmistir. Ote yandan yapilan
aragtirmalarda 6grencilerin yasi ile istatistik kaygisi arasinda da bir iliski belirlenmis
ve Ogrencilerin yag1 biiylidiik¢e istatistik dersinin énemini daha ¢ok kavradiklari
ancak yagslari ilerledikge istatistik kaygi diizeylerinin de arttig1 tespit edilmistir.

Ogrencilerin smav kaygisinin belirleyicileri iizerine de arastirmalar yapilmis ve
Ogrencilerin cinsiyetlerinin sinav kaygisi tizerinde etkili bir degisken oldugu tespit
edilmistir. S6z konusu ¢alismalar, kadinlarda sinav kaygisinin erkeklerden daha
yiiksek olduguna isaret etmektedir. Sinav kaygisinin yas ile iliskili olduguna yonelik
bir ¢alismaya rastlanmamustir.

Bir devlet tiniversitesinin Ekonometri Lisans Programinda 6grenim gérmekte olan
350 o6grenci ile gergeklestirilen bu ¢alismada, 6grencilerin istatistik dersine yonelik
smav kaygi diizeyleri iizerinde oncelikle cinsiyet ve yas faktorlerinin etkili olup
olmadig1 belirlenmeye caligitlmistir. Bu baglamda, cinsiyet degiskeninin istatistik
dersi smav kaygisi iizerinde etkili olmadig1 dolayisiyla, kadin ve erkek 6grencilerin
istatistik dersine yonelik smnav kaygi diizeylerinin farklililk gostermedigi tespit
edilmistir.

Yas degiskeniyle ilgili olarak da, ogrencilerin yasinin istatistik dersi sinavina
yonelik kaygi diizeyleri iizerinde etkili oldugu ve yas ilerledikg¢e grencilerin istatistik
simav kaygisinin arttigi belirlenmistir. Dolayisiyla, yasi kii¢iik 6grencilerde istatistik
dersine yonelik sinav kaygist daha azdir.

Ogrencilerin dogrudan istatistik dersine ydnelik sinav kaygi diizeyleri iizerinde yas
ve cinsiyet faktorlerinin etkisini belirlemeye yonelik daha dnce gerceklestirilmis bir
caligmaya rastlanmadigindan, istatistik dersi sinav kaygisi {izerinde cinsiyet ve yas
faktorlerinin etkisine yonelik bulgular1 baska bir ¢aligmayla karsilastirmak miimkiin
olmamustir.

Cinsiyet ve yas disinda 6grencilerin derse devam etme durumlariin ve istatistik
dersinin diger derslere kiyasla daha zor bir ders olduguna yo6nelik algilarinin istatistik
dersi smav kaygisi lizerinde etkili olup olmadig1 da aragtirilmistir. Yapilan analizler
sonucunda 6grencilerin derse devam edip etmemelerinin istatistik dersi sinav kaygi
diizeyleri iizerinde etkili olmadig1 anlasilmistir. Ancak, istatistik dersinin diger
derslere kiyasla daha zor bir ders olarak algilanmasinin, 6grencilerin istatistik dersi
smav kaygisi iizerinde etkili oldugu saptanmistir. Buna gore, 6grencilerde istatistik
dersinin diger derslere gore daha zor bir ders oldugu algisi arttikca istatistik dersine
iligskin sinav kayg1 diizeyleri de artmaktadir.
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Ogrencilerin smav kaygisi, basarilar1 iizerinde etkili bir faktér oldugu kabul
edilmektedir. Dolayisiyla, istatistik dersinin diger derslere gore zor oldugu algisi,
istatistik dersi sinav kaygisini arttirmak suretiyle istatistik dersine yonelik akademik
basarty1 olumsuz etkilemektedir. Istatistik dersi vermekte olan 6gretim iiyelerinin,
istatistik dersi ile ilk defa tanisacak Ogrencilerde bu olumsuz algmin yikilmasi
yoniinde girisimlerde bulunmasi faydal olabilir. Ozellikle lisans programlarmnin pek
cogunda yer alan Betimsel Istatistik ya da Istatistige Giris dersleri i¢in dgrencilerdeki
bu olumsuz alg1 giderilebilirse sonuglarin diger istatistik derslerine de olumlu
yanstyacagi digiiniilmektedir.
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Financial Performance Evaluation of Airline Companies with Fuzzy
AHP and Grey Relational Analysis Methods
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Abstract

Air transport is an essential part of the transportation sector to provide speed, reliability and economic advantage. It is
possible to say that; companies operating in the aviation sector have a financially fragile structure. There are many airline
companies in the aviation sector in the world and Turkey. In this study five airline companies from EU member states and
Turkey, including Turkish Airlines (THY), British Airways, Air France KLM, Lufthansa and Ryanair’s financial performance
in the 2012-2018 period were evaluated. To determine the importance of the financial criteria, which were determined
according to the literature, eight different expert opinions were taken and the weights of the criteria were determined
according to expert’s opinions with the Fuzzy Analytical Hierarchy Process (FAHP) method. The financial performance
rankings of the companies were realized with the Grey Relational Analysis (GRA) method. When looking at the analysis
results of 2018, the company with the best financial performance was determined as THY. It is followed by Air France
KLM, British Airways, Ryanair and Lufthansa, respectively. In the study, the Spearman correlation method was applied
to the financial performance rankings determined by the GRA. The rankings were interpreted statistically, and Kendall's
Tau correlation test was applied to examine the relationship between the number of flight destinations and the financial
performance rankings of airline companies.
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Introduction

The transportation sector is important as a need in human life. The transportation
sector is divided into four main groups. Transportation is carried out within the
scope of moving living and non-living creatures from one point to another with
airline, railway, highway, and seaway options. In addition to being fast and reliable,
transportation should provide an economic advantage when choosing among the
transportation sectors. Air transportation is the fastest and most reliable among the
four transportation sectors compared to other industries (Goktepe, 2007).

Air transport consists of two different sections. Firstly, the air transport system
which covers transporting passengers by air, except for moving an asset. Secondly,
unlike general aviation, air transport involves activities using small aircraft.
Agricultural spraying, sportive shows, rescue activities are included in the general
aviation concept (Gerede, 2002).

Financial performance evaluation is a significant issue for all companies and
organizations as well as for airline companies. The financial performance evaluation
process for airline companies enables the determination of positive or negative
aspects of an enterprise compared to competing companies. Thanks to the evaluation,
the enterprises determine their position in the sector, thus contributing to the process
of making optimal decisions in the management process of the enterprise.

In the literature, financial performance evaluation has been done in different sectors
with different methods. Financial performance evaluation studies with multi-criteria
decision-making methods are frequently encountered in the literature. Heshmati et al.
(2014) analyzed the companies operating in the petrochemical industry using the FAHP
method. After the analysis, Arak, Fanavaran and Abadan petrochemical companies
were found to be the best companies in terms of financial performance. In their studies
carried out by Tayyar et al. (2014) applied the FAHP and GRA. Looking at the analysis
results, they concluded that the rate of profitability was more prominent among the
weights of the criteria that Kaya et al. (2017) carried out analysis with ORESTE,
TOPSIS and ELECTRE methods. After the analysis of brokerage houses, the company
with the best financial performance was determined. Siew et al. (2018), dealt with the
businesses operating in the coffee business in Malaysia. They found a difference of 0.097
between the best business and the financially lowest business. Oztiirk and Onurlubas
(2019) examined three firms operating in Samsun using Analytical Hierarchy Process
and TOPSIS methods in their studies. When looking at the results of the mentioned
methods, they determined that the comfort of the inner comfort of the aircraft is the
most effective criterion for determining the performance. At the same time, firm A had
the best financial performance among these three companies.

In this study, a financial performance evaluation of airline companies belonging
to various countries was made. When studies on financial performance evaluation
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about the aviation sector in literature were analyzed, it was seen that some of them
are applied to companies of a single country. Akkaya (2004) evaluated the airline
companies financial performance with the 13 criteria. Using the TOPSIS method for
financial performance ranking, Akkaya (2004) concluded that more than one airline
company could obtain more efficient results. Okumus and Asil (2007), created two
different groups and tried to determine the differences between the socio-demographic
characteristics of these groups. They made this analysis using the discriminant
method. Within the research framework, by applying 511 questionnaires, they
aimed to determine the characteristics of domestic and foreign passengers’ airway
preferences. Giirel (2012) evaluated the financial performance of three airline
companies operating in Turkey by using the FAHP method. As a result of the analysis
made on the data of THY, Onurair and Pegasus, it was determined that THY has
the best financial performance. Akgiin and Soy Temiir (2016) studied a financial
performance assessment of the airline companies between 2010 and 2015. While
the Pegasus airline had the best financial performance between 2011-2014, they
concluded that THY was financially better in the remaining periods (Ellibes 2020).

Barros et al. (2015) evaluated the information of the airline companies about their
financial actions, and they concluded that the adverse effects and financial conditions
decreased due to the fuel prices of aircraft operating in Asia. Avcl and Cinaroglu
(2018) studied the financial performance of five airline companies operating in
Europe. They used the AHP and TOPSIS methods for their financial performance
rankings between the 2012-2016 periods. The company with the best financial
performance was Ryanair.

When we look at financial performance evaluation studies criteria; It was observed
that current ratio, leverage ratio, profitability ratio, activity ratio, liquidity ratio,
growth rate, asset return ratio, equity ratio, reserve requirement ratio, net profit
margin, profitability per share, dividend rates were used ((Wang (2008), Uygurtiirk).
& Korkmaz (2012), Omiirbek & Kinay (2013), Poorhossein et al. (2013), Heshmati
et al. (2014), Akkus et al. (2015), Siew et al. (2018)).

In this study, while evaluating the financial performance of airline companies, and
the literature, twelve criteria were determined under three main categories. The main
criteria are liquidity ratios, financial ratios, profitability ratios, sub-criteria current
ratio, acid-test ratio, cash ratio, leverage ratio, financing ratio, debt / equity, tangible
assets / equity, equity / total foreign resources, financial profitability, gross profit
margin, net profit margin and asset profitability. Weights of all criteria were determined
by taking the opinions of eight experts. Expert opinions were converted into fuzzy
numbers by using linguistic variables in the FAHP method. After determining the
weight transactions, financial performance rankings of five airlines were made using
the GRA method. Airline companies are affected by many situations in financial
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performance evaluations. In the study, the relationship between the number of flight
points in these situations and the ranking of financial performance was investigated.
Statistically, similarities were determined by using the Spearman correlation on the
airline companies determined during these periods. Finally, the relationship between
the number of flight destinations and financial performance is examined using
Kendall’s Tau correlation test.

The difference of this study from other studies in the literature can be summarized
as follows: Financial performance analysis has not been done in previous studies on
the companies evaluated. In addition, the integrated Fuzzy AHP and GRA methods
used in this study were not used in previous financial performance studies.

Methods

In this part of the study, the methods used for financial performance evaluation
are explained. Weights of performance criteria were; obtained from expert opinions
based on the linguistic variables. They were obtained by transforming linguistic
variables into fuzzy numbers and then the values defuzzified with the FAHP method.
After determining the criteria weights, financial performance rankings were obtained
with GRA.

Fuzzy Analytical Hierarchy Process

The hierarchical structures expressed as fuzzy clusters were revealed because the
decisions taken today are not based on numerical data or decisions that are taken in
line with the uncertainties. When the literature is examined, many findings related to
this method are found. Laarhoven and Pedryctz (1983) compared the data obtained
with fuzzy triangular numbers with fuzzy rates. With this method, more than one
decision maker’s predictions are included in mutually formed matrices. In contrast to
this advantage of the method, the application of too many mathematical operations in
modeling and the fact that these operations can be modeled only with fuzzy triangular
numbers are considered the disadvantage of the method. Chang (1996) was improved
the fuzzy triangular numbers for comparison when using the analytical hierarchy
process method (Kaptanoglu et al. 2006). The linguistic variables used in the Fuzzy
AHP Method are shown in Table 1.

Table 1

Linguistic Variables and Triangular Fuzzy Numbers

Linguistic Variables Fuzzy Scale Counter Scale
Equally important (1,1,1) (1,1,1)
More equally important (1,3,5) (1/5,1/3,1)
Much more equally important (3,5,7) (1/7,1/5,1/3)
Too much more equally important (5,7,9) (1/9,1/7,1/5)
Absolutely important (7,9,9) (1/9,1/9,1/7)
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The algorithm of the method given by Chang to the literature is shown below:

Si = ﬁlMéi x [Ziy Yt Méi]-l @

To find the expression in the equation, “Z}n 1 Mél”, “m” must be added to the

fuzzy numbers: “m”. Matrix addition can be shown as follows (Kahraman et al.,
2004);

LMy = (BT 4, B my, BT ) @)

To find the other factor in the equation, the triangle values must be added to the
fuzzy values;

T X M) =Y G e my, Yy 3)

After obtaining the two parts in the equation, the inverse of the vector in the
equation must be calculated as follows;

1Zm1 :< : ) n1 ) nl ) (4)

] LU Xy myt Yol

In the second step after completing the operations, the probability degrees for M, =
(1, m, u)M,(I, m, u,) are calculated as follows;

V(Mz = Ml) = Supyzx[min(:uMl(x)ﬂﬂMz (Y))] (5)

Equation M, = (1, m, u )M, m, u,) triangular fuzzy numbers (Goksu et al.,
2008);

V(M = My) = hgt(My N M) =
1 , M, > mq

0 >, (6)
li—u,

(mz—uz)—(m1—-1y)

U, (d)
,other situations

In the third stage, the probability degree of a triangular fuzzy number is estimated
to be higher than the number of triangles “k”;

V(M =My, My, ..., M = V[(M = M,),(M > M,),....,(M = M)] = minV(M = M,),i =

1,2,3,....k )
k=1,23,.......... 05k #jise d(4;) = minV (s; > sp), it may be possible to define

the weight vector as follows;
W' = (d(Ay), d(4y),d(As) .....,d' (A,)T ®)
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It can be defined as “4;”i(1,2,3,.....,n) in the equation.

Finally, the normalization process of the most recent vector is performed;

W = (d(Ay),d(4,),d(As), ..., d(A))T ©)

Grey Relational Analysis (GRA) Method

The GRA method is a multi-criteria decision-making method based on the grey
system theory. In the GRA method, the classification and decision-making process
occurs based on the grey relational degrees (Wen, 2004). This method is used to
classify the sample variables in the case that the samples are small or the distribution
status of the sample is unknown (Feng et al., 2000). The GRA method can be applied
to quantitative datasets as well as datasets with linguistic criteria. The advantages of
the method can be shown as working with a small data set and easy mathematical
operations (Dogan, 2013).

The steps of GRA are as follows;
= Setting data and examining decision matrices

Alternative options of “m” in the decision-making matrix of “mnx” are determined
as the symbol of the criteria in the decision-making matrix of “n”;

X1 X:(2) Xi(m)
(1) X2(2) X,(n) (10)
Xm(1) Xm(2) Xp(m)

= Creating reference series and comparison matrix

Creating a reference series may vary depending on the application types to be
performed in the study. In the study, X,=(1,1,1,........ ,1) was determined. The main
reason for its determination in this way is to obtain the series that will be closest to
the reference series (Ozdemir et al., 2009).

= Creating the normalization process normalization matrix

If the criteria are different from each other, it is difficult to compare between
criteria. For this reason, it is necessary to apply the normalization process to the data.
Normalization can be done as follows (Elitas et al., 2012);

Xi(k) = [xi(k) — min xi(k)]/[max. xi(k) — min xi(k)] 1)
Xi(k) = [max. xi(k) — xi(k)]/[max. xi(k) — min xi(k)] (12
X;(k) =1—|xi(k) — ui|/max|xi(k) — ui| (13)
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= Creating an absolute value table

In this step, when creating the absolute value, the differences in the coefficients
of the specified criteria should be calculated. The difference between the coefficients
can be defined as the difference between the number of lines and the reference value
(Bektas et al., 2013).

AX; (k) = [Yo(1) = X1 (D, [¥6(2) = X1(2) |, 1Yo (3) = X1 (B)], ..., [Yo () — X1 ()] (14)
= Creating a grey relational coefficient matrix

The values that make up the difference data are calculated. Here, the operation
is made between the most change in the data series and the data showing the least
change. is 0 separator coefficient and usually used as 0.5.

K(§) = (Amin + §Amax) /(Ai(j) + §Amax) (15)

= Creation of grey relational degrees

@i =% ;’ln:lK(m) (16)

13341
1

In the equation here, the degree of the grey relation of the alternative “i” is shown.

Also, if the criteria have different weights, the grey relational degree is calculated as
follows (Sisman et al. 2013);

i ==Yy K(m)w(m) a7

“W (m)” in the equation established to calculate the criteria with different weights.
It shows the degree of importance belonging to the criterion.

Financial Performance Evaluation

In this part of the study, the financial performance evaluation of five airline
companies was carried out using FAHP and GRA methods.

The steps to be implemented are as follows: The data of the airline companies
were obtained from the companies’ year-end income table after the criteria were
determined. Using the FAHP method, the weights of the criteria were determined
according to expert opinions. The financial performances of five airlines, including
THY, Air France KLM, British Airways, Ryanair and Lufthansa, were calculated and
ranked using the GRA method.

Step 1: Determination of Criteria
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While determining the criteria used in the research, the most important rates were
determined in terms of the financial performance of the enterprises and the criteria
were selected considering the previous studies in the literature. The criterion consists
of 12 criteria under 3 main groups. The criteria are shown with the help of Figure 1.
The criteria can be briefly explained as follows

— Current Rate

Liguidity Ratios == Acid-Test Rate

— Cash Rate

— Leverage Ratio

— Financing Rate

Hg Financial Ratios =——  Debt/Equity

Evaluaiton

Tangible
Assets/Equity

Financial Performance

Equity/Total
Foreing Resources

Financial
Rantability

— Gross Profit

Profitability Rates —

— Net Profit

Asset Profitability

Figure 1. Financial Performance Evaluation Criteria

Sub Criteria of Main Criteria 1: Liquidity Ratios

1.1. Current Rate (CR): Working capital should be in proportion to companies
with short-term debts. The current rate is expected to be above 2.

The current ratio shows the status of the entity’s cash values and, its ability to
cover the debt. In other words, the high cash value of the business means that it can
meet its debts in the short term.
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1.2. Acid-Test Rate (ATR): It is the value formed by dividing the liquid values
of the business into short-term debts. The acid test rate shows the strength of the
company’s cash and convertible resources to pay off its short-term debt.

1.3. Cash Rate (CRA): The presence of the firm’s existing cash and securities
(liquid assets) shows how much short-term debt can be covered if the firm’s cash
inflows are cut. The cash rate is expected to be above 1.

Sub Criteria of Main Criteria 2: Financial Ratios

2.1. Leverage Ratio (LR): It is the rate that shows what percentage of firm assets
are covered by foreign resources. The leverage ratio is expected to be 50% lower. The
firm above this value indicates that it is risky.

2.2. Financing Rate (FR): The ratio of equity to the sum of short-term foreign
resources and long-term foreign resources. This rate is known as the financial
independence degree of the company.

2.3. Debt/Equity Ratio (DE): This rate is the opposite of the financing rate. The
Debt / Equity ratio is expected to be below 1.

2.4. Tangible Assets/Equity Ratio (TA): It is the ratio that shows how much of
the tangible assets of the company are covered by equity. This rate is expected to be
over 0.7.

2.5. Equity/Total Foreign Resources Ratio (ETF): It is the rate that indicates
how much of the assets belonging to the firm meets with equity. This ratio is the

opposite of the leverage ratio. The said ratio being below 0.3 indicates that the firm
has high debt.

Sub Criteria of Main Criteria 3: Profitability Rates

3.1. Financial Rantability (FRA): It shows the relationship between firms’ equity
and net profit. The high rate in question indicates that firm profitability has a good level.

3.2. Gross Profit (GP): It is the percentage share of the total sales revenue of a
company after the expenses related to the product and service are deducted. This rate
also plays an important role in the production phase. It is an important rate that gives
information about the company’s risk and return.

3.3. Net Profit (NP): It measures the company’s after-tax sales profits.

3.4. Asset Profitability (AP): This rate indicates the total investments of a
company. If the rate of return on assets is high, the firm is expected to generate high
income from its investments.
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Step 2: Determining the Importance Levels of Criteria

FAHP was used to determine the importance of the criteria by the opinions of 8
experts. Firstly, the main criteria weights were determined and then the importance
levels of the sub-criteria were determined.

Table 2 shows the fuzzy binary comparison matrix of the main criteria. The binary
comparison matrix was determined, by using Chang’s (1996) method and the steps
of determining the weights of the main criteria are shown below. Determination of
the weights of the main criteria by applying Chang’s method is shown with the help
of Table 3. Following the operations using Chang’s method, the probability values of
the main criteria were determined. With the determination of probability values, the
normalization process was performed on probability values. After the normalization
process, the weight levels of the main criteria are shown with the help of Table 4.
These transactions have been applied for all sub-criteria. Significance levels of the
sub-criteria are shown with the help of Table 5.

Table 2
Fuzzy Binary Comparison Matrix of Main Criteria

Liquidity Ratios Financial Ratios Profitability Rates
Liquidity Ratios (1,1,1) (6,7,8) (2,3,4)
Financial Ratios (1/8,1/7,1/6) (1,1,1) (1/6,1/5,1/4)
Profitability Rates (1/4,1/3,1/2) (4,5,6) (1,1,1)
Table 3

Weight Determination according to Chang (1996)
Liquidity Ratios Financial Ratios Profitability Sum of Triangular Rates

Numbers

Liquidity Ratios (1,1,1) (6,7,8) (2,3,4) (9,11,13)
Financial Ratios (1/8,1/7,1/6) (1,1,1) (1/6,1/5,1/4) (1,29,1.34,1.41)
Profitability Rates (1/4,1/3,1/2) (4,5,6) (1,1, (5.25,6.33,7.5)

(15,54, 18.67, 21.91)
Liquidity Ratios (9,11,13) X (1/21.91,1/18.67,1/15.54) (139.86, 205.37, 284.83)
Financial Ratios (1,29,1.34,1.41) X(1/21.91,1/18.67,1/15.54) (20.04, 25.02, 30.89)
Profitability Rates (5.25,6.33,7.5) X (1/21.91,1/18.67,1/15.54) (81,585, 118.18, 164,32)
Table 4
Weights of Main Criteria
Liquidity Ratios 0.7087
Financial Ratios 0.1367
Profitability Rates 0.1545

After analyzing the main criteria, it was observed; that the liquidity ratios had the
most significant weight among the three main criteria to be interpreted according to
expert opinions. Secondly, profitability rates are determined, and finally, financial
rates come.
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After the operations of the main criteria, the weighting of the sub-criteria of the
main criteria proceeds in the same direction as the calculation of the main criteria.
The comparison matrix created according to the answers of the expert opinions of the
sub-criteria of the main criteria is as shown below.

Table 5

Weights of Sub Criteria

Sub Criteria ‘Weights
Current Rate 0.16
Acid-Test Rate 0.35
Cash Rate 0.42
Leverage Ratio 0.2
Financing Rate 0.12
Debt/Equity 0.24
Tangible Assets/Equity 0.24
Equity/Total Foreing Resources 0.21
Financial Rantability 0.16
Gross Profit 0.33
Net Profit 0.47
Asset Profitability 0.04

Step3: Obtaining Financial Performance Ranking with GRA

The criteria weights obtained with the FAHP method ranked on the airline
companies by applying the GRA method.

In practice, the analysis was made for each criterion with the data obtained from
the airlines’ income statement for the period 2012-2018." Here, the steps of the
analysis carried out with the 2018 data in detail will be shown. The decision matrix
was created as the first step of the GRA method for 2018. The decision matrix of the
criteria is shown with the help of Table 6:

Table 6
GRA Decision Matrix

CR ATR CRA LR FR DE TA ETF FRA GP NP AP
THY 0.87 0.83 042 072 04 248 234 04 0.13 0.19 0.06 0.03
Lufthansa 024 023 0.18 046 061 1.63 0.85 0.61 027 0.19 0.09 0.05
British 0.68 0.65 039 063 056 177 1.09 056 033 021 0.19 0.08
Air France 0.74 0.69 046 09 0.09 7.3 3.8 0.09 0.12 0.09 0.07 0.06
Ryanair 0.5 046 032 062 056 176 181 056 042 029 024 0.11

After the decision matrix is created, the reference series should be created as a
second step under the maximum and minimum levels according to the criteria levels
determined in the GRA form. The creation of the reference series is shown in Table

1 Turkish Airlines Annual Report 2012-2018.
Air France KLM Annual Report 2012-2018.
Lufthansa Annual Report 2012-2018.
British Airways Annual Report 2012-2018.
Ryanair Annual Report 2012-2018.
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7. After determining the reference series created on the criteria whose maximum and

minimum levels are determined, the normalization process should be performed on

the criteria. The normalized matrix is shown below in Table 8. In the normalization

process in the findings obtained from the criteria, an absolute value table was created
on the criteria data in the next step. The absolute value table is given below with the

help of Table 9.
Table 7
Reference Series

CR ATR CRA LR FR DE TA ETF FRA GP NP AP
REFERENCE 087 0.83 046 09 0.61 7.3 3.8 061 042 0.29 0.24 0.11
THY 087 083 042 072 04 248 234 04 013 0.19 0.06 0.03
Lufthansa 024 023 0.18 046 0.61 163 0.85 061 027 0.19 0.09 0.05
British 068 065 039 063 056 177 1.09 056 033 0.21 0.19 0.08
Air France 074 069 046 09 0.09 7.3 3.8 0.09 0.12 0.09 0.07  0.06
Ryanair 05 046 032 062 056 176 1.81 056 042 0.29 0.24 0.11
Table 8
Normalized Matrix

CO ATO NO KO FO BO MDV OT MR BKM NKM AK

REFERENCE 1 1 1 1 1 1 1 1 1 1 1 1
THY 1 1 08 05 05 1 0.50 0.5 0.03 0.5 0 0
Lufthansa 0.2 0 0 0 1 0.4 0 1 0.5 0.5 0.16 0.2
British 0.5 0.7 07 03 09 05 0.08 0.9 0.7 0.6 0.72 0.6
Air France 06 0.76 1 1 0 0.3 1 0 0 0 0.05 0.3
Ryanair 09 038 05 03 08 09 0.34 0.9 1 1 1 1
Table 9
Absolute Values

CO ATO NO KO FO BO MDV OT MR BKM NKM AK
THY 0.14 0 0.14 049 040 0 049 040 0.97 0.5 1 1
Lufthansa 0.73 1 1 1 0 0.55 1 0 0.5 0.5 0.83 0.75
British 0.46 0.3 0.25 0.66 0.04 048 091 0.09 0.3 0.4 0.28 0.35
Air France 0.38 0.23 0 0 1 0.31 0 1 1 1 094 0.65
Ryanair 0.63 0.66 0.5 063 0.09 0.02 0.67 0.09 0 0 0 0

In following the absolute value table, the GRA matrix will be created. One of the
issues to be considered while creating the grey relational matrix is to obtain the most

significant change value in the array and the smallest change value in the array and
use it by finding the necessary calculations on these values (Kokcam et al., 2018).

The GRA matrix is given in Table 10.

Table 10
GRA Matrix

CO ATO NO KO FO BO MDV OT MR BKM NKM AK
THY 1 1 07 05 01 1 050 05 09 05 033 03
Lufthansa 04 033 03 03 1 06 033 1 05 05 03 04
British 0.6 065 07 08 03 05 039 08 06 056 06 0.5
Air France 0.6 0.68 1 1 03 03 1 03 03 03 038 04
Ryanair 05 04 05 04 08 09 04 08 1 1 1 1
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In the step after the grey relational analysis matrix, calculating the grey relational
degrees and performance ranks on the data of the airline companies were created. The
calculated values are shown in Table 11.

Table 11
Grey Relational Degrees
CO ATO NO KO FO BO MDV OT MR BKM NKM AK Sira

THY 1 1 07 05 05 1 052 05 03 05 033 03 3
Lufthansa 06 03 03 03 1 06 033 1 05 05 037 04 5
British 06 05 07 04 07 05 034 07 02 05 0.62 0.4 2
Air France 0.6 0.8 1 1 03 02 1 03 03 033 036 04 4
Ryanair 05 04 05 04 08 09 045 08 1 1 1 1 1

According to expert opinions, the most important main criterion among the three
main criteria is Liquidity Ratios, Financial Ratios and Profitability Ratios. Therefore,
it is concluded that the sub-criteria weights of liquidity ratios are more effective when
compared to the other sub-criteria. Within this framework, there were differences
in the order created by the help of the previous Table and the multiplication of the
weights.

In following the determination of the grey relational grades, the last step of the
GRA method is passed, and the new order obtained using the determined weights is
shown with the help of Table 12.

Table 12

GRA Results

Wi 0.13 026 032 0.03 002 0.03 0.03 003 0.02 005 0.07 001
CO ATO NO KO FO BO MDV OT MR BKM NKM AK

THY 1 1 07 05 05 1 050 05 03 05 033 03 1

Lufthansa 04 033 03 03 1 04 033 1 05 05 037 04 5

British 06 062 06 04 07 05 035 08 06 055 064 05 3

Air France 02 068 1 1 03 02 1 03 03 033 034 04 2

Ryanair 0.1 044 05 04 03 09 042 038 1 1 1 1 4

When looking at the ranking in the 2018 period, THY has been determined as
the best financial performance. Air France, British Airways, Ryanair and Lufthansa
are respectively. The analyzes have been carried out for all other periods. Financial
performance rankings determined by GRA method between 2012-2018 are shown
with the help of Table 13:

Table 13
Financial Performance Ranking Between 2012-2018 Periods
2012 2013 2014 2015 2016 2017 2018

THY 4 4 1 2 1 1 1
AIR FRANCE 3 1 4 3 3 3 2
LUFTHANSA 5 5 5 5 5 5 5
BRITISH 1 2 3 4 2 2 3
RYANAIR 2 3 2 1 4 4 4
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The best financial performance company in 2012 was determined as British
Airways. Financial performance evaluation was followed by Ryanair, Air France
KLM, THY and Lufthansa, respectively. In 2013, the company with the best
financial performance was determined as Air France KLM, while British Airways,
Ryanair, THY and Lufthansa were ranked respectively. The financial performance
ranking for 2014 was determined as THY, Ryanair, British Airways, Air France
KLM and Lufthansa. In 2015, the company with the best financial performance
was determined as Ryanair, followed by THY, Air France KLM, British Airways,
and Lufthansa. According to the analysis results, the financial performance ranking
for the 2016-2017 period was formed in the same order. At the same time, the best
financial performance belongs to THY, British Airways, Air France KLM, Ryanair
and Lufthansa, respectively. The company with the best financial performance was
determined as THY in 2018, followed by Air France KLM, British Airways, Ryanair,
and Lufthansa.

Step 4: Statistical Analysis

The Spearman correlation method was used to analyze the differences between
the financial performance ranking values obtained by the GRA method by years
(Uygurtiirk et al., 2012).

Spearman correlation is the nonparametric type of the coefficient of Pearson
correlation. In this method, the data of the variables are sorted first and then the result
is obtained by using the Pearson equation. The Sperman correlation is a different
feature from the Pearson correlation; while the Spearman correlation has a monotonic
relationship, Pearson correlation has a linear relationship.

Spearman correlation method is presented with the help of equation 19:

6% df
N(NZ-1)

p=1-— 19)

P: Spearman correlation coefficient
d% =The square of the difference between the order of the two variables
N=Expresses the number of main mass units.

The results of the Spearman correlation test applied to the financial ranking
determined by the GRA are presented below with the help of Table 14:
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Table 14
Spearman Correlation Test Results

2012 2013 2014 2015 2016 2017 2018
2012 1,000 ,700 ,300 ,300 ,300 ,300 ,100
2013 ,700 1,000 ,000 ,200 ,300 ,300 ,400
2014 ,300 ,000 1,000 ,800 ,700 ,700 ,600
2015 ,300 ,200 ,800 1,000 ,300 ,300 ,400
2016 ,300 ,300 ,700 ,300 1,000 1,000%* ,900%*
2017 ,300 ,300 ,700 ,300 1,000%** 1,000 ,900%
2018 ,100 ,400 ,600 ,400 ,900%* ,900%* 1,000

* Correlation is significant at 0.05 significance level (2-way).
** Correlation is significant at the 0.01 significance level (2-way).

When the Spearman correlation analysis results are analyzed, it was seen that
the financial performance ranking of the airline companies has a positive level of
1% between 2016-2017 and a positive relationship of 5% in the 2018 financial
performance ranking.

For the Spearman correlation results of 2017, a positive correlation of 1% was
found with the 2016 financial ranking assessment and a positive relationship of 5%
with 2018 ranking values.

According to the 2018 analysis results, it is concluded that there is a positive
correlation between 2016-2017 financial performance ranking evaluations.

Step 5: Examination of Flight Point Number and Financial Performance Ranking

After testing the statistical relationship between the financial rankings that have
changed over the years with the Spearman correlation test, the relationship between
the number of airline companies’ flight destinations and the ranking of financial
performance was examined.

Airline companies operating in the aviation industry should increase the number of
flight destinations to increase the market share in question, increase profitability and
increase the customer portfolio. Airline companies should make a strategic decision
to determine the new flight destination, considering their market share.

Increases in flight points are expected to contribute to airlines. With the increase
in the number of flight points in airlines, more customers will gain while costs will
increase. In the study, the similarity of the number of airline companies’ flight points
with the determined financial performance ranking was investigated.

While the financial performance rankings of the existing airlines are evaluated
within the periods discussed in the study, the same ranking results have been observed
in the last three periods. It was determined that THY was better than other airlines in
terms of financial performance in the period in question. This was followed by Air
France KLM, British Airways, Ryanair and Lufthansa, respectively.
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Flight point data of the airlines used in the research are shown below with the help
of Table 15.

Kendall’s Tau correlation test is used to determine the relationship between the
flight point and financial performance. Kendall’s Tau is a nonparametric test such as
the Spearman correlation test, which is more effective in small samples. Kendall’s
Tau test is applied to data from all airlines for 2018. Here, while listing the financial
performance ranking determined by the GR A method, the number of flight destinations
of 2018 for all these airline companies is the number of flight points to be processed.

Table 15

Number of Airlines’ Flight Points?

Airline Companies Number of Countries Flying Number of Flight Points
THY 122 304

Air France 93 175

Lufthansa 78 209

British Airways 70 170

Ryanair 40 223

By making correlation analysis, null and alternative hypotheses are determined
before the test and analysis process begins.

The null and alternative hypothesis to be tested in this analysis is as follows:

H,: There is no relationship between financial performance and flight number
numbers.

H,: There is a relationship between financial performance and flight number
numbers.

Kendall’s Tau correlation test results for financial performance rankings and flight
point numbers are presented below with the help of Table 15.

Table 15
Kendall's Tau Correlation Test

Financial Performance Flight Point
Financial Performance 1,000 ,200
Sig. (2-way) ,624
Flight Point ,200 1,000
Sig. (2-way) ,624

When Kendall’s Tau correlation test results are analyzed, we accept the H
hypothesis that the “p-value” (Sig.) is more than 5%. There is no significant relationship
between the two variables for selection. In the correlation tests, the coefficient of the

2 Turkish Airlines Annual Report 2018
Air France KLM Annual Report 2018
Lufthansa Annual Report 2018.
British Airways Annual Report 2018.
Ryanair Annual Report 2018.
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coefficient is determined according to the relationship between the two variables.
Kendall’s Tau correlation coefficient between analyzes was due to a positive (+)
-related relationship between the two variables. It can be said that there should be a
positive relationship and a correct relationship between these two variables. Even if
the expansion of the customer portfolio is ensured thanks to new flight destinations,
new flight destinations require huge financial obligations for airlines.

Conclusion

In this study, during the period 2012-2018, the financial performance of airline
companies operating in four countries and Turkey has been analyzed. The airline
companies subject to the analysis are THY, Lufthansa, British Airways, Air France
KLM and Ryanair companies.

The financial performance analysis made in the research consists of three stages. At
the first stage, financial performance criteria were determined. Data on these criteria,
including the period 2012-2018, were obtained from the income statements and then
expert opinions were taken to determine the weight of the criteria. In the second
stage, it is aimed to determine the weight of the criteria evaluated by expert opinions
using the FAHP method. Considering expert opinions, it is concluded that liquidity
ratios are superior. In the third and last stage, the financial performance ranking was
determined using the GRA method. The change of the financial performance ranking
by years was statistically tested and interpreted. In addition, the existence of the
relationship between the performance sequences obtained and the number of flight
points of the enterprises were statistically analyzed.

British Airways airline company had the best financial performance in 2012.
Ryanair, Air France KLM, THY and Lufthansa followed respectively. In the 2013
period, it was determined that the data observed in 2012 changed. Air France KLM,
which was third in 2012, was determined to have the best financial performance in
2013. It is concluded that the 2013 financial performance ranking is British Airways,
Ryanair, THY and Lufthansa. In 2014; THY had the best financial performance. It is
followed by Ryanair, British Airways, Air France KLM and Lufthansa, respectively.
Ryanair, which has favored low-cost flight policy since its establishment and, was in
second place in the previous period, showed the best financial performance in 2015
and THY, Air France, British Airways and Lufthansa followed respectively. When
looking at the results, it is seen that all of the airline companies were fixed in the same
row in the 2016-2017 period. When the ranking in the current period is analyzed, THY
had the best financial performance, and it is followed by British Airways, Air France
KLM, Ryanair and Lufthansa, respectively. When the 2018 financial performance
ranking is analyzed, the performance ranking is as THY, Air France KLM, British
Airways, Ryanair, and Lufthansa.
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When the number of flight destinations belonging to airline companies is examined, it
is seen that THY operation had the most flight points in 2018. THY was followed by Air
France, Lufthansa, British Airways and Ryanair. Ranking in flight point numbers and
financial performance ranking is not similar. Kendall’s Tau correlation test was performed
to statistically evaluate the relationship between the number of flight points and their
financial performance. After the analysis, it was concluded that there was no statistically
significant relationship between the number of flight points and financial performance
ranking. The number of flight destinations and businesses’ financial performance differ
according to all years and all airline companies. The most obvious of these differences
is observed as Lufthansa airline company. While Lufthansa is ranked third in the airline
flight point rankings, it is ranked fifth in the financial performance evaluation rankings
covering the 2012-2018 period. When the ticket prices in these periods are analyzed,
it is seen that Lufthansa Airlines has the lowest income. Despite the large number of
Lufthansa Airlines flight destinations, it has got a low financial performance. This
situation could be based on customer dissatisfaction, high ticket prices, etc.

In future studies, financial performance evaluation can be done by using different
multi-criteria decision-making methods and by increasing the number of enterprises
and analysis periods. In addition, the financial performance of companies operating
in other sectors can be measured by the methodology applied in this study.
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Abstract

There are many studies in the literature on child labor. However, most of these studies are based on statistics on children,
or the factors that cause child labor are explained as economic concepts. The purpose of this study is to investigate the
reasons why school-age children adopt the role of "child laborer" and determine the effects of these factors. In this
context, in order to examine the factors affecting child labor in developing countries, this study has tried to determine
the factors causing child labor with dynamic panel data analysis using MINT Countries data for the period of 1990-2018.
The countries’ development levels and poverty are closely related to child labor. For this reason, the human development
index is added to the model as a dependent variable. Considering the studies in the literature, population growth, primary
school enrollment rate, primary school duration, and labor force participation rate variables were added to the model
as independent variables. At the end of the analysis, all variables were found to be statistically significant. The effect of
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Introduction

When examining the issue of human development, it is necessary to evaluate
quantitative and qualitative indicators together. Over the years, many societies
have seen remarkable advances in human development. For example, many more
children started to receive primary education compared to previous years and a
high schooling rate was achieved. But if these primary school children can’t read
and write properly, this of course does not represent sustainable human progress
(Ataseven and Bakis, 2016).

“Child” is basically defined as a person who does not bear the burden of life,
is protected by the family and the state, is protected by other institutions and
organizations, can live out his childhood, can complete his physical and mental
development in a healthy way, is prepared for the future with adequate education,
and constitutes the qualified workforce of the future (Avsar and Ogiitogullari, 2012).

How the concept of child is perceived by societies is as important as its definition.
According to the traditional understanding in underdeveloped economies, a child is
more than just a younger member of the family. A child is seen as a potential worker
who can contribute to the economic development of the family, and a social security
tool in the later years of the family. In this understanding, the child is perceived
as a free labor force, the only capital of poor people. In developed countries and
families living here, the child is as an asset that is kept away from working life while
giving the family the feeling of being a family and preparing for the future (Avsar
and Ogiitogullari, 2012).

The concept of child labor differs from country to country and even from region
to region in societies with different social structures and levels of development.
According to the International Labor Organization’s definition, child labor is the
employment of children in jobs that deprive them of their childhood, potential, and
dignity and that harm their physical and mental development. While the International
Labor Organization considers the 15-24 age group to be young, it defines workers
under the age of 15 as “child workers” or “working children” who contribute to the
family income or earn a living (Kulaksiz, 2014).

While poverty is the primary cause of child labor, there are numerous other
social and economic reasons for it, including unemployment, education level,
population growth,limited employment opportunities, disruptions in the education
system, migration, insufficient social awareness, and inadequacy of legal regulations
(Copoglu, 2018). In fact, these factors are concepts that are constantly encountered
as either the cause or the result of poverty.

If child labor occurs not because of parents’ selfishness but because of concerns
about household survival, the popular argument for outlawing child labor loses much
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of its force (Basu and Hoang, 1998). Insufficient income and economic difficulties
cause families to direct their children to working life. The involvement of children in
working life sometimes causes them to completely break away from educational life,
and sometimes to carry out both school life and working life together. In both these
cases, children find themselves in a vicious cycle that they will probably live in for
the rest of their lives because they are far from the knowledge they need.

Employers prefer to employ child workers because they receivenlower wages
than adult workers, and are docile, easily obeying orders (Tas and Abbasigil, 2017).
Child laborers work in harsh conditions such as agriculture, manufacturing, fishing,
construction, and street sales (Osment, 2014). Physical work done with heavy
physical force can cause permanent damage to the body by retarding the biological
development of the child. Working under adverse conditions also harms their
psychological development.

Child labor is a phenomenon that harms the educational life of the child. Because
working children cannot attend school most of the time, the educational success of
children who go to school and work is negatively affected. The child who cannot
complete his education will have a very low chance of getting out of this vicious
social cycle for the rest of his life and will continue to be under the pressure of a
certain environment (Bulutay, 1995). The fact that children are away from family
control and protection while working puts their safety at risk. This causes them to be
open to all kinds of exploitation and abuse.

Education is a very important part of development. Children who turn to child
labor are driven mainly by economic deprivation, lack of schooling, and lack of
family involvement in meeting their daily needs. Studies have found low enrollment
rates with increasing child employment rates. Schools are an early intervention
platform against child labor because they restrict children’s participation in mundane
work. The obstacles to this approach are economic. Children will not be able to go
to school unless economic change is achieved. Child labor can be controlled through
economic development, raising awareness making education affordable at all levels,
and enforcing anti-child labor laws (Srivastava,2011).

In addition to families’ education and income level, there is another very important
variable among the causes of child labor in societies. This variable is the value placed
on children in the country. If the members of a society see a low level of education
as sufficient and see the child’s work as a normal and natural process, children in that
society will continue to work (Erbay, 2013).

The problem of child labor is not unique to underdeveloped countries, but different
examples are also encountered in western economies that have completed their
industrialization process. Studies show that there is a vicious cycle among almost all
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the criteria for underdevelopment and child employment, and this relationship plays
a major role in the perpetuation of underdevelopment (Tungcan, 1999). In the light
of these data, it is clear that the problem of child labor cannot be separated from the
socio-economic problems of the country in general and that the countermeasures
require wide-ranging policies.

The other parts of this paper are as follows. Part 2 is a literature review on child
labor and dynamic panel data analysis. Part 3 is the econometric methodology. Part 4
is the method and findings. The paper concludes with Part 5.

Literature Review

There are numerous studies in the literature on child labor. However, all of these
studies are based on statistics on child labor, or the factors that cause child labor are
explained conceptually. This section includes studies conducted with dynamic panel
data models and studies on child labor and presenting statistical data.

Baland and Robinson (2000): In this study, a child labor model was created and
its effects on welfare were investigated. It has been assumed that there is a reciprocal
relationship between child labor and human capital accumulation. At the same time,
the effects of a simple child labor ban on child labor in enterprises was examined.
Finally, the study found that the effects of child labor on fertility are uncertain.

Kooshki and Rahman (2001): In this study, it was estimated whether information
and communication technologies are effective on growth in OECD, BRICS, and
NICS countries. In the analysis, which used the Cobb-Douglas production function
and 1990-2008 annual data, the relationship between variables was investigated using
fixed effects and dynamic panel data methods. From both analyses, it was found that
information and communication technologies have a positive effect on growth. Based
on the results they obtained, the researchers stated that these technologies play a
critical role in the growth process and therefore countries that want to accelerate their
growth should increase their investment in these technologies.

Edmonds and Pavcnik’s (2005) study discussed how to answer the question of
how trade liberalization affects children’s employment in developing economies.
Trade theory predicts that an increase in the price of exported goods can increase
or decrease child labor depending on the magnitude of the substitution and income
effects. In this study, the relationship between changes in the relative price of an
exported good and child labor is analyzed using household-level data in a poor
country. In particular, they associated child labor with the regional and intertemporal
variation in the price of actual rice surrounding the national and international rice
market integration in Vietnam. Higher rice prices were found to be associated with a
decline in child labor. Income effects played an important role in this relation.They
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concluded that the increases in rice prices are associated with the largest decreases in
child labor in households with large net rice producers. These findings suggest that
more market integration can be attributed to less child labor.

Erdil, Tirkcan, and Yetkiner (2009) tested the effect of information and
communication technologies on growth in 131 underdeveloped and developing
countries using data from 1995-2006. According to the results obtained from analysis
using the GMM method, information and communication technologies have a positive
effect on economic growth in underdeveloped and developing countries.

Choi (2010) investigated the effect of the internet on service trade for 151 countries
using pooled OLS regression, the fixed effects model, and panel GMM, and found
a positive effect at the end of the study. According to the results of the research,
doubling internet usage in a country causes an increase of 2% to 4% in service trade.

Zeren and Ergiin (2010): In this study, in order to determine the factors that play a
role in foreign direct investment inflows to European Union countries, dynamic panel
data analysis was applied with data from the period 1995-2007. At the end of the
analysis, it was concluded that the gross domestic product growth rate, openness ratio,
and development level have a positive effect on foreign direct investment inflows.
It was determined that current account balance and gross capital accumulation are
negatively related to foreign direct investments.

Fooladi, Rahmah, and Masood (2012) estimated the relationship between growth
and information and communication technologies using data from 159 countries with
different income levels for the period 2000-2009. According to the results of the
analysis using the GMM method, one of the dynamic panel data approaches, the
positive effect on growth of information and communication technologies changes
depending on the income levels of the countries and this positive effect increases as the
income level rises. Based on these results, researchers have stated that technological
developments have a key role in growth.

Avsar and Ogiitogullar1 (2012): This study touched on the concept of child labor, the
causes and drawbacks of child labor, its historical development, and strategies to combat it.
In addition, statistics on the current situation of child labor in our country were presented.

Efe and Uluoglu (2015) aimed to determine what point has been reached in the
reduction of child labor in the world and to make some predictions for the future by
revealing the determinants of child labor in the light of ILO reports.

Hayaloglu (2015): In this study, in order to investigate the effect of financial
development on economic growth in the Fragile Five Countries, the dynamic panel
data analysis technique was used with data from the period 1990-2012. The findings
obtained in the study, where the variables of domestic loans to the private sector,
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domestic loans given to the private sector by banks, population size, trade (export
and import), foreign direct investments, and gross capital formation were used as
indicators, show that veriables have a positive effect on economic growth.

Berigel and Eroglu (2019): This study showed factors such as poverty,
unemployment, informal economy, characteristics of parents and households, lack of
supervision, education, and migration rate as the causes of child labor. Based on basic
child labor indicators, child labor in Turkey was analyzed and some suggestions for
the solution of child labor were offered.

Econometric Methodology

Since the economic behavior in a period is largely influenced by past experiences
and old behavior patterns, it is very important to consider lagged values of variables
as explanatory factors when examining economic relations. Dynamic structure is
also frequently used in panel data models. Dynamic panel data models are examined
under two headings: The first is autoregressive panel data models with the lagged
value of the dependent variable included in the model as an explanatory variable,
and the second is distributed lagged panel data models with the lagged values of the
explanatory variables included in the model.

Autoregressive panel data model is shown below:
Yit = 0Yig + AXi + Vi
Vit = 4 T Uit

When estimating dynamic panel data models, two different features should be
considered for the selection of the appropriate method. The first is whether the error
terms are autocorrelated and the other is whether the dependent variables are fully
exogenous (Akay, 2018). Some problems may arise in estimators in estimating these
models with known estimation methods. Generally, in dynamic models, it is known
that Y;,_y is correlated with u;;_; due to past shocks. Also, in panel data models, Y;; is a
function of ; *, so Y;;_; is a function of y; . Therefore, Yj;_ is correlated with the error
term including y; In this case, the rigid externality assumption is broken.

Therefore, dynamic panel data models provide deviating and inconsistent estimates
with the Pooled Least Squares Method. Likewise, random effects should deviate from
the Generalized Least Squares Estimators because the unit effect g; included in the
error term is correlated with the independent variable Y;;_;, and the assumption of
E(Xj; 1;) = 0 of the random effects model is broken.

In this context, the estimation of the dynamic model with the assumption of
random effects is inconsistent. For all these reasons, Fixed Effects and First Difference
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Estimators are used in the estimation of dynamic panel data models, which mostly
consider unit effects and allow the relationship between unit effects and independent
variables. With the first difference transformation, the unit effect y; falls out of the
model. However, the lagged dependent variable is endogenous, so estimates with bias
are obtained. Therefore, the correlation between the lagged dependent variable and
the error term should be checked with the instrument variable after the first difference
transformation is made. In order to eliminate these problems, GMM method has been
proposed in dynamic panel estimates. This method is widely used in the estimation of
dynamic models, as it is based on relatively simple assumptions regarding the ease of
application and the tool necessary for estimation. Among the estimators based on the
GMM method, it would be more appropriate to use Arellano and Bond’s Generalized
Moments (GMM) Estimator (Arellano and Bond, 1991). This estimation method
creates moment conditions by assuming that the future values of the error are not
correlated with the present values of the explanatory variables (Akbulut, 2013).

There are two different GMM estimates, one-stage and two-stage. In a stepwise
estimation, the error terms are assumed to be homoscedastic with constant variance
between groups and over time. In the two-stage estimation, it is taken into account
that the error terms may be heteroscedastic. In the second stage, the residuals of
error obtained from the first stage are used to create a consistent estimation of the
variance covariance matrix, so the two-stage estimation gives more efficient results
asymptotically (Khadraoui, 2012).

Arellano and Bond’s GMM Estimator is an instrument variable method suitable
for panel data models that show dynamical characteristics in which there is a
linear relationship between these variables and the existence of strict non-external
explanatory variables. In models with fixed effects, autocorrelation and changing
variance are used only in the cross section (Roodman, 2006).

As stated before, since the lagged value of the dependent variable is related to the
error term, an endogeneity problem arises. With the first difference transformation,
the unit effect is excluded from the model, but the lagged dependent variable is
intrinsic. Due to the correlation between Y;i_j and &1, Y.y, Yip, and & ;o are
not orthogonal. Bias estimators are obtained. Therefore, the correlation between Yj;_
and ¢;;_should be controlled by the use of instrument variables (Tatoglu,2013).

In this estimation method, the first differentiated model is transformed with the help
of the instrument variable matrix and the estimation is made by the generalized least
squares method. For this reason, the Generalized Moments Estimator is known as
the “Two-Stage Instrument Variables Estimator.” Consider the following equations:

Yit = 7Yie1 T Vit

Vit = 14 T &j
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As can be seen, in the equation whose first difference is taken, the unit effect has
been dropped from the model.

YieYie1 =¥ (Yie1- Yie2) T (& — &ie-1)

Here Yj; and ¢;_; are correlated, and error term (&;-¢5.1) MA (1) is unit root. The
first difference estimator is obtained with bias.

General form of Generalized Moments Estimator (GMM) is as follows;
Youm =(AX"'WYW'QW) WA XYt (AX'W(W' QW)W'AY

Q is the variance covariance matrix of the error terms obtained from the difference
equations, and W is the valid instrument variables in the difference equations.

Testing the Assumptions

Some assumptions should be provided for the reliability of estimation methods in
dynamic panel data models. Basic tests used to examine these assumptions will be
discussed here.

Since the lagged dependent variable is among the independent variables in dynamic
panel data models, there is an endogeneity problem. In this case, the presence of
endogeneity must be tested. The Wu-Hausman Endogeneity Test is used to test the
endogeneity. Hypotheses;

H,) = Variables are exogenous.
H; = Variables are endogenous.

To test the externality, the F distributed Wu-Hausman test is recommended. If it
is decided that the variable is endogenous at the end of the test, instrument variables
should be used.

Testing the validity of instrument variables and testing the existence of second-order
correlation in the residuals of the first differentiated model is a necessary condition
for the residuals to be healthy. For this reason, there are a number of specification
tests that should be done during the estimation of dynamic panel data models.

The Sargan Test is used to test whether the instrument variables are valid. If the
instrument variables are intrinsic, the error terms and explanatory variables are
correlated. The Sargan test is the first difference and system test of Arellano and Bond
and the tool used in the generalized estimation of moments, which tests the validity
of all variables (Tatoglu, 2013).
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The null and alternative hypothesis valid in the Sargan test is expressed as follows;
H: Instrument variables are exogenous. Extreme identification constraints apply.

H;: Instrument variables are endogenous. Excessive definition constraints are
invalid.

The test statistic distributes x2 with p-k-1 degrees of freedom. The null hypothesis
is rejected if the account value y? exceeds the value of the table y2. In this case,
at least one of the instrument variables used is associated with the error term and
therefore the instrument variable estimation based on the selected instruments is
invalid (Gujarati, 2004).

Autocorrelation occurs due to the presence of a lagged dependent variable between
regressions and unit effects that characterize the heterogeneity between individuals
(Baltagi, 2005). A possible solution in the case of autocorrelation is to use maximum
probability or instrument variables (Verbeek, 2004).

For the generalized moments estimator to be effective, there should be no quadratic
autocorrelation. To test the validity of this assumption, autocorrelation must be tested.

The hypotheses used in the autocorrelation test of Arellano and Bond are
established as follows;

Hy: There is no second-order autocorrelation between error terms.
H;: There is second-order autocorrelation between error terms.

The biggest disadvantage of the Arellano and Bond method is that it increases
the number of missing data even more when working with unbalanced panels. In
addition, this method is insufficient if the number of lagged variables in the model is
high.

Application

Data Set and Method

In this study, in order to examine the factors affecting child labor in developing
countries, MINT countries were discussed and the factors causing child labor were
determined with dynamic panel data models using the data of these countries for
the period 1990-2018. Human development index (HDI) dependent variables,
population growth (PG), primary education duration (PED), school enrollment rate
(SER), and labor force participation rate (LFP) variables were added to the model as
independent variables. Stata 14 package program and Rstudio program were used in
the study. The data have been compiled from the World Bank.
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Empirical Findings
Before starting the analysis, descriptive statistics regarding the variables were
calculated and are presented in Table 1.

Table 1

Descriptive Statistics for the Panel Data Set Examined

Variables Obs Min 1st.Qu Median Mean 3rd Qu Max Std.Err
PG 116 1.091 1.354 1.538 1.735 2.042 2.681 0.6329483
PED 116 4.000 5.750 6.000 5.692 6.000 6.000 1.742222
SER 116 78.66 99.27 105.84 102.52 109.16 114.34 5.698276
HDI 116 0.4500 0.5333 0.6570 0.6357 0.7150 0.8200 102.6874
LFP 116 45.06 54.45 60.03 58.93 62.05 68.01 58.90629

According to the results obtained; the number of observations used in the study is
116. The minimum, maximum, mean, median, standard error, 1 standard deviation,
and 3 standard deviation values for all variables appear. When the table is examined,
the mean value and the median value are calculated close to each other in all variables.
This shows us that the variables have an almost symmetrical distribution.
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Chart 1. Pearson Correlation Coefficient

The Pearson Correlation coefficient between variables is shown in Chart 1. The
correlation coefficient between population growth and primary education period was
found to be 0.218. This indicates that there is a weak positive correlation between the
two variables.

On the other hand, the correlation coefficient between the human development
index and population growth was found to be -0.809. Accordingly, it can be said that
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there is a strong negative correlation between the human development index and
population growth.

At this stage, it will be necessary to test whether the explanatory variables
are endogenous or not. If there is a correlation between the error terms and the
explanatory variables, the explanatory variables are said to be endogenous. For this
purpose, residuals from the model were obtained and the correlation relationship with
the explanatory variables was examined. The results are shown in Table 2.

Table 2
Correlation Relationship Between Explanatory Variables and Error Term
LFP SER PG PED Residual(ut)
LFP 1.0000
SER 0.7228 1.0000
PG -0.0560 -0.0825 1.0000
PED 0.7486 0.7928 0.2175 1.0000
Residual(ut) 0.0000 0.0000 0.0000 0.0000 1.0000

According to the results, there is no correlation between residuals and explanatory
variables. Explanatory variables are exogenous. Model estimation was made
according to these results.

In Table 3, Pesaran CD cross section dependency test results, which are used to
determine the presence of correlation between units, are presented.

Table 3
Pesaran CD Cross Section Dependency Test
Variables CD-test p-value Corr abs(corr)
PG 1.27 0.006 0.094 0.094
SER 5.03 0.000 0.375 0.394
HDI 10.94 0.000 0.815 0.815
CAT 37.39 0.000 0.928 0.928
Hy:p;=0
HO . pU ;é 0

According to the results obtained, CD test statistics, probability value, and
correlation coefficient between units were calculated for the variables used in the
model. The average correlation coefficient was 0.09% for PG, 38% for SER, 0.82%
for HDI, and 0.92% for LFP.

According to the calculations, the Hj, hypothesis was rejected and it was concluded
that there was a correlation between units. In this case, it is necessary to prefer the
second-generation panel unit root tests used in the presence of correlation between
units.
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After determining that the variables are not stationary in the level by examining
the stationarities of the variables with Cross-sectionally augmented IPS (CIPS),
which are among the second-generation panel unit root tests, their first differences
were obtained and their stationarities were obtained.

Table 4
Results of Cross-Sectionally Augmented IPS (CIPS) Test
1(0)
Variables t-bar Cv10 Cvs Cvl Z[t-bar] P-value
PG 2.610 -2.100 -2.220 -2.440 17.281 1.000
PED 2.610 -2.210 -2.330 -2.570 9.010 1.000
SER -2.283 -2.210 -2.230 -2.570 -1.079 0.140
HDI -1.281 -2.210 -2.230 -2.570 0.988 0.839
LFP 2.610 -2.100 -2.220 -2.440 17.281 1.000
1(1)
Variables t-bar Cv10 Cv5 Cvl Z[t-bar] P-value
PG -2.610 -2.100 -2.220 -2.440 17.281 0.000
PED -2.610 -2.210 -2.330 -2.570 9.010 0.000
SER -3.743 -2.210 -2.330 -2.570 -4.088 0.000
HDI -3.289 -2.210 -2.330 -2.570 -3.153 0.001
LFP 3.630 -2.200 -2.220 -2.440 17.281 0.000

According to the Im Pesaran Shin Panel unit root test results, the CIPS test results
with a constant allowed and 1 delay are shown in Table 3. According to the first part
of the table, it is seen that the series are not stationary at the I (0) level as a result of
the probability value of the Z [t-bar] statistic.

In the second part of the table, variables are found to be stable at I (1) level.
Accordingly, the series are stationary, since the t-bar (CIPS) statistic is greater than
the absolute value of the critical values at the 90% (cv10), 95% (cv5), and 99% (cvl)
confidence levels. According to the probability value of the Z [t-bar] statistic, it is
seen that the series is stationary.

Since the error terms are considered to be heteroscedastic in the Arellano and
Bond Two-Step Generalized Moments method, the model was obtained with this
estimation method. First, let’s test our model using Arellano and Bond’s Two-Step
Generalized Moment Estimator.

Table 5

Arellano and Bond's Two-Step Generalized Moments Estimator

HDI Variables Z P>|Z] St.Errors
L1.HDI 0.4603982 6.89 0.000 0.0667918
PG -0.1168033 -31.47 0.000 0.0037111
SER 0.0019538 7.22 0.000 0.0002705
LFP 0.0031105 5.58 0.000 0.0005572
PED 0.0565616 8.70 0.000 0.0.006504
L(2/.).HDI

Wald : 7056.12 Prob : 0.0000
Warning: GMM two-step standard errors are biased; robust standard errors are recommended.
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The Two-Stage Generalized Moments Estimator is shown above. According to the
results, the variables are statistically significant. The Wald Test is significant. Below
the coefficient table, the warning GMM two-stage standard errors should deviate,
resistive standard errors are suggested is provided. Accordingly, Table 6 presents the
robust standard errors and Arellano and Bond’s Two-Stage GMM Estimator results.

Table 6
Results of Arellano and Bond's Generalized Moments Estimator (with Robust Standard Errors)

. WC-Robust
HDI Variables Std . Err. VA P>|Z|
L1.HDI 0.4603982 0.1286028 3.58 0.000
PG -0.1168033 0.007011 -16.66 0.000
SER 0.0019538 0.0004678 4.18 0.000
LFP 0.0031105 0.0009718 3.20 0.001
PED 0.0565616 0.0122297 4.62 0.000
L(2/.).HDI

Wald : 2315.41 Prob : 0.0000
* The number of instrument variables was determined to be 3.

According to the results obtained from Table 4, the dynamic panel data model was
created as follows:

AHDI; ;= AHDI;.1 + APGi+ ASER;: + ALFP;; + APED;:+ Avi:

The HDI, which is the 2-period delay of the HDI, is L (2 /.). HDI, which is the
HDI;;,, is used as a tool instead of the HDI;;_;, which is among the independent
variables and is the lagged value of the dependent variable.

As a standard, in the first difference model, D.PG (APG) instead of PG, D.SER
(ASER) instead of SER, D.LFP (ALFP) instead of LFP, and D.PED (APED) instead
of PED were used.

As can be seen, the lagged dependent variable is significant in explaining the
human development index and its sign is positive. Likewise, the variable of population
growth and the number of primary school students is also statistically significant with
a negative sign. School enrollment and labor force participation rate variables were
also found to be statistically significant with positive signs.

When looking at the results of the Wald Test conducted to test the co-significance
of the whole model, it can be said that the model is generally significant.

The results of the Wu-Hausman Endogeneity Test to test the endogeneity of the
lagged dependent variable, the autocorrelation test of Arellano and Bond to test
the presence of autocorrelation, and the Sargan test to test the overidentification
constraints are given in Table 7.
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Table 7
Results of Wu-Hausman Endogeneity Test, Arellano-Bond Autocorrelation Test and Sargan Test

Wu-Hausman EndogeneityTest
Durbin Score : 2.06254 (p =0.1510)
Wu-Hausman: 1.76105 (p =0.1975)

Arellano — Bond Test

Order V4 Prob >z
1 -3.2139 0.0013
2 0.74812 0.1232
Sargan Test

Chi2 : 14.073 Prob : 0.0009

According to Durbin’s Score and Wu-Hausman test results used to test internality,
the lagged dependent variable is exogenous. If the selected instrumental variables are
not exogenous, residuals and independent variables will be correlated.

The Sargan Test tests the validity of over-identification restrictions, that is, the
validity of the tools used. According to the probability value results, it is seen that the
over-identification restrictions are not valid, that is, the tools are invalid.

As is known for the generalized moment method, there must be no second-order
autocorrelation for parameter estimators to be effective. For this reason, the existence
of autocorrelation should be examined after the estimation of the models. For this
purpose, in the Arellano and Bond tests, which will be used to test the existence
of autocorrelation, the presence of both 1st and 2nd order autocorrelation is tested.
As it is known, it is not very important that there is a first-order autocorrelation.
But for Generalized Moments estimators to be effective, there must be no 2nd order
autocorrelation. Here, it was seen that the z test statistic used to test the existence
of 2nd order autocorrelation was insignificant. In the first order, there is negative
autocorrelation as expected.

Conclusion

Child labor is an important social problem not only in underdeveloped countries
but also in developed countries that have completed the industrialization process.
However, child labor is more common in underdeveloped countries. The concept of
child labor is formed by the combination of many factors that affect each other.

It shows that the problem of child labor cannot be handled differently from the
socio-economic problems of the country and that the measures for a solution require
wide-ranging policies.

Education and school are the most effective tools used to end child labor. In this
context, it should be aimed to spread basic education and vocational education.
Education costs should be brought to a level that poor families can also bear. In order
to solve the problem of child labor, it is necessary to provide basic services such as
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job opportunities, health, education, social security, housing to poor families, and to
reduce individual and regional differences in income and wealth distribution.

The most important reason for children to take part in working life is poverty.
As long as poverty is not prevented, it is impossible to completely eradicate child
labor. The prevalence of child labor in underdeveloped or developing countries in
the world today confirms this. In a period where the distribution of income is further
deteriorating at the global level and inequality is increasing, policies to reduce child
labor will not easily reach their target.

It seems partly possible to reduce child labor if attention is paid to development
policies that address problems including the exclusion of children from working life,
unemployment, poverty, lack of education of families and traditional perspectives,
and defects in the education system.

As a result, child labor is not a single problem and cannot be solved by evaluation
alone. International societies need to realize that if we cannot protect our children, we
cannot protect our development.
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1. Introduction

This study examines the mathematical properties (including the historical
development) of the Verhulst (logistic) growth function, generalized logistic growth
function, and Gompertz growth function used in human population analysis. I have
emphasized the properties of mathematical functions based on the analysis of the
development of the human population only. Although there are a large number
of growth functions, here I have included those that I have achieved successful
application results in my previous statistical studies (Iskender 2018 & 2019).
Another point we take into account is that the authors of the growth functions that
I examined used extensive statistical data to prove their theory. As an economist
and statistician, this point impressed me, and I have felt close to these authors.
Growth of human population is an important subject matter of economic sciences,
for example as explained by Malthus and Verhulst more than two centuries ago.
Many functions have been developed outside the human population for the analysis
of biomedical sciences, botanical, and zoological events and communities; however,
these disciplines are completely outside the scope of this article even if the logistic
and Gompertz functions are used by authors in these fields very frequently.

When a population growth is modeled, it starts with differential equations that
can be characterized as a preliminary study, and the derivation of a general solution
equation is found. This is the method followed by the early mathematicians who
developed these models. The resulting general solution equation is applied to the
population data with statistical software and parameters, and other related findings
of the equation are determined. In the final stage, it is possible to make predictions
using these functions. The practice and predictions of statistical applications will not
be covered in this article.

Based on the above objectives and using the resources and approaches of the
mathematicians who developed growth functions, I evaluated the methodologies
that remain valid until today in the contemporary works. Also, I took advantage of
the approaches of the subsequent authors who contributed to the growth problem.
I considered bringing together the perspectives of the mathematicians who were
pioneers in the research area with today’s advanced statistical applications as applied
in my previous works (Iskender, 2018, 2019). In the meantime, I wanted to investigate
the problems in the process of their historical development. Therefore, I started first
by determining the differential equations and included research by Verhulst and
Gompertz who had been ignored in the past and the contributions of whom had not
been considered for over a century, yet still valid.

In the framework described above, the three articles of Verhulst (1838, 1845, 1847),
allometric coefficient (//v) of Richards (1959), second curvature with weight function
of ‘Ricketts and Head’ (1999) that I see as main contributions will be discussed for
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the logistic growth function. Also, the theoretical introduction of Gompertz’s (1825)
article and Sprague’s (1861) explanations for the Gompertz differential to general
solution equation for Gompertz growth function and of course addition of lower
asymptote (L) for both Verhulst’s and Gompertz’s function will be next discussion
subjects. Although there are many other growth function studies, none of them will
be subject to review here.

2. Logistic Growth Function of Verhulst

The articles on population written by the Belgian professor of mathematics Pierre-
Frangois Verhulst (1804—1849) are “Notice on the Law That the Population Follows
in Its Increase” (1838), “Mathematical Researches on the Law of Population Growth”
(1845) and “Second Work on the Population Growth Law” (1847), respectively
(Verhulst, 1838, 1845, and 1847). Verhulst described his function as /ogistic, and he
named exponential curve as logarithmic. From the twentieth century onward, there
has been a revival of interest in long- forgotten writings of him; subsequently, the
function was called logistic and have been used until today. When I consider the titles
that I provide above and the article contents, I should also need to qualify the function
as mathematical population growth law. 1 understand that Verhulst developed and
used the word “logistic” to mean “meets geographical and environmental conditions
and constraints”. I also believe that the word logistic is used in comparison with (pro-
rata) Malthus’s “logarithmic” curve.

When Verhulst begins working on the progress of population, his approach in the
first sentence of his article written in 1845 defines the basis of event from a political
economy point of view:

“Of all the problems that political economy offers to the meditations of philosophers,
one of the most interesting is, without a doubt, the knowledge of the law that regulates
the progress of the population. To solve it accurately, one would have to be able to app-
reciate the influence of the numerous causes that prevent or promote the multiplication
of the human species.” (Verhulst, 1845, p. 3)

Mathematician Verhulst also had the qualification of an economist like Malthus.
Although he is a professor of mathematics, he also has extensive knowledge of
his contemporary sciences. In addition, it is understood from the sentence that the
progression of population is an issue that philosophers should consider in their work.
Being a philosopher means being familiar with many disciplines in Verhulst’s age. In
his three articles on the population, Verhulst is understood to be an economist firstly.
After that, like today’s methods, mathematics and statistics will come into play in
proving and solving the proposed economic problem. Three of his four published
articles are on the human population and statistics, and one is on mathematics.
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When his friend Mr. Quetelet requested him to write an article on human population
growth for his book Mathematics and Physics Correspondence, Verhulst complied;
he began his article with Malthus’s human population analysis and continued with
population growth/scarce resources approach of economic theory, he wrote:

“It is known that the famous Malthus has established as a principle that the human po-
pulation zends to grow in geometric progression, so as to double after a certain period,
e.g., every twenty-five years. This proposal is indisputable, apart from the ever-incre-
asing difficulty of obtaining subsistence when the population has acquired a degree of
agglomeration, or the resources that the population draws from its growth, even when
society is still in its infancy, such as a greater division of labor the existence of regular

government and defenses that ensure public tranquility, etc.” (Verhulst, 1838, p. 113)

Verhulst, believed that the population will face scarce resources with development,
he also highlighted the restrictive effect of public burden on the economic development
of society in the early stages of development. The first finding of Verhulst is the well-
known population and limited resources dilemma of economic analysis. The field of
economics would possibly need another hundred years to address this issue.

The second phase of his economic analysis is the law of diminishing returns and
population relationship. Each increase has a limit. He wrote as follows:

“In our old European societies, where fertile [productive] land has been cultivated for a
long time, the work of improving land already in cultivation can only add to its products
ever-decreasing quantities; admitting that, in the first twenty-five years, the soil product
has been doubled, in the second period only the second period may be able to produce an
extra third. The virtual increase in population thus finds a limit in the extent and fertility
of the country, and the population tend, therefore, more and more to become stationary.”
(Verhulst, 1838, p. 113)

Although the country has the potential to create new population growth through
foreign trade when its facilities are used to the fullest, this is limited, and the maximum
rule of population growth needs to be adhered to, as stated below-quoted text:

“There is a limit to the growth of that population to the extent permitted by the land that
meets the need for a population’s housing. The fact is that when a population consumes
the cultivation opportunities of land, it can gain reciprocal responses from other count-
ries and a new increase in population. But it is clear that these imports will have limits,
this situation can happen even long before all the areas of the country are reached. The-
refore, all formulas that will try to represent the laws of the population must accept the
requirement that maximum can be reached in an extremely distant period. This maximum

will be a population that has become stable.” (Verhulst, 1838, pp. 114-115)
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When I evaluate the quotes, it is obvious that Verhulst based his analysis on an
economic thought: Certain factors limit the infinite increase rule. Once he established
the Mathematical Population Theory, the statistician Verhulst performed application
studies as well'. In Verhulst, economics, mathematics, and statistics coexisted.
However, unlike Malthus’s population research that has been used in every stage of
economic history to date, Verhulst’s research has not been applied to social sciences
until the twentieth century or even twenty-first century. In one sense, Verhulst has not
yet taken his rightful place, especially in the literature of economics and statistics.
Blaug (1978, pp. 69-79), the contemporary writer of economics, does not mention
Verhulst when describing Malthus on population theory section of his book.

The mathematical model that Verhulst developed about two hundred years ago
carried the same principles as the basis of contemporary approaches, and the basis
of the approach has been preserved to date by subsequent writers. The population
growth model can be expressed as the difference between the population increase and
decrease. Births and deaths are in an organic relationship with the current population;
therefore, I can express the increase and decrease in the death and birth rates as a
function of the population. Relationships, such as births/population = f(population)
and deaths/population = f(population) (f: function), lie between the ratios and the
absolute numbers. Assuming that these relationships are linear for simplicity, I may
define the following functional expressions:
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Figure 1. Sample Birth and Death Functions

1 Verhulst writes: “I have been trying for a long time to determine by analysis, the probable law of the
population; but I have abandoned this kind of research, because there is too little observational data for the
formulas to be verified, so as not to leave any doubt as to their accuracy.” (Verhulst, 1838, p. 115). He is
well aware of the limited quality of data that he used.
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The death rate (d) and the birth rate (b) can be written as a linear function of the
population (p)* as follows®:

d=¢@({p) =do+ap (1)
b=¢({)=by—cp (2)
where d, a, b, and c are constants:

The death rate is an increasing function of the population and increases in parallel
with the population growth starting (at least) at d. The coefficient (slope) that
determines the increment rate is a. Due to limited resources,* the factors detrimental
to population growth gain in strength and limit the growth. The birth rate is a
decreasing function of the population. It starts to decline from the highest level of b,.
The coefficient (negative slope) that determines the decrease rate is ¢. The population
reaches its highest level at the intersection point of the two curves.

If I define the change in population as the difference between the births and deaths,
the differential equation of the model can be given as follows:

P d 3
dp
P p(by — cp) —p(dy + ap) (4)

where p is the population, and ¢ is the time.

By replacing the definitions of m = b - d; and n = ¢ + a and making necessary
arrangements, the differential equation can be given as follows:

dp
Py pby — cpp — pdy — app Q)
dp
i p(by — dy) —pp(c +a) (6)
dp 5
Frie mp —np (7

2 lam tracking Verhulst’s notation.
3 Equation order numbers are in parantheses.

4 Verhulst says that Quetelet, who was a mathematician, faculty member, and his colleague, was thinking
that these forces were inversely proportional to the square of the population multiplied by the sum of the
gradients of the birth and mortality functions (). Verhulst’s differential equation is also built on this idea.
(Verhulst, 1838)
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In this way, I obtained the differential equation of Verhulst. The parameter m is the
difference between the maximum birth rate and minimum mortality rate at zero time.
It also specifies the difference between the intrinsic growth rate of the differential

equation and the solution equation. The two curves intersect at the point where the
bo—do
c+d *

maximum population is p=
If I integrate the differential equation’

_loge(np —m) —logep _
m

t+c )

and substitute the initial values as t = 0 and p = p, (the initial point of the
population), I have

loge (75=7) _ mt+log. o) ©)
m m

If I solve for p, then I obtain the Verhulst® logistic function as follows:

pomemt

(10)

p= pone™ —pon+m

For t = 400, p = m/n. In Verhulst’s notation lower-case p is the current
population. Whent = —oo, we have p = 0.

Dividing the numerator and denominator of (10) by » and instead of lower-case
(p) substituting upper-case P = m/n yields a logistic population growth function that
contains the upper limit of the population as P.

poPe™

= (11)
poe™ —po + P

p

Verhulst first emphasized that the factors that slow down the population growth are
an unknown of p. Then, the function of ¢(p) was used as the simplest hypothesis in
his article. He assumed that the appropriate provision was ¢(p) = np’. Verhulst stated
that he had also tried the below-given functions and population figures calculated
from these functions, and the census results were approximately the same:

5 All the logarithmic expressions in our article are e-based natural logarithms, unless otherwise stated.

6  There are no solution details of the differential equation in the article written by Verhulst in 1838. Verhulst
uses p' for the initial point of population instead of p,,.
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@(p) = np?,¢(p) = np*,¢(p) = np*, (p) = nlog(p)

The results of the main solution equations that I have calculated according to these
four alternatives differ from one another. It is impossible to say that the estimated
values calculated by each function give appropriate and close results with the actual
observation values. Verhulst might have been expressing the idea that predictions
calculated with the term of ¢(p) = np’ were almost the same as the actual observation
values.

When T take the death function as ¢(p) = np’ and solve the differential equation,
the solution equation was found to be P = P . This form is the well-known
exponential growth function. Verhulst did not mention this simple exponential case
in his writing. Replacing the term of death as ¢(p) = np’in the equation, I obtained
the growth function of (11). When the growth function is replaced by ¢(p) = np’, 1
obtained two solution equations and when y ¢(p) = np? 1 obtained three solution
equations but two of them contains imaginary numbers.

Verhulst reached a solution by defining the upper limit P of the population as the
upper asymptote in his mathematical model. In the application of growth models
with statistics, there is a need for defining the lower asymptote and including it in the
model. Researchers, Paine et al. (2012) have used mathematical models, including
the lower asymptote level (L). I also preferred the use of two asymptote models in
my previous studies (Iskender, 2018, 2019) because of the possibilities provided by
these models.

I define the following variables:

Y Population, dependent variable,

t Time, explanatory variable,

T Base year’,

K Upper asymptote, at most level of population

L Lower asymptote, at least level of population

p,= Y, Initial population,

m=r Intrinsic rate of growth,

p=Y-L Difference between the current population level and lower
asymptote,

P=K-L Difference between the upper and lower asymptotes,

7 T and t were used differently. T is the base year, and t is time, explanatory variable.
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Substituting these variables in (11), yields

Yo(K — L)e™ =1
Y—-L= (12)
Yoe™ 1) — Yy + (K — L)

Dividing the numerator and denominator by Y ", I obtain

K—L
U Gy oy
-Y, -
14— (13)
(=Yo+K-L) . .
If I define and replace @ = B obtain the final growth function as follows:
K—L
V=l+—0p— y
e ) (14)
or as:
K—L
Y=L (15)

T Qo@D

Here, Y is the population (a dependent variable), and # is the time (an explanatory
variable) indexed with the base year 7. The logistic function is a mathematical growth
function with two variables, four parameters K, L, O, and r are to be estimated and
has a nonlinear structure. The non-linearity definition of the function refers to the
structure in which other parameters are found in the derivative equations when the
partial derivatives of the function are taken according to each parameter successively.

There are no four separate simultaneous functions at hand to determine the four
parameters. Therefore, a statistical analysis of nonlinear functions requires special
software that contains convergence criterion and the iteratively weighted least-
squares estimation. NLIN procedure of SAS® Studio software provides linearity
tests in addition to known (standard errors, F-test etc.) statistical tests: Hougaard’s
skewness, Box’s bias test and Ratkovsky’s global nonlinearity measures are among
them. For details of nonlinearity and references see (Gebremariam, 2014; SAS
Institute Inc., 2017, 2018).

According to SAS/STAT® 14.3 User’s Guide:

“The NLIN procedure fits nonlinear regression models and estimates the parameters
by nonlinear least squares or weighted nonlinear least squares... Estimating parameters
in a nonlinear model is an iterative process that commences from starting values. You

need to declare the parameters in your model and supply their initial values for the
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NLIN procedure...Nonlinear least-squares estimation involves finding those values in
the parameter space that minimize the (weighted) residual sum of squares.” (SAS Ins-
titute Inc., 2017, p. 6616)

The summary description I give just above regarding the statistical application of
logistic function also applies to generalized form of logistic and Gompertz functions.

Allen® (1969, p. 419) prefers to use the differential equation based on upper limit
value of population (K) for the solution equation of the logistic function. To do this,
I write the differential equation of Verhulst as follows:

dp

2
—=mp—n
dt p p
dp m (1 np> (1 p )
—=mp——npp=m ——)=m -——
dt p m PP P m p m/n
and replace the definitions K =m /n,m =randp =Y
dy Y
—=1Y (1 — —) (16)
dt K
I re-write the equation as follows:
L dt (17)
=r
Y(K-Y)
Integrating both sides:
f L t+C (18)
=r
Y(K-Y)
I can write the left-hand side of (17) according to the partial fraction method as
follows:
f Ry —f(1+ : )dY—l Y —logo(K — V) = —log, =L (19)
vk—1) - ) \v T =y =lose 0ge( ) =—loge—

8  British economist, statistician and mathematician Sir Roy G. D. Allen lived between 1906-1983, was
lecturer at the London School of Economics and wrote many books on mathematical economics.
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Therefore,

K-Y
log, —~ =—rt—C (20)

After rearranging and replacing Q = e“ (an arbitrary constant), I obtain

K-Y
T — e—rte—C — Qe—rt (21)

and reach the following logistic equation:

K

YD)

(22)

With the addition of the lower asymptote L and the base year 7, I obtain (15) as
solution equation.

The mathematical properties that are useful for the population analysis of the
Verhulst logistics growth function are as follows:

Logistic function of Verhulst:
K—-L

Y(t—T) =L+ 1+ Qe—r(t—T)

(23)

The first derivative of the function shows the absolute growth (that is the change
increase or decrease) in years:
d v (K — L)Qre—"1)
d(t—T) [ (t—T)] - (Qe—r(t—T) +1)2

24)

I calculate the relative growth rate or the annual average growth, by dividing the
first derivative figure with the value of the function:

d
7 V-] B (K — L)Qre=7¢D

— (25)

The second derivative of the function is used to calculate the inflection points of
the curve and to monitor changes in the absolute growth:

d? 2(L — K)Qrze—Zr(t—T) (L— K)(Q)rze_r(t_r)
m [Y(t_T)] N (Qe_r(t_T) + Q)3 N (e—r(t—T) + Q)Z

(26)
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Time inflection point of the function: When the second derivative is equated to
zero and solved for (7), I determine the inflection point of time as follows:

rT + log,.[Q]
or
1
ting =T += log.[Q] (28)

If T replace the time inflection point in (23), I find the population figure in the
middle of the logistic function as follows between the lower and upper asymptotes:

K+1L
=5 29)

2

The logistic function has a symmetrical structure. It has a turning point in the
middle of the curve. At this point, the relative growth is at the highest level. The
logistic curve also brings some problems with its symmetrical structure. Thus, when
the function is symmetrical, the course of the first and second half of the curve follows
the concave/convex frame. If the actual figures of the analyzed population are not
close to a symmetrical structure, then the ability to represent the logistics curve is
decreased. The authors who noticed this problem have developed the methods that I
will consider in section 3.

LimY = K and tLim Y =1L.

t—oo
The differential equation of (15) with the upper and lower asymptotes is as follows:

d(Y — L)

K—Y)
dt

— (Y —1L) (—

K—1L (30)

3. Generalized Logistic Growth Function

3.1. First Development

The logistic growth function was developed by writers in the twentieth century
while expanding the application areas and new requirements. The first of these
developments was seen in the article of Richards F. J., (1959). Here, the author
proposed that //v (1/(1-m) in his manuscript) be located at the denominator exponent
of the logistic function.

As the title of the Richards F. J., (1959) article suggests, the variable v provides
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flexibility to the predicted dependent variable of the function and increases the
compliance of the curve to the actual data. The authors specified v as the “allometric
coefficient.” When v = 1, it becomes the logistic growth function of (15). A logistic
function given in the form of (31) is called a “Richards logistics function or curve”.

Function:
K-L
Y(t—T) =L+ W. 31)
First derivative of the function: 1
: [Yee-m] = (K — L)Qre ™D (Qre "D + 1) (32)
dit—m)Leni— v

Annual average growth (or relative growth rate); the first derivative is divided by
the function:

d 1
E[Y(t—T)] (K= L)Qre N (Qre ™M + 1)t

Yeory (K—1) (33)
Y <(Qe‘T(t‘T) T L)

Second derivative of the function:

d? (L — K)Qr2e™t1D (L — K)Q%r2e 7-D(Qe =1 4 1)—%—1
a—rp Menl = - e Q) (34

1
v(Qre~"¢=D + 1)v(e~7¢t-1 4 Q)2

Time inflection point of the function is as follows:

rT + log, [%]

ting = —— (35)
I find population figure equivalence of the inflection point as follows:
Lo+ DY’ —L+K
= (36)

(v + D/v

The structure of the curve is asymmetrical. Y is not equivalent to (K + L)/2. The
flexibility of adaptability is high because v affects the formula. Therefore, it is quite
different from the logistic curve.

LimY = K and Lim Y = L, and Y is calculated from the function.

t—oo t——oo

85



Ekoist: Journal of Econometrics and Statistics

The differential equation of the logistic growth function which is based on (v)
parameter and the details of obtaining the solution equation may be found in Heinen
(1999) and Skiadas (2010).

3.2. Second Development

The second important modification of the logistic growth function was the
application of authors Ricketts and Head (1999). The aim is to strengthen the
asymmetric structure of the logistic function.

The authors separated Q (i.e., starting value, multiplier of (¢) base of the growth
function) into two multipliers O, and Q,. Also, the weighting function as weighted
with the harmonic mean Q, and Q, of was included in the equation defining f; for Q,
and (1 - f) for Q,. They made the symmetry of the logistic function asymmetrical.
The Qe”™P term of the logistic equation is as follows in the generalized logistic
growth function:

Qe T = £,0,eTET) 4 (1 — £,)Q,eCTETY) (37

When Q, becomes equal to Q,, I obtain a simple logistic function. However, the
authors made a different application by changing the location of some parameters as
required by the nature of the medical event that they examined. In their study, they
took the logistic growth function of (15) as their base; there was no //v parameter in
its denominator (See Iskender, 2018 for details).

They also applied the weighting function of (41) to the coefficients in the
denominator of logistic function. It “defines a logistic weighting function varying
smoothly between 0 and 1 (Ricketts & Head, 1999, p. R444).

Let Y be the population (dependent variable) and # be the time (explanatory
variable) indexed with the base year T. The generalized logistic growth function is
a mathematical function with two variables and six parameters (K, L, O y O, 1 V),
this function has a nonlinear structure. The various mathematical properties of the
functions are as follows:

Generalized logistic growth function:

K—-L
Y, =L+
T At A+ (- f)B)A) 9
Coefficients:
A= Qe (39)
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B = Q,e(T(t=T) (40)

Weighting function:

1
1+ CreCr(t=T)

fe-m = (41)

Harmonic mean:

_ 20,0
. —_—<lx2 (42)
Q1 + Q2|

If I write the functions of (38) — (42) together, the generalized logistic function
takes the following broad and detailed form’:

K—-1L

)

1 1

L 0 eCram . (-r(t-T)

(1 i 142 0% pre-my e " (1 1424 6“7“_7))) e ) “
[Q1 + Q2] 101 + Qal

Ye-ry =L+

The weight function, allometric coefficient v and separation of Q into two multipliers
as O, and Q,. overcome the constraints imposed by the symmetry event and to better
reflect the asymmetrical nature of the data; therefore, the inflection point was not in
the middle of the curve. The flexibility of this function is as much an advantage as
it is, one and most important drawback is the increase in the number of parameters
to be estimated by two more. Difficulties of estimating of the increased number of
parameters are felt during the computer software application. In summary; I defined
the logistic population growth function as the generalized logistics growth function
based on changes; (i) addition of lower asymptote (L), (ii) the addition of the allometric
coefficient (1/v), (iii) the separation of the coefficient (Q) of base (e) into two (as Q, and
0,), (iv) the inclusion of the weighting function f(t_T) in the denominator of equation.

Although the computer outputs of the mathematical properties of the generalized
logistic function (43), like first derivative, relative growth rate and second derivative
formulas etc. are easily available but voluminous, I have not included them here to
keep this article short.

4. Gompertz’s Survivors Function or Population Growth
Function of Gompertz

In the first quarter of the 19th century, the British, self-educated, mathematician
and actuary Benjamin Gompertz (1779-1865), in his work on the mortality tables,

9 It is more convenient to use the above partitioned equations (38)-(42) in computer software, such as SAS
Studio Software, Microsoft Excel, and so on. For applications of a wide range of functions including
growth functions in the SAS environment, see (Sit & Poulin-Costello, 1994).
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made the following assertions. This excerpt is taken from Gompertz’s article of 1825,
as it was without any changes, and reflects the writing style of that period:

“I now call the reader’s attention to a law observable in the tables of mortality, for equal
intervals of long periods; and adopting the notation of my former paper, considering
L to express the number of living at the age x, and using A for the characteristic of the
common logarithm; that is, denoting by A(L ) the common logarithm of the number
of persons living at the age of x, whatever x may be, I observe that if A(L ) - A(L,, ),
ML, )-ML,,, 0 AL, ) - AL

of the logarithms of the living at the ages n, n+m,; n+m, n+2m; n+m, n+3m; &c. be

o) _ o3n)» &c. be all the same; that is to say, if the differences

constant, then will the numbers of living corresponding to those ages form a geometrical
progression; this be the fundamental principle of logarithms. This law of geometrical
progression pervades, in an approximate degree, large portions of different tables of
mortality.” (Gompertz, 1825, p. 514)

In the life tables, the sample population (cohort size), which is a certain value
at the age of zero, will change because of deaths'®. The changes in the sample
population are equal to the rate of mortality multiplied by the initial population
volume. According to Gompertz’s observations, the sample population series will
change geometrically by age; that is the essence of the assumption. The change will
be geometrical; therefore, it is possible to determine this change in a mathematical
form. But geometric progression in life tables applies to both survivors and deaths. A
geometric decrease is seen in survivors, and a geometric increase is seen in deceased
persons.

In his study, Gompertz based his observation on the fact that when the differences of
logarithms of the survivors’ figures are arranged equally, the number of survivors by
age (which coincide with these equal intervals) would indicate a geometric decrease.
In his calculations on four life tables that he analyzed, the number of survivors in the
life table decreased geometrically when the logarithms of the survivors’ figures in
the life table were ordered at equal intervals. To explain our goal diagrammatically,
I drew the graph shown in Figure 2 from the Northampton life table in Gompertz’s
article. The chart shows the equidistant logarithmic values of the population on the
vertical axis, and the population quantities corresponding to these values are on
the horizontal axis. A visual examination of the chart shows that the curve has a
geometric progression.

10 See iskender (2019) for a detailed application and perfect combination of Gompertz curve and Richards
logistic curve with Turkish life tables data of 2015 and explanations of life tables generally.
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Figure 2. Life Table Graph of Northampton
Note: Compiled from Northampton life table of Gompertz, 1825

Starting with the assumption that logarithmic differences are constant, I
determine the age and population sequences that coincide with these fixed
intervals in life tables, which is a very labor-intensive task. The ages that coincide
with equal logarithmic intervals will be determined by trial and error. Even if
the equality of the logarithmic differences in the middle-age groups of the life
tables occurs as expected, this rule can deviate at the upper-end and lower-end
regions of the curve. The life tables examined by Gompertz generally covered
the population between the ages of 10—60 years. Those were the some additional
problems that complicate Gompertz’s research.

For a more precise approach, I rearranged the Northampton mortality table as a
pivot table (table 1) and a graph (figure 3). I have specified equal age intervals on
the horizontal axis of the figure and the natural logarithms of equal age intervals of
survivors on the vertical axis. When the table and graph are examined, as the equal
age intervals on the horizontal axis increase, the logarithmic differences in the vertical
axis also increase in geometric order; this means that the number of survivors decrease
rapidly. The increase in the logarithm numbers of the equal age intervals suggest that
the number of deaths increase geometrically. Here, the decisive explanatory variable
is the age progression. A geometric decrease in the survivors’ figures also means a
geometric increase in the number of deaths. Therefore, the Gompertz function can
also be defined and evaluated as a growth function (Winsor, 1932)\”On the Nature of
the Function Ex- pressive of the Law of Human Mortality,\” in which he showed that
\”if the average exhaustions of a man’s power to avoid death were such that at the
end of equal infinitely small intervals of time, he lost equal portions of his remaining
power to oppose destruction,\” then the number of sur- vivors at any age x would be
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given by the equation LX = kge (1. However, I aim to follow the first explanation of
the growth function herein through the descending series of life tables.

Table 1

Northampton Mortality Table of Gompertz (Summary)"

Age

Survivors

Logarithms of

Logarithmic Differences

Logarithmic Differences

Survivors (Five-year) (Ten-year)

15 5423 3.73424

20 5102 3.70774 -0.02650

25 4762 3.67779 -0.02995

30 4403 3.64375 -0.03404 -0.06399
35 4021 3.60433 -0.03941

40 3630 3.55991 -0.04443 -0.08384
45 3235 3.50987 -0.05003

50 2831 3.45194 -0.05793 -0.10797
55 2436 3.38668 -0.06526

60 2052 331218 -0.07450 -0.13976

Note: Compiled from Northampton mortality table of Gompertz, (1825).

The Northampton pivot table'? and the graph I have arranged reveal a summary of

the theory. In the population analysis, I explain using logarithmic scales because I am

interested in proportional changes, not absolute changes (Allen, 1969, pp. 220-221,

246). In the table and graph, the geometrical growth of the differences between the

logarithms of the surviving population according to equal age intervals requires the

study of the m, mp, mp?, mp®, which is based on a differential equation of the series

of structures.

In the first part of Gompertz’s article, the solution of the differential equation
was based on logarithmic calculations, although the basis of the assumption was a

geometric series. In the second presentation, Gompertz followed a method that was
directly based on a geometric series for solving the differential equation.

11 Tuse dot to separate the decimal places in my article.

12 Gompertz supported his theoretical model by working on the four life tables: Northampton, Deparcieux,
Sweden, and Carlisle. Last three tables whose graphs are not shown in this article also show curves similar

to that of the Northampton table.
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Figure 3. Graph of Northampton Table (Ten-year basis)

4.1. Basic Solution of Gompertz

In his first approach, Gompertz gives the solution of the differential equation in
six steps of logarithmic definitions. This excerpt is taken from Gompertz’s article of
1825, as it was, without any changes, and reflects the writing style of that period. As
I explained below, it carries many printing errors. (The equation order numbers in the
circles mine)

“If the average exhaustions of a man’s power to avoid death were such that at the end
of equal infinitely small intervals of time, he lost equal portions of his remaining power
to oppose destruction which he had at the commencement of those intervals, then at the
age x his power to avoid death, or the intensity of his mortality might be denoted by ag*,
a and ¢ being constant quantities; and (1) if L _be the number of living at the age X, we
shall have al_x ¢*. x for the fluxion of the number of deaths=-(L ); @) abg* =

~ abg*=- hyp. log. of b x hyp. log. of L, and (@ putting the common logarithm of —><
square of the hyperbolic logarithm of 10=c, (5) we have c.¢*= common logarithm of —-
; d being a constant quantity, and (6) therefore L or the number of persons living at the
age of x = d.g'7; g being put for the number whose common logarithm is c. The reader
should be aware that I mean g to represent g raised to the power g*and not g¢raised to
the x power; which latter I should have expressed by g™, and which would evidently be
equal to g7 I take this opportunity to make this observation, as algebraists are someti-

mes not sufficiently precise in their notation of exponentials”'* (Gompertz, 1825, p. 518)

The first sentence describes the two dimensions of the assumption, that is, the
power to avoid death (survivors) and the remaining power to oppose destruction or

13 The x 's in the excerpt refer to multiply and x to age of survivors. Three triangle dots () mean ‘therefore’.
Fluxion: derivative. Hyp. log.: natural logarithm.
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the rate of approach to the end (deaths). The function expresses both states: survivals
and fatalities. In other words, the curve represents a series that is both decreasing
and ascending, depending on whether the sign is negative or positive. However, it
is painful for mathematicians to follow and understand the explanation and achieve
the solution equation using the six steps described in the second part of the sentence.
The mathematical descriptions are very short; the critical auxiliary equations of the
solution are not in the text, and there are printing errors.'* In addition, the sentences
are very long with a few sentences even spanning half a page. The spellings used by
Gompertz are also difficult to follow." In 1861, debates started on the article, Sprague
(1861) published a work that gave a systematic explanation of the Gompertz’s proof
and found printing errors as Gompertz was moving from the differential equation to
the solution equation in his article. Sprague’s explanation is a lengthy alternative, but
is easily understandable.!

According to Sprague, “If we denote the mortality rate as , where @ and ¢ are
constants, and if Ly is the number of persons living at the age x, then the number of
deaths in the shortest time interval of dx will be aLyg*”. I can write the differential
equation as follows!'”:

1 dLy = —aL,q*dx (44)
or as:

1dL, i
2 L dx —aq (45)

The requirement of the rule'®

d(log.y) _1dy

= 46
dx ydx (#6)

14 The b’s in the text above will be “x or dot” (meaning multiplication) (Sprague, 1861).

15 The same understanding dominates Adam Smith’s famous work “The Wealth of Nations,” which was first
released in 1776.

16 Sprague, in his criticism of the time directed at Gompertz, stated that the Royal Society did not allow any
corrections in the published articles as a rule. He himself examined the copy that contained Gompertz’s
corrections. The corrections were made in the Institute of Actuators Library. These corrections were printing
errors and did not change any of the content. The author wrote this article to clarify the criticism directed
Gompertz. However, he also included a reference to the article of Peter Gray who previously discussed the
subjects that he mentioned when he was writing on the mathematical explanation of Gompertz’s formula
(Gray, 1857).

17 The equation sequence numbers on the left-hand side (1-9) facilitate the follow-up of the equations in
Sprague’s article.

18 The average variation of a function (i.e., division of a derivative by a function) is equal to the derivative of
the logarithm of that function. (Allen, 1969, p. 246)
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yields:

d (logLy) _

2a
dx

= —aqx 47)

If I integrate both sides, log, D being the integral constant®,

x
2b log, L, = — I(Tge p + log, D (48)
By rearrangement of (48), I may obtain
2¢ log, L, —log, D = — aq” (49)
log. q
x
3 logeli)—x = — 1:;6 p (50)
Following the rule log,, %= - log, ¢ (a is any base), I have
3a logeL—x = aq” (51)
D log.;
I substitute the following two equations (52 and 53) in (51).
3b loge% = log,, li)—xloge 10 (52)
3c log, 1 = log1g lloge 10 (53)
q q
Then, I obtain
Ly aq*
4a log1o Eloge 10 = g %loge ” (54)
By rearranging (54), I obtain
ab logyo L—x = aq” (55)
D

logso 2 (log, 10)?

19 TIreplaced d in Gompertz’s final equation with D because d is used to specify the differential (e.g., dx).
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I define the constant on the right-hand side of (55) as

a
c =
1 56
° logso 5 (log, 10)? e
By substituting (56) in (55), I obtain
L
6 logio Ex =cq* (57)
Exponentiating each side yields the following equality:
L, x
— =10 (58)
7 D
If I replace g = 10 or g = log™, ¢, the solution equation is
L, x
8 — = g1 (59)
D 9
9 L, =Dg? (60)

After the differential equation is established in (44), the logarithmic transformation
of (47) is used as its base. Thus, the logarithmic differences in the number of survivors
are based on a mathematical rule. In the latest phase, we obtain the equation of the
general solution with anti-logarithmic arrangements.

The following table lists the equations of Gompertz that also carry printing errors
and the corrected and/or updated equivalents of these equations.

Table 2
Gompertz's Equations and Corrected and Updated Equivalents
X Gompertz’s equations y Corrected and/or updated equations
1 —(Ly) = alX.% 1 dL, = —aL.q*dx
L, 1dL,
X — _ % - = x
2 abq* = L, 2 L, dx “a
aq*
abgq* = —log, b Xlog, L, 2b log, L, = — +log. D
log. q
4 logso~x (log, 10)% = 5 c=—
0810 Ex (log, 10)* =¢ log1o a(loge 10)2
Ly Ly
5 c.q* =logyo i 6 logyo D= cq”®
6 Lx=x=d.g”x 9 L, =Dg"

Note: The x column shows the circled numbers of the equations that I marked in Gompertz’s excerpt. The y
column shows the left-hand-side numbers of the equations of (44) — (60).
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The solution equation can also be achieved by making the following abridged
applications in (48). In (48), if we substitute ¢ = log (D) and mgam = loge (g) which
are logarithmic and constant numbers, we obtain

log.(Ly) = log.(D) + q* log.(9) (61)

Exponentiating both sides yield the final solution:

L, = ngx (62)

4.2. Second Solution of Gompertz: Basis of Geometric Series

The second solution of differential equation in the article (Gompertz, 1825, pp.
519-20, Art. 6.) is based on a geometric progression and arithmetic series. Contrary
to the first solution, we find here an explanation that follows the rules of mathematics
step-by-step and is also in conformity with the current notation. The solution equation
of L, = ag* is appropriate for the Northampton example (table 1, figure 3) and is in
compliance with the structure of m, mp, mp?, mp? given below.

If be the number of living persons at the age of x, we can write the following series
as a geometric progression.

log (La) — log(La+r) =m (63)
log (La+r) —l0g(Lg4ar) = mp (64)
log (Lat2r) —log(Laysr) = mpz (65)

In general, writing the series

log(Lasn—r) —log(Lgsn) = mpr™* (66)
by continual addition gives
log (Lg) —log(Lgsn) =m(1+p +p* +p*+--+p7 ") (67
and

1—p%

68
— (68)

log(Lg) —log(Lan) =m
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Therefore, replacing g = p and log(e) = 125 »* in (83) with the rule of (p")' = (g)",
we have

log(Lg4n) = log(Ly) — (1 —q™)log(e) (69)
and
log(Lg+n) = log(Lg) —log(e) + q™ log(e) (70)

with the exponential arrangements

L
log(Lg4n) = log (f) +q"log(e) (71)
and
L, n
Losn = (;) gt (72)
Substituting a + n by x, we have
La —a X
Lx = (?) cq a (73)

L, g
Again, by using D = . and g=¢" , we obtain
L, =Dg? (74)

In our opinion, Gompertz’s solution that we provided above is an educational
example that should also be included in contemporary studies on advanced differential
calculus and their applications.?! Unfortunately, this second approach of Gompertz, to
solve the differential equation, has not been mentioned and included in any articles,
manuscripts etc. until today.

4.3. Gompertz Function: Updated and Its Mathematical Properties

I can obtain (75) by making the necessary substitutions in equation (74). For this, I
substitute ¢ = ¢ 6@ in (74) and obtain ¢* = eX°¢@, Substituting the constant number as
log(q) = -r finally yields ¢* = e™. However, I may write g = €'°¢® = ¢€ as the constant
log(g) =-Q. Then, I have:

m m

20 This formula [1og(e) = E] is in the form of [log(S) =

it above believing it to be a printing error.

] in the original article of Gompertz, I have corrected

1-qn

21 In the references, I see a Gompertz modeling in which the first part is based on the m, mp, mp?, mp’ series
and the curve slope of Matsui (1999, 2009). For an application of Matsui Gompertz equation to Turkish
population data see appendix 1 of iskender (2018, pp. 126—128).
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-rt

L, = De™?¢ (75)

If T specify K as the upper asymptote, ¥ as the population, Y, as the initial
population, and ¢ as the time (explanatory variable) indexed with the base year 7, and
add the definitions L, = Y- Y, D = K- Y, and x = ¢ - T the Gompertz function can
be obtained as shown in (76).

The Gompertz function is a mathematical growth function with two variables and
four parameters (K, Y, O, r) and has a nonlinear structure.

The Gompertz function,
Y(t—T) — YO + (K _ Yo)e—Qe(—T(t—T)) (76)

may be written in the form of a division as follows:

K—Y,
Yooy =Yo + —7= (77)
elere

The first derivative of the function is:

d o
d(t—T) [Yeory] = (K — Yp)Qre=@e 7 P—re=n (78)

The relative growth rate or annual average growth (first derivative/function) of the
function is:

d (e
ﬁ[y(t—T)] (K- Yy)Qre e “=D—r(t-T)
Yie-1) (K — Yy)e=Qe 7D 4y,

(79)

The second derivative of the function is:

2

=y en] = (K = 10)Qr(Qre~ D) —r)emee ™ D=rteon (0

The time inflection point of the function is:

_rT+1n(Q)

binf = ————— (81)
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If I replace the time inflection point in the function, I get,
Y =e (K + (el — 1Y) (82)

The Gompertz function is asymmetrical, and the value of (81) is not a simple
arithmetic mean of K and Y.

In the Gompertz population growth function when » and Q are positive, the value
of the function (Y) tends to the upper asymptote K as the explanatory variable time ¢
tends to positive infinity, and the time tends from negative infinity to Y.

The differential equation, which includes the upper asymptote and initial population
point of the function, is as follows:

T2 == 10 [toge (=52)] )

5. Final Comments and Results

5.1. Comments

The mathematicians Verhulst and Gompertz not only theoretically explained the
population growth, but they also investigated the testing of the models with statistical
data using the mathematical models they developed in the first half of the 19th century.

After establishing the mathematical model of the population growth in his first
article, Verhulst performed application studies using the population statistics of
France, Belgium, Essex, and Russia of his time. With the French population statistics,
the figures predicted by the function were extremely close to the actual numbers. The
growth function could be successfully applied. In his short essay, there were no details
of how the equation was applied to the population data; no mathematical details were
followed while reaching the solution equation from the differential equation. Verhulst
developed methods for estimating the function parameters even though this work
remained unpublished. He posted it in his article of (Verhulst, 1845).

In his article of 1845, Verhulst reconsidered the population problem in greater
detail and published the results of his studies on the population of the United States
of America, France, and Belgium. The land and border changes in Europe due to the
imperial wars, population registration systems, and so on created significant statistical
problems in the data used for analysis. For determining the computational results of
function, he developed a mathematical calculation method of the parameters based
on calculating the coordinates of the three equally spaced points on the curve. Using
the results in his first two articles, Verhulst rediscussed the population issue in his

98



iskender / Mathematical Study of the Verhulst and Gompertz Growth Functions and Their Contemporary Applications

paper of 1847 and worked on the population statistics of Belgium and France with a
new population growth function that he had developed (Verhulst, 1847).

The theoretical and practical contributions of his writings are apparent. Verhulst
studies were quite advanced for his time. We cannot expect Verhulst to achieve
complete excellence with the statistical data collected in the first half of the nineteenth
century. Even today, we encounter many problems related to data. Today, we know
that the number of growth functions has dramatically increased. Growth functions
provide different applications of the results in various events. Even if there are growth
functions more generally accepted, and they have found application areas, it is not
possible a priori to say that one is superior to another before applying the data.

Gompertz worked on the data from four life tables, and he derived and generalized
a mathematical formula from the tables’ figures. Then he presented his mathematical
findings to the highly developed actuaries’ sector in England during that period and
used it in his own actuary company. Gompertz’s model appeared in the following
hundred years of actuarial writings (King, 1902). In 1932, the Gompertz function
started to be used as a growth function (Winsor, 1932).

Despite the limited data and insufficient statistical accounting techniques of their
period, both authors did not remain confined to the mathematics phase of their research,
but they also emphasized the statistical application. The methods they applied form the
bases of research even today. They knew the importance of the statistical applicability
of the mathematical models that they developed. Their writings focus more on data
application to the functions and methods than on the theoretical explanations of the
models. In the first article of Verhulst, the general solution equation obtained from
the differential equation is very short. However, the problems in the arrangement and
mathematical application of the population statistics are more prominent in the writings.

The approaches that both authors applied two hundred years ago still remain valid.
In the beginning of the 19th century, modern statistical science required more than a
hundred years to develop. Nevertheless, Gompertz and Verhulst continued with the
mathematical model—statistical application relationship to the very end. In the second
half of the twentieth century, the growth functions of Gompertz and Verhulst took top
positions in the list of generally accepted growth functions.

5.2. Results

e Verhulst did not set out to establish a simple growth function, as mentioned in
countless articles for two centuries.

e He developed a mathematical method to create the application of economic
thought that he developed and supported that method with statistical data.
These aspects of his works have been neglected to this day.

99



Ekoist: Journal of Econometrics and Statistics

e Verhulst was an economist, mathematician and one of the first statisticians in
the history of economic sciences.

e Verhulst built his work entirely on needs of human population and limited
resources dilemma.

*  Gompertz’s mathematical model, based on life tables, has come to this day as
a growth model and has gained widespread popularity. It is the formula of both
decreasing and increasing populations.

» It should be accepted that Gompertz was one of the first statisticians with the
statistical application of his mathematical model on four life tables of his time.
His statistical study covers sixty-three pages of his article which is seventy
pages.

e The contributions of contemporary authors (Richards, 1959; Ricketts &
Head, 1999) to Verhulst’s growth function have put advanced opportunities in
practice in front of us.

e Verhulst’s and Gompertz’s mathematical works, which reach the general
solution equation from the differential equation, are still the best way to be
followed in research today and need to be supported by contemporary applied
statistical science methods in application.

e As the growth functions have a nonlinear structure, linearity tests (like
skewness, bias, global nonlinearity measures tests, as described in SAS Studio
software documents) should be performed during statistical applications in
addition to known statistical tests. Ordinary statistical test values, such as
standard error, F-test etc. are not enough for accurate evaluation and results.
(SAS Institute Inc, 2017).

* Along with growth functions; first derivative, relative growth rate, second
derivative and inflection point functions should also be used when explaining
population development of a country with statistical analysis (Iskender, 2018).
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AMAC KAPSAM
EKOIST Ekonometri ve Istatistik Dergisi yilda iki kez olmak iizere, her 6 ayda bir yayinlanmaktadur.

Dergimiz 6l¢gme, tahmin, test, tahmin ve politika analizi konularini kapsayan, ekonomi ve ilgili
konularda olmak iizere yeni ekonometrik tekniklerin uygulanmasi ile ilgili yliksek kaliteli makaleler
yayinlamay1 amaglamaktadir.

Ekonometrik tekniklerin dikkatli ve titiz bir sekilde uygulanmasi ile elde edilen sonuglarin uygun

yorumlanmasi {izerinde durulmaktadir.
Makalelerde ekonomik igerik iizerinde vurgu yapilmalidir.

EKOIST Ekonometri ve Istatistik Dergisi basta Ekonometri, istatistik ve Yoneylem Arastirmast olmak

iizere yiiksek kaliteli arastirmalar yayinlamaktadir.

Uzmanlik alanlarina deyinen, ulasilabilir teknikleri igeren ve diger arastirmacilar tarafindan kolayca

tekrarlanabilen, ekonomide yenilikgi, niceliksel arastirmalar i¢in bir ¢ikig saglamaktir.
Tiim gonderimler farkli hakemler tarafindan inceleme siirecine tabidir.

EKOIST Ekonometri ve Istatistik Dergisi 2005°ten bu yana alt1 ayda bir “hakemli dergi” olarak
yaymlanmaktadir.

Derginin dili Ingilizce ve Tiirkgedir.
Cesitli ekonomik sorunlara uygulanabilir istatistiksel yontemleri tanitan katkilar amaglanir.
Yayin Politikas:

Dergiye yaymlanmak iizere gonderilen makalelerin icerigi derginin ama¢ ve kapsami ile uyumlu

olmalidir. Dergi, orijinal arastirma niteligindeki yazilar1 yaymlamaya 6ncelik vermektedir.
Genel ilkeler

Daha 6nce yaymlanmamis ya da yayinlanmak {izere baska bir dergide halen degerlendirmede olmayan

ve her bir yazar tarafindan onaylanan makaleler degerlendirilmek iizere kabul edilir.

On degerlendirmeyi gecen yazilar iThenticate intihal tarama programindan gegirilir. Intihal
incelemesinden sonra, uygun makaleler Editor tarafindan orijinaliteleri, metodolojileri, makalede ele

alinan konunun 6nemi ve derginin kapsamina uygunlugu agisindan degerlendirilir.

Bilimsel toplantilarda sunulan 6zet bildiriler, makalede belirtilmesi kosulu ile kaynak olarak kabul
edilir. Editor, gonderilen makale bicimsel esaslara uygun ise, gelen yaziy1 yurtiginden ve /veya
yurtdisindan en az iki hakemin degerlendirmesine sunar, hakemler gerek gordiigii takdirde yazida
istenen degisiklikler yazarlar tarafindan yapildiktan sonra yayinlanmasina onay verir.

Makale yaymlanmak iizere Dergiye gonderildikten sonra yazarlardan hicbirinin ismi, tiim yazarlarin
yazili izni olmadan yazar listesinden silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirast

degistirilemez.

Yayina kabul edilmeyen makale, resim ve fotograflar yazarlara geri gonderilmez.
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Acik Erisim flkesi

EKOIST Ekonometri ve Istatistik Dergisi, tiim igerigi okura ya da okurun dahil oldugu kuruma iicretsiz
olarak sunulur. Okurlar, ticari amag haricinde, yayinci ya da yazardan izin almadan dergi makalelerinin

tam metnini okuyabilir, indirebilir, kopyalayabilir, arayabilir ve link saglayabilir.

EKOIST Ekonometri ve Istatistik Dergisi makaleleri acik erisimlidir ve Creative Commons Atif-
GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/deed.
tr ) olarak lisanslhidir.

islemleme Ucreti

Derginin tiim giderleri Istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayini
ve makale siireclerinin yiiriitiilmesi {icrete tabi degildir. Dergiye gonderilen ya da yayn i¢in kabul

edilen makaleler icin islemleme iicreti ya da gonderim iicreti alinmaz.
Makale Degerlendirme Kabul Sarti

Derginin Yazarlara Bilgi metninde agiklanan ilke ve kurallara uymayan ve Yazilarin Hazirlanmasi basligi
altinda belirtilen sartlar1 tasimayan makaleler degerlendirmeye alinmaz ve gerekli diizenlemelerin

tamamlanmasi i¢in makale yazara iade edilir.
Hakem Siireci

Daha 6nce yaymlanmamis ya da yayinlanmak {izere baska bir dergide halen degerlendirmede olmayan
ve her bir yazar tarafindan onaylanan makaleler degerlendirilmek iizere kabul edilir. Gonderilen ve 6n
kontrolii gegen makaleler iThenticate yazilimi kullanilarak intihal igin taranir. Intihal kontroliinden
sonra, uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun 6nemi
ve dergi kapsami ile uyumlulugu acisindan degerlendirilir. Bas editér, makaleleri, yazarlarin etnik
kokeninden, cinsiyetinden, cinsel yoneliminden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayma gonderilen makalelerin adil bir sekilde ¢ift tarafli kor hakem

degerlendirmesinden ge¢gmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararasi hakeme degerlendirmeye gonderilir; yaym karari,
hakemlerin talepleri dogrultusunda yazarlarin gergeklestirdigi diizenlemelerin ve hakem siirecinin

sonrasinda bas editdr tarafindan verilir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda hakemlerin agsagidaki
hususlar dikkate alarak degerlendirmelerini yapmalari beklenir.

- Makale yeni ve 6nemli bir bilgi igeriyor mu?

- Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?
- Yontem biitliinliiklii ve anlagilir sekilde tanimlanmig mi?

- Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

- Alandaki diger ¢alismalara yeterli referans verilmis mi?

- Dil kalitesi yeterli mi?
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Hakemler, gonderilen makalelere iligkin tiim bilginin, makale yayinlanana kadar gizli kalmasini
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 saglamast miimkiin gériinmiiyorsa, editére bu durumu bildirmeli ve hakem siirecine kendisini
dahil etmemesini istemelidir.

Degerlendirme siirecinde editér hakemlere gozden gecirme i¢in gonderilen makalelerin, yazarlarin
0zel miilkii oldugunu ve bunun imtiyazli bir iletisim oldugunu acikca belirtir. Hakemler ve yayin
kurulu iyeleri bagka kisilerle makaleleri tartisgamazlar. Hakemlerin kimliginin gizli kalmasina 6zen

gosterilmelidir.
YAYIN ETiGi VE iLKELER

EKOIST Ekonometri ve Istatistik Dergisi, yayin etiginde en yiiksek standartlara baghdir 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 Practice in Scholarly
Publishing baslhigi altinda ifade edilen ilkeler igin adres: https:/publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-publishing

Gonderilen tiim makaleler orijinal, yaymlanmamis ve baska bir dergide degerlendirme siirecinde
olmamalidir. Her bir makale editdrlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden
gecirilir. Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlk, arastrma/veri fabrikasyonu, makale
dilimleme, dilimleyerek yayn, telif haklari ihlali ve ¢gikar ¢atismasinin gizlenmesi, etik dis1 davraniglar
olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tiim makaleler yaymdan ¢ikarilir. Buna yaymdan sonra

tespit edilen olas1 kuraldisi, uygunsuzluklar iceren makaleler de dahildir.
Arastirma Etigi

Dergi arastirma etiginde en yiiksek standartlart gozetir ve asagida tanimlanan uluslararasi arastirma
etigi ilkelerini benimser. Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

- Arastirmanin tasarlanmas, tasarimin gézden gegirilmesi ve arastirmanin yiiriitiilmesinde, biitiinliik,
kalite ve seffaflik ilkeleri saglanmalidir.

- Arastirma ekibi ve katilimcilar, arastirmanin amaci, yontemleri ve 6ngoriilen olas1 kullanimlari;
aragtirmaya katilimin gerektirdikleri ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

- Arastirma katilimcilarinin sagladig: bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir.
Arastirma katilimeilarin 6zerkligini ve sayginligini koruyacak sekilde tasarlanmalidir.

- Aragtirma katilimcilar1 goniillii olarak arastirmada yer almali, herhangi bir zorlama altinda
olmamalidirlar.

- Katilimcilarin zarar gérmesinden kaginilmalidir. Aragtirma, katilimcilari riske sokmayacak sekilde
planlanmalidir.

- Arastirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar ¢atigmasi varsa belirtilmelidir.
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- Deneysel ¢alismalarda, arastirmaya katilmaya karar veren katilimeilarin yazili bilgilendirilmis
onay1 alinmalidir. Cocuklarin ve vesayet altindakilerin veya tasdiklenmis akil hastaligi bulunanlarin
yasal vasisinin onay1 alinmalidir.

- Calisma herhangi bir kurum ya da kurulusta gergeklestirilecekse bu kurum ya da kurulustan ¢alisma
yapilacagina dair onay alinmalidir.

- Insan &gesi bulunan calismalarda, “ydntem” boliimiinde katilimeilardan “bilgilendirilmis onam”

alindiginin ve ¢alismanin yapildig1 kurumdan etik kurul onay1 alindig: belirtilmesi gerekir.
Yazarlarin Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin
orijinal oldugu, daha once bagka bir yerde yayinlanmadigi ve baska bir yerde, bagka bir dilde
yayinlanmak iizere degerlendirmede olmadig1 konusunda teminat saglamalidir. Uygulamadaki telif
kanunlar1 ve anlasmalar1 gézetilmelidir. Telife bagli materyaller (6rnegin tablolar, sekiller veya biiyiik
alintilar) gerekli izin ve tesekkiirle kullanilmalidir. Bagka yazarlarin, katkida bulunanlarin ¢alismalari
ya da yararlanilan kaynaklar uygun bi¢imde kullanilmali ve referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkisi olmalidir, bu
baglamda “yazar” yayinlanan bir arastirmanin kavramsallastirilmasina ve dizaynina, verilerin
elde edilmesine, analizine ya da yorumlanmasina belirgin katki yapan, yazinin yazilmas: ya da
bunun igerik ac¢isindan elestirel bigimde gézden gegirilmesinde gorev yapan birisi olarak goriliir.
Yazar olabilmenin diger kosullar ise, makaledeki calismay1 planlamak veya icra etmek ve / veya
revize etmektir. Fon saglanmasi, veri toplanmasi ya da arastirma grubunun genel siipervizyonu
tek basina yazarlik hakk: kazandirmaz. Yazar olarak gdsterilen tiim bireyler sayilan tiim 6l¢iitleri
karsilamalidir ve yukaridaki olgiitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin
isim siralamasi ortak verilen bir karar olmalidir. Tiim yazarlar yazar siralamasini Telif Hakki
Devir Formunda imzal1 olarak belirtmek zorundadirlar.

Yazarlik i¢in yeterli 6lciitleri karsilamayan ancak ¢alismaya katkisi olan tiim bireyler “tesekkiir / bilgiler”
kisminda siralanmalidir. Bunlara 6rnek olarak ise sadece teknik destek saglayan, yazima yardimei olan

ya da sadece genel bir destek saglayan, finansal ve materyal destegi sunan kisiler verilebilir.

Biitiin yazarlar, arastirmanin sonuglarimi ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan
finansal iliskiler, ¢ikar ¢atismasi ve ¢ikar rekabetini beyan etmelidirler. Bir yazar kendi yaymlanmis
yazisinda belirgin bir hata ya da yanlishik tespit ederse, bu yanlisliklara iliskin diizeltme ya da geri
¢ekme i¢in editor ile hemen temasa gegme ve isbirligi 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
iliskin tiim bilginin, makale yayinlanana kadar gizli kalacagini garanti eder. Bas editor igerik
ve yaymnin toplam kalitesinden sorumludur. Gereginde hata sayfasi yayinlamali ya da diizeltme
yapmalidir.
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Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigmasina izin vermez. Hakem atama
konusunda tam yetkiye sahiptir ve Dergide yayinlanacak makalelerle ilgili nihai karari vermekle

yiiktimliidiir.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destekgileriyle ¢ikar catigmalart
olmamalidir. Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Génderilmis yazilara
iliskin tiim bilginin gizli tutulmasini 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 gériinmilyorsa, editére bu durumu bildirmeli ve hakem

siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gdzden gecirme i¢in gonderilen makalelerin, yazarlarin
6zel miilkii oldugunu ve bunun imtiyazli bir iletisim oldugunu agikca belirtir. Hakemler ve yayin
kurulu {iyeleri baska kisilerle makaleleri tartisgamazlar. Hakemlerin kimliginin gizli kalmasina 6zen
gosterilmelidir. Bazi durumlarda editoriin karartyla, ilgili hakemlerin makaleye ait yorumlart ayni
makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu siirecte aydinlatilmasi saglanabilir.

YAZILARIN HAZIRLANMASI

Dil

Derginin yaym dili Tiirkce ve Ingilizce’dir.
Yazilarin Hazirlanmasi ve Gonderimi

Aksi belirtilmedikge gonderilen yazilarla ilgili tim yazigmalar ilk yazarla yapilacaktir. Makale
gonderimi online olarak ve http://ekoist.istanbul.edu.tr lizerinden yapilmalidir. Gonderilen yazilar,
yazinin yayinlanmak {izere gonderildigini ifade eden, makale tiirlinii belirten ve makaleyle ilgili
bilgileri igeren (bkz: Son Kontrol Listesi) bir mektup; yazinin elektronik formunu iceren Microsoft
Word 2003 ve iizerindeki versiyonlari ile yazilmis elektronik dosya ve tiim yazarlarin imzaladig: Telif
Hakki Devir Formu eklenerek gonderilmelidir.

1. Calismalar, A4 boyutundaki kagidin bir yiiziine, iist, alt, sag ve sol taraftan 2,5 cm. bosluk birakilarak,
12 punto Times New Roman harf karakterleriyle ve 1,5 satir aralik dl¢iisii ile hazilarlanmalidir.

2. Caligmalar 4500 - 8500 sozciik arasinda olmali ve sayfa numaralart sayfanin altinda ve ortada yer
almalidir.

3. Yazar/yazarlarin adlar1 ¢aligmanin basliginin 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 Giris bolimiinden 6nce 200-250 sozciik arasinda
caligmanin kapsamini, amacini, ulasilan sonuglari ve kullanilan yontemi kaydeden Tiirkge ve
Ingilizce 6z (abstract) ile Tiirkce makalelerde 600-800 kelime iceren Ingilizce genisletilmis 6zet
yer almaldir. Ingilizce makalelerde ise, yalmzca Ingilizce 6z (abstract) yer almalidir. Ingilizce ve
Tiirkge dzlerin altinda calismanin igerigini temsil eden 3-5 Ingilizce, 3-5 Tiirk¢e anahtar kelime yer

almalidir.
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5. Caligmalarin baslica su unsurlari icermesi gerekmektedir: Baglik, Tiirk¢e 6z ve anahtar kelimeler;
Ingilizce bashk, Ingilizce 6z ve anahtar kelimeler; Ingilizce genisletilmis 6zet, ana metin béliimleri,
son notlar ve kaynaklar.

6. Metin ici alintilama ve kaynak gdsterme icin APA (American Psychological Association) kaynak
sitilinin 6. versiyonu 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
baslig1 altinda ilgili agiklama ve 6rnekleri inceleyebilirsiniz.

7. Calismalarda tablo, grafik ve sekil gibi gostergeler ancak ¢alismanin takip edilebilmesi agisindan
gereklilik arz ettigi durumlarda, numaralandirilarak, tanimlayict bir baglik ile birlikte verilmelidir.
Tablolara ait baslik iistte, Sekiller’e ait baslik altta yer almalidir. Demografik 6zellikler gibi metin
icinde verilebilecek veriler, ayrica tablolar ile ifade edilmemelidir.

8. Yayinlanmak {izere gonderilen makale ile birlikte yazar bilgilerini igeren kapak sayfasi
gonderilmelidir. Kapak sayfasinda, makalenin basligi, yazar veya yazarlarin bagli bulunduklar:
kurum ve unvanlari, kendilerine ulasilabilecek adresler, cep, is ve faks numaralari ve e-posta
adresleri yer almalidir (bkz. Son Kontrol Listesi).

9. Kurallar dahilinde dergimize yaymlanmak tizere gonderilen c¢alismalarin her tiirlii sorumlulugu
yazar/yazarlarina aittir.

10. Dergi Yazi Kurulu ve hakem raporlar1 dogrultusunda yazarlardan, metin iizerinde bazi diizeltmeler
yapmalari istenebilir.

11. Yayinlanmasina karar verilen ¢aligmalarin, yazar/yazarlarinin her birine dergi gonderilir.

12. Dergiye gonderilen ¢alismalar yayinlansin veya yayinlanmasin geri gonderilmez.
KAYNAKLAR

Derleme yazilar1 okuyucular igin bir konudaki kaynaklara ulasmay1 kolaylastiran bir ara¢ olsa da, her
zaman orijinal ¢alismayr dogru olarak yansitmaz. Bu yiizden miimkiin oldugunca yazarlar orijinal
caligmalar1 kaynak gostermelidir. Ote yandan, bir konuda ¢ok fazla sayida orijinal ¢alismanin kaynak
gosterilmesi yer israfina neden olabilir. Birkag anahtar orijinal caligmanin kaynak gosterilmesi genelde
uzun listelerle ayn1 igi goriir. Ayrica giinlimiizde kaynaklar elektronik versiyonlara eklenebilmekte ve

okuyucular elektronik literatiir taramalartyla yayinlara kolaylikla ulasabilmektedir.

Kabul edilmis ancak heniiz sayiya dahil edilmemis makaleler Early View olarak yaymlanir ve bu
makalelere atiflar “advance online publication” seklinde verilmelidir. Genel bir kaynaktan elde
edilemeyecek temel bir konu olmadik¢a “kisisel iletisimlere” atifta bulunulmamalidir. Eger atifta
bulunulursa parantez i¢inde iletisim kurulan kiginin adi ve iletisimin tarihi belirtilmelidir. Bilimsel
makaleler i¢in 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 gdsterme igin
APA (American Psychological Association) kaynak sitilinin 6. edisyonunu benimser. APA 6.
Edisyonu hakkinda bilgi icin:
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- American Psychological Association. (2010). Publication manual of the American Psychological
Association (6" ed.). Washington, DC: APA.
- http://www.apastyle.org/

Metin i¢cinde Kaynak Gosterme

Kaynaklar metinde parantez i¢inde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir. Birden
fazla kaynak gosterilecekse kaynaklar arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak

siralanmalidir.

Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)
Tek yazarl kaynak;

(Akyolcu, 2007)

Iki yazarl kaynak;

(Saymer ve Demirci, 2007, s. 72)
Uc, dirt ve bes yazarl kaynak;

Metin i¢inde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12—-13) Metin i¢inde tekrarlayan
kullanimlarda: (Ailen ve ark., 2000)

Alti ve daha ¢ok yazarh kaynak;
(Cavdar ve ark., 2003)
Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tim kaynaklar metnin sonunda ayr1 bir bolim halinde yazar soyadlarina gore alfabetik
olarak numaralandirilmadan verilmelidir.

Kaynak yazimu ile ilgili 6rnekler asagida verilmistir.

Kitap

a) Tiirkge Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danigmanlik Ltd.
b) Tiirk¢eye Cevrilmig Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: Iletisim Yaymlar1.

¢) Editorlii Kitap

Oren, T., Uney, T. ve Célkesen, R. (Ed.). (2006). Tiirkive bilisim ansiklopedisi. Istanbul: Papatya
Yayncilik.
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d) Cok Yazarh Tiirkce Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirk¢e arama motorlarinda performans degerlendirme. Ankara:
Total Bilisim.

e) Ingilizce Kitap
Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.
) Ingilizce Kitap Icerisinde Biliim

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) Tiirkge Kitap I¢erisinde Béliim

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlar1, 6geleri, isletme yonetimi ve liderlikteki énemi. M.
Zencirkiran (Ed.), Orgiit sosyolojisi kitabt iginde (s. 233-263). Bursa: Dora Basim Yayn.

h) Yayimcinin ve Yazarin Kurum Oldugu Yayin

Tiirk Standartlar1 Enstitiisii. (1974). Adlandirma ilkeleri. Ankara: Yazar.
Makale

a) Tiirk¢e Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrast yogun bakimda olan ebeveynlerde stres
nedenleri ve azaltma girisimleri. Istanbul Universitesi Florence Nightingale Hemsirelik 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

¢) Yediden Fazla Yazarlh Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman,
T. C. (2015). Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England
Journal of Medicine, 372, 2087-2096. http://dx.doi.org/10.1056/NEJMoal501184

d) DOI’si Olmayan Online Edinilmis Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi Boliimii tezlerinin atif
analizi. Tirk 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
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f) Advance Online Olarak Yayimlannus Makale

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance
online publication. http://dx.doi.org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanlhigin rayihasi. Sabit Fikir, 52, 38-39.
Tez, Sunum, Bildiri

a) Tiirkge Tezler

Sar1, 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 ProQuest 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 cultural 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 representation, 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 araglar: Google sinif
uygulamast iizerine bir degerlendirme [Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu
Universitesi, Eskisehir. Erisim adresi: http://ab2015.anadolu.edu.tr /index.php?menu=5&submenu=27
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h) Diizenli Olarak Online Yayimlanan 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 Information Science: Vol. 397. Worldwide Communalities and Challenges in Information Literacy
Research and Practice iginde (s. 134-140). Cham, Isvicre: Springer. http://dx.doi.org/10.1007/978-3-
319-03919-0

J) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgec T. (2001, Haziran). Fen bilgisi 6gretmen adaylarinin fen branslarina
karst tutumlary ile fen branslarindaki basarilarmmn iligkisi. X. Ulusal Egitim Bilimleri Kongresi’nde
sunulan bildiri, Abant izzet Baysal Universitesi, Bolu

Diger Kaynaklar

a) Gazete Yazisi

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlar. Cumhuriyet, s. 13.
b) Online Gazete Yazist

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak i¢in tiiketiciyi bekliyor. Milliyet. Erigsim adresi:
http://www.milliyet

¢) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved
from http://www.davidbordwell.net/blog/page/27/

d) Online Ansiklopedi/Sozliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi i¢inde. Erisim 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 (Yapimei). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erisim adresi: http:/www.
radyoodtu.com.tr/

f) Bir Televizyon Dizisinden Tek Bir Boliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Y6netmen). (2012). Runaways [Televizyon
dizisi boliimi]. D. Shore (Bas yapimci), House M.D. iginde. New York, NY: Fox Broadcasting.
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2) Miizik Kaydy

Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] i¢inde. Istanbul: Ak Miizik.
SON KONTROL LIiSTESI

Asagidaki listede eksik olmadigindan emin olun:

e Editdre mektup
v' Makalenin tiirii
Bagka bir dergiye gonderilmemis oldugu bilgisi
Sponsor veya ticari bir firma ile iliskisi (varsa belirtiniz)
Istatistik kontroliiniin yapildig1 (arastirma makaleleri igin)
Ingilizce yoniinden kontroliiniin yapildig:
Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin gdzden gecirildigi
Kaynaklarin APA6’ya gore belirtildigi
e Telif Hakki Devir Formu
e Daha Once basilmig ve telife bagli materyal (yazi-resim-tablo) kullanilmis ise izin

NN NN

belgesi
e Kapak sayfasi
v' Makalenin tiirii
V' Makalenin Tiirke ve Ingilizce baslig
v" Yazarlarin ismi soyadi, unvanlart ve bagli olduklari kurumlar (iiniversite ve
fakdilte bilgisinden sonra sehir ve iilke bilgisi de yer almalidir), e-posta adresleri
v" Sorumlu yazarin e-posta adresi, agik yazigma adresi, is telefonu, GSM, faks nosu
v' Tim yazarlarin ORCID’leri
e Makale ana metni
V' Makalenin Tiirkge ve Ingilizce baslig
v Ogzetler: 200-250 kelime Tiirkce ve 200-250 kelime Ingilizce
v' Anahtar Kelimeler: 3-5 adet Tiirkce ve 3-5 adet Ingilizce
v’ Makale Tiirkce ise, 600-800 kelime Ingilizce genisletilmis 6zet (Extended
Summary)
Makale ana metin boliimleri
Finansal destek (varsa belirtiniz)
Cikar ¢atismasi (varsa belirtiniz)
Tesekkiir (varsa belirtiniz)
Kaynaklar

AN NENEN

Tablolar-Resimler, Sekiller (baslik, tanim ve alt yazilarryla)
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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.

EDITORIAL POLICIES AND PEER REVIEW PROCESS
Publication Policy

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance
with the aim and scope of the journal. The journal gives priority to original research papers submitted
for publication.

General Principles

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.

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.

Short presentations that took place in scientific meetings can be referred if indicated in the article. The
editor 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. Changing the name of an author (omission, addition or order) in papers submitted
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to the Journal requires written permission of all declared authors. Refused manuscripts and graphics are
not returned to the author.

Open Access Statement

EKOIST: Journal of Econometrics and Statistics is an open access journal which means that 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.

The articles in Ekoist: Journal of Econometrics and Statistics are open access articles licensed under
the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC
4.0) (https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en/)

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.

Condition of Acceptance For Evaluation

Manusripts which do not comply with the principles and rules defined in the Information for Authors
and which do not meet the requirements stated in the Manuscript Preparation section in below are not
taken into consideration and will be returned to the corresponding author for the completion of the
necessary arrangements.

Peer Review Process

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.

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 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.
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- Does the manuscript contain new and significant information?

- Does the abstract clearly and accurately describe the content of the manuscript?
- Is the problem significant and concisely stated?

- Are the methods described comprehensively?

- Are the interpretations and consclusions justified by the results?

- Is adequate references made to other Works in the field?

- Is the language acceptable?

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 PUBLICATION 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 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

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.

- Principles of integrity, quality and transparency should be sustained in designing the research,

reviewing the design and conducting the research.
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- 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.

- 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.

- Research participants should participate in the research voluntarily, not under any coercion.

- Any possible harm to participants must be avoided. The research should be planned in such a way
that the participants are not at risk.

- The independence of research must be clear; and any conflict of interest or must be disclosed.

- 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.

- If the study is to be carried out in any institution or organization, approval must be obtained from
this institution or organization.

- 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.

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 Transfer

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.
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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 orientation, 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.
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
Transfer Form that has to be signed by all authors must be submitted.
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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. A title 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, 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
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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:

- American Psychological Association. (2010). Publication manual of the American Psychological
Association (6" ed.). Washington, DC: APA.
- 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). Arasturmalarda rapor hazirlama (8" ed.) [Preparing research reports]. Ankara,
Turkey: 3A Egitim Danismanlik Ltd.
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b) Book Translated into Turkish
Mucchielli, A. (1991). Zihniyetler [Mindsets] (A. Kotil, Trans.). Istanbul, Turkey: letisim Yaynlari.
¢) Edited Book

Oren, T., Uney, T., & Célkesen, R. (Eds.). (2006). Tiirkiye bilisim ansiklopedisi [ Turkish Encyclopedia
of Informatics]. istanbul, Turkey: Papatya Yaymcilik.

d) Turkish Book with Multiple Authors

Tonta, Y., Bitirim, Y., & Sever, H. (2002). Tiirkce arama motorlarinda performans
degerlendirme [Performance evaluation 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. (20006). 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 5Gnemi [Organization
culture: Its functions, elements and importance in leadership and business management]. In M. Zencirkiran

(Ed.), Orgiit sosyolojisi [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 sonrasi yogun bakimda olan ebeveynlerde stres
nedenleri ve azaltma girisimleri [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). Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England
Journal of Medicine, 372, 2087-2096. http://dx.doi.org/10.1056/NEJMoal501184
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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, III. (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 cultural practices in Ege University (Doctoral dissertation). Retrieved from
Retrieved from: http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali

¢) 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 representation, 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 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 the meeting of the American Psychological Association, Orlando,
FL.
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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. Al12.

c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved
from http://www.davidbordwell.net/blog/page/27/

d) Online Encyclopedia/Dictionary
Ignition. (1989). In Oxford English online dictionary (2™ 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.com/




INFORMATION FOR AUTHORS

P Single Episode in a Television Series

Egan, D. (Writer), & Alexander, J. (Director). (2005). Failure to communicate. [Television series

episode]. In D. Shore (Executive producer), House; New York, NY: Fox Broadcasting.

&) Music

Fuchs, G. (2004). Light the menorah. On Eight nights of Hanukkah [CD]. Brick, NJ: Kid Kosher.
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