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Bas Editor’den

Degerli okuyucular,

[statistik Arastirma Dergisi, Tiirkiye Istatistik Kurumu'nun 2002 yilinda yayinlanmaya basladig
uluslararas1 akademik bir dergisidir.

Yayin politikast yenilenen ve Kisa bir aradan sonra Temmuz 2021°de yeniden yayinlanmaya
baslayan Istatistik Arastirma Dergisi’nde istatistik yaninda ekonometri, yoneylem arastirmasi ve
istatistigin ara¢ olarak kullanildigi diger bilim dallarinda teorik calismalara yer verdigimiz gibi,
uygulamali orijinal ¢aligmalara yer verilmektedir.

Istatistik Arastirma Dergisi’nin hedefi séz ettigimiz konularda yayilayacagi makaleler ile
literatiire katki saglamaktir. Bu dogrultuda, derginin farkli endekslerde taranmasina yonelik caligmalara
da yer verilmektedir.

Dergimizin Temmuz ve Aralik sayilarinda ¢alismalarin daha nitelikli hale gelmesinde ¢ok degerli
oOneri, elestiri ve katkilarini esirgemeyen ve asagida adi gegen sayin hakemlere siikranlarimi iletmek
isterim.

Bu sayida makaleleri ile destek veren yazarlarimiza, dergimizin Editorler Kuruluna iiye olmay1
kabul ederek bizi onurlandiran degerli bilim insanlarina, desteklerinden otirii TUIK Baskani Sayin
Prof. Dr. S. Erdal DINCER’e ve emegi gecen herkese tesekkiirlerimi sunarim.

Dergimizin Aralik 2021 (Cilt 11, Say1 2) sayisinin bilim diinyasina katki saglamasimi diler,
bundan sonraki sayilarimiza da ilgi ve desteginizin devamini diler, saygilarimi sunarim.

Prof. Dr. Selahattin GURIS
Bas Editor
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kantil Regresyon Modellerinde Uyum lyiligi Olciileri ve Model Secimi

Saban KIZILARSLAN
Van Yiiziincii Y11 Universitesi / Arastirma Gorevlisi
saban.kizilarslan@marmara.edu.tr
Orcid No: 0000-0003-1545-9597

Ozet

Bu ¢aligmada kantil regresyon modellerinde uyum 1iyiligi ve model se¢imi i¢in kullanilan kriterlerden 6ne ¢ikanlar
bir arada sunulmustur. Bu kriterler belirlilik oranma (R?) benzer bir 6l¢ii olan R! orani, C! testi, asimetrik
agirliklandirilmis ortalama mutlak hata (ATWE) ile Akaike (AIC) ve Schwarz (BIC) bilgi kriterleridir. Ayrica
etkinliklerinin arttirilmasi amaciyla uyarlanmig AIC ve BIC kriterlerine de yer verilmistir. Bu kriterlerin
uygulamada kullanimini géstermek amaciyla, Mincer ticret denklemi desiller diizeyinde yuvalanmis modeller olarak
tahmin edilmistir. Potansiyel tecriibenin karesine kisit konarak olusturulan kisith ve kisitsiz modeller igin, agiklanan
kriterler yardimiyla uyum iyiligi incelenmis ve model segimi yapilmistir. Sonugta genel olarak kisitsiz model tercih
edilmis ve potansiyel tecriibe ile logaritmik ticret iligkisinin tiim kantillerde teoride varsayildigi gibi karesel olmasi
gerektigi belirlenmistir. Yalnizca uyarlanmig bilgi kriterlerine goére en yiiksek kantillerde kisithi model tercih
edilmis, yani potansiyel tecriibenin karesinin modelin uyum iyiligini yiiksek kantillerde anlamli diizeyde
arttirmadigr tespit edilmistir. Kantil regresyon modelleri igin topluca sunulan ve uygulamada kullanimi gosterilen
uyum iyiligi ve model se¢imi kriterlerinin, literatiirde daha sonra yapilacak ¢aligmalar i¢in destekleyici nitelikte
olacagi diistiniilmektedir.

Anahtar Sozciikler: Bilgi Kriterleri, Kantil Regresyon, Mincer Ucret Denklemi, Model Secimi, Uyum Ij/iligi.
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Goodness of Fit Measures and Model Selection in Quantile Regression

Abstract

In this study, the prominent criteria used for goodness of fit and model selection in quantile regression models are
presented together. These criteria are the R? ratio, which is a measure similar to the coefficient of determination
(R?), the C* test, the asymmetric weighted mean absolute error (ATWE), and the Akaike (AIC) and Schwarz (BIC)
information criteria. In addition, more efficient AIC and BIC criteria, which were adapted to increase their
effectiveness, are also included. To illustrate the practical use of these criteria, the Mincer wage equation was
estimated as nested models at the decile level. For the constrained and unconstrained models created by placing
constraint on the square of the potential experience, the goodness of fit was examined and the model selection was
made with the help of the explained criteria. As a result, the unconstrained model was generally preferred and it was
determined that the relationship between potential experience and logarithmic wage should be quadratic in all
quantiles as assumed in theory. However, according to the adapted information criteria, the restricted model was
preferred in the highest quantiles, that is, it was determined that the square of potential experience did not
significantly increase the goodness of fit of the model in high quantiles. It is thought that the goodness of fit and
model selection criteria, which are presented collectively for quantile regression models and used in practice, will be
supportive for future studies in the literature.

Keywords: Goodness of Fit, Information Criteria, Mincer Wage Equation, Model Selection, Quantile Regression.

1. Giris

Regresyon modellerinde kurulan modelin uyum iyiligini incelemek ve alternatif regresyon modelleri arasinda
optimal model se¢imi yapmak dnem arz etmektedir. Uyum iyiligi kavrami genel olarak modelde yer alan bagimsiz
degiskenlerin bagimli degiskendeki degismeyi agiklayabilme giicidiir. Uyum iyiligi modelin tahmin bagarist
lizerinden analiz edilebildigi gibi 6ngorii basarisi lizerinden de incelenebilmektedir. Model se¢imi ise genellikle ayni
bagimli degiskeni agiklamak tizere farkli agiklayici degiskenler veya farkli fonksiyonel bigimler kullanilarak elde
edilen regresyon modelleri arasinda uyum iyiligi en yiikksek modelin belirlenmesi siirecidir. Bazi durumlarda bir
modeldeki bazi degiskenlere kisit veya kisitlar konarak kisitli bir alt model elde edilir ve yuvalanmis modeller
olarak isimlendirilen bu kisitli ve kisitsiz modeller arasinda model se¢imi yapilir. Yuvalanmis modeller arasinda
secim yapma islemi, aslinda kisit konan degisken veya degiskenlerin modelin uyum iyiligine anlamli bir katkisinin
olup olmadiginin incelenmesi islemidir.

Regresyon modellerinin uyum iyiligini incelemek ve model se¢imi yapmak amaciyla kullanilan pek ¢ok kriter
mevcuttur. Bunlar arasinda 6ne ¢ikan bazilar1 belirlilik katsayis1 (R?); F, Benzerlik Oran1 (LR), Langrange Carpani
(LM) ve Wald testleri ile Akaike ve Schwarz (Bayesyen) bilgi kriterleridir (AIC, BIC). Bunlarin yani sira,
modellerin tahmin ve 0ngodrii basarilarini dikkate alan ve genellikle model hatalariin birer fonksiyonu olarak
hesaplanan Ortalama Hata Kare (MSE) ve Ortalama Mutlak Hata (MAE) gibi Olciiler ve bu Odlgiilerin
cesitlendirilmeleri bulunmaktadir (Giiris ve Caglayan-Akay, 2018; Pham, 2019).

Kantil regresyon modelleri, bagimli degisken dagilimmin ortalamasinin ele alindig1 klasik regresyon modellerine
alternatif olarak Onerilmistir. Dagilimin kantillerinden faydalanarak istenen her noktasinda inceleme yapma
avantajina sahip olan bu modeller, asir1 degerlerin varlig1 ve degisen varyans gibi durumlarda klasik modellere gére
daha direnclidir. Ayrica klasik modelde yer alan kisitlayict bir varsayim olan hata terimlerinin normal dagilmasi
varsayimi kantil modellerinde s6z konusu degildir. Bagimli degiskenin medyaninin ele alindig1 regresyon modeli,
kantil regresyonun 6zel bir durumudur ve medyan regresyon olarak adlandirilmaktadir (Koenker, 2005).

Kantil regresyon modellerinde uyum iyiligini incelemek ve model se¢imi yapabilmek igin gesitli kriterler
gelistirilmistir. Klasik regresyon modellerinde parametre tahminleri igin kullanilan hata kereleri minimizasyonu,
kantil regresyon modellerinde agirliklandirilmis mutlak hatalarla degistirilir. Kantil regresyon modellerinde uyum
iyiligi ve model se¢imi kriterleri, genel olarak bu degisikligin dikkate alinarak klasik modeller i¢in kullanilan
kriterlerin uyarlanmasi ile elde edilmektedir. Literatiirde kantil regresyon modelleri icin g¢esitli uyum iyiligi ve
model secimi kriterleri yer almaktadir. Hurvich ve Tsai (1990) medyan regresyon icin AIC tipi bilgi kriteri
onermislerdir. Machado (1993), kantil regresyonu durumunu da igeren M-tipi robust tahminciler i¢cin Schwarz bilgi
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kriterini (BIC) ortaya koymustur. Koenker ve Machado (1999), calismalarinda kantil regresyon icin klasik
modellerde kullanilan belirlilik katsayisina benzer bir uyum iyiligi 6lgiisii olan R! oranim énermis ve bu kriterin
model se¢imi i¢in kullanimini agiklamiglardir. Ayrica yine ayni ¢aligmada kantil regresyon modelleri i¢in LR ve
Wald tipi testler onerilmistir. He ve Zhu (2003), dogrusal veya dogrusal olmayan kantil regresyon modelleri i¢in
gradyan vektoriiniin cusum siirecine dayanan bir uyum eksikligi testi Onermislerdir. Koenker (2005) kantil
regresyon modelleri i¢in AIC kriterinin yapisini sunmustur. Chernozhukov ve Fernindez-Val (2005), kantil
regresyon modellerinde ¢esitli temel hipotezleri test etmek i¢in kullanilabilecek, alt drneklemeye dayali bir test
yapist Onermiglerdir. Furno (2011), kantil regresyon modelleri icin klasik modellerinde kullanilan F ve LR
testlerinin yapisina benzer bir test olan C* uyum iyiligi testini sunmustur. Haupt vd. (2011), gesitli kantil regresyon
modelleri i¢in bir ¢apraz dogrulama (cross-validation) yontemi dnerdikleri ¢aligmalarinda, model karsilagtirmasi igin
R! ile birlikte ortalama agirliklandirilmis mutlak hata (ATWE) &lgiisiinden faydalanmuslardir. Dong vd. (2019),
diisiik ve yliksek boyutlu parametrik kantil regresyon modelleri ig¢in bir uyum eksikligi testi gelistirmislerdir. Shin
vd. (2021), kantil modeller i¢in kullanilan AIC ve BIC kriterlerinin etkinligini arttirmak amaciyla, alternatif bir
kayip fonksiyonu kullanarak daha etkin oldugunu ifade ettikleri uyarlanmis AIC ve BIC kriterleri gelistirmislerdir.

Bu calismada, kantil regresyon modellerinde uyum 1iyiligini analiz etmek ve model secimi yapmak amaciyla
kullanilan bazi kriterler bir arada sunulmustur. Calismada one c¢ikan kriterler segilirken, klasik regresyon
modellerindeki kriterlere benzer yapida olan genel kriterler tercih edilmistir. Calismada ele alinan kriterler R?, C?
testi, ATWE ile bilgi kriterleri AIC ve BIC’dir. Bu kriterlere ek olarak etkinligi arttirilmis iki bilgi kriterine de
calismada yer verilmistir. Sunulan kriterlerin uygulamada kullanimini 6rneklendirmek amaciyla Mincer {iicret
denklemi, yuvalanmis modeller olarak desiller diizeyinde tahmin edilmis ve kisithi ile kisitsiz modeller arasinda
aciklanan kriterler ile model se¢imi yapilmistir. Toplu olarak sunulan ve uygulama 6rnegi verilen bu kriterlerin,
yerli literatiirde daha sonra yapilacak kantil regresyon ¢aligmalarinda kullanilabilecegi g6z oniine alindiginda, bu
¢alismanin yerli literatiire katki saglayacagi ongoriilmektedir.

Calismanin bir sonraki béliimiinde, ele alnan kriterlerin teorik yapilar1 tanitilmistir. Ugiincii boliimde uygulamanin
detaylarma ve kullanilan degiskenlere ait bilgilere yer verilmistir. Bir sonraki béliimde uygulamanin bulgular
sunulmus ve son boliimde ¢aligmadan elde edilen sonuglar toparlanmistir.

2. Kantil Regresyonda Uyum Tyiligi ve Model Secimi Olgiileri

Klasik regresyon modelinde bagimli degiskenin kosullu ortalamasi modellenmektedir. Koenker ve Basset (1978)
tarafindan Onciiliik edilen kantil regresyon modelinde ise bagimli degiskenin kosullu kantillerinin modellenmesi
onerilmektedir. Boylece bagimli degiskenin yalnizca ortalamasi i¢in degil, dagiliminin herhangi bir noktasinda
incelenmesi miimkiin olmaktadir. Ayrica klasik regresyonda yer alan kisitlayici varsayimlardan bir tanesi olan hata
terimlerinin normal dagilmasi varsayimi kantil regresyon modelleri i¢in s6z konusu degildir. Bu nedenle bu
modeller agir1 degerlere karsi klasik modellere karst daha direnglidir.

Kantil regresyon modellerinde genellikle bagimli degiskenin bagimsiz degiskenlere kosullu kantil fonksiyonu
kullanilmaktadir. Y tesadiifi degiskeninin X tesadiifi degiskeni iizerine kosullu @. kantili asagidaki gibi
tanimlanmaktadir:

qg(x):F’1(0|x):inf{y: F(y|x)2¢9} @)

Burada F kiimiilatif dagilim fonksiyonudur ve degiskenin ilgili kantilinin hesaplandig1 kantil fonksiyonu Q (9) ,

bu kiimiilatif dagilim fonksiyonun tersi olarak tanimlanmaktadir. Bu kantil fonksiyonu yardimyla 6. kantil i¢in
dogrusal kantil regresyon modeli asagidaki gibi gosterilebilir:

Qa (y|x) = X’:Ba (2)

Burada X' aciklayic1 degiskenler matrisinin transpozunu, ﬁa ise ilgili kantil i¢in parametreler vektoriini ifade

etmektedir. Kantil regresyonda parametre tahminleri, klasik regresyonda kullanilan hata kareleri toplami yerine,
hatalarin asimetrik agirliklandirilmig mutlak degerleri toplaminin minimizasyonu ile elde edilmektedir. Parametre
tahminleri i¢in kullanilan minimizasyon fonksiyonu asagidaki gibidir:

B, = min>_ o, (Y= X3) ®)
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Burada kullanilan 0, kayip fonksiyonu,

py(2)=2(6-1(2<0)) @

olarak tanimlanmaktadir ve | gosterge fonksiyonudur. Bu kayip fonksiyonu & =0.5 degeri yani medyan igin
hesaplandiginda mutlak deger fonksiyonuna doniismektedir ve bu fonksiyonla medyan i¢in kurulan regresyon
modeli 6zel olarak medyan regresyon olarak adlandirilmaktadir (Koenker ve Basset, 1978; Koenker, 2005; Davino
vd., 2014).

Kantil regresyon modellerinde modelin uyum iyiligini 6l¢cmek ve birden fazla kantil regresyon modeli arasinda
secim yapmak icin kullanilan bazi 6lgiiler gelistirilmistir. Bu boliimde, bu dl¢iilerden 6ne ¢ikan ve yeni Onerilen
birkag tanesi tanitilacaktir.

2.1. R* Uyum lyiligi Kriteri

Kantil regresyon modellerinde uyum iyiligini 6lgmek ve model segimi yapmak amaciyla dnerilen R uyum iyiligi
kriteri, klasik regresyon modelleri igin kullanilan belirlilik (determinasyon) katsayist R?>’ye benzer bir 6lgiidiir.
Belirlilik katsayis1 hesaplanirken modelin toplam hata karelerinden faydalanilirken, R® kriterinde benzer bir
yaklagimla, parametre tahmininde kullanilan asimetrik agirliklandirilmis mutlak degerleri toplamindan

faydalanilmaktadir. Incelenen 6. kantil icin, kantil regresyon modeline ait R! degeri asagidaki gibi
hesaplanmaktadir:

Zpe(y XIBQ)
ZPH y ya)

Burada Y,, bagimli degiskeninin &rnek dagiliminin 6. kantilidir. Hesaplanan degerin 1’e yaklasmas1 modelin

R'(9)=1 ()

uyum iyiliginin yiiksek, 0’a yaklasmas: ise diisiik oldugunu ifade etmektedir. R kriteri birden fazla modelin
karsilagtirtlmasi igin de kullanilabilir. Yuvalanmig kantil regresyon modellerinde, kisith ve kisitsiz modellerin
karsilagtirtlmasi igin bu kriter asagidaki gibi hesaplanabilir:

Z Po ( y—X ﬂe Kistisiz )
z Po (y X :Ba kasits )

Burada kisitsiz ve kisithh modellerin agirliklandirilmis mutlak hata toplamlar: kullanilmaktadir. Elde edilen deger,
kisit konan degisken veya degiskenlerin modele ne kadar katk1 yaptigin1 gostermektedir. Ornegin kisitsiz bir model
ile bu modelden bir degisken c¢ikartilarak elde edilen kisitli model igin yukarida verilen kriter hesaplandiginda,
hesaplanan deger, kisit konan degiskenin modelin uyum iyiligine katkisin1 ortaya koymaktadir. Klasik regresyon
modelleri igin global bir 6l¢ii olan R? dlgiisiiniin aksine, R* Kriteri ilgili kantil i¢in hesaplanan yerel bir dlgiidiir
(Koenker ve Machado, 1999).

R'(0)=1 (6)

2.2. C! Testi

Klasik regresyon modellerinde, bagimsiz degiskenlerin bagimli degiskenin kosullu ortalamasini agiklama basarisini
bir arada test etmek amaciyla F Testi kullanilmaktadir. F Testi, ayn1 zamanda yuvalanmig modellerde kisit konan
degiskenlerin modelin agiklama giiciinde anlamli bir fark olusturup olusturmadigint test etmek amaciyla
kullanilabilmektedir. Ancak bu testin giivenilirligi normallik varsayimimin saglanmasina baglidir. Furno (2011)
tarafindan kantil regresyon modelleri i¢in F ve Benzerlik Oran1 (LR) testlerine benzer bir yaklagimla genellestirilen
C! testi onerilmistir. C? testi, Chow (1960) tarafindan onerilen LR testi ile yakindan iligkilidir. Bu test, normal
dagilimli hata terimlerine sahip kisith ve kisitsiz modellerin karsilastirilmasinda kullanilmaktadir ve toplam hata
karelerinden hesaplanmaktadir. C* testi, kantil regresyon modelleri igin benzer bir yaklasim takip etmektedir. Ancak
LR testinden farkli olarak, toplam hata kare yerine agirliklandirilmis mutlak hatalardan faydalanmaktadir ve normal
dagilim kosulu séz konusu degildir. Ilgili kantil i¢in kisith ve kisitsiz modeller arasinda tercih yapmak amaciyla C*
test istatistigi asagidaki gibi hesaplanabilir:
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(Sl X )Zsly=nc]]

CH(6) = d, -

Z Po ( y- X’BH,kzsztszzy
d,

Burada d1 kisit sayisidir. d2 ise,

d,= gdzlem sayisi — kisitsiz modelde tahmin edilen katsay1 sayisi
2— 8 y y1 say

olarak hesaplanmaktadir. Bu test istatistigi asimptotik olarak I:dl ¢, dagihimma sahiptir. Ayrica klasik regresyon

modellerindeki F testi ile R? iliskisine benzer bir iliski, C? testi ile daha 6nce kisitli ve kisitsiz modeller arasindaki
uyum iyiligi farkim incelemek amaciyla verilen R! kriteri igin de s6z konusudur. C? test istatistigi, yuvalanmis
modellere ait R kriteri yardimiyla asagidaki gibi hesaplanabilir:

C(9)= —1_R1R(1?9) 3—j ©®)

Bu testin sifir hipotezi kisitin gegerli oldugunu ifade etmektedir. Bu durumda sifir hipotezi reddedilirse kisitsiz
model tercih edilirken; sifir hipotezi reddedilemezse, kisit konan degiskenlerin modelin uyum iyiliginde anlamli bir
fark olusturmadig1 sonucuna varilmakta ve kisitlh model tercih edilmektedir. (Furno, 2011).

2.3. Agirhklandirilmis Ortalama Mutlak Hata (ATWE)

Klasik regresyon modellerinde, modelin tahmin ve dngorii bagarisin1 6lgmek ve modelleri bu acgidan karsilastirmak
i¢in kullanilan kriterlerden 6ne ¢ikanlar1 Ortalama Hata Kare (MSE) ve Ortalama Mutlak Hata (MAE) kriterleridir.
Agirliklandirilmig Ortalama Mutlak Hata (ATWE) kriteri, MSE ve MAE kriterlerine benzer bir yaklagimla, kantil

regresyon modelleri i¢in genellenmis bir kriterdir. Kantil regresyon modelinde ilgili @. kantil icin ATWE kriteri,

ATWE (0) =3 p, (- ©

olarak hesaplanabilir. Burada asimetrik agirliklandirilmis mutlak hata ortalamalar1 hesaplanmaktadir ve MSE ve
MAE kriterlerine benzer olarak ATWE degeri daha diisiik olan kantil modelinin uyum iyiliginin daha yiiksek oldugu
ve alternatif modellere tercih edilebilecegi ifade edilmektedir. Bu kriter, aynt zamanda veri setinin bir kismi
boliinerek, alternatif kantil modellerin 6ngdrii basarilarinin karsilastirilmasinda kullanilabilir (Haupt vd., 2011).

2.4. Bilgi Kriterleri

Regresyon modellerinde model se¢imi kullanilan temel seceneklerden bir tanesi bilgi kriterleridir. Bilgi
kriterlerinden 6ne ¢ikan ve en sik kullanilan iki tanesi Akaike Bilgi Kriteri (AIC) ve Schwarz, diger adiyla Bayesyen
Bilgi Kriteri (BIC)’dir. Klasik regresyon modellerinde toplam hata karelerinden faydalanarak hesaplanan bilgi
kriterleri, kantil regresyon modellerinde agirliklandirilmis mutlak hata toplamlari kullanilarak hesaplanmaktadir.

Kantil regresyon modellerinde ilgili €. kantil i¢in bilgi kriterlerinin genel ifadesi;
1 A

IC(&):nIn{—z,og(y—x’ﬂg)}+a(n,k)/2 (10)
n

olarak verilebilir. Burada N gozlem sayisi, K ise modelin boyutu yani modeldeki parametre sayisidir. Bu genel
ifadede o ( n, k) fonksiyonunun farkli se¢imleri ile AIC ve BIC kriterleri elde edilmektedir. & ( n, k) = 2K olarak

secildiginde AIC kriteri elde edilirken, (N, K)=kIn(n) olarak secildiginde ise BIC kriteri elde edilmektedir.

Her iki kriter igin de gecerli olmak iizere, genel olarak daha kiigiik degere sahip olan modelin optimal model oldugu
sonucuna varilmaktadir (Koenker, 2005; Shin vd., 2021).
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2.5. Uyarlanmis Bilgi Kriterleri

Shin vd. (2021), kantil regresyon modellerinde kullanilan AIC ve BIC kriterlerinin etkinliklerini arttirmak amaciyla
bu kriterler icin diizeltme Onermislerdir. Burada Onerilen diizeltme, bilgi kriterlerinin degeri hesaplanirken

kullanilan P, kayip fonksiyonu yerine alternatif bir kayip fonksiyonu kullanmaktir. Daha 6nce verilen 0, kayip

fonksiyonu yerine 6nerilen modifiye edilmis kayip fonksiyonu asagidaki gibidir:

02_9(1—_9)1 MSZ
24, Ay
4 0 z? O<z<—(1_6)
2 (1-0) B A
o) (2)= (1-6) ’ (11)
ﬁ(l_g)zz —-—<17<0
2 0 -
_(1_Q)Z_M’ Z<—i
24, Ay

(—2.118-1.097xmin(0,1-0

Burada 4, =0.5e ) ne / O olarak hesaplanmaktadir. Bu ifadede N 6rneklem biyiikligi ve &

pozitif bir sabit degerdir, uygulamada bu deger 0.3 olarak alinmistir. & ise hata dagilmimin robust bir dlgek
tahminidir. Burada G olarak tiim degiskenlerle tahmin edilen medyan regresyon modeline ait artiklarin standart

hatas: kullamlmustir. Sekil 1’de 0, ile modifiye edilmis pHM kayip fonksiyonlarina ait grafikler yer almaktadir.

<
o

0
-

1.0

_ -/

| | | I |
-2 -1 0 1 2
Sekil 1. p, ve pg/' Kay1ip Fonksiyonlar1 (Kaynak: Shin vd., 2021)

0.0

Grafik incelendiginde, 0, kayip fonksiyonunda O degerinde yer alan sivri ucun asimetrik bir kuadratik egri ile

degistirildigi goriilmektedir. Bu degisiklik, sifir etrafinda bir ortalama etkisi yaparak etkinligin artmasini
saglamaktadir. Bu modiifiye edilmis kayip fonksiyonu yardimiyla kantil regresyon modeli igin daha etkin bilgi
kriterleri asagidaki gibi hesaplanabilir:

EIC(H):nInEZpQ"(y—x'ﬁg)}a(n,k) (12)
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Burada daha etkin AIC (E_AIC) ve daha etkin BIC (E_BIC) kriterlerinin hesaplanmasi igin & (n, k) fonksiyonu

sirastyla 2k ve klIn (n)olarak secilmektedir. Yine bu bilgi kriterleri ile model se¢imi yapilirken, daha diigiik

degere sahip modelin optimal model oldugu sonucuna varilmaktadir (Shin vd., 2021).

3. Uygulama: Mincer Ucret Denklemi

Bu calismada, Tirkiye’de Mincer iicret denkleminin kantil diizeyinde gegerliligi incelenmistir. Mincer (1974)
tarafindan onerilen Mincer {icret denklemi, belirli bir ticret diizeyine sahip bireyler i¢in, beseri sermaye degiskenleri
ile bireylerin iicret diizeyleri arasindaki iligkiyi analiz etmektedir. Burada ele alinan beseri sermaye degiskenleri
egitim yili ve potansiyel tecriibedir. Logaritmik olarak ele alinan {icretler ile egitim arasindaki iligki dogrusal olarak
incelenirken, potansiyel tecriibe ile ticret iligkisinin ise dogrusal olmadigi kabul edilmis ve potansiyel tecriibe
degiskeninin karesi de eklenerek iliski karesel olarak ele alinmigtir. Standart Mincer {icret denklemi:

LnUcret, = o, + a,Egitim, + a, Tecriibe, + a,Tecriibe’ + ¢, (13)

seklinde gosterilebilir Standart denkleme ticret diizeyi lizerinde etkili oldugu disiiniilen farkli degiskenler eklenerek
genigletilebilir (Caglayan-Akay, Komiiryakan, 2021). Bu ¢alismada Mincer iicret denklemi kantil diizeyinde ele
almmustir. Caligmada kantil regresyona ait uyum iyiligi 6l¢iilerinden faydalanarak, kisitli ve kisitsiz kantil regresyon
modelleri arasinda model se¢imi yapilmistir. Bu amagla Mincer iicret denkleminde yer alan potansiyel tecriibe
degiskeninin fonksiyonel yapisi ele alinmistir. Potansiyel tecriibe degigkeni teoride 6nerildigi gibi dogrusal olmayan
bir bicimde, yani degiskenin kendisi ve karesi birlikte modele eklenerek kisitsiz kantil regresyon modeli
olusturulmustur. Ardindan tecriibe degiskeninin karesi modelden c¢ikartilarak, dogrusal bigimde yer aldigi kisith
kantil regresyon modeli elde edilmistir. Boylece potansiyel tecriibenin ticretle iligkisinin dogrusal mi1 yoksa karesel
mi oldugu kantil diizeyinde test edilmektedir. Kisitsiz kantil regresyon modelinin genel gdsterimi asagidaki gibidir:

Q. (LnUcret, ) = B, + B,Egitim; + j3,Tecriibe, + B;Tecriibe’ + B,Cinsiyet, + B;Calisma _ Sekli, +&; ~ (14)
Kisith regresyon modelinde, kisitsiz modeldeki tecriibenin karesi degiskenine kisit konmustur: ﬂ3 =0. Ksith
regresyon modelinin genel gosterimi:

Q, (LnUcret; ) = a, + o, Egitim; + a,Tecriibe, + a,Cinsiyet, + o,Calisma _ Sekli, + &,; (15)

seklindedir. Modellerde standart Mincer iicret denkleminde yer alan egitim, tecrilbe ve tecriibenin karesi
degiskenlerinin yan sira kontrol degiskeni olarak cinsiyet ve ¢aligma sekli degiskenleri de eklenmistir Caligmada
kullanilan degiskenler ve agiklamalar1 Tablo 1’de verilmistir.

Tablo 1. Degiskenler ve Tanimlari

Degisken Tanim

LnUcret Aylik ticretin dogal logaritmasi

Egitim Egitim alian yil sayisi

Tecriibe Yas — Egitim — 6 olarak hesaplanan potansiyel
tecriibe

Tecriibe"2 Potansiyel tecriibenin karesi

Cinsiyet 1 Erkek; 2 Kadin

Calisma Sekli 1 Tam zamanli; 2 Kismi Zamanli
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Tiim degiskenler Tiirkiye Istatistik Kurumu (TUIK) tarafindan uygulanan 2016 yilina ait Hanehalki Isgiicii Anketi
verilerinden alinmig ve hesaplanmistir. Bu anket, 15 yas ve istiindeki bireylere uygulanan ve iggiiciine dair sorulari
kapsayan bir ankettir. TUIK tarafindan yapilan agiklamada, {i¢ binden daha az gozlem ile yapilan analizlerden
giivenilir tahminler elde edilemeyecegi ifade edilmistir. Bu nedenle analizlerin hesaplama maliyetini diigiirmek
amaciyla veri setinden tesadiifi olarak 3000 gozlem segilmis ve analizler i¢in bu alt 6rnek kullanilmistir. Veri
setinde yer alan bireyler, TUIK tarafindan “¢alisma ¢ag1” olarak adlandirilan 15-64 yas araliginda yer alan ve pozitif
bir gelir miktarina sahip olan bireylerdir. Ayrica potansiyel tecriibe degiskeni en az 1 degerini alacak sekilde

kodlanmustir ve bu deger “bir yila kadar potansiyel tecriibesi olan bireyleri” ifade etmektedir.

4. Bulgular

Kantil regresyon modellerinde model sec¢imi kriterlerini incelemek amacryla, 6celikle kisitli ve kisitsiz Mincer iicret
denklemi modelleri tahmin edilmistir. Daha sonra agiklanan kriterler kullanilarak modeller arasinda se¢im
yapilmistir. Hem model se¢iminin hem de ilgili kriterlerin dagilim boyunca degisimini inceleyebilmek amaciyla
desillerin, yani ondabirlik kantillerin hepsi i¢cin model tahmini yapilmistir. Tecriibenin dogrusal olarak eklendigi
kisitlt kantil regresyon modelinin tahmin sonuglart Tablo 2’de verilmistir.

Tablo 2. Kisitl Model Tahmin Sonuglari

Degisken 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Sabit 7406 7578 7362 7384 7246 7.054 6.834 6.875 7.134
Egitim 0.082 0.072 0.081 0.088 0.094 0.098 0.102 0.100 0.094
Tecriibe 0.014 0.013 0.014 0.015 0.015 0.016 0.017 0.016 0.014
Cinsiyet -0.151 -0.166 -0.159 -0.164 -0.128 -0.109 -0.119 -0.126 -0.150
Calisma

Sekli -1.330 -1.167 -0.968 -0.953 -0.821 -0.622 -0.366 -0.250 -0.227

*** Tiim katsayilar % 1 hata payi ile istatistiksel olarak anlamlidur.

Tahmin sonuglart incelendiginde, modelde yer alan degiskenlerin incelenen tiim kantillerde iicret diizeyi iizerinde
istatistiksel olarak anlamli etkilerinin oldugu goriilmektedir. Mincer iicret denkleminin temel degiskenleri olan
egitim ve tecriibenin ticret diizeyi lizerinde pozitif etkisi oldugu belirlenmistir. Kontrol degiskenlerinin katsayilari
ise incelenen tiim kantillerde negatif olarak elde edilmistir. Buna gore iicret dagiliminin tamaminda kadinlarin ticreti
erkekle gore anlamli diizeyde daha disiiktiir. Benzer sekilde ticret dagilimmin incelenen her noktasinda kismi
zamanli c¢alisanlarin iicreti tam zamanli ¢alisanlara gore daha diisiiktiir. Bu modelde tecriibe dogrusal olarak ele
alindigindan, bireylerin potansiyel tecriibesinin artmasinin, iicret diizeylerinin devamli olarak artmasina neden
olacag: seklinde yorumlanmaktadir. Modelde yer alan degiskenlerin katsayilarinin kantillere gore degisimi Sekil
2’de verilmistir.
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Sekil 2. Kisith Model Katsayilarinin Kantillere Gore Degisimi

Bu sekilde yatay eksen kantilleri ifade ederken, dikey eksen ilgili degiskenin katsayisini ifade etmektedir. Noktali ve
kesikli olarak verilen egriler ile etrafinda yer alan tarali alanlar, kantillerdeki degisken katsayilari ile bu katsayilara
ait giiven araliklarini temsil etmektedir. Sekilde yer alan tam ve kesikli dogrular ise modelin EKK ile tahmin
edilmesi durumunda ilgili degisken icin elde edilecek katsayi ile bu katsayiya ait giiven araligini temsil etmektedir.
Egitim degiskenine ait grafik incelendiginde, 20. kantilde egitimin iicret {izerindeki etkisi daha diisiikken, yiiksek
kantillere dogru gidildik¢e egitim degiskeninin iicret iizerindeki etkisi artmaktadir. Oysa EKK tahmin sonucuna
bakildiginda, egitim degigkeninin etkisinin, kantillere gore en yiiksek ¢ikan deger civarinda tahmin edildigi
goriilmektedir. Buradan, egitimin iicretin farkli diizeyleri igin farklilasan etkisini gorebilmek i¢in kantil model
kullanmanin gerekliligi anlagilmaktadir. Cinsiyet degiskeni i¢in bakildiginda, medyana kadarki kantillerde etki daha
yiiksek iken, daha yiiksek kantillerde etkinin azalmaya bagladigi goriilmektedir. Bir bagka deyisle, diisiik iicret
diizeyleri icin erkekler ile kadmlar arasindaki iicret farki daha fazla iken, yiiksek iicret diizeylerinde bu fark
azalmaktadir. Ancak cok yiiksek iicret diizeylerinde aradaki farkin yeniden artmaya bagladigi goriilmektedir.
Calisma sekline gore bakildiginda ise diisiik ticret diizeyinden yiiksek ticret diizeyine dogru gidildikg¢e tam zamanli
calisanlar ile kismi zamanli ¢alisanlar arasindaki iicret farkinin azaldigi goriilmektedir. Temel olarak ele alinan
tecriibe degiskeninin ise etkisinin kantiller boyunca pek farklilagsmadigi, ancak artan goriiniimde oldugu
gorilmektedir.

Bir sonraki asamada potansiyel tecriibenin iicret {izerindeki etkisinin dogrusal olmadig: teorisi dikkate alinarak,
tecriibenin karesi de modele eklenmis ve kisitsiz model tahmin edilmistir. Tecriibenin karesel olarak eklendigi
kisitsiz kantil regresyon modeli sonuglar: Tablo 3°de verilmistir.

Model tahmin sonuglart incelendiginde, kontrol degiskenleri olan cinsiyet ve ¢alisma sekli degiskenlerinin kisitlt
modelde oldugu gibi tim kantillerde negatif katsayili bulundugu goriilmektedir. Buna gore iicret dagiliminin
incelenen her noktasinda kadimnlarin iicret diizeyi erkeklerden ve yari zamanli ¢alisanlarin iicret diizeyi tam
zamanlilardan daha diigiik bulunmustur. Egitimin etkisi ise kisithh modeldekine benzer sekilde pozitiftir. Tecriibe
degiskeni incelendiginde, tiim kantillerde degiskenin kendisi pozitif katsayili bulunurken, karesinin negatif katsayili
oldugu goriilmektedir. Buna gore tecriibenin iicret lizerindeki etkisinin ters — U seklinde oldugu sdylenebilir. Bir
bagka deyisle, belirli bir diizeye kadar tecriibe iicreti arttirirken, bir diizeyden sonra bu etkinin terse dondiigii
sOylenebilir. Dolayisiyla Mincer iicret denkleminde ortaya konan tecriibe — iicret iligkisinin gecerli oldugu tespit
edilmigtir.
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Tablo 3. Kisitsiz Model Tahmin Sonuglari

Degisken 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Sabit 7291 7421 7004 6911 6857 6699 6631 6654 6.881
Egitim 0072 0075 0.080 0087 0.093 0097 0.098 0099 0.092
Tecriibe 0054 0045 0.048 0048 0.047 0045 0042 0041 0.041
Tecriibe’2  -0.0009 -0.0007 -0.0007 -0.0007 -0.0007 -0.0007 -0.0006 -0.0006 -0.0006
Cinsiyet 0193 -0.150 -0.133 -0.098 -0.105 -0.116 -0.127 -0.126 -0.099
g:ll(lﬁma 1327 -1014 -0.894 -0.824 -0.731 -0506 -0.326 -0.231 -0.269

*** Tiim katsayilar % 1 hata payi ile istatistiksel olarak anlamlidir.

Kisitsiz modelde degisken katsayilarinin kantillere gore degisimi Sekil 3’de verilmistir.
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Sekil 3. Kisitsiz Model Katsayilarinin Kantillere Goére Degisimi

Sekil incelendiginde, egitim, cinsiyet ve calisma seklinin kantillere gore etkisi kisithh modele benzer yapidadir.
Egitim degiskeni, kisitl modelden farkli olarak en diisiik kantilde en diisiik etkiye sahipken, yiiksek kantillere dogru
gidildikge etkisi artmakta, en yiiksek kantillerde ise sabitlenmeye baglamaktadir. Cinsiyetin etkisi diisiik kantillerde
daha belirginken, yliksek kantillerde daha az ve yakin diizeyde kalmaktadir. Yani diisiik {icret diizeylerinde erkekler
ile kadmlar arasindaki iicret farkliliklar1 daha barizdir. Yar1 zamanlilar ile tam zamanlilar arasindaki iicret farkliligi,
diisiik ticret diizeylerinden yiiksek iicret diizeylerine dogru gidildikge azalmaktadir.

10



Atif / Citation: KIZILARSLAN $. Kantil Regresyon Modellerinde Uyum Iyiligi Olgiileri ve Model Segimi. Istatistik Arastirma Dergisi,
2021, 11 (2), 1-13.

Tecriibe degiskeninin dagilimi incelendiginde ise, kisitl modeldekine oranla daha yiiksek etkisinin oldugu ancak
kisith modelden farkli olarak kantillere gdre azalan yapida oldugu goriilmektedir. Tecriibenin karesinin de
katsayilarinin negatif oldugu dikkate alinirsa, etkisinin yiiksek kantillere dogru azaldigi goriilmektedir. Buna gore
Mincer iicret denkleminde belirtilen dogrusal olmayan iliski yapisinin tiim kantillerde gegerli oldugu ancak yiiksek
kantillerde bu dogrusal olmayan etkinin azalmaya basladig1 s6ylenebilir. Bu noktada tecriibenin karesinin modele
eklenmesiyle, kantiller boyunca modelin uyumunda istatistiksel olarak anlamli bir gelisme olup olmadigini
aciklanan kriterler yardimiyla incelemek miimkiindiir. Bu kriterler yardimiyla kisitli ve kisitsiz modeller arasinda
secim yapilabilir ve tecriibenin karesinin modele eklenmesinin anlamli bir fark olusturup olusturmadig: tespit
edilebilir. Kisith ve kisitsiz modeller i¢in uygulanan uyum iyiligi ve model se¢im kriterlerinin sonuglar1 Tablo 4’de
verilmigtir.

Tablo 4. Kisith — Kisitsiz Modeller I¢in Uyum lyiligi ve Model Se¢imi Sonuglari

KANTIL YONTEM R! (%) ct ATWE AlC BIC E_AIC E_BIC

KISITLI 0.078  -76515 -7639.5 -8176.8 -8164.8
0.10 5.03 158.52

KISITSIZ 0.074  -7805.2 -7790.2 -8423.6 -8408.6

KISITLI 0.117  -64233 -64113 -6976.7 -6964.7
0.20 3.93 122.50

KISITSIZ 0.113  -65426 -6527.6 -73575 -7342.5

KISITLI 0.143  -5826.5 -58145 -6609.6 -6597.6
0.30 5.24 165.53

KISITSIZ 0.136  -5986.1 -5971.1 -7178.9 -7163.9

KISITLI 0.157  -5561.2 -5549.2 -6772.9  -6760.9
0.40 5.30 167.53

KISITSIZ 0.148  -57235 -57085 -7869.7 -7854.7

KISITLI 0.159  -5505.4 -5493.4 -8076.7 -8064.6
0.50 4.86 153.07

KISITSIZ 0.152  -5654.0 -5638.1 -8950.8 -8935.8

KISITLI 0.153  -5635.6 -5623.6 -10131.4 -10119.4
0.60 4.02 125.27

KISITSIZ 0.147 57575 -57425 -10556.7 -10541.7

KISITLI 0.137  -5962.4 -5950.3 -15140.9 -15128.9
0.70 3.33 103.00

KISITSIZ 0.132  -6062.8 -6047.8 -19974.8 -19959.8

KISITLI 0.110  -6608.8 -6596.8 [i6998H [1698610
0.80 2.44 74.91

KISITSIZ 0.108  -6681.9 -6666.9 -15272.3 -15257.3

KISITLI 0.071  -7945.7 -7933.7 Fi2755\5 Fi27435
0.90 2.24 68.55

KISITSIZ 0.069 -8012.6 -7997.6 -11864.5 -11849.5
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Tablo degerleri sirasiyla degerlendirilirse, R! uyum iyiligi olgiisiine gore, tecriibenin karesinin modele eklenmesi
diisiik kantillerde modelin uyumunu %S5 civarinda gelistirirken, yiiksek kantillere dogru gidildik¢e bu gelisim %2
civarina kadar diismektedir. Bir bagka deyisle, diisiik licret diizeylerinde tecriibenin karesinin eklenmesi modeli daha
belirgin olarak gelistirirken, yiiksek iicret diizeylerinde daha az gelistirmektedir.

C! testi sonuglarina gore tiim kantillerde test istatistigi degerlerinin olduk¢a yiiksek ve tablo kritik degeri olan
F1’2994 =3.84 degerinden daha biiyiikk bulundugu goriilmektedir. Buna gore tiim kantiller igin, tecriibenin

karesinin modele eklenmesiyle uyum iyiliginde anlamli bir gelisme olmadigt sifir hipotezi reddedilmistir. Tiim
kantillerde kisitsiz modelin kisitli modele gore daha yiiksek uyum iyiligine sahip oldugu sonucuna varilmistir.
Bununla birlikte test istatistigi degerlerinin yiiksek kantillere dogru gidildikge diisiik kantillere gore oldukga azaldig1
da dikkat cekmektedir.

ATWE degerleri incelendiginde, kisitsiz modele ait degerlerin tiim kantillerde kisitli modele gore daha diisiik
oldugu, yani kisitsiz modelin kisith modele tercih edilebilecegi goriilmektedir. Agirliklandirilmis kantil hata
ortalamalar1 kisitsiz modellerde kisitli modele daha diisiik olmakla birlikte, bu farkin en yiiksek kantillerde daha
diisiik oldugu goriilmektedir.

Bilgi kriterleri incelendiginde, AIC ve BIC kriteri sonuglarinin daha onceki Olgiiler ile uyumlu oldugu
goriilmektedir. incelenen tiim kantillerde kisitsiz modele ait AIC ve BIC degerleri kisith modele gore daha diisiiktiir,
dolayisiyla kisitsiz modelin tercih edilmesi uygundur. Etkin bilgi kriterlerinde ise sonuglarda farkliliklar sz
konusudur. E_AIC ve E_BIC kriterleri incelendiginde, diisiik kantillerden yiiksek kantillere kadar, dnceki sonucglara
benzer olarak kisitsiz modelin degerleri kisith modele gore daha diisiik bulunmustur, dolayisiyla kisitsiz modelin
tercih edilmesi uygundur. Ancak en yiiksek iki kantilde, diger kriterlerden farkli olarak, kisitli modelin degerleri
daha diisiik bulunmustur ve kisitli modelin tercih edilmesi sonucuna varilmistir. Bir baska deyisle, bu iki kritere gore
yiiksek ticret diizeylerine kadar tecriibenin iicret iizerindeki etkisi dogrusal olmayan sekilde iken, en yiiksek iicret
diizeylerinde bu dogrusal olmayan etki anlamsizlagmaktadir ve dogrusal olarak ele alinabilir. Bu sonug, daha 6nceki
oOlgiilerde yiiksek kantillerde model gelisiminin azalmasi ile uyumludur ve klasik bilgi kriterlerinden farkli olarak
tecriibenin karesinin modele eklenmesinin en yiiksek kantillerde anlamli bir katkist olmadigini ifade etmektedir.

5. Sonu¢

Klasik regresyon modellerinde uyum iyiligini incelemek ve model se¢imi yapmak amaciyla kullanilan bazi temel
oOlciiler, benzer sekilde kantil regresyon i¢in uyarlanmigtir. Bu ¢aligmada, kantil regresyon modellerinde uyum iyiligi
ve model se¢imi i¢in kullamlabilecek R kriteri, C? testi, ATWE ile bilgi kriterleri AIC ve BIC tanitilmustir. Ayrica,
bilgi kriterlerinin etkinligini arttirmak amaciyla uyarlanmis bir kayip fonksiyonu yardimiyla yeniden hesaplanan
E AIC ve E BIC kriterlerine de calismada yer verilmistir. Agiklanan kriterlerin uygulamada kullanimlarini
orneklemek amaciyla Mincer {icret denklemi uygulamasi yapilmistir. Mincer tcret denkleminde bireylerin
potansiyel tecriibeleri ile licretleri arasinda dogrusal olmayan bir iligkinin var oldugu 6ngériilmektedir. Calismada,
Mincer denkleminde yer alan potansiyel tecriibenin karesi degiskenine kisit konarak, potansiyel tecriibenin iicret
tizerindeki etkisinin dogrusal olup olmadig: kantil diizeyinde incelenmistir. Yuvalanmis olarak ele alinan kisith ve
kisitsiz kantil modelleri desiller i¢in tahmin edilmis ve agiklanan kriterler yardimiyla modellerin uyum iyiligi
incelenip model se¢imi yapilmistir. Sonucta, ilk dort kritere gore incelenen tiim kantillerde kisitsiz model kisith
modele tercih edilmistir. Bir bagka deyisle, tiim kantillerde potansiyel tecriibenin karesinin modele eklenmesinin
modelin uyum iyiligine anlaml bir katki sagladigt ve dolayistyla incelenen iligkinin dogrusal olmadigt sonucuna
ulasilmigtir. Ancak bu katki yiiksek kantillere dogru gidildik¢e azalan bir seyir gostermektedir. Nitekim daha etkin
iki bilgi kriterine gore, diger kriterlerden farkli olarak en yiiksek iki kantilde kisitli model tercih edilmistir. Buna
gore, en yiiksek kantillerde potansiyel tecriibenin tcretle iligkisi dogrusal hale gelmekte ve degiskenin karesinin
modele eklenmesinin modelin uyum iyiligi lizerinde belirleyici bir katkis1 olmamaktadir. Burada toplu olarak verilen
kriterlerin kantil regresyon uygulamalarinda kullanilabilecek olmasi nedeniyle, caligmanin yerli literatiirde daha
sonraki ¢aligsmalar1 destekleyici nitelikte olduguna inanilmaktadir.
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Abstract

The present study investigates the differences in the likelihood of prime working-age married and unmarried
women's labor force participation and examines the labor force participation gap between them. Using Turkish
Household Budget Survey data of 2018, this study estimates the probit model and employs a nonlinear
decomposition method. To the best of my knowledge, this is the first study to address the labor force participation
gap via the nonlinear decomposition method. The findings suggest that there is a 14% labor force participation gap
between married and unmarried women in favor of unmarried women. Furthermore, nonlinear decomposition
findings reveal that if the married and unmarried women had the same characteristics in terms of age, education,
household economic status, and household demographic characteristics, 96.92% of the labor force participation
gap between them would have disappeared. By understanding the driving forces behind the labor force
participation gap, this study may help to develop policies to reduce the gap and increase married women’s
involvement in the economy.
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Tiirkiye'de Kadinlarin Isgiiciine Katliminda Medeni Durum Farkhliklari:
Dogrusal Olmayan Ayristirma Yaklasim

Ozet

Bu ¢alisma, ¢alisma ¢agindaki evli ve evli olmayan kadinlarin isgiiciine katilim olasiliklar1 arasindaki farkliliklari
ve aralarindaki isgiicline katilim farkini incelemektedir. 2018 yili Tiirkiye Hanehalki Biitge Anketi verilerini
kullanan bu ¢aligmada, probit modeli tahmin edilmekte ve dogrusal olmayan ayrigtirma yontemi kullanilmaktadir.
Bilgim ¢ergevesinde bu calisma, isgiiciine katilim farkini dogrusal olmayan ayristirma yontemiyle ele alan ilk
¢aligmadir. Calismanin bulgulari, evli ve evli olmayan kadinlar arasinda, evli olmayan kadnlar lehine, %14'liik
bir iggiiciine katilim farki oldugunu ortaya koymaktadir. Dogrusal olmayan ayristirma bulgulari ise evli ve evli
olmayan kadinlarin yas, egitim, hanenin ekonomik durumu ve hanehalk: demografik 6zellikleri bakimindan aym
kosullara sahip olmalari durumunda, aralarindaki isgiiciine katilim farkinin %96,92'sinin ortadan kalkacagini
ortaya koymaktadir. Bu calisma, iggiiciine katilim farkinin arttiran belirleyicileri tespit ederek, isgiiciine katilim
farkini azaltmak ve evli kadinlarin ekonomiye katilimini artirmak igin politikalar gelistirmeye yardimer olabilir.

Anahtar Sozciikler: Dogrusal Olmayan Ayristirma, Kadinlarin fsgiiciine Katilimi, Medeni Durum, Probit Modeli,
Tiirkiye.

1. Introduction

Women participating in the labor force is an important driver of sustainable economic growth and development
(Verick, 2014). Although an increase in women's labor force participation especially after the late 1940s in some
labor markets, low labor force participation of women is still a serious problem especially for the emerging market
economies. Therefore, low women’s labor force participation is a crucial and current phenomenon that economies
need to pay special attention to. Women’s labor force participation has been of interest to many economists and a
subject of many studies over the years across the countries, and most of them point out a low women labor supply.
The main barrier towards women's labor force participation originates from the conventional social norms and
cultural values of the society. In fact, the papers examining the women’s labor force participation with social and
cultural values (e.g., (Atasoy, 2016; Contreras & Plaza, 2010; Diwan & Vartanova, 2017; Gedikli, 2014; Goksel,
2013)) indicate that social norms, conservatism, traditionalism, machismo, patriarchy, and conventional cultural
values influence the women’s decision to participate in the labor force. Along with the social norms and cultural
values, the institutional settings not covering family and child care leads to fewer women in the labor force with
the idea of women should stay home, engage in chores, and take care of the children. In this case, the structure of
the household, social, economic, and demographic features of women can be considered as the major determinants
of women’s labor force participation. In fact, many studies in the literature find a significant relationship between
the likelihood of labor force participation and marital status, age, education, number of children, etc.

Most of the studies on labor force participation prove that there is a significant gap in labor force participation
between men and women. However, this is not the only gap; there is also an important gap in labor force
participation between married and unmarried women due to different reasons, other than the reasons every woman
faces regardless of marital statutes such as social norms and conventional cultural values of the societies. One of
the pioneer studies by Mincer (1962) brings forward married women do not only choose between participating in
the labor force or leisure time but also have to consider the unpaid work in the home such as chores and childcaring.
In fact, the existing literature on the labor force participation of women by marital status is considerably wide and
the studies examining different labor markets documents a significant labor force participation gap between
married and unmarried women. For instance, Lee, Jang, & Sarkar (2008) analyze the relationship between Korean
women’s marital status and labor force participation and find that married women are less likely to participate in
the labor force than their unmarried counterparts. Contreras & Plaza (2010) examine the women’s labor force
participation determinants in the Chilean labor market with both classical and cultural values. They provide several
important findings in terms of labor force participation determinants and findings related to the marital status
indicate that the likelihood of labor force participation significantly reduces in case of women having a partner. A
recent paper by Xiao & Asadullah (2020) analyzes the gender gap in labor force participation between Chinese
men and women and the results indicate that being married reduces the probability of working for Chinese women.
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Findings of another recent paper by Petrakis (2021) for the Greece labor market suggest that marital status has a
significant and reducing effect on women’s labor force participation decision.

Since Turkey has a conventional household structure in which individuals get married and have children in the
early stages of their lives, marriage is one of the most significant constraints on women’s labor supply. In fact,
Ilkkaracan (2012) reveals that marriage is a more significant pattern on women’s labor force participation than the
presence of small children as a reason of gender roles. As Dayioglu & Kirdar (2010) indicate, since being married
is considered a universal thing in Turkey, examining married women’s labor force participation decision carries
importance in terms of the labor market. Given the evidence that women's marital status is highly correlated to
labor force participation, this study has two main objectives. First, it examines the differences in the likelihood of
labor force participation of married and unmarried* women and diagnoses the patterns that could affect labor force
participation decisions with a special focus on marital status. Second, it analyzes the labor force participation gap
between them and reveals the determinants that could wider or narrow it. In order to achieve these objectives, this
study adopts a probit model and nonlinear decomposition method. Although there is a wide literature on women’s
labor force participation in Turkey, to the best of my knowledge, this is the first study analyzing the labor force
participation gap between married and unmarried women via the nonlinear decomposition method.

The next section covers women’s labor force participation in Turkey and builds the background. Section 3 explains
the dataset and sample used in this study. Section 4 contains the methodological issues and Section 5 reveals the
empirical findings. Lastly, Section 6 provides further discussion and concludes remarks.

2. Women in Turkish Labor Force

This section builds an institutional background via national statistics and existing literature related to women's
labor force participation in Turkey. Figure 1 illustrates the prime working-age? women's labor force participation
and unemployment rates compiled by the Turkish Statistical Institute (TURKSTAT) in 2018.

50

1

25-29 30-34 35-39 40-44 45-49 50-54

m L abor Force Participation Unemployment

Figure 1. Women'’s labor force participation and unemployment rates

Source: TURKSTAT labor force statistics.

According to the statistics, younger women are more likely to participate in the labor force. Since the younger
women who are especially in their mid-twenties seek jobs more, the unemployment rate is higher for them. The
likelihood of labor force participation and therefore the possibility of being unemployed decreases as women get
older. Turkey has a young and dynamic population, however, the average of the recent rates in Figure 1 reveals
that almost 60 percent of the prime working-age women do not join the labor force and only 12 percent of them
are unemployed. This suggests that 48 percent of women do not join the labor force in 2018 for several reasons
other than unemployment even though they are in their prime working-age period. Moreover, the labor force
participation rates of women are still considerably below most of the economies. World Bank’s World
Development Indicators reveal that women’s labor force participation rates® in the European Union, the United
States, the average of the world are 67.51, 67.23, and 52.54 percent, respectively. Surprisingly, despite the strong

! Unmarried women are single, divorced, separated, or widows.
2 The prime working-age interval determined by the International Labour Organization (ILO) is 25 and 54.
3 Calculated for the women aged between 15 and 64 by the ILO.
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workforce with the young and dynamic population of Turkey, women’s labor force participation rate is
considerably below both developed economies and the average of the world.

The possible several reasons for women not participating in the labor force are maybe conventional cultural values,
social norms influencing marriage in the early stages of their lifetime, higher fertility rates, lower educational
attainment, institutional settings, household, and spouse characteristics (Verick, 2014). According to the marriage
statistics of Turkey obtained from TURKSTAT, women's average age at first marriage is 24.8 in 2018 which can
be considered as the beginning of the prime working-age period. Marriage is a reducing pattern on labor force
participation of women, therefore, if marriage reduces the labor force participation of women, Turkish women get
married instead of working in their mid-twenties. A similar finding from Palaz (2010) indicates that women join
the labor market after graduation in their early twenties, however, the labor force participation decreases in their
24 and 34 due to marriage and childcare duties. Furthermore, Kasnakoglu & Dayioglu (1997) investigate the
female labor force participation by exploiting the 1987 survey data and reveal that being married and having
children tend to reduce the likelihood of labor force participation of Turkish women. Ozar & Gunluk-Senesen
(1998) bring out that the role of wife and mother in the household are the important determinants of Turkish
women’s non-participation in the labor force. Tansel (2002) examines the labor force participation rates of both
men and women by regions of Turkey. The rates of labor force participation by marital status indicate that
unmarried women are more likely to participate than married women between 1998-2000 period. According to the
findings of Ince & Demir (2006), marriage negatively affects Turkish women’s labor force participation between
1988 and 2002 and causes women to be economically inactive and unpaid family workers. Dayioglu & Kirdar
(2010) perform detailed analyses for the women’s labor force participation in Turkey between 1988 and 2006. The
findings indicate that married women are less likely to participate in the labor force than unmarried women. By
examining the women’s labor force participation for 1998, 2000, and 2008 Turkish data, Ilkkaracan (2012) defines
marriage as an obstacle to women’s labor force participation. However, marriage has become relatively less
binding to labor force participation over the years. Varol (2017) examines the World Values Survey of 2007 for
the Turkish labor force and suggests that since being married causes more responsibility to women, marriage harms
the decision of women’s labor force participation. Baslevent & Onaran (2003) adopt a different viewpoint and
analyze the effect of the employment status of husbands on wives’ labor force participation decisions in Turkey.
The findings suggest that the two decisions are negatively correlated and if the husband is employed, women do
not join the labor force. Similar to the international studies on women’s labor force participation, national studies
support that there is a significant gap between married and unmarried women in labor force participation.

Besides relatively early marriages in Turkey, demographic statistics compiled by TURKSTAT show that the
fertility rate is 15.4 percent and the average total fertility in terms of the number of children is 2 per woman in
2018. Since fertility is a crucial reducing factor on women's labor force participation decisions with long maternity
leaves and expensive and inaccessible childcaring, these relatively high fertility rates may lead women not to work.
If we look at the education rates as another significant pattern on labor force participation, the rates indicate that
only 23 percent of the prime working-age women have bachelor’s or postgraduate degrees in 2018. 77 percent of
the women of their prime working-age do not have a qualified degree in a particular labor force and consequently,
they may have to decide between either obtaining unqualified jobs or being an unpaid family worker.

3. Data Description and Sample

Household Budget Survey (HBS) conducted by the TURKSTAT includes a rich data covering information about
social, economic, demographic patterns of the households in Turkey. Therefore, HBS data are convenient for this
study which analyzes women's decisions to take place in the labor force who have different characteristics. HBS
has been applied since 2002 by TURKSTAT and this study exploits more recent data that was administered in
2018. A stratified two-stage cluster sampling method for the households in Turkey was employed to collect HBS
data and the survey was administered to 15,551 households in 2018. By following the previous studies on women's
labor force participation, to receive more relevant results, the sample of this study was restricted to the prime
working-age women. The main reason for this is to obtain more accurate results by excluding women who do not
take part in the labor force due to preferences such as education or retirement and prevent the misleading effect of
age. After applying the restrictions, the sample of this study contains 8,582 women aged between 25 and 54. The
HBS data used in this study are licensed and can only be used with permission from TURKSTAT.

4. Methodology

This study adopts a probit model and nonlinear decomposition methods. The following sub-sections contain
methodological explanations of these methods.
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4.1. Probit Labor Force Participation Model

As discussed above, one of the objectives of this study is to determine the probability of women participating in
the labor force, diagnose the patterns that could affect this probability, and examine the differences between
married and unmarried women in terms of labor force participation. Therefore, this study estimates the probit
model of labor force participation for married and unmarried women separately. The dependent variable of the
model is a categorical variable that takes the value of 1 if the woman currently works or does not work but the
connection with the working place is still on* in the last week of the survey. The labor force participation variable
takes the value of 0 if the woman does not join the labor force due to several reasons. The likelihood of labor force
participation for married and unmarried women is estimated by ®(Xf), where X is the NxK matrix of explanatory
variables, ®(-) is the cumulative standard normal distribution probability density function, and g is the Kx1 vector
of coefficients. The probit model constructed in this study can be expressed as below.

5 5
pi=® ([)’0 + Z 8; Age;; + Z yj Education;; + p;HouseholdWage; + B,NonlaborIncome;
= = (1)
+ B;Children(0 — 5); + ,Children(6 — 14); + BSReferencePersoni>

The left side of the equation (p;) indicates the conditional probability of participation in the labor force on
explanatory variables. The probit model constructed in the Equation 1 contains age categories, education levels,
household economic status, and household demographic variables as the determinants that could affect labor force
participation decisions. Women may have different preferences obtaining jobs in different periods of their lives.
To capture this specific relationship between the age and the likelihood of joining the labor force age categories
are divided into six categorical variables as 25-29, 30-34, 35-39, 40-44, 45-49, and 50-54. Education increases the
cost of not participating in the labor force, thus, it raises the likelihood of seeking a job (Chin, 1995). Therefore,
since education can be considered as an investment in terms of human capital, labor force participation is highly
determined by education. Insomuch that educational attainments have more influence on women’s decision to
labor force participation than men (Komuryakan & Yilgor, 2021). In order to receive more detailed results about
the influence of women’s education on their likelihood of labor force participation, schooling is divided into
categorical variables as no schooling, compulsory education, high school education, associate degree, bachelor's
degree, and postgraduate degree.

Household economic structures along with the conservative and patriarchal values of society may cause women
to stay out of the labor force. In most conventional households, women are encouraged to stay home, do household
chores, and take care of children. This structure may cause if the household annual wage earned from the other
people in the household is high, especially by men, the likelihood of labor force participation of the women may
be lower. Therefore, the natural logarithm of the annual household wage excluding woman is added to the labor
force participation model to analyze the probability of labor force participation of the woman in the case of a
higher wage of the household other than woman. Another income determinant that could lower the possibility of
women’s working is the nonlabor income of the household. If the nonlabor income such as scholarship, interest,
yield, fund, etc. other than wages is higher, women may not prefer to work. Hence, the labor force participation
model contains the natural logarithm of the annual household nonlabor income including women's income.
Household demographic features such as the number of children are one of the most significant determinants of
the women’s decision to participate in the labor market. The presence and the age of the children in the household
are some of the major determinants of the women's decision to work. Since the presence of the preschooler and
the older children have different impacts on the labor force participation, the model contains two continuous
variables as the number of children aged between 0-5 and 6-14. Lastly, the model contains a categorical variable
that denotes if the woman is the reference person in the household. The reference person is the person who is
responsible for most of the expenditure of the household and may be referred to as the breadwinner and the head
of the household. Being the head of the household is a significant factor in the decision of labor force participation.

It is highly expected that the impacts of the determinants that could affect the labor force participation decision
vary by the marital status of the women. Age, education, household economic status, and household demographic
structure may differ for married and unmarried women. For instance, education may be more significant for
unmarried women whereas the number of children in the household may be more crucial for married women since
childcaring may be considered her duty. Therefore, the probit model is constructed for separately married and

4 The women who are on maternity leave, suspended, do not work due to such reasons as slowdown, on vacation, etc. are
considered as working.
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unmarried women to bring out the differences in the labor force participation decisions of married and unmarried
women.

4.2. Nonlinear Decomposition

Decomposition is one of the most important statistical tools to analyze the differences between categories such as
gender, occupation, age, marital status, etc. Decomposition was firstly introduced to the literature for the standard
linear regression by Oaxaca (1973) and Blinder (1973). Therefore, this decomposition technique is mostly known
as Oaxaca-Blinder (OB) decomposition. Over the years, the OB decomposition method was also developed for
nonlinear regression models such as logit, probit, complementary log, etc. In order to decompose the differences
in labor force participation between married and unmarried women after the estimation of the probit model
aforementioned above, this study adopts the nonlinear decomposition method based on Yun (2004, 2005a, 2005b,
2008). This nonlinear decomposition method has two contributions to the literature. First, it handles the path
dependency problem which originates because of a sensitivity of the nonlinear models in terms of the entrance
order of the explanatory variables in the decomposition. Second, it overcomes the identification problem with the
reference categories of explanatory dummy variables (Yun, 2005). After estimating the labor force participation
(LFP) model for both married (m) and unmarried () women, the differences in the average likelihood of labor
force participation between married and unmarried may be decomposed as follows:

LFP = &(XpB) @)
(ﬁu - Wm) = q)(Xuﬁu) - (D(Xmﬁm) (3)
(ﬁu - Wm) = {q)(Xuﬁu) - q)(Xmﬁu)} + {(D(Xmﬁu) - (D(Xmﬁm)} (4)

where LFP is a Nx1 dependent variable vector, X is an NxK matrix of explanatory variables, 8 is a Kx1 vector of
coefficients, and & is the cumulative normal distribution function. The first and second components in the right
hand of Equation 4 indicate characteristics effects and coefficients effects, respectively. Basically, the
characteristics effect reflects the composition in labor force participation by marital status and indicates the
contributions to the marital status differences in labor force participation due to explanatory variables. The
coefficient effect, however, indicates contributions associated with marital status differences who share the same
characteristics in the differences in the likelihood of labor force participation by marital status. Furthermore, in
order to calculate the contributions of these effects, after calculating the overall decomposition from Equation 4,
the equations below need to be employed

i = Ok = X0pE/

()?u - )?m)ﬁu (5)

X565 — B
why = e ) ®)
(mu - mm) = Zk:l WAIS(lq)(Xu.Bu) - q)(Xm.Bu)J + Zk:l WAkqu)(Xmﬁu) - q)(XmBm)J (7)

where Y K_ Wk = Z’,§=1WA"I3 = 1 (Pritchett & Yun, 2009). According to the explanations, this study aims to
analyze how much of the differences in labor force participation between married and unmarried women can be
explained by differences in the determined indicators above.

5. Empirical Findings

The following sub-sections contain a four-fold analysis: an examination of descriptive statistics, the estimation of
probit model, findings of the nonlinear decomposition method, and conduction of the sensitivity analysis.

5.1. Descriptive Statistics
Table 1 reveals the summary statistics of the explanatory variables explained in Equation 1 by women's labor force
participation and marital status. The table also reports the Variance Inflation Factor (VIF) values to analyze the

relationship between the explanatory variables and diagnose the possible multicollinearity.
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Table 1. Descriptive statistics and VIF by labor force participation and marital status

LFP =1 LFP =0 VIF
Married Unmarried Married Unmarried Married Unmarried

Age categories

25-29 0.09 0.33 0.14 0.27 2.12 3.20

30-34 0.17 0.17 0.18 0.13 2.47 2.12

35-39 0.21 0.13 0.19 0.13 2.38 1.91

40 - 44 0.22 0.13 0.17 0.13 2.04 1.81

45 - 49 0.18 0.16 0.16 0.15 1.79 1.83

50 - 54 0.13 0.08 0.16 0.19 - -
Education degrees

No schooling 0.11 0.05 0.18 0.19 - -

Compulsory 0.54 0.28 0.59 0.42 2.15 2.64

High school 0.13 0.19 0.15 0.17 1.79 2.2

Associate 0.04 0.09 0.03 0.06 1.25 1.65

Bachelor’s 0.15 0.35 0.04 0.15 1.55 2.7

Postgraduate 0.03 0.04 0.00 0.01 1.09 1.24
Household economic status

Household

annual wage™ 7.30 4.11 7.79 4.85 1.09 1.17

(in logarithmic

Turkish Liras)

Household

annual nonlabor

income* 5.54 7.35 5.51 9.06 1.17 1.15

(in logarithmic
Turkish Liras)
Household demographic characteristics
Children aged

0-5 0.34 0.09 0.53 0.15 1.41 1.07
g_Tﬂre” aged 0.75 0.23 0.87 0.31 1.31 112
Reference 0.05 0.41 0.03 0.32 1.03 1.50
person
Observations 2,606 720 4,544 712
Diagnostics tests
. 96.16
Pearson chi-square (0.000)
Fisher’s exact test (0.000)
Notes: (i) * denotes continuous variable; other variables are categorical. (ii) The probability of the tests is

in brackets.

The observation numbers show that the labor force participation rates for married and unmarried women are 36%
and 50%, respectively. According to the ratios, there is a 14% gap between married and unmarried women in the
labor force participation. Pearson independence chi-square and Fisher’s exact tests which were used to statistically
examine this labor force participation gap between married and unmarried women indicate that there is a
significant statistical relationship between the women's labor force participation and their marital status. As for the
VIF values in Table 1, there is no significant multicollinearity among explanatory variables detected.

Table 1 reveals that younger married women are less likely to take place in the labor force may be because of
having children at mid-twenties, however, as they get older, their likelihood of working increases. As for unmarried
women, this situation is reversed and unmarried women in the prime working-age group are more likely to take
place in the labor force at early ages. Education categories show that most of the prime working-age married
women have only compulsory education in 2018 regardless of taking place in the labor force. There is a slight
difference between working and not working married women in terms of compulsory education and not working
married women almost 60% likely to have compulsory education. While married women have less education,
unmarried working women have 35% likely to have bachelor’s degrees. This ratio is 15% for unmarried women
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who do not work whereas the ratio is only 4% for married women. Higher education drives women to join the
labor force more. Within the context of the household’s economic situation, more income in the household causes
less women’s labor force participation since the women’s labor force participation is considered as a choice rather
than a necessity for both married and unmarried women. This means that if other people especially men in the
household earn, women do not have to work so they can stay home and engage with the chores and childcaring.
According to the household characteristics, if the number of children in the household is high, the married woman
is 1.4 times more likely not participating in the labor force. This ratio is lower for unmarried and working married
women. As expected, being a reference person in the household increases the likelihood of working for both
married and unmarried women. However, being a reference person in the household is highly correlated with
marital status; unmarried working women are referred to 41% likely to be a reference person whereas only 5% of
married working women are considered as a reference person in the household. This structure only changes for
unmarried women.

The questionnaire used in this study contains a question as “reason for not seeking a job” regarding the reasons for
not participating in the labor force. This question has eleven different answers such as “found a job-established a
business; but waiting to start”, “doing a seasonal work or waiting to be back to the old job”, “previously sought

ELINN3

for a job but could not find”, “does not believe that she can find a suitable job in her skills”, “education or training
continues”, “engage with the household chores (taking care of children, elderly, sick, etc., are included)”, “retired”,
“disabled or ill”, “elderly”, “income recipient”, or “other”. Engaging with the household chores is the highest
selected answer to this question with the ratios of 91.5% and 51.1% for married and unmarried women,
respectively®. Although the highest selected reason is the same for married and unmarried women, there is a
significant difference between the ratios. Married women are most likely not in the labor force to do chores, take

care of children, or take care of other people in the household.
5.2. Probit Model Findings

Table 2 reveals the estimation results of the probit model for married and unmarried women.

Table 2. Probit regression findings by marital status

Married Unmarried
(n =7,150) (n =1,432)
OR ME OR ME
Age categories
25 - 29 0.0932 0.0328 0.3215** 0.1086**
(0.0720) (0.0253) (0.1435) (0.0481)
30-34 0.2418*** 0.0852*** 0.5138*** 0.1735***
(0.0667) (0.0234) (0.1498) (0.0499)
35 - 39 0.3207*** 0.1130*** 0.3311** 0.1118**
(0.0619) (0.0217) (0.1475) (0.0495)
40 - 44 0.3431*** 0.1209*** 0.4175*** 0.1410***
(0.0576) (0.0201) (0.1411) (0.0471)
45 - 49 0.2198*** 0.0775*** 0.4683*** 0.1581***
(0.0555) (0.0195) (0.1352) (0.0450)
50 — 54 (reference)
Education degrees
No schooling (reference)
Compulsory 0.1235*** 0.0435*** 0.4915*** 0.1660***
(0.0469) (0.0165) (0.1252) (0.0415)
High school 0.1163* 0.0410* 0.8623*** 0.2912%**
(0.0597) (0.0210) (0.1395) (0.0452)
Associate 0.4822*** 0.1699*** 1.1691*** 0.3947***
(0.0932) (0.0326) (0.1806) (0.0582)
Bachelor’s 0.9649*** 0.3399*** 1.2859*** 0.4342%**
(0.0701) (0.0237) (0.1395) (0.0427)
Postgraduate 1.2725%** 0.4483*** 1.8065*** 0.6100***
(0.1597) (0.0555) (0.2942) (0.0961)

5173 women did not answer this question.
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Household economic status

Household annual wage -0.0179***  -0.0063*** -0.018** -0.0061**
(0.0036) (0.0013) (0.0076) (0.0026)

Household annual -0.00044 -0.00016 -0.0886***  -0.0299***

nonlabor income (0.0037) (0.0013) (0.0113) (0.0036)

Household demographic characteristics

Children aged 0-5 -0.2515***  -0.0886*** -0.0370 -0.0125
(0.0298) (0.0103) (0.0921) (0.0311)
. -0.0605***  -0.0213*** -0.0687 -0.0232
Children aged 6-14 (0.0195)  (0.0069) (0.0622)  (0.0210)
Reference person 0.1550* 0.0546* 0.3603*** 0.1217***
(0.0830) (0.0292) (0.0909) (0.0303)
Constant -0.4798*** -0.3994**
(0.0699) (0.2041)
Goodness of fit
Pseudo R? 0.06 0.14
McKelvey and Zavoina's R? 0.12 0.29
Pearson chi-square test 6,898.56 1,408.19
1.0488 0.9961
(0.0542) (0.0657)
. 0.107 0.0364
Link test (0.0681) (0.0773)
-0.0092 -0.0108
(0.0224) (0.0421)

Notes: (i) OR stands for odds ratio; ME stands for marginal effects. (ii) ***p<0.01, **p<0.05,
*p<0.1. (iii) Numbers in brackets are the robust standard errors for the odd ratios and are delta-
method standard errors for the marginal effects. (iv) The three variables in the link test indicate
the prediction, the prediction squared of the dependent variable, and the constant. The numbers
in the brackets present the standard errors of the variables.

The Pearson chi-square test indicates that the data come from a specified distribution and the model fits well
enough. According to the link test, since the prediction square of the dependent variable is not statistically
significant, link tests do not reveal any problem with the specification for both models®.

Probit model findings for married women demonstrate an inverted U-shaped relationship between age and labor
force participation and that married women are more likely to join the labor force between the ages of 40 and 44.
This supports the conventional Turkish household structure; when the children start a higher education level
mother may start to seek a job to support the children’s education expenditures. Yet, unmarried women are most
likely to participate in the labor force at an early age between the ages of 30-34. Although higher education leads
to more labor force participation, education is a more significant pattern in unmarried women’s labor force
participation decision. Unmarried women with compulsory education, high school, associate, bachelor’s, and
postgraduate degrees are almost 12%, 25%, 22%, 9%, and 16% more likely to join the labor force than married
women, respectively. The gap in labor force participation is the highest among the women with a high school
degree and is the lowest among the women with a bachelor’s degree. As expected, the annual household wage and
nonlabor income decrease the likelihood of labor force participation for both married and unmarried women. While
the numbers of children in the household are significant and causes a decrease in the labor force participation of
married women, it is insignificant in the labor force participation decision of unmarried women. The presence of
a preschooler/s in the household reduces the likelihood of working for married women maybe because of the high
childcare services costs. As expected, being responsible for the household has a contribution to the likelihood of
taking place in the labor force, yet this contribution is higher for unmarried women.

5.3. Nonlinear Decomposition Findings

Table 3 reports detailed nonlinear decomposition findings by marital status in the labor force participation based
on the probit nonlinear model expressed in Equation 1.

6 For more information, please see Pregibon (1980).
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Table 3. Detailed nonlinear decomposition findings

Characteristics effect
Estimate Contribution

Age categories

2529 (2008(7353; 5.18
30-34 (83882) -0.24
35-39 0('8902070’;* -1.98
TR
o
50 - 54 O(g%(l)ég* 0.84
Education degrees
No schooling o(g%g;;* 5.28
Compulsory O(é)%%g;;* 20.85
High school 0('8.005020:;* -3.73
Associate ?69000011) -0.11
Bachelor’s -0(8(2)%2;;* 20.61
Postgraduate O(g%%gg* 2.64
Household economic status
Household annual wage -0.0204** 14.78
(0.0041)
Household annual nonlabor income (8882% -0.32
Household demographic characteristics
Children aged 0-5 ?0035;:)* 23.17
Children aged 6-14 O(gé%‘ég* 8.94
Reference person 0(8%3?* 13.46
Aggregate effect O(olgi%;* 96.92

Notes: (i) ***p<0.01, **p<0.05, *p<0.1. (ii) The dummy variables in the model are
normalized to overcome the identification problem.

As presented in the last row of Table 3, the aggregate characteristics effect” accounts for 96.92% of the difference
in labor force participation between married and unmarried women. This means, if the married and unmarried
women had the same characteristics in the determined patterns such as age, education, household economic status,
and household characteristics, then 96.92% of the labor force participation gap between them would have
disappeared. Table 3 also shows that most of the sub-aggregate characteristics effects are statistically different
from zero at the 1%, 5%, and 10% levels of significance. Significant characteristics effects for the age categories
reflect that the marital status differences among people who are in 25-29 (5.18%), 35-39 (1.98%), and 40-44
(1.99%) age intervals contribute to a reduction in marital status differences in labor force participation whereas
who are in 50-54 age interval contribute promotion. The characteristics effects of education for no schooling, only

7 Since the coefficient effect is around 3% and mostly insignificant, only characteristics effect findings are presented.
Characteristics effect findings are available upon request.
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compulsory education, bachelor’s, and postgraduate degrees are statistically significant at 1% significance level
and their characteristics effects are 5.28%, 20.85%, 20.61%, and 2.64% percent, respectively. The education level
of unmarried women is relatively higher than married women and this increases the labor force participation gap.
On the contrary, small differences in marital status in high school degrees (3.73%) contribute to a smaller labor
force participation gap. The characteristics effect for household annual logarithmic wage equals to 14.78% and is
statistically significant at the 1% significance level. The differences in household annual logarithmic wage between
married and unmarried women contribute to the labor force participation gap between married and unmarried
women and increase the size of the gap. Household characteristics indicate that having children between the ages
of 0-5 and 6-14 increases the labor force participation gap by 23.17% and 8.94%, respectively. The contribution
of the number of preschooler/s is 14.23% higher than the number of older children. Lastly, the difference between
married and unmarried women being the reference person in the household contributes to the 13.46% increase in
the labor force participation gap.

5.4. Sensitivity Analysis

This study also conducts a sensitivity analysis to investigate the robustness of the findings in Tables 2 and 3. To
do so, four different probit models were estimated and decomposed. All sensitivity analysis findings are available
in Appendix A. The first model changes the reference group of education categories from no schooling to
postgraduate degree and there is no significant change in the coefficients other than education variables which
depend on the change in the reference category. The second model adds continuous age and squared age variables
instead of the dummy variables of the age categories in the model. These continuous variables confirm that there
is an inverted U-shaped relationship between age and labor force participation just like the age categories. The
third model combines the two variables that indicate the numbers of children aged between 0-4 and 6-14 and the
findings remain robust in the case of adding this variable in the model. The last model changes the dummy variables
of education categories to one continuous schooling variable. In the course of this change, the coefficients remain
robust. According to the nonlinear decomposition results of these four models, although there are small changes
in the percentages presented below the standard errors, the aggregate characteristics effects are robust against the
change in the variables.

6. Conclusion

The first task of this study was to estimate the probit model structured for the labor force participation decision for
prime working-age married and unmarried women and to reveal the differences in the determinants of the labor
force participation decision by marital status. As indicated in this study, although the marginal effects are higher
for unmarried women, higher education degrees and being the reference person in the household increase labor
force participation whereas household wage decreases the labor force participation of both married and unmarried
women. However, the labor force participation age differs by marital status. Married women tend to involve in the
labor force at later ages whereas unmarried women tend to involve earlier. Furthermore, neither the number of
preschooler/s nor children aged between 6 and 14 have a significant influence on unmarried women’s decision to
labor force participation. On the other hand, the number of children is a major reducing factor on married women’s
decision to join the labor force, considering child care. Moreover, having younger children reduces the likelihood
of labor force participation more. The second task of this study was to examine the labor force participation gap
between married and unmarried women by employing a nonlinear decomposition method. The aggregate
decomposition findings reveal that the differences among women by marital status lead to a labor force
participation gap and if the married and unmarried women had the same characteristics, then 96.92% of the labor
force participation gap between them would disappear.

The educational attainment gap between married and unmarried women and unmarried women being more
educated is one of the most important determinants that increase the size of the labor force gap between them.
Facilitating access to education, expanding opportunities for competence in different business sectors, and
encouraging married women are the relevant ways of reducing this gap by increasing married women’s education
level. In recent years, the Ministry of Education has introduced an important opportunity named Public Education
Centers, especially for housewives. These centers provide free courses and supply most women to gain competence
in certain areas such as computer use, beauty and hair care services, skin care, massage, food and beverage services,
photography, painting, crafts, foreign language, gardening, animal breeding, music, sports, etc. In line with the
demands, Public Education Centers can provide 3,701 different courses in 72 areas. These centers help women not
only to gain competence in certain workforces and benefit from these competencies but also help to gain self-
confidence. Expanding these Public Education Centers in more areas considering the labor market demands,
encouraging especially married women to participate in the labor force after they gain this specific competence,
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and supporting them to become an entrepreneur by giving interest-free loans and reducing taxes, may increase
labor force participation of married women. In this way, the labor force participation gap between educated
unmarried women and uneducated married women can be reduced.

Turkey has a conventional household type and social values that support both men and women to marry and have
children in their early life. Yet, encouraging especially women to participate in higher levels of education rather
than marrying at an early age may lead to a higher labor force participation. Having children in the household is
one of the most significant determinants of the size of the labor force gap and it increases the gap among married
and unmarried women. Although long maternity leaves assure women, it is considered as a disadvantage for
employers. If the woman is married, the employers consider that she will soon become a mother. Since they
consider this as a long-time labor loss for them, they reduce the likelihood of hiring them and prefer to hire men
and single women. An arrangement of maternity and paternity leaves as in mostly equal, increasing kindergarten
opportunities, making them accessible and affordable are of great importance in terms of increasing married
women's labor force participation. Most importantly, discrimination against especially married women in the labor
market should be eliminated in order to reduce the labor force participation gap. In addition, increasing the mobility
of women and increasing the labor force participation of married women should be encouraged by the authorities
at every opportunity.

Understanding the driving or reducing forces behind the labor force participation gap between married and
unmarried women is crucial to developing policies and campaigns to reduce the gap and increase women’s
involvement in the economy. This study may provide a framework in which women’s marriage and labor force
participation decisions can be examined.
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Appendix A. Sensitivity analysis

Married Unmarried
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Age categories
25 - 29 0.0932 -0.0032 0.0168 0.3215** i 0.3199** 0.2330
(0.0720) (0.0692) (0.0719) (0.1435) (0.1433) (0.1451)
30-34 0.2418*** i 0.2166***  0.2044*** 0.5138*** 0.5124***  0.4288***
(0.0667) (0.0661) (0.0669) (0.1498) (0.1496) (0.1514)
3539 0.3207*** i 0.3313***  (0.3019*** 0.3311** i 0.3295** 0.2863*
(0.0619) (0.0617) (0.0617) (0.1475) (0.1472) (0.1494)
40 - 44 0.3431*** i 0.3694***  (0.3385*** 0.4175*** 0.4144***  0.3803***
(0.0576) (0.0573) (0.0572) (0.1411) (0.1402) (0.1427)
45 - 49 0.2198*** 0.2340***  0.2243*** 0.4683*** 0.4665***  0.4444***
(0.0555) (0.0552) (0.0554) (0.1352) (0.1350) (0.1365)
50 - 54 - - - - - - - -
0.1586*** 0.1642***
Age - 0.0214) - - (0.0399) -
Age? i -0.002*** i i -0.0022*** i
(0.0003) (0.0005)
Education degrees
No schooling -1.2725%** i i -1.8065*** i i
(0.1596) (0.2942)
Compulsory -1.1491***  0.1196** 0.1299*** -1.3149%**  (0.4892*** 0.4909***
(0.1550) (0.0470) (0.0467) (0.2783) (0.1255) (0.1254)
High school -1.1562***  0.1119* 0.1128* i -0.9441***  (0.8766*** 0.8616***
(0.1586) (0.0595) (0.0595) (0.2818) (0.1402) (0.1396)
Associate -0.7904***  0.4834***  0.4693*** -0.6374* 1.1893*** 1.1684***
(0.1735) (0.0932) (0.0930) (0.3000) (0.1815) (0.1808)
Bachelor’s -0.3077* 0.9605***  0.9408*** -0.5205**  1.3055*** 1.2857***
(0.1621) (0.0699) (0.0696) (0.2788) (0.1411) (0.1396)
Postgraduate i 1.2588***  1,2394*** i 1.7992*** 1.8058***
(0.1596) (0.1581) (0.2986) (0.2942)
Schooling i i i 0.0409*** 0.0797**=
(0.0033) (0.0073)
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Appendix A. Continued

Household economic status

Household annual wage -0.0178***  -0.0179***  -0.0188*** -0.0167*** -0.018** -0.0179** -0.0179**  -0.0181**
g (0.0036) (0.0036) (0.0036) (0.0036) (0.0076) (0.0076) (0.0076) (0.0076)
Household annual nonlabor -0.0004 -0.0002 -0.0007 0.0003 -0.0886***  -0.0902***  -0.0884***  -0.0882***
income (0.0037) (0.0037) (0.0037) (0.0037) (0.0113) (0.0113) (0.0113) (0.0113)
Household demographic characteristics
Children aged 0-5 -0.2515%**  -0.2475%** -0.2416*** -0.0370 -0.0480 i -0.0322
g (0.0298) (0.0298) (0.0294) (0.0921) (0.0927) (0.0930)
Children aged 6-14 -0.0605***  -0.0682*** -0.069*** -0.0686 -0.0821 i -0.0751
g (0.0195) (0.0193) (0.0196) (0.0622) (0.0623) (0.0621)
. -0.1216*** -0.0578
Total number of children - - (0.0169) - - (0.0488) -
Reference person 0.1550* 0.1513* 0.1551***  0.1510* 0.3603***  0.3519*** 0.3591***  (0.3725***
P (0.0830) (0.0831) (0.0826) (0.0828) (0.0909) (0.0915) (0.0908) (0.0913)
Constant 0.7927*** -3.2131***  -0.4723* -0.5428*** 1.4071*%**  -2,9328***  -0.3993***  -0.3397*
(0.1649) (0.4207) (0.0697) (0.0611) (0.3259) (0.7722) (0.2041) (0.1822)
Aggregate Nonlinear Decomposition
_ *kk
Aggregate characteristics effect 0.1339
Model 1 (0.0126)
96.92
_ *kk
Aggregate characteristics effect 8%52%
Model 2 (© )
93.33
Aggregate characteristics effect 8335
Model 3 (0.0125)
88.6
_ Kk
Aggregate characteristics effect 0.1128
Model 4 éol.%1528)

Notes: (i) ***p<0.01, **p<0.05, *p<0.1. (ii) Numbers in brackets are the robust standard errors for the odd ratios.
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addition, I also applied Verhulst five and six parameter functions and reached positive statistical and linearity test
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Tiirkiye'deki Niifus Artis1 ve Niifus Projeksiyonlarimin Ekonometrik Analizi

Ozet

Tiirkiye'de 1927 yilindan bu yana resmi niifus saymmini yapan Tiirkiye Istatistik Kurumu (TUIK), 1927 yilnin
birinci niifus sayim1 yilindan baglayarak 2006 yilina kadar tiim yillar i¢in geriye doniik y1l ortasi niifus tahminleri,
2007-2017 yillarina ait adrese dayali niifus sayimi sonuglari ve y1l ortasi tahminleri ile 2018-2080 dénemine iligkin
niifus projeksiyonlarmi yayinlamistir. Tahminlerin ana senaryosuna gore, niifus 2069'da 107,7 milyona ulasacak
ve bu noktadan sonra 2080'de 107,1 milyona inecektir. TUIK niifus projeksiyonlar1 yontemi ¢aligmasi, kurumun
uzun vadeli deneyim ve verilerine, demografi disiplini ilkelerine ve derlenen uluslararasi verilere dayanan
boyutlar1 kapsamaktadir. Bu ekonometrik caligmadaki amacim, ¢alisma sirasinda gelistirdigim bes ve alti
parametreli Gompertz niifus artis modeli ve ayrica artiklar i¢in siniizoidal fonksiyon uygulamalar ile ana senaryo
projeksiyonlarinin ve gecmis sayimlarin sonuglarinin temsilini arastirmaktir. ilaveten Verhulst bes ve alti
parametre fonksiyonlari igin de uygulama yaptim. Tiim fonksiyonlarla yapilan pozitif istatistiksel ve dogrusallik
test sonuglarina ulastim. Ekonometrik ¢aligma sonuglari, Istatistik Kurumu'nun ana senaryo projeksiyonlarmin
gegerli ve gergekei oldugunu dogrulamaktadir.

Anahtar Kelimeler: Dogrusal Olmayan Fonksiyonlar, Gompertz Fonksiyonu, SAS MODEL Yéntemi, SAS NLIN
Yontemi, Tiirkiye Niifus Calismas, Verhulst Fonksiyonu.

1. Introduction and Scope of Research

The aim of this econometric study is to investigate the representation of Turkey's population projections published
by TurkStat (Turkish Statistical Institute) for the 2018-2080 period and the past census results (1927-2017)
together by applying growth functions of Gompertz and Verhulst. As based on economic theories, explained by
mathematical models, applied and supported by data and includes advanced statistical applications, we define our
research as econometric analysis.

TurksStat has prepared population projections of Turkey for 2018-2080 period and published them on its website
in 2018. Projections are an important source of data when used together with the past censuses. With an advanced
statistical study of this data, it is possible to obtain concrete results for the population growth trend of Turkey.
However, this long-term data need to be handled within a certain economic and statistical framework. Otherwise,
our statistical study remains at a simple level of regression work: 1f we had done a short-to-medium-term work for
10-15 years, inter-census interpolation study or a two to three-year forecast, we could have used linear, polynomial,
etc. regression methods. But that is not an affair and purpose of this study and the things are quite different than
that of ordinary regression analysis. At this point, the theory of population growth, advanced mathematics and
statistical analysis is included into the phases of the study.

Theorists who studied population growth for this purpose also established the theory of population development.
There must be a consistent approach behind the statistical study. The first and most important examples of this
approach are theorists Malthus, Gompertz and Verhulst, whose theories survived to the present day. While
population growth in human communities in a certain geography increases according to biological and economic
principles of scarce resources, growth rate is limited and may even fall to zero with the increase of factors against
population growth after a certain stage. Verhulst wrote?:

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...Therefore, 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. (1838, pp. 113-115)

The mathematical population growth theories developed by Verhulst and Gompertz will be the basis for our study
of population growth in Turkey. We used Verhulst logistic and Gompertz functions as they were specifically
developed for the analysis of human population. In addition to the five and six-parameter versions of Verhulst

1 For a very detailed explanation of economic fundamentals and mathematics of population theories see (iskender,
2021)
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logistic function, we also used five and six parameter versions of Gompertz functions including sinusoidal ones
which we developed in this study.

TurkStat population projections methods are very different from the mathematical and statistical applications used
in this research and in our previous “Turkish Population Growth Study” (iskender, 2018). In that study which was
based on population counting and forecasting data for the 1927-2015 period, we had made projections with
mathematical growth functions for the 2016-2080 period and predicted the final levels of the population. In this
study, we will use same methodology of the previous manuscript and newly developed Gompertz function for the
evaluation of TurkStat population projections.

In the last section, the final evaluation of the study and its conclusions are presented.

2. Turkish Population Data, Projections and Methodology of Turkstat

Population projections of 2018-2080 period published in three series, namely; the main scenario, high scenario,
and low scenario, all are extending until 2080. According to the main scenario, the population of 81.9 million?
people in 2018 will reach 107.7 million in 2069, and from this point, it will decrease to 107.1 million in 2080. At
the low scenario, the population will reach a maximum of 99.7 million in 2055, then with a decrease to 94.1 million
in the year 2080. As to the high scenario, the population will be 121 million people in 2080, and although not too
fast, it will continue to increase as far as the Figure 1 indicates.

TurkStat has explained the assumptions and calculation methods on which the population projections are based,
as follows:

(i) Analytical Framework, Concepts, Definitions, and Classifications:

The aim of this study is to produce national and provincial population projections by using the
current data sources. Cohort-component method, which reflects the effects of various
demographic indicators on age-sex structure of the population, was used. Cohort-component
method is based on lifelong monitoring of cohorts of the same age group according to their
fertility, mortality and migration patterns. The cohorts are annual birth cohorts (age-cohorts).
The components are births, deaths and migration... (TurkStat, 2021)

(iii) Accounting Conventions:

During the design and production stages of the projections, a committee that consists of
representatives from academic and official institutions/organizations and sub-working groups
for fertility, mortality and migration were constituted under chairmanship of TurkStat. Within
the context of activities carried out by sub-working groups, evaluations about the current and
future demographic circumstances of Turkey were made; backward analysis of historical data,
problematic points and limitations were discussed. Provincial age and sex distribution of
demographic data and their trends were analyzed. Thus, projections and assumptions regarding
future dynamics of fertility, mortality and migration have been determined...(TurkStat, 2021)

After almost a century of successful activities and achievements of important statistical publications, TurkStat has
changed its mode of operation and vision to the next level by publishing the population projections for the2018-
2080 period. In addition to the population figures of the past years, the projections published on the TurkStat
website are also vital reference source for researchers.

Before explaining the data we use, it is useful to look at the population curve of Turkey indicated in Figure 1.

The major event that disrupted the population trend of the 1925 -2080 period was the Second World War. Even
though Turkey was not in the war, the Second World War had a negative effect on the population growth due to
the high number of soldiers and the longer than normal military service period. In 1935-40, five-year population
growth was 10.3%, compared to 5.4% in 1940-45. Despite the negative effects of the Second World War, the
statistical representation of the curves remained intact.

TurkStat has carried out its first census in 1927 with a daily curfew and by visiting households?, starting from the
establishment of the Republic of Turkey in 1923. Following the negative effects of the world-wide economic crisis
in 1930, the second census was held in 1935, two years after the first five-year industrial development plan which

2 By following the SAS Studio statistical software methodology, we use dots to separate the decimal places in our
manuscript.
% For a detailed explanation of census methodologies in Turkey see Canpolat & Gok, (2020).
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began in 1933 and was the first major economic initiative of the Republic. In the subsequent years, the censuses
were maintained for every five-year, until 1990 (including). Last census with daily curfew carried out in 2000.

Based on the data of 12 censuses for 1927-1985 period, TurkStat has prepared and included census mid-year
estimates, as well as the census years figures in its published tables (59 observations). In determining the mid-year
population figures for the 1986-1999 period, estimates produced from the Turkey Demographic and Health
Surveys and 2008 address-based population registration system were used (14 observations). Address-based
population registration system results of 2007-2020 and population projections of 2018-2080 period have been
used for the population estimates of 2000-2006 period (7 observations). Mid-year census results for the 2007-2017
period were produced from annual results of the address-based registration system for 2007-2017 period (11
observations). Thus, we have 91 mid-year-based data for each year of 1927-2017 period.

Population of Turkey: 1927-2080

140.000.000
120.000.000 -
Address based censuses
and mid-year
calculations: 2007-2017
100.000.000 \
Mead-year estimates and
projections: (1986-2006
80.000.000 A 7 i
Censuses, census a$\ / Projections : 2018-2080
£0.000.000 intercensal mid-year

population estimates: /

(1927-1985)\ /
40.000.000

Second World

pe@Ad (1939
20.000.000 /
0
1920 1970 2020 2070
= Census results Main scenario ==High scenario ==Low scenario

Figure 1: Turkish Population Curves of TurkStat Data

When we combine the estimates of the sixty-three years of the main scenario projections with historical data, we
reach a total of 154 observations. 154 figures will represent all sections of the mathematical growth curves,
including the lower and upper asymptote regions which are critical to statistical application. Our objective is to
statistically analyze the consistency of main scenario projections with the census results.
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Population statistics compiled and used are summarized in Table 1.

Table 1: Summary Table of Population Statistics and Their Sources

Index Years Number of Census results (summary) Source
observations

1-59  1927-1985 59 13,538,000...50,307,000  TurkStat counts and
estimates

60-80 1986-2006 21 51,480,000...69,295,000 TurkStat estimates and
projections

81-91 2007-2017 11 70,158,000-80,313,000  TurkStat censuses of
population registration
system based on resident
addresses

92-154 2018-2080 63 81,867,223...107,100,904 TurkStat main scenario

projections

3. Mathematics of Particular Integral or Trend Functions

In accordance with our purpose of this study, we have selected five and six-parameter Gompertz and Verhulst
growth functions. We developed and implemented five and six-parameter Gompertz functions in this study for the
first time. Gompertz function will be discussed and presented with the addition of fifth and sixth parameters of a
new approach and will be demonstrated with the Turkish population data. In addition, the application of the
complementary sinusoidal function for residual series of growth functions will be discussed.

In our previous study, we already applied the six-parameter Verhulst growth function to Turkish population data.
Here, the reason we examined the population projections of Turkey with the newly developed Gompertz growth
function is to show that the successful statistical results obtained in all cases are not accidental or coincidental.
Verhulst and Gompertz growth functions come from completely different differential equation definitions.
Verhulst's logistic growth function is based on the dilemma of population growth and forces opposing to growth,
while the Gompertz function is based on a geometric decrease in survivors and increase in deaths. The upper
asymptotes obtained with each group of functions are different and in general Gompertz asymptote figures in
Turkey’s population data are higher than Verhulst’s. On the other hand, this curve has less curvature flexibility
when coming to the upper asymptotic zone. It takes starting level of population as lower asymptote. However, the
logistic curve is based on a lower asymptote which is less than the initial level of the population and this gives
flexibility to Verhulst curve.

3.1. Gompertz Function

Although five and six-parameters forms of Gompertz function come from the roots of the main function (three-
parameter), by definition they are quite different: Two more parameters; lower asymptote (L) and allometric
coefficient (v), and two new definitions; separated growth base coefficients (Q, and Q,) and weight’s function
(W(e—ry) have been added to growth formula. These changes make formulas completely different. Despite these
mathematical differences, statistical test results obtained from the application of Gompertz’s five and six-
parameter functions are very close to each other and are more preferable relative to four-parameter forms when
applied with Turkish population data.

Symbols used for Gompertz functions are:
Y: Population (dependent variable),

t: Time (explanatory variable),
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T: Base year?,

K: Upper asymptote,

L: Lower asymptote,

N: Starting level;

Q: Coefficient of exponential growth base (e).

Q, and Q,: Coefficients of exponential growth base of (e),

Y,: Initial population,

r: Intrinsic growth rate,

v: Allometric coefficient which indicates the direction and magnitude of the structure of the curve,

w(.—r): Weight’s distribution function as being the key to distributing weights in the function and,

H,,: As harmonic mean of Q; and Q,, is the coefficient of e (exponential base) in the weight’s function.

Based on approach of Ricketts and Head (1999), we separated Q - multiplier of the naturel logarithm (e) base of
the growth function- into two multipliers as Q;and Q,. Also, the weight’s distribution function as weighted with
the harmonic, arithmetic or geometric mean of @, and Q, were included in the equation defining w,_r, for Q,
and (1 —wg_ry) for Q,. Thus, asymmetry of the Gompertz function happened to be more asymmetrical.
The Qe~"(=T) term of the Gompertz equation is as follows in the five-parameter form:

Qe "D = W(t—T)Qle(_r(t_T)) + (1 - W(t—T))Qze(_r(t_T)) 1)

When Q, becomes equal to Q,, we obtain four-parameter form. We also applied the weight’s function of (2) to the
coefficients in the denominator of Gompertz function. It defines a Gompertz weighting function varying between
0 and 1 similar to main curve.

The generalized five-parameter Gompertz growth function is a mathematical function with two variables and six
parameters (K, L, Q;, Q,,7) and has a nonlinear structure.

The weight’s function and separation of Q into two multipliers as Q;and Q, overcome the constraints imposed by
the symmetry event and to better reflect the asymmetrical nature of the data. The flexibility of this function is as
much an advantage as it is, one and most important drawback is that the number of parameters to be estimated
increases by one. Difficulties are felt in estimating an increased number of parameters during the computer
software application. Same argument is valid in a wider scale for six-parameter case. More parameters mean more
conformity with the data on the one hand, and calculation difficulties on the other hand. To overcome this situation,
a dataset which is refined, high quality, smooth (without acute changes) and having large number of observations
(including sufficient data for the lower and upper asymptotic regions) needs to be implemented.

Consequently, we defined the generalized five - parameter population growth function of Gompertz (G5) based
on the changes and additions of the components given below;

(i) the addition of lower asymptote (L),

(i) the separation of the base coefficient (Q) of (e) into two (as @, and Q,),

(iii) the inclusion of the weight’s function w(;_ry in the denominator of equation.
Constituents:

Harmonic mean:

— 2010,
H,=—""— 2
Y1+ @yl @)

4T and t are different.
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Weight’s distribution function:

1
Wie-) = o e T ®)

Starting values and e-bases:
A= QeTtT) 4)
B = Q,eT(t=T) (5)

Five-parameter Gompertz function (G5):

Y Y, + K~ Yo (6)

(t=1) — 70 e[w(t—T)A"'(l_W(t—T))B]
or.

Y, Yo + Kb

t-17) = To

1 e(-r(t-TH4[ 1 1 Q e(-7(t-T)) (7)
Me(—r(t—m] [Me(—m—r))] 2
el\ellQ1+@Q2] ellQ1+Q2]

We also included allometric coefficient of Richards (1959) to denominator of equation. The variable v provides
flexibility to the predicted dependent variable of the function and increases the compliance of the curve to the
actual data. v is specified as the “allometric coefficient.” Thus, we reach six-parameter form of Gompertz function.
When v=1, (8) becomes (7).

Ye-r =Yo +[ R
1 (T 1 T
| ( 2Q10Q2 e(—T(t—T))]>e( r(t ))+<1 70703 e(—r(t—T))]>Qze( r(t ))l
el\ellQ1+Q2] ellQ1+Q2]

We defined the generalized six - parameter population growth function of Gompertz as the addition of the
allometric coefficient (1/v) to five-parameter form.

3.2. Verhulst Logistic Function

Six-parameter Verhulst logistic growth function is a mathematical function with two-variables as time and
population, six-parameters (K, L, Q,, Q,, r, v) and has a nonlinear structure.

Constituents of Function:

Harmonic mean:

— 20,0,
H, =—"— 9
Y 1Qy + Qs ©)

Weight’s distribution function:

1 (10)
14 H,eCr=1)

Wi-r) =
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Starting values and e bases:

A= Q=) (11)

B = Q,e(-T(t=T) (12)
Six-parameter short form of Verhulst function (\V6):

K-L (13)

Y(t—T) = L +
(1 + W(t—T)A + (1 - W(t_T))B)(l/v)

Six-parameter long form of Verhulst function (V6):

K—-L
Y(t—T) =L+ 1/v)
1+ L Qe 41— 1 e(-r(t-1) (14)
1+ 20,0, e (=T (t=T)) 1+ MQ(—NFT))
1Q1 + Q| [Q1 + Q|

Five-parameter Verhulst logistic growth function (V5) is a growth function without the allometric coefficient (1/v)
as exponent of denominator of six-parameter form of Verhulst logistic growth function.

4. Mathematical Model of Analysis Applied in Development of Population

Population developments must be addressed under two main headings: (i) The main development trend of the
population according to the natural birth rate and mortality rates and (ii) increases and decreases in population
caused by external events and data errors. The mathematical growth models of Gompertz and Verhulst (particular
solution equations) explain the first heading. For the second title, which describes autonomous changes outside
the trend in the population, it will be required to add a new constituent to the growth function. These additional
functions will explain most of the residuals at statistical application phase of the study.

The general solution of the mathematical model (complete primitive)® is equation (18). “Y(x) is called the
particular integral and the reminder makes up the complementary function...” (Allen, 1956, p. 137). In our case
particular integral -trend, equilibrium path- is the Gompertz population growth function. For the path to follow in
statistical application Allen wrote:

...Some particular solution Y = Y(x) is first sought. Any particular solution will serve but
the most relevant, from the point of view of interpreting the result, is a solution which
represents the trend or equilibrium variation of Y. Interest is usually concentrated on
the path of Y as x increases indefinitely, e.g. the time path of Y if x is time. The particular
solution Y = ¥(x) sought then describes that path which is consistent with the given
equation (15) and which is in some sense a norm or equilibrium. The next step is to
write y =Y — ¥ as the deviation of Y from the trend or equilibrium value. It follows that
y must satisfy the homogeneous form (16), as is seen by substituting Y and ¥ in (15)—
both being solutions—and subtracting. The last step is to obtain the general solution
of the homogeneous form (16) in the way indicated in (17). The solution is now both
complete and ready for interpretation. The deviations y of Y from ¥ are given by (17);
translating back into the original variables gives solution (18). Of the two terms in this solution,
one is the trend or equilibrium path (the particular integral) and the other is deviation from trend
or equilibrium ( the complementary function)...(Allen, 1956, pp. 137-138)

While a little long, the quote explains the state of affairs very well, so we kept it as it was. As a complement to the
population growth functions, contributions of mathematical economics we have taken from the 20th century
economics and statistics lecturer and author Allen (1956, pp. 91-173; 1967, pp.342-363),, are as valuable and

5 (Piaggio, 1920, p. 4)
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explanatory as the population theory models that are taken from the early 19th century authors Gompertz and
Verhulst®.

Differential equation with constant coefficients of non-homogenous form of order n:

ary dn—ly ay (15)
ag T + a4 = + -4+ an_1a+ a,Y = f(x)

Homogenous form of corresponding equation:

dty ~ d"ly dy (16)
Ao T-n +a; i1 + -+ An-17- +a,y=20

Solution of (16):

y = A1y1(x) + Azy5 (%) + - + Apyp () a7
General solution (Complete Primitive):

Y =Y(x) + A1y, () + A2y, (%) + -+ + Ay (%) (18)
Since we give trend functions in section 3 as mathematics of population growth of Gompertz and Verhulst which

were based on population growth theories by authors (iskender, 2021), now we will explain complementary
functions.

Second order differential equation (19) and its homogeneous form (20) can be written as follows:

d’Y LG (19)
dx? adx =/

d’y  dy (20)
W + aa + by =0

With two equations, values of a and b can be found. However, a particular solution Y = ¥(x) is found first. Then
complementary functions are obtained.

In case of a? < 4b, solution equation of four-parameter sinusoidal function as complementary of growth
function:

Y-y = Ae®* T Deos(w(t —T) — ¢ (21)
or eight-parameter form’ is;

Y1) = Ae“ T Deos(w(t — T) — ) +Be*EDeos(8(t — T) — ) (22)

(21) and (22) are complementary sinusoidal functions with two variables (as y and t), have four and eight
parameters respectively and a non-linear structure. Since it has a nonlinear structure, data applied with this function
has to provide statistical and linearity tests of the NLIN procedure®.

y is the autonomous population which will be added to main trend function of F;_r.

+ 4 and B: Initial amplitude of oscillation or peak and trough coefficient,

6 There are also quite wide and useful explanations on sinusoidal functions in Tenenbaum and Pollard (1963, pp.
211-220, 313-392)

7 See Allen (1956, pp. 123-124, 147-148) for proof from differential equation to general solution.

8 All of the auxiliary sinusoidal functions we applied have had satisfactory statistical tests through this study.
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w, &, 6, ¢ are constants of cosines functions.
a and al: Damping or anti-damping multipliers, growth rates

If o and/or a1 > 0 anti-damped or explosive oscillations occur, when a and/or o/ <0 amplitude damped and when
a and/or a/=0 amplitude has regular oscillations.

In sinusoidal study, we found a very close to zero in conformity with theory. This means that functions of residuals
we studied have a regular amplitude structure, neither dumped nor oscillates.

Consecutive application of sinusoidal function in the five-parameter form of Gompertz function is considered
similar to Fourier series whose parameters change at each stage, not only once as in (21), since the next stage
parameters are determined, calculated and included in the function through the residuals formed at previous stage.
Statistics and linearity tests are performed as in the growth function in determining the coefficients of each of the
sinusoidal functions. Thus, if it satisfies statistical tests of NLIN procedure, the residual series might be included
in the main function via auxiliary sinusoidal functions.

Allen wrote:

“The interpretation of Fourier series is that any type of oscillation with given period (%n) can be

approximated by the sum of sinusoidal oscillations by taking a sufficient number of terms in the
series... The first of the sinusoidal oscillations has the same period or frequency as F(t), the
fundamental frequency. The latter sinusoidal oscillations in the sum have shorter periods, or
higher frequencies in multiples of the fundamental frequency. Hence, in expressing F(t) as a sum

of sinusoidal functions, there is a range of decreasing periods (E—D ...Where the series is stopped

is a matter of convenience or closeness of approximation. It is to be noticed that terms can be
added without affecting those already written.”(1956, p. 121)

5. SAS® Studio Software

In our statistical studies, we used the SAS/STAT NLIN procedure, SAS/ETS ARIMA, AUTOREG and MODEL
procedures of “SAS® OnDemand for Academics (SAS® Studio)” which is an advanced web-based SAS
development environment for statistical and econometric analysis.

NLIN procedure which is developed for the analysis of nonlinear mathematical functions and provides very wide
and flexible results in the statistical applications. Partial derivatives are taken according to the parameters in the
function, the linearity of the function is checked with the results found and the relevant linearity criteria are
included in the output in addition to known statistical tests: Hougaard’s skewness, Box's bias measure and Bates
and Watts’ global nonlinearity measures are among them?®. Linearity tests provide close-to linear behavior of
functions.(Ratkowsky, 1993)

ARIMA uses autoregressive moving-average errors to perform multiple regression analysis.
AUTOREG implements regression models that use time series data in which the errors are autocorrelated.
MODEL handles nonlinear simultaneous systems of equations, such as econometric models.

Procedure analyzes models in which the relationships among the variables form a system of one or more nonlinear
equations. Primary uses of the MODEL procedure are estimation, simulation, and forecasting of nonlinear
simultaneous equation models.

PROC MODEL features include the following:

_ SAS programming statements to define simultaneous systems of nonlinear equations
_ tools to analyze the structure of the simultaneous equation system

_ ARIMA, PDL, and other dynamic modeling capabilities

_ tools to specify and estimate the error covariance structure

_ tools to estimate and solve ordinary differential equations

_ the following methods of parameter estimation:

% For details of nonlinearity see (Gebremariam, 2014; SAS Institute Inc., 2018b).
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— ordinary least squares (OLS)

— two-stage least squares (2SLS)

— seemingly unrelated regression (SUR) and iterative SUR (ITSUR)
— three-stage least squares (3SLS) and iterative 3SLS (IT3SLS)

— generalized method of moments (GMM)

— simulated method of moments (SMM)

— full information maximum likelihood (FIML)

— general log-likelihood maximization

_ simulation and forecasting capabilities

_ Monte Carlo simulation

_ goal-seeking solutions. (SAS Institute Inc., 2018a, pp. 1423-1424)

6. Statistical Application Results of Turkish Population Data

Aiming to research the statistical representability of Turkish population growth through the entire series (1927-
2080) with the mathematical curves, now we shall analyze the Turkish population in 2081, as if the population
growth has already been completed in the country. Reliable long-term population projections published by
TurkStat in 2018 facilitated the work of researchers. With the long-term projections which include sufficient data
for the upper asymptotic region of the curves, we had the opportunity to focus on determining parameters,
statistical test applications and obtaining statistical test values rather than deal with problems of census data.

6.1. Gompertz Growth Function (G5)

At the first stage of statistical works of the Gompertz growth function (G5), we determined the values of the six
parameters (K, L, Q;, Q,, r, v) simultaneously together with statistical test results of these parameters. Results
are included in the Table 2a, 2b and 2c.

Convergence criterion/iteration phase is successful and the error sum of squares found as 1.883E14, which is quite
reasonable amount for this study. Error sum of squares/total sum of squares (1.779E17) is at a level that is at a
negligible level as 1058 per million. The time variable is successful in the explanation of population growth and
the function/data compatibility is complete. Standard errors of the parameters, F-value, and 95% confidence limits
are acceptable.

Hougaard’s skewness figures of parameters are below 0.25%, which is the level of acceptance as the absolute
value and Box’s bias figures are below the acceptable level of 1% and almost zero. Nonlinear growth function of
Gompertz is close to linear in case of Turkish population data (Ratkowsky, 1993). Global nonlinearity measures —
first four row values of Table 2c are below the critical value of 0.6804 (5" row in the table 2c). Significant statistical
values confirm the linearity of the nonlinear generalized function.

According to the Gompertz growth function, the lower asymptote is 15.4 million, and the upper asymptote is 112.7
million people. The figure to be focused on is the upper asymptote. Upper asymptote figure (112.7 million) is
above the maximum figure of TurkStat’s main projections which is 107.7 million (2069 max.). However, the
Gompertz curve captured almost all of the TurkStat estimates for 2040-2080 period with zero deviation, except
for 0.1 million deviation in 2050 (see table-11 in the “Results and Comments” below). We can say that Gompertz’s
five- parameter function is successful in identifying the details in the development of the population.
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Table 2: SAS NLIN Procedure Statistical Test Results of Gompertz Curve (G5yly?2)

2a) Model Estimates

Source DF  Sum of Squares Mean Square F Value Agf;?:x.
1  Model 4 1.777EL17 4.442E16 35142.6 <.0001
2 Error 149 1.883E14 1.264E12
3 Corrected Total 153 1.779E17

2b) Parameter Estimates

carametsr Esimaie JHOC Apmodnenen IS R T

1 1.1265E8 373008 1.1192E8  1.1339ES8 0.1363 13330.1 0.012
2 N 15474709 335398 14811958 16137460 -0.0639 -7386.9 -0.05
3 Q1 7.9392 0.2561 7.4333 8.4452 0.00227  -0.00739 -0.09
4 Q2 2.8475 0.0770 2.6953 2.9997 0.000859  -0.00059 -0.02
5 r 0.0433 0.000644 0.0420 0.0446 -0.1261  -0.00002 -0.05

2c) Global Nonlinearity Measures
1 Max Intrinsic Curvature 0.1068
2 RMS Intrinsic Curvature 0.0562
3 Max Parameter-Effects Curvature 0.2124
4  RMS Parameter-Effects Curvature 0.1188
5  Curvature Critical Value 0.6630
6 Raw Residual Variance 1264E9
7  Projected Residual Variance 249E8

The first stage of the statistical study has provided the results we wanted until now: ESS/TSS figures are 104 and
1058 per million (0.0104% and 0.1058%) for Verhulst V6 and Gompertz G6 respectively. These figures are more
than reasonable to work with. There's nothing to worry about. On the other hand, we cannot be satisfied that the
analysis is sufficient and results are perfect by saying that time explains 99.9% of the population growth. Although
the ESS’s figures are low and relatively insignificant as a percentage, the residual figures for some years are large
enough to affect the estimates as an absolute figure. Therefore, investigating possibilities of further lowering the
absolute levels of ESSs’ should be the next important research subject. On the other hand, we will explain the
theoretical framework indicated above.

When the residuals curve of G5 is examined (blue line of figure 2), it is seen that the curve shows a structure of
sinusoidal trend. The sinusoidal trend moves around the timeline, it does not disappear during the 155-year
population growth period, on the contrary its period grows. Last period duration has grown significantly. The
upper and lower boundaries of the residuals curve have an interval of -3 and +2 million. Figure 2 shows sinusoidal
periods of residuals approximately:

1) 1935-1975: 40 years,
2) 1976-2026: 50 years,
3) 2027-2080: 53 years (three-quarter of period).

First and second periods run forty-fifty years successively, but projections for 2027-2080 period differ with three-
quarters being 53 years and the 2060-2080 period is still exploding towards downside. By doing an additional
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mathematical study, we have to investigate and explain this autonomous behavior which is second constituent of
the main function.

When we include the sinusoidal functions of the residual elements which are two in our case, the main growth
function becomes as follows:
K-Y,

e [W(t—T)A+ (1_W(t—T))B] ]

Ye-r) = Y1lt-1y + Y2¢-1 + Yo + [ (23)

Note: y1 applied as eight-parameter, then y2 as four-parameter respectively.

y’s are sinusoidal functions that are independent of trend of growth function. They have their own growth
coefficients. The last part of the equation is the Gompertz growth function driven by intrinsic rate of growth.
During the application of sinusoidal function, linearity of the main function was almost not affected by changes,
making it easier to work.

2000000

1500000

1000000

500000

0

19
-500000

——

2080
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2060

-1000000
3

-1500000 2027-2080

1935-1975

1976-2026

-2000000

-2500000

-3000000

— G5, (Eq.15) — (y1) (Eq. 17) —— G5y1ly2L (Table 3)

Figure 2: Residuals Curves of Five-parameter Gompertz Curve Family

Note to Figure 2: Black circles show data inconsistencies.

At second stage, curve fitting was made for the residuals series of the main equation obtained at first stage and y1-
equation of the residuals- was obtained as a complementary function?®.

10 We found that with eight parameters (equation 7) in the first stage then with four parameters in second stage
(equation 8) gave more advantageous results in statistical application.
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Y1(e—1051) = —366560e(0:0167(t=1950)) 45(0.0914(t — 1951)— 0.4816) (24)

+ 1163610e(~0-00678(t=1950) ¢45(0,1443(t — 1950)+ 0.6589)

At third stage, trend function (G5) plus y1 were combined to obtain the statistical results of the G5y1 function.
At fourth stage, y2 function was obtained through the residuals of the G5y1 function.

V2(—1050) = —414476e(26762(t-1950)) 05(0,2225(t — 1950) — 0.3572) (25)

At fifth stage, G5yly2 was run together to achieve its statistical results.

In five stages, positive and satisfactory results were obtained from the statistical and linearity tests of both the main
equation and complementary equations.

The application was terminated when the study on the residuals of the G5yly2 equation did not achieve sufficient
linearity results. However, an important step has already been taken to reduce residuals with y1 and y2 in these
two-stage applications (as main and complementary functions).

After obtaining the main function together with complementary functions, the results of general statistical validity
were investigated at the sixth stage.

At the statistical studies of G5yly2, we applied the following methods of parameter estimation: Nonlinear
Ordinary Least Squares (NOLS), Nonlinear Seemingly Unrelated Regression (NSUR) and Nonlinear Full
Information Maximum Likelihood (NFIML). Since the results of the other two methods are very close to each
other and to NFIML, we have only given the results of NFIML below to save some space in manuscript.

On the relationship between population development and time yielding autoregressive results, the model was
redefined and the residuals of population's series -lagl and lag2 -were added to the function as explanatory lagged
variables and then desired results were reached with three explanatory variables and seven parameters. The final
state of the function is as follows. The results were collected in thirteen subheadings in five tables and two figures.

K_YO

+X1+lagl(Y —Y) + X2 x lag2(Y —Y
[e[w(f-T)A+(1‘W(t—T))B]] * lagl( ) * lag2( )

Y(t—T) = yl(t—T) + yz(t—T) +Y, + (26)

43



Citation / Atf: ISKENDER C. Econometric Analysis of Population Increase and Population Projections in Turkey. Istatistik Arastirma
Dergisi, 2021, 11 (2), 30-55.

Table 3: Main Statistical Test Results of SAS Software Proc MODEL Procedure

3a) Nonlinear FIML Summary of Residual Errors

DF Adj R- Durbin

Equation DF Model  Error SSE MSE Root MSE R-Square Sq Watson

Population 7 147 4.914E11 3.3425E9  57814.6 1.0000 1.0000 -
Residual

. - 147 4.898E11 3.3317E9  57720.5 - - 2.1747
Population

3b) Nonlinear FIML Parameter Estimates

Approx Approx
Parameter Estimate  Std Err tValue Pr>|t| Label
K 1.1263E8 231050 487.46 <.0001 Upper asymptote, at most level of population
N 15196918 108975 139.45 <.0001 Starting value
Q1 7.848847 0.0784 100.16 <.0001 First coefficient of exp growth base
Q2 2.794677 0.0314  89.01 <.0001 Second coefficient of exp growth base
r 0.043219 0.000232 186.03 <.0001 Intrinsic growth rate of population
Population_I1 1.228335 0.0441 27.84 <.0001 AR(Population) Population lagl parameter
Population_I2 -0.46892 0.0722 -6.50 <.0001 AR(Population) Population lag2 parameter

3c¢) FIML Log Likelihood: -1903
Note: Population_I1: lag 1 variable. Population_I2: lag 2 variable.

The t-values of parameters are significantly above the t-table values and estimates are valid. The probabilities of
invalidity of estimates are less than one in ten thousand.

SSE/TSS (4.898E11/1.779E+17) (2.75 per million) is at the acceptable level. The Durbin Watson coefficient
indicates that there is no autocorrelation.

SAS Institute writes:

The option FIML (full information maximum likelihood) requests full information maximum
likelihood estimation. If the errors are distributed normally, FIML produces efficient estimators
of the parameters. If instrumental variables are not provided, the starting values for the estimation
are obtained from a SUR (seemingly unrelated regression) estimation. If instrumental variables
are provided, then the starting values are obtained from a 3SLS (three-stage least squares)
estimation. The log-likelihood value and the 12 (lag 2) norm of the gradient of the negative log-
likelihood function are shown in the estimation summary. (SAS Institute Inc., 2018a, p. 1500)
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Table 4: Parameter Wald and Likelihood Ratio 95% Confidence Intervals

a) Parameter Wald 95 %

Confidence Intervals

b) Parameter Likelihood Ratio 95%
Confidence Intervals

Parameter Value Lower Upper Lower Upper
K 1.1263E8 1.1218E8 1.1308E8 1.1257E8 1.1269E8
N 15196918 14983331 15410506 15170220 15223617
Q1 7.8488 7.6953 8.0024 7.8296 7.8680
Q2 2.7947 2.7331 2.8562 2.7870 2.8024
r 0.0432 0.0428 0.0437 0.0432 0.0433
Population_I1 1.2283 1.1419 1.3148 1.1419 1.3148
Population_|2 -0.4689 -0.6104 -0.3274 -0.4866 -0.4512

Note: Population_I1: lag 1 variable. Population_I2: lag 2 variable.

Table 5: Collinearity Diagnostics and Heteroscedasticity Test

5a) Collinearity Diagnostics

Proportion of Variation

Condition
Number  Eigenvalue Number K N Q1 Q2 r Pop_l1 Pop_I2
1 3.103608 1.0000 0.0102 0.0116 0.0033 0.0053 0.0021 0.0000 0.0001
2 1.830841 1.3020 0.0000 0.0000 0.0000 0.0000 0.0000 0.0842 0.0841
3 1.452319 1.4618 0.0075 0.0437 0.0009 0.1158 0.0012 0.0000 0.0000
4 0.299204 3.2207 0.2499 0.0682 0.0299 0.1239 0.0007 0.0020 0.0002
5 0.168533 4.2913 0.0010 0.0000 0.0002 0.0000 0.0000 0.9129 0.9151
6 0.131736 4.8538 0.0918 0.7735 0.0272 0.7365 0.0097 0.0007 0.0000
7 0.013760 15.0184 0.6396 0.1031 0.9385 0.0185 0.9863 0.0001 0.0004
5b) Heteroscedasticity Test
Equation  Test Statistic DF Pr> ChiSq Variables
Pop White's Test 49.32 29 0.0107 Cross of all vars
Breusch-Pagan 2.28 2 0.3192 1, s, Population

Condition numbers of Table 5a are well below dangerous level of thresholds. Authors consider levels 10, 30 and
100 as thresholds. In general researchers agree that no single number can handle all situations. There is no
collinearity in our study according to the thresholds 30 and 100. By threshold 10, the K, Q1, and r parameter values
exceed 0.5 in 7th row (conditional number: 15.02 >10). But, values of these parameters in 1-6 rows are very close
to zero. Generally, we can say that there is no collinearity in the population study.

One assumption of regression analysis is heteroscedasticity. Accordingly, the variance of errors in observations
are constant. Although the variance of errors is not distributed exactly normally in our study, our tests appear to

be valid enough.
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Table 6: Godfrey's Serial Correlation Test, Durbin-Watson Statistics and Normality Test Tables

6a) Godfrey's Serial Correlation Test

Equation  Alternative LM Pr>LM
Pop 1 5.74 0.0165
2 6.97 0.0306

3 7.53 0.0567

6b) Durbin-Watson Statistics

Equation Order DW Pr<DW Pr>DW
Pop 1 217 0.7430 0.2570
2 181 0.0648 0.9352

3 19 0.3209 0.6791

4 193 0.3034 0.6966

6¢) Normality Test

Equation Test Statistic Value Prob
Pop Shapiro-Wilk W 0.71 <.0001
System Mardia Skewness 236.5 <.0001
Mardia Kurtosis 63.67 <.0001
Henze-Zirkler T 12.16 <.0001

SAS Institute Inc. writes:

The GODFREY= option in the FIT statement produces the Godfrey Lagrange multiplier test for
serially correlated residuals for each equation...The three variations of the test reported by the
GODFREY=3 options are designed to have power against different alternative hypothesis. Thus,
if the residuals in fact have only first-order autocorrelation, the lag 1 test has the most power for
rejecting the null hypothesis of uncorrelated residuals. If the residuals have second- but not
higher-order autocorrelation, the lag 2 test might be more likely to reject; the same is true for
third-order autocorrelation and the lag 3 test. (SAS Institute Inc., MODEL Procedure, 20183, p.
1531)

The generalized Durbin-Watson Statistics are above p-values in all four levels.

The null hypothesis of normality test of the Shapiro-Wilks assumes that residuals distributed normally. In the
preparatory phase of our study, although we supported main function with complementary functions,
inconsistencies from the data on the residuals have not been lost. In fact, the outliers have become even more
obvious in the end. It is clear that the final series of residuals in Figure 2 is not normally distributed, and the outliers
in the black circles specifically indicate this situation. The first two is due to the figures of the 1940 and 1986
censuses, and the last one is due to an outlier emerging from difference between 2017 census figure and projection
figure of 2018. We chose not to do any corrective work with the data. However, arbitrariness did not disappear
completely after complementary function studies. Although inconsistencies are still valid, the probability of the
hypothesis that the normality test is invalid is less than one in ten thousand.

The covariance and correlation values of the parameters in Table 5a and b respectively are also at reasonable
levels: only K and N highly interact with other parameters in the covariance table. There are three values in the
correlation table that exceed 0.5: A high correlation of r with K and Q1 on the one hand and Q2 and N appear on
the other. The figures are not sufficient high to adversely affect the validity of the model.

SAS Institute Inc. proposes: “Hausman’s m-statistic can also be used, in principle, to test the null hypothesis of
normality when comparing 3SLS to FIML. Because of the poor performance of this form of the test, it is not
offered in the MODEL procedure. For a discussion of why Hausman’s test fails for common econometric models,
see Fair (1984, pp. 246-247)” (SAS Institute Inc., 2018a, p. 1556).
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Development of Turkish Population (1927-2080)

Five-parameter Form of Gompertz; Growth Function

The MODEL Procedure

Fit Diagnostics for Population
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Figure 3: Fit Diagnostic Figures of Gompertz Function
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Table 7: Covariances and Correlations of Parameter Estimates

7a) Covariances of Parameter Estimates

K N Q1 Q2 r Pop_I1 Pop_I2
K 5.3384E10 -2.4356E9 -6737.432 421966 -39.75519 -183.4953 -1917.902
N -2.4356E9 1.1876E10 3666.762 2839.149 5.79392 -420.9370 710.099
Q1 -6737.432 3666.7617 0.006 0.000 0.00002 0.0002 0.002
Q2 421.96617 2839.1488 0.000 0.001 0.00000 -0.0001 0.000
r -39.75519 5.7939243 0.000 0.000  0.00000 0.0000 0.000
Pop_l1  -183.4953  -420.937 0.000  -0.000  0.00000 0.0019 -0.001
Pop_I2  -1917.902 710.09938 0.002 0.000  0.00001  -0.0013 0.005

7b) Correlations of Parameter Estimates

K N Q1 Q2 r Pop_ Il Pop_ I2

K 1.0000 -0.0967 -0.3721  0.0582 -0.7406 -0.0180 -0.1150

N -0.0967 1.0000 0.4294 (0.8298 0.2288 -0.0876 0.0903
Q1 -0.3721 0.4294 1.0000 0.1836 0.8720 0.0455 0.4336

Q2 0.0582 0.8298 0.1836  1.0000 0.0064 -0.1010 0.0755
r -0.7406 0.2288 0.8720  0.0064 1.0000 0.0253 0.4750
Pop_lI1 -0.0180  -0.0876 0.0455 -0.1010 0.0253 1.0000  -0.4001
Pop_I2 -0.1150 0.0903 0.4336  0.0755 0.4750  -0.4001 1.0000
120000000
Upper asymptote: 112.7 million
100000000 PP ymA
80000000
60000000
40000000
20000000
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Figure 5: Population Curve of Five-parameter Gompertz Growth Function (G5)
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After two complementary applications, ESS of main function (G5y1ly2) which is 2.053E+12 reduced to 0.011%
of the main function (G5) ESS value of 1.883E+14 (table 6). Gain is 1.862E+14. In this way, a further curve
representation was realized within the narrower limits of confidence. We see that population growth curve, which
has not yet reached the upper asymptote (112.6 million) from the path, is leveled off with the TurkStat projections
(107 million) in the upper asymptote region. After application of sinusoidal equations, when we examine the Figure
3, we will see that the range of residuals has reduced from an interval of -3 and +2 million to almost interval of
less than plus-minus two hundred thousand, and the regular trend of oscillations before 2000 have almost been
disappearing after 2018 till 2080 (projections period of TurkStat) except for the tail which indicates population
decrease estimate of TurkStat.

Table 8: Four-parameter (G4) Summary and Complementary Function Application Results of Five-
parameter Gompertz Function (G5)

Equation name G4 G5 G5yl Gbyly2 G5yly2L
Equation - - - Table 2 Table 3
Parameters (K,L,Q,7) (K,L,Q1,0Q,,7)

Upper asymptote 119.1 112.7 112.6 112.6 112.6
(million)

Starting value (million) 15.3 15.5 154 15.2 15.2
Error sum of squares 4111E+14 1.883E+14 7.671E+12 2.053E+12 4.898E11
Total sum of squares 1.779e+17 1.779E+17 1.779E+17 1.779E+17  1.779E+17
ESS/TSS (per million) 2311 1,058 43 12 2.76
ESS as % of four- 100 45.80 1.87 0.50 0.001191

parameter ESS

Although we have obtained almost same results in G6 works- the 6-parameter Gompertz function (eq. 14)- we did
not include results in our manuscript to save space because the ESS figure of G6 is already very close to the G5
ESS figure.

6.2. Verhulst Logistic Growth Function (V5 and V6)

In this section, we have decided to provide summary information about the Verhulst V6 function. Positive results
were obtained in other test tables that we didn’t provide. All comments on the Gompertz function also apply here.
As can be seen from the pivot tables, the Verhulst function is more successful in capturing 108 million, the highest
level of TurkStat estimates.

Complementary functions of Verhulst VV6:

91 (t-1060) = 393510e(~0-0130(t=1960))¢5(—0.2071(t — 1960) + 0.9723) (27)

$2(t-1960) = —221926¢(0:00515(t-1960) ¢55(—0.1529(¢ — 1960) — 0.0483) (28)

93(t-1960) = —0.00066(t — 1960)° + 0.1611(t — 1960)* — 11.6469(t — 1960)3

29
+ 141.1(t — 1960)? + 8153.2(t — 1960) — 93450.2 (29)

Statistical tables of V6yly2y3L:
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Table 9: Statistical Test Results of Verhulst (V6) Growth Function

9a) Nonlinear FIML Summary of Residual Errors

DF DF Root Adj R- Durbin
Equation Model Error SSE MSE MSE R-Square Sq Watson
Population 8 146 5.008E11 3.4303E9  58568.9 1.0000 1.0000
Eg;'fl‘;glon 146 5.014E11 3.4343E9  58603.1 2.1857

9b) Nonlinear FIML Parameter Estimates
Approx Approx

Parameter Estimate  StdErr tValue Pr>|t| Label
Qle 6.417653 0.2307 27.82 <.0001 Log of first coefficient of exp growth base
re -2.33339 0.0300 -77.74 <.0001 Log of intrinsic growth rate of population
Q2e 4.615833 0.1828 25.25 <.0001 Log of second coefficient of exp growth base
% 3.048595 0.1170 26.05 <.0001 Allometric coefficient
L 5158064 277384 18.60 <.0001 Lower asymptote, at least level of population
K 1.0797E8 186188 579.91 <.0001 Upper asymptote, at most level of population
Population_I1 1.260139  0.0465  27.09 <.0001 AR(Population) Population lagl parameter
Population_I2 -0.48668  0.0767 -6.35 <.0001 AR(Population) Population lag2 parameter

a) FIML Log Likelihood: -1905

Equivalences of log parameters:
Q1 — e(QIe) — 36'417653 =612.5637
QZ — e(QZe) — e4.615833 =101.072
r=el® = ¢7233339 = 0,096976
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Figure 6: Residual Curves of Verhulst Function Family

Figure 6 note: Data inconsistencies of Figure 2 appear here as well.

Table 10: Summary Statistics of Verhulst Logistic Growth Functions

Equation name 5-prm V5 6-prm

V6 Véyl V6yly2 V6yly2y3 V6yly2y3L

Parameters (K,L,Q4,0Q,,1) (K,L,Qq,Q,,7,v)

Upper 110.1 108.0 108.0 108.0 108.0 108
asymptote(million)

Lower asymptote 9.7 5.8 5.4 51 5.1 5.2
(million)

Error sum of squares 1.095E+14 1.858E+13 1.109E13 3.540E+12 2.303E+12 5.014E+11
Total sum of squares 1.779E+17 1.779E+17 1.779E+17 1.779E+17 1.789E+17 1.789E+17
ESS/TSS (per 616 104 62 20 13 2.8
million)

ESS as % of five-prm 100 17 10 3.2 2.1 0.46
ESS

ESS as % of six-prm - - 59.7 19.1 124 2.7
ESS

Prm: parameter.
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7. Results and Comments

Even though we did not have data for the upper asymptotic region (K) of the mathematical curves in our previous
population study (Iskender, 2018), we made population estimates with ten mathematical functions that we defined
and statistically implemented. As a result of this, we were not able to determine the statistical test values for the
parameters of the lower and upper asymptotic regions (L and K), since we followed the minimization of the sum
of squares by taking the lower and upper asymptotic parameters externally. In other words, we set our expectations
for the mathematical functions we applied somewhat strongly high. However, we see that the results obtained!! in
this study are confirmed by the results obtained here in this study of TurkStat projections. The results of the study
met our expectations. Turkey's population is expected to reach 108-114 million by the end of the twenty first
century.

Both the known statistical and linearity test results obtained in this study demonstrate that it is possible to represent
the main scenario. The projection methods used by Institute overlap with the mathematical modeling applied here.
In the summary, Table 11 predictions for the years selected from the main scenario projections are given together
with the estimates obtained from the six-parameter Verhulst and Gompertz functions. Although the TurkStat
projections have foreseen the decline in the last decade of forecasts, the six-parameter logistic and Gompertz
growth functions almost catch up with the annual estimates of the Institute.

Table 11: Population Figures Comparison for Selected Years (million)

Mai_n S(_:enario Verhulst Difference Gompertz Difference of
Selected Years  Projections of of Verhulst Gompertz
TurkStat (Veyly2y3L) (G5yly2L)
2020 83.9 83.8 0.1 83.9 0.0
2030 93.3 93.4 -0.1 93.3 0.0
2040 100.3 100.3 0.0 100.3 0.0
2050 104.7 104.8 -0.1 104.8 -0.1
2060 107.1 107.1 0.0 107.1 0.0
2070 107.6 107.6 0.0 107.6 0.0
2080 107.1 107.1 0.0 107.1 0.0

We may summarize results of the econometric study as follows:

Our econometric analysis is fully integrated with population theory, economic modeling and statistical
applications. These three aspects of the article were especially taken into account during this study. We think that
it is the first study in our knowledge of mathematical economics and applied statistical methods. The development
of Gompertz function as a population growth function with five and six parameters and its application in long-
term population statistics data is the first study with successful results. Preferred Verhulst and Gompertz growth
functions and Allen’s approach of mathematical economics analysis have produced successful results in the
Turkish population data. In this statistical study, reducing residuals with sinusoidal approach played an important
role in achieving successful results from statistical criteria. Our analysis of TurkStat's 1927-2018 population data
and 2018-2080 population estimates are a new approach to address in econometric study with the methods
described.

Statistical applications and solutions that cannot be done manually, in a short time and accurately, have been
obtained and achieved with the opportunities offered by SAS Studio software which is an advanced econometrics
and statistics online environment. There was no way to carry out our work with ordinary softwares. On the other
hand, only a small number of the obtained tables and results were included to the article for the sake of brevity.
The software we use has much more possibilities. New statistical tests developed in the last fifty years namely;

11 Upper asymptote values of 2018 study are: Four-parameter logistic 94000000, six-parameter logistic 115000000,
four-parameter Gompertz 113800000.
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Hougaard, Box and Bates, Ratkovsky etc. linearity tests, Godfrey serial correlation test, normality tests, White and
Breusch-Pagan and others were extensively used in our study. Our software allows this. The linearity tests we
mentioned are not available in any software other than SAS Studio. And it is necessary for a healthy application
of mathematically nonlinear growth functions. Advanced statistical applications have been made possible with this
software. All contributions of this software have developed this manuscript in the direction of both the purpose
and results of our article.

TurkStat's 2018-2080 population projections are a valuable and important source to be considered by policy
makers involved in population policies of Turkey. With its approach, the institution has achieved a significant
success not only in preparation and publishing the statistics of the past years, but also with its future works: we
can perceive this approach as a first in the back to the future way of understanding.

Five and six-parameter forms (inc. sinusoidal) of all growth curves applied in this study can be taken as a reference
for population analysis of Turkey.

Econometric study has confirmed that Turkstat's main scenario projection is consistent in terms of statistical
evaluation. All statistical test results of functions and curves successfully represent the Turkish population growth
and its projections.

At the statistical analysis of economic categories such as income, demand, population, etc., the explanation of the
residuals should be included in the study as well as the explanation of the main trend. This approach makes the
results more valuable. Application of sinusoidal functions has led to significant decreases in ESS values and
increased representation of curves, while it has highlighted features that were not appear in the trend of the
population. My first excerpt from Allen (subdivision 7.1) explains the theoretical basis of state of affairs from
mathematical economics to statistics. This is the method to be followed in econometrics.

Although sinusoidal approach reduced absolute level of residuals at a great extent, linearity measures are left
unchanged which is an advantage of applied methodology.

It is possible to represent Turkish population development not with simple regression analyses, but with advanced
econometric models, statistical applications and software in accordance with the growth theory taken from Allen,
Verhulst and Gompertz.

From 2017 to 2080 population growth figure of 26.3 million is very close to Turkey's population level of 27.7
million people in 1960. In other words, in the next half century Turkey’s population figure close to that of 1960
will be added to the 2017 population.

Considering Turkey's current political, social, economic and geographical problems, it is necessary to consider the
planning for the next fifty years from today onwards.

It is clear that Turkey will need significant capital accumulation and investment when the economic demands of
the future population to live by at least today's standards, not to mention of standards of nineteen sixties.

It is difficult to plan what kind of geography the future population of 26.3 million will live in. It is quite obvious
that Turkey will face significant settlement problems when considering the earthquake structure, water resources,
the settlement difficulties brought by the mountainous structure etc. It will be an important task of the public due
to the fact that horizontal or vertical urbanization approaches are widely discussed.

It is inevitable that the population’s settlement area demands will conflict with the needs for agricultural land.

Turkey is a state that has successfully protected its borders and geography throughout the history of the Republic.
It is realistic to continue this assumption for future. Inevitably, population growth, problems and solutions will be
shaped and located within these borders and framework.
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Ozet

21. ylzyilda giiniimiiziin en 6nemli sorunlarindan biri olarak hayatimizda olan yoksulluk olgusu, ferdin hayati
tizerinde farkli derecelerde de olsa etkisini siirdiirmektedir. Bu nedenle, yoksullukla miicadele igin yoksulluga neden
olan etmenlerin bilinmesi 6nem tegkil etmektedir. Bu ¢alismada amag hanehalki yoksullugunu etkileyen faktorleri
tespit etmek ve ANOV A araciligiyla bunlarin s6z konusu yoksul hanelerin kullanilabilir gelirleri izerindeki etkilerinin
biiyiikliigiinii tahmin etmek ve belirlemektir. Bu amagla calismada Tiirkiye Istatistik Kurumu tarafindan iiretilmis olan
Gelir ve Yasam Kosullar1 Arastirmasi’na ait olan 2016 yili verileri kullanilmigtir. Hanehalki yoksulluguna etki eden
faktorlerin belirlenmesinde ANOV A kullanilmistir ve veriler SPSS programiyla analiz edilmistir.

Anahtar Sozciikler: ANOVA, Gelir ve Yasam Kosullar: Arastirmasi, Yoksulluk.
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Determination of Factors Affecting Household Poverty in Turkey

Abstract

In the 21% century, the phenomenon of poverty, which is one of the most important problems of today, continues to
affect the life of the individual, even if in different levels. Therefore, in order to struggle against poverty, it is important
to know the factors that cause poverty. The aim of this study is to determine the factors affecting household poverty
and to estimate and determine the magnitude of the effects of these factors on the disposable income of the poor
households through ANOVA. In this context, 2016 Income and Living Conditions Survey data serviced by Turkish
Statistical Institute (TurkStat) were used in this study. In order to determine the factors effecting household poverty,
ANOVA was applied, and analyzed with the SPSS program.

Keywords: ANOVA, Poverty, Study of Income and Living Conditions.

1. Giris

Yoksulluk, insanlik tarihinin en eski konularindan biridir. Buna ragmen yoksullugun taniminin her kesim tarafindan
kabul edilen bir sekli yoktur. Yoksulluk kavrami birden fazla boyuta sahip bir kavramdir. Bu kavramin, yeterli besin
maddesine ulasilamamasi bigiminde ifadesi ya da yalin sekilde a¢ kalmak olarak ifadesi dogru degildir. Yoksullugun
genel bir tanimu, fertlerin belirli bir ekonomik refahin altinda yasamlarini siirdiirmesidir (Yasar ve Tasar, 2019).

Yoksulluk, toplumlarin gelismislik diizeylerine bakilmaksizin meydana gelen genel bir sorundur. Yani diinyanin
birgok tilkesinde bu soruna rastlanmaktadir. Nedeni toplumdan topluma gore farklilik gosterdiginden ¢oziimiinde de
oncelikle yoksullugun nedenlerin belirlenmesi gerekmektedir. Gelismekte olan diger iilkelerde oldugu sekilde
tilkemizde de ozellikle son yirmi yildir yoksulluk 6nemli bir problem haline gelmistir. Yoksulluk olgusunun
incelenmesinde Tiirkiye Istatistik Kurumu (TUIK) basta olmak iizere bazi kamu kurum ve kuruluslari ile birgok
aragtirmaci ¢aligmaktadir. Ancak buna ragmen sorun hala gegerliligini korumaktadir. Yapilan ¢aligmalar sayesinde
yoksullugu etkileyen faktorler tespit edilip politika yapicilarinin da bunlara gére miicadele yontemleri gelistirmeleri
yoksullugun dnlenmesi agisindan biiyiik dnem arz etmektedir.

Yoksulluk kavrami ¢ok yonlii bir kavramdir ve oldukca tartigmalidir. Aksan (2012) tarafindan da ifade edildigi gibi
Tanimlar, bir toplumsal yapidan digerine, zamanin etkisi ile de farklilik gostermektedir. Bu farkliligin sebebi
yoksullara bakis agilarina gore farkli degerler sistemini i¢inde barindirmasindan kaynaklanmaktadir.

Kelime olarak yoksulluk, yasamin gerektirdigi olanaklara sahip olmama durumunu ifade eder. Yasami devam ettirmek
igin gerekli olan seyler fertlere, iginde bulunulan topluma, ¢evreye ve kosullara bagl olarak degisiklik gosterir. Bu

yoniiyle yoksulluk kavrami her zaman gézlemlenen durumla standart durumun karsilagtirilmasini saglar (Aktan ve
Vural, 2002).

TUIK e gore yoksulluk ise insanlarin temel ihtiyaglarim karsilayamamas1 durumudur. Yoksulluk kavramu iki farkl
sekilde ele alinmaktadir. Dar anlamda yoksulluk, agliktan 6lme ve barmmmadan yoksunluk iken genis anlamda
yoksulluk ise insan hayatinin siirdiiriilebilmesini saglayan gida, giyim ve barinma gibi temel ihtiyaglara sahip olmasina
ragmen yasadig1 cevrenin genel seviyesinin gerisinde kalmayi ifade etmektedir (TUIK, 2008).

Literatiirde daha bagka yoksulluk tanimlarin1 da gérmek miimkiindiir. Yapilan biitiin tanimlar gézden gegirildiginde
yoksulluga iligkin genel bir tanim; minimum yasam standardina erisememe seklindeki temel harcama ihtiyaglar1 ya
da onlar1 tatmin i¢in gerekli olan gelir diizeyine erisememe seklinde yapilabilir.

Ayrica yoksulluk literatiiri incelendiginde mutlak, goreli ve 6znel (siibjektif) yoksulluk gibi farkli yoksulluk
gesitlerinin de oldugu gortilmektedir. Mutlak yoksulluk, temel fiziksel kriterleri karsilamak igin minimum tiiketim
standardina erisebilme becerisinden yoksun olma seklinde ifade edilebilir. Bagka bir deyisle hanehalkinin ya da ferdin
asgari yasam diizeyini siirdiirebilmesi icin gerekli, yalnizca en temel ihtiyaglarii bile karsilayamamasi durumudur
(Tas ve Ozcan, 2012). Ulkelerdeki yoksulluk diizeyleri s6z konusu iilkelerin gelismislik diizeyi ile alakalidir.

Geligmis iilkeler i¢in, mutlak yoksulluk kavraminda kullanilan esik degerler minimum yasam standartlar1 iizerinde
kurulmaktadir. Bu sebeple, mutlak yoksulluk yaklagimi gelismis tilkeler i¢in kullanilmamaktadir. Ancak, gelismekte
veya az gelismis tilkeler i¢in niifuslarinin ¢ok biiyiik bir kismi1 ge¢inme diizeyinin altinda oldugu i¢in mutlak yoksulluk
analizlerinin yapilmasi gerekmektedir. (Foster ve Shorrocks, 1991). Goreli yoksulluk, ihtiyaglarini mutlak olarak
karsilayabilen fakat i¢inde yasadiklari toplumun ortalama refah diizeyini yakalayamayanlarin yoksulluk durumu
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olarak goriilmektedir (Senses, 2002). Gelismekte olan iilkeler i¢in mutlak yoksulluk yaklagimini kullanmak daha
uygunken, gelismis iilkeler ig¢in goreli yoksulluk yaklasimi daha uygundur (Arabaci, 2016). Goreli ve mutlak
yoksulluk tanimlar1 arasindaki en énemli fark, mutlak yoksullugun sabit bir ¢izgide ilerlemesidir. Goreli yoksulluk
sinir1, tilke i¢indeki ortalama refah (gelir ve harcama) diizeylerine gore degismektedir. Ortalama harcama seviyesi ne
kadar yiiksekse, nispi yoksulluk oran1 da o kadar yiiksektir. Goreli bir yoksulluk sinirinin benimsenmesiyle yasam
standartlarinda genel bir artis varsa, yoksul tabakalarin pay1 mutlaka azaltilmamalidir (Coskun ve Tireli, 2008). Gelir
ve tiiketim esasina dayali olan mutlak ve goreli yoksulluktan oldukga farkli bir yaklagim olan 6znel yoksullugun temeli
Adam Smith’in yoksullukla ilgili diislincelerine dayanmaktadir. Adam Smith’e gore biitiin insanlar esit firsatlara ve
segimlere sahiptir ve fertlerin bu olasiliklar1 ve segeneklerini kullanmalar1 gerektigini savunur. Fertler iginde
bulunduklari toplumda var olmaktan utanmamali, diger insanlarla biitiinlesebilmeli ve topluma dahil olmalidir. Adam
Smith tarafindan gelistirilen bu tanim giiniimiizde “6znel yoksulluk” yaklagimi olarak yeniden tanimlanmigtir (Yiice
ve Ozbek, 2006).

Yoksulluk kavrami ve tiirleri her iilkeyi ilgilendiren bir kavram oldugundan iilkelerde birbirlerinden farkli yapilarda
oldugundan yoksullugu &lgmekte kolay degildir. Sen (1976), yoksullugun &l¢iimii ile ilgili iki farkli problemin
varligina isaret etmektedir. Bu sorunlar sirasiyla, tiim niifus i¢indeki yoksullugu tanimlamak ve yoksulluk endekslerini
olugturmak i¢in yoksullar hakkinda 6nemli bilgiler toplamaktir. Literatiirde bazi ¢alismalarda yoksulluk sadece
yoksulluk siirinin altinda kalan fertlerin degerlendirilmesiyle belirlenmektedir. Ote yandan yoksulluk sinir1, yoksul
fertler arasinda yoksullugun yogunluk derecesi, yoksullugun siddeti, derinligi ya da yogunlugu hakkinda bilgi
vermekten uzaktir. Yoksulluk sinirinin altindaki iki grup incelendiginde, gruplardan biri digerine gore yoksulluk
siirina daha yakin veya daha uzak olabilir. Bu durumda kimin daha yoksul oldugunu degerlendirmek i¢in ulusal ve
uluslararasi alanlarda ¢esitli yoksulluk endeksleri gelistirilmistir. Bu ¢alismada yoksullugu 6lgme yontemleri; Kafa
Sayisi Yoksulluk Endeksi (KSE), Yoksulluk A¢ig1 Endeksi, Sen Endeksi, Foster-Greer-Thornbecke Endeksi (FGT
Endeksi), Insani Gelismislik Endeksi, insani Yoksulluk Endeksi ve Cok Boyutlu Yoksulluk Endeksi incelenmistir.

Kafa sayis1 yoksulluk endeksi, yoksullugun 6l¢iilmesinde hesaplanmasi, yorumu kolay, veri gereksinimi az, basit ve
net olmasi nedeniyle en yaygin olarak kullamlan yontemdir. KSE 6l¢iim yontemine gore; fert basina diisen geliri,
belirlenen yoksulluk sinirinin altinda olan fertlerin, toplam niifus igindeki yiizdesi olarak ifade edilmektedir (Ravallion
ve Datt, 1994). KSE’ye elestirilerden yola ¢ikilarak gelistirilmis olan ikinci bir 6l¢iim yontemi yoksulluk acigt
endeksidir. Yoksulluk aci1g1, yoksullugun derecesine iligkin bilgi verir. Yani, ferdin yoksulluk sinir1 ile sahsi geliri
arasindaki fark yoksulluk agigini vermektedir. Sonucun 100'e yaklagsmasi toplumun yoksulluk riskinin fazla oldugunu,
sonucun 0'a yaklasmas ise yoksulluk riskinin azaldigim gosterir (TUIK, 2016). Amartya Sen tarafindan gelistirilen
“’Sen Endeksi’’ yoksullar arasindaki gelir dagilimini gbz 6niinde bulundurarak yoksullarin sayisini ve yoksullugun
boyutunu da kapsayan bir endekstir. Sen'in bu endeksi olusturmasindaki amag, yoksullar arasinda en iyi ve en koti,
en yoksul seklinde karsilastirmalar yapilabilmesini saglamaktir (Senses, 2002). FGT Endeksi, diger endekslere gore
yoksul kitleyi de birbirinden ayristirarak, toplam yoksullugu farkli alt gruplara ayristirarak, bu endeks yoluyla, yoksul
kitle birbirinden kesin ¢izgilerle ayrilmis degisik sosyo-ekonomik veya bolgesel gruplara boliinebilmekte ve bunlara
iliskin hem kafa sayimina hem de yoksulluk sinirinin altinda kalan fert sayisinin hesaplanabilmesine olanak verir ve
yoksullugu giderecek imkanlarin belirlenmesini saglar. Insani Gelismislik Endeksi (IGE), 1990 yilindan itibaren
UNDP tarafindan gelistirilen Insani Gelisme Raporlarinda yer alan ve yoksullugu 6lgen bir ara¢ olarak
tanilanmaktadir. Bu yontem, Amatya Sen tarafindan yonetilen Kapasite Yaklasimina ilkesine dayanmaktadir. S6z
konusu yaklasimda yoksulluk gelir-harcama eksikligi degil, kapasite eksikligi olarak tamimlanmaktadir. Insani
Yoksulluk Endeksleri, insani gelismisligin dagilimini ve hald mevcut olan yoksunlugun (deprivations) ana
kaynaklarin1 6lgmektedir (Coskun ve Tireli, 2008). UNDP destegiyle Oxford Universitesi Yoksulluk ve Insani
Gelisme Girisimi ve UNDP’nin Insani Gelisme Rapor Ofisi tarafindan 2010 yilinda Insani Gelisme ve Insani
Yoksulluk Endekslerine ek olarak, yaraticilarinin gelisme kaynaklarinin daha etkin olmasina yardimci olacaginm
belirttikleri ve yoksulluk ig¢inde yasayan insanlarin gériintiisiinii yansitmakta olan yeni bir “cok boyutlu” yoksulluk
Ol¢iitii olarak gelistirilmistir.

Literatiirde gelir ve yasam kosullar1 arastirmasi (GYKA) kullanilarak yapilan ¢alismalarin sayisi oldukga fazladir.
Bunlardan bazilarina bakilacak olursa: Castellona ve Punzo (2012), yaptiklari ¢alismalarinda, hane diizeyinde toplam
cevapsizligin cesitli bilesenleriyle ilgili drnekleme dis1 hatalara odaklanarak, EU-SILC verilerinin talya bdliimiiniin
dogrulugunun degerlendirilmesi i¢in bir ger¢eveyi tartismaktadir. Bazi gegici temel kalite oranlarinin bir araya
getirilmesiyle kalite gostergelerinin siniflari elde edilir. Ardindan, bolgesel perspektifi ve bunun toplam cevapsizlik
iizerindeki etkilerini arastirmak icin tek yonli ANOVA modeli ve ¢ok terimli lojistik regresyon modelini
kullanmislardir. Arbia ve Pace (2018), esitsizlik endeksinin gereksinimlerine daha iyi uymasi i¢in degisim katsayisini
ayristirmak tizere uyarlanmis ANOVA g¢ergevesini kullanarak iki esitsizlik kaynagi arasindaki farklar: test etmeyi
onermislerdir. Onerilen prosediir, Gelir ve Yasam Kosullarma Iliskin italya Anketine uygulanmistir. Sonuglar,
Italya'da firsat esitsizliginin artmasini tesvik eden kosullarin belirlenmesine yardime1 olmustur. Karci ve Arli (2018),
yaptiklar1 ¢alismalarinda amag¢ olarak maddi yoksunlugu etkilediklerini diistindiikleri degiskenlerin istatistiki
etkinliklerini belirlemektir. Kurduklar1 modelde hanehalki sorumlusunun egitim diizeyinin, istthdam durumunun,
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yasinin ve saglik durumunun yam sira konutun oda sayisi, 1sitma sisteminin ve Tiirkiye’nin bdlgeleri de maddi
yoksunlugu anlamli bir sekilde etkiledigini gérmiislerdir. Eveim ve Ark. (2019), Tiirkiye’de toplumsal refah artigini
engelleyen hanehalki goreli yoksullugunun, boyutlari ve temel belirleyici faktorlerini incelemiglerdir. Bu amagla
analizde TUIK 2017 yili GYKA mikro veri seti kullanmislardir. Bagimli degiskenin yoksulluk smirina gore yoksul
ve yoksul olmayanlar olarak ele alindig1 ikili Lojistik Regresyon analizinde, hanehalki demografik dzellikleri, isgiicii
piyasasi ve cografi 6zellikleri igeren aciklayici degiskenlerini kullanmuslardir. Unver ve Alkan (2020), calismalarinda
TUIK tarafindan 2017 ve 2018 yillarinda gerceklestirilen GYKA'mn mikro veri setlerini kullanarak bireylerin maddi
yoksunluk durumunu etkileyen faktorlerin arastirilmasini amaglamiglardir. Bu amag igin probit regresyon yontemini
uygulamislardir.

Yapilan bu ¢alismada, Tiirkiye’de yoksullugu etkiledigi diigiiniilen hane bazinda segilen gdstergelerin yoksullugu ne
kadar etkiledigi incelenmistir ve yoksul olanlari en iyi sekilde tahmin edebilen modelleri belirlemek amaglanmuistir.
Bu amagla, TUIK tarafindan yapilan GYKA 2016 yil1 anket verisi kullanilmistir. Bu kapsamda ilk olarak yoksulluk
kavrami hakkinda genel bir bilgi verilmis, kavramsal ve dl¢limsel diizeyleri gosterilmistir. Ardindan deney tasarim
hakkinda bilgi verilmis ve kullanilan deney tasarimi modelleri tanitilmistir. Caligmanin uygulama boliimiinde ise
Tiirkiye’deki hanehalklarinin yoksullugunu etkileyen faktorleri ortaya koymak amaciyla medyan gelirin %40’ 1na gore
yoksul olan haneler incelenmig bunlara iliskin betimsel istatistikler verilmigtir. Yoksulluk orani EUROSTAT
metodolojisi geregi medyan gelirin %40, %50, %60 ve %70 i kullamlarak agiklanmaktadir (TUIK, 2016). Bu
caligmada %40 secilme sebebi en yoksul haneleri incelemektir. Analizler IBM SPSS 22 programi kullanilarak
yapilmistir.

2. Deney Tasarimi

Deney tasarimi, Fisher (1920) tarafindan yiiritilen tarim alanindaki deneyler uygulanirken kesfedilmis ve
gelistirilmistir. Fisher, ayrica bu deneyleri giinlimiizde halen kullanilmakta olan “varyans analizi” yontemini de
uygulamistir. Deney tasarimi (DT), ele alinan siireci etkileyen etkenler iizerinde ayarlamalar yaparak siirecin
performansinin gelistirilmesini ve ¢iktilar iizerindeki degisikliklerin gdzden gecirilmesidir. Deney tasariminin amaci,
gozlenen veriler yarimiyla, siireci etkileyen faktorlerin gézlenmesi ve hangi faktorlerin ne sekilde siirece dahil
edilecegini tespit etmektir. Boylece deney siireci i¢in optimal kosullara ulasilmis olunur. Dolayisiyla, deney tasarimi
stire¢ gelistirmekte ve iyilestirmekte dnemli bir rol oynar. Ayrica, bir {irlin veya siirecin kontrol disi dis etkenler
1s181nda istenen performansi géstermesi bigiminde ifade edilen robust (saglam) tasarimlarin ortaya konulmasinda DT
yaygin bir sekilde kullanilmaktadir (Montgomery, 1991).

Literatiirde kullanilan farkli deney tasarim yontemleri mevcuttur. Bu ¢alismada tek yonliit ANOVA, iki yonli ANOVA
ve faktoriyel tasarim kullanilmigtir.

2.1. Tek Yonlii Varyans Analizi

Varyans analizinde en ¢ok kullanilan modeldir. Buradaki ‘tek’ in anlam, farkli diizeyleri olan bir faktoriin olmasidir.
Tek yonliit ANOVA modelinde, deney birimlerinin homojen oldugu ve denemelerin deney birimlerine rasgele olarak
atandig1 varsayilir. Boylelikle, deney birimleri denemelere esit olasiliklarla atanmig olur. Rasgelelik saglanmazsa,
denemeler arasindaki farklar ile hatalarin varyansinin tahmin degerleri yanli olacaktir (Rangaswamy 1995). Tek yonlii
ANOVA i¢in matematiksel model,

Vij=u+Tt+ei=12,.,a4 j=12,..,n @

Burada, yij: inci denemedeki jnci gozlem degerini, p: genel ortalamayi, t,—inci deneme etkisini, & rasgele hata
terimlerini gostermektedir. Benzer sekilde a, deneme sayisini, n ise her bir denemedeki goézlem sayisini
gostermektedir. Boyle toplam gozlem sayisi N=an seklinde ifade edilmektedir.

Tek yonlit ANOVA’da, denemeler arasi farkin 6nemli olup olmadiginin arastirilmaktadir. Varyans analizi tablosu:
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Tablo 1. Tek yonliit ANOVA Tablosu

Degisim Kaynagi ~ Serbestlik Derecesi  Kareler Toplam1 ~ Kareler Ortalamasi F
Deneme a-1 KT beneme KOpeneme KOnpeneme/ KOhata
Hata N‘a KTHata KOHata
Toplam N-1 KTaenel
Burada, KT;ener = 2ty Z}l:l(Yi i 17)2 genel kareler toplamidir. Genel Kareler toplami ise deneme kareler toplami

ve hata kareler toplamina esittir. Deney igin kullanilan toplam gézlem sayist N oldugu i¢in, GKT igin N-1 serbestlik
derecesine sahiptir. Her bir denemenin n tane gézlemi oldugundan, her bir deneme igin serbestlik derecesi n-1 olup, a
adet deneme bulundugu igin, hata igin serbestlik derecesi a(n-1)=N-a seklinde olacaktir. Hata kareler toplamu da,

KTyata = ?:12?:1(}/1'1' — 17_]-)2116 elde edilir. Sonug¢ olarak hesaplanan F istatistigi tablo degerinden biiyiikse
denemeler arasinda anlamli bir farklilik oldugu sonucuna varilir.

ANOVA sonucunda siireg, gruplar arasi farkliligin bulunmamasi durumunda sonlanir. Ancak gruplararasi farkin
oldugu durumda, bu farkliliga hangi grubun yol agtigin1 belirleyen istatistik post-hoc olarak bilinmektedir (Roscoe,
1975). Yapilan ¢aligmalarda, grupici farkliliga hangi grubun neden oldugunu belirlemek igin kullanilan bir ¢ok farkl
post-hoc teknigi kullamilabilir. Gruplararasi varyanslarin esit olup olmamasi ozelligi hangi post-hoc testinin
uygulanacagi konusunda 6nem tasimaktadir (Ramig, 1983). Ozetle, post-hoc istatistikleri, gruplar arasi1 varyansin ayni
olmas1 veya olmamasi durumunda kullanilanlar olmak tizere iki farkli sekilde ele alinmaktadir (Nelson, 1983).

Gruplararasi varyanslarin esit oldugu durumlarda, LSD (Least Significant Difference), Bonferroni, Tukey, Hochberg’s
GT2, Sidak, Gabriel ve Scheffe testleri tercih edilirken, gruplararasi varyansin esit olmadigi durumlarda ise
Tamhane’s T2, Tamhane’s T3, Dunnet’s Cii, Games-Howell, ve Dunnet’s T3 y6ntemleri tercih edilmekte ve sadece
“coklu aralik testi” genel kullanim alan1 bulmaktadir.

2.2. iki Yonlii Varyans Analizi

Tek yonliic ANOVA modelinde oldugu gibi iki yonli ANOVA modelinde de faktor sayist birdir. Ancak bir-yonlii
ANOVA modelinden farkli olarak, deney birimleri arasinda sistematik farkliliklar vardir. Bu sistematik farkliliklarin
etkisi kendi iglerinde homojen, kendi aralarinda ise heterojen bloklar kullanilarak giderilmeye ¢alisilir. Bloklama ile
deneysel hatanin azaltilmasi saglanarak, deneyin hassasligi artirilmig olur (Montgomery,1991). Birden fazla iki-yonlii
ANOVA modeli vardir. iki yonlii ANOVA modeli igin matematiksel model,

yijk =u + T; +ﬁ] + Tﬁij + Sijk' i= 1,2, e, @, ] = 1,2, ...,b,k = 1,2, e, n (2)

Burada, yijk: inci deneme jnci blok k.inc1 gozlem degerini, u: genel ortalamayi, T;—inci deneme etkisini, 8;, jinci blok
etkisini, 7f8;; deneme ve blok etkilesim etkisini ve eijk rasgele hata terimlerini gostermektedir. Benzer sekilde a,

deneme sayisini, b, blok sayisini ve n ise her bir deneme ve blok etkilesimdeki gozlem sayisini gostermektedir. Boyle
toplam gdzlem sayist N=abn seklinde ifade edilmektedir.

iki yonlii ANOVA’da, denemeler arasi farkin énemli olup olmadigi, bloklar arasi farkin énemli olup olmadigi ve
etkileim etkisinin 6nemli olup olmadig1 arastirilmaktadir. Varyans analizi tablosu:
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Tablo 2. iki yonlii ANOVA Tablosu

Deg. Kayn. Serb. Derc. Kar. Top. Kar. Ortl. F
Deneme a-1 KTbeneme KOnpeneme KObeneme/ KOHata
Blok b-1 KThsiok KOgiok KOgiok/ KOHata
Etkilesim (a-1)(b-1) KT Etilesim KOkxitesim KOkxilesim/ KOHata
Hata N-ab KTHata KOhata

Toplam N-1 KTaenel

Tek yonlit ANOVA’da oldugu gibi burada genel KT, hata KT, blok KT, deneme kareler toplami ve etkilesim KT na
esittir. Serbestlik dereceleri ise Tablo 2’deki gibi bulunmaktadir. Burada, deneme etkisi i¢in bulunan F istatistigi tablo
degerinden biiyiikse denemeler arast anlamlt bir farklilik vardir denilmektedir, benzer sekilde blok etkisini 6l¢gmek
icin kullanilan F test istatistigi tablo degerinden biiylikse bloklar arasit anlamli bir farklilik vardir denilmektedir.
Ayrica, etkilesim etkisi i¢in bulanan F istatistigi tablo degerinden biiyiikse etkilesim etkisi anlamlidir denilmektedir.

2.3. Faktoriyel ANOVA

Cogu deneyde, iki veya daha fazla faktoriin etkilerinin incelendigi goriilmiis olup kayda deger sonuglar elde edilmistir.
Genel olarak, faktdriyel tasarimlar bu tiir deneyler i¢in en verimli yontemlerdir. Bir faktoriyel tasarim ile faktorlerin
seviyelerinin tiim olas1 kombinasyonlar1 arastirilmaktadir. Bu kombinasyonlardan yola ¢ikarak cevaba yonelik en iyi
kombinasyonlar1 tespit etmek miimkiindiir (Myers vd, 2016). Literatiirde birgok faktdriyel deneme tiirii
gozlemlenmektedir.

3. Uygulama

Ulke icinde yasayan insanlarin refah seviyelerini belirleyebilmek ve sosyal devlet sisteminin saghkli bir sekilde
degerlendirmesini yapabilmek i¢in o ililkede yasayan insanlarin gelir dagilimi verilerine ve gostergelerine ihtiyag
duyulmaktadir. O iilkede yasayan insanlar arasindaki gelir adaletsizligi ve yoksulluk artik giiniimiiz diinyasinda
ekonomik bir sorun olmaktan ¢ikmuis, siyasi ve sosyal bir problem olarak ele alinmaya baglanmistir. Bu sebeple, “gelir
yoksullugu”, “sosyal imkan yoksullugu”, “sosyal dislanma” gibi yeni kavramlar i¢in verilerin olusturulmasi
istenmistir. GYKA, TUIK tarafindan 2006 yilindan itibaren Avrupa Birligine uyum yaslar1 ¢ergevesinde yapmis
oldugu bir panel ankettir. Anketin amaci, gelir dagiliminin yani sira, yasam kosullari, sosyal diglanma ve goreli gelir
yoksullugun saptanmasidir. Bu sebeple, GYKA, Tiirkiye’deki gelir dagilimina, yoksullugun saptanmasina ve sekline,
yasam kosullarin ve sosyal dislanmaya 151k tutan 6nemli bir bilgi kaynagi niteligi tagimaktadir.

Tablo 3. Hanehalki Kullanilabilir Geliri Normallik Testi

Kolmogorov-Smirnov Testi

Test Istatistigi Serbestlik Derecesi Sig.

Hanehalki

,048 1413 ,000
Kullanilabilir Geliri

Bu makalede ilk olarak Kolmogorov-Smirnov testi ile verilerin normal dagilima uygunlugu incelenmistir. Sonuglar
Tablo 3 de verilmistir. Kullanilan teste iliskin hipotezler: Ho: Hanehalki Kullanilabilir Geliri normal dagilmaktadir.
H:: Hanehalk: Kullanilabilir Geliri normal dagilima uygun degildir seklinde kurulur. Anlamlilik degeri 0,000 < 0,05
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oldugundan Ho reddedilmistir. Olgekte yer alan bagimli degisken olan hanenin yillik kullanilabilir geliri normal
dagilima sahip olmadig: tespit edildiginden 6tiirii Box-Cox transformation (doniisiimii) metodu kullamlarak veriler
normal dagilmasi saglanmstir. Bu tiir sorunlar kargisinda veri setine logaritmik, ters, karekok, arcsin vb. doniigiimler
ile normal dagilima benzer seriler (hatta normal dagilan) elde edilir. Box-Cox doniigiimii George E.P. Box ve David
Cox (1964) tarafindan ilk kez agiklanan A parametreli {istel bir doniisiimdiir, normal dagilmayan nicel verilere,
optimum A degeri belirlenip Box-Cox transformasyonu uygulandiginda verilerin normal dagilima benzediginin
aktarilmasi hedeflenmistir. ikiden fazla grubun oldugu karsilastirmalarda tek yonli ANOVA kullanilmistir. Eger
gruplar arasi farkliliklar istatistiksel olarak anlamli bulunmus ise hangi gruplarin birbirinden farkli oldugunun tespit
edilmesi igin varyanslar esit tahmin edilmis ise ¢oklu kargilastirma (multiple comparisons) igin Tukey testi, varyanslar
esit tahmin edilmemis ise Tamhane's T2 testi kullanilarak sonuglar yorumlanmistir. Caligmada analizler igin elde
edilen anlamlilik diizeyleri 0,05 hata diizeylerinde degerlendirilmistir. Dolayisiyla ¢aligmadaki analiz sonuglart %95
gliven seviyesinden yorumlanmstir. Calismada yer alan incelemeler SPSS 22.0 paket programu ile yiiriitimiistiir.
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Sekil 1’de goriildiigii iizere, en fazla yoksul hane %16 ile TRC2- Sanliurfa, Diyarbakir bolgesinde en az yoksul hane
ise %0,5 ile TR81- Zonguldak, Karabiik, Bartin bélgesindedir. Calisma i¢in kullanilan verilerin betimsel
istatistiklerinden elde edilen baz1 6nemli sonuglar ise sunlardir; yoksul hanelerin %70.8’i miistakil konutta, %15.1’inin
Apartmanda (10 daireden az), %9.4’tiniin Apartman (10 daireden fazla) ve %4.6’sinin ise ikiz ya da sirali evde
oturduklar1 goriilmektedir. Yoksullarin %48.7'sinin oturdugu konutun yasi 20-49 yillik iken, %21.6’s1 10-19 yillik
binalarda oturmaktadir. Yoksullarin %15.5’1 50 y1l ve daha fazla yillik binalarda otururken, %14.2°si 0 — 9 yillik yeni
binalarda oturmaktadir. Yoksul hanelerin %74.7'sinin yasadigi ¢evrede; hava kirliligi, gevre kirliligi, toz, hos olmayan
koku, pis su veya diger ¢cevresel sorunlar goriiliirken, %25.3"tinde ise boyle bir problem yasanmamaktadir. Yoksullarin
%65.5'inin hanelerinin genellikle gerekli harcamalarini zor yapabildiklerini, %33.7'sinin ne zor ne kolay ve %0.8'inin
ise gerekli harcamalar1 kolay yapabildiklerini beyan ettikleri goriilmektedir. Yoksul hanelerin %60.3"i dort ve daha
fazla kigiden olusurken, %18.6's1 {i¢ ve dort kisilik hanelerden, %12.3"0 tek kisilik hanelerden ve %8.8'1 ise iki kisilik
hanelerden olusmaktadir.

Asagida verilen tablolarda kullanilan bazi degiskenlere iligkin ANOV A sonuglari verilmistir.
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Tablo 4. Diizey 2 Bazinda Bolgelerin Yoksulluga Etkisine iliskin ANOVA Sonucu

Varyans Homojenlik Testi
Serbestlik Serbestlik

Levene Istatistigi derecesil derecesi2 P
2.045 25 1386 0.002
Levene testi grup varyanslarinin [p < 0.05] esit olmadigini gdstermektedir.

ANOVA

Kareler Serbestlik Kareler

Degisimin kaynagi toplami derecesi ortalamasi F p
Gruplararast 5196515979 25 207860639.2 8.529 0
Grup i¢i (hata) 33777260586 1386 24370317.88
Genel 38973776565 1411

Ho: Hanenin kullanilabilir gelirine bolgelerin etkisi dnemsizdir.
H1: Hanenin kullanilabilir gelirine bdlgelerin etkisi 6nemlidir.
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Tablo 5.Diizey 2 Bazinda Bolgelere Gore Tamhane Testi

Bolge (Diizey 2)

Tambhane Testi Anlaml1 Fark

TR10- istanbul

TR21- Tekirdag, Edirne,
Kirklareli

TRA2-TR21, TRB2-TR21, TRC1-TR21, TRC3-TR21

TR22- Balikesir, Canakkale

TR62-TR22, TRA2-TR22, TRB1-TR22, TRB2-TR22, TRC1-
TR22, TRC2-TR22, TRC3-TR22

TR31- Izmir

TRA2-TR31, TRB2-TR31, TRC1-TR31, TRC2-TR31, TRC3-TR31

TR32- Aydin, Denizli, Mugla

TRA2-TR32, TRB2-TR32, TRC1-TR32, TRC2-TR32, TRC3-TR32

TR33- Manisa, Afyon,
Kiitahya, Usak

TRA41- Bursa, Eskisehir, Bilecik

TR42- Kocaeli, Sakarya,
Diizce, Bolu, Yalova

TR51- Ankara

TR52- Konya, Karaman

TRA2-TR52, TRB2-TR52, TRC1-TR52, TRC2-TR52, TRC3-TR52

TR61- Antalya, Isparta, Burdur

TRA2-TR61, TRB2-TR61, TRC1-TR61, TRC2-TR61, TRC3-TR61

TR62- Adana, Mersin

TR62 — TR22

TR63- Hatay, Kahramanmaras,
Osmaniye

TRA2-TR63, TRB2-TR63, TRC3-TR63

TR71- Kirikkale, Aksaray,
Nigde, Nevsehir, Kirsehir

TR72- Kayseri, Sivas, Yozgat

TRA2-TR72, TRB2-TR72, TRC1-TR72, TRC2-TR72, TRC3-TR72

TR81- Zonguldak, Karabiik,
Bartin

TR82- Kastamonu, Cankiri,
Sinop

TRA2-TR82, TRB2-TR82, TRC1-TR82, TRC3-TR82

TR83- Samsun, Tokat, Corum,
Amasya

TRB2-TR83, TRC3-TR83

TR90- Trabzon, Ordu, Giresun,
Rize, Artvin, Glimiigshane

TRAI- Erzurum, Erzincan,
Bayburt

TRAZ2- Agn, Kars, Igdir,
Ardahan

TRA2-TR21, TRA2-TR22, TRA2-TR31, TRA2-TR32, TRA2-
TR52, TRA2-TR61, TRA2-TR63, TRA2-TR72, TRA2-TR82

TRB1- Malatya, Elaz1g, Bingdl,
Tunceli

TRB1-TR22

TRB2- Van, Mus, Bitlis,
Hakkari

TRB2-TR21, TRB2-TR22, TRB2-TR31, TRB2-TR32, TRB2-
TRS52, TRB2-TR61, TRB2-TR63, TRB2-TR72, TRB2-TR82
TRB2-TR83

TRC1- Gaziantep, Adiyaman,
Kilis

TRC1-TR21, TRC1-TR22, TRC1-TR31, TRC1-TR32, TRC1-
TR52, TRC1-TR61, TRC1-TR72, TRC1-TR82

TRC2- Sanlwurfa, Diyarbakir

TRC2-TR22, TRC2-TR31, TRC2-TR32, TRC2-TR52, TRC2-
TR61, TRC2-TR72

TRC3- Mardin, Batman,
Sirnak, Siirt

TRC3-TR21, TRC3-TR22, TRC3-TR31, TRC3-TR32, TRC3-
TR52, TRC3-TR61, TRC3-TR63, TRC3-TR72, TRC3-TR82,
TRC3-TR83
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Tablo 6. Hanehalki Biiyiikliigiiniin Hanelerin Kullamilabilir Gelirine Etkisine iliskin Tek Yonlii ANOVA

Varyans Homojenlik Testi
Serbestlik Serbestlik

Levene Istatistigi derecesi 1 derecesi 2 p
38.36 3 1408 0.00
Levene testi grup varyanslarmm [p < 0.05] esit olmadigm gostermektedir.
ANOVA

Kareler Serbestlik Kareler
Degisimin kaynagi toplamm derecesi ortalamasi F p
Gruplararasi 18734223288 3 6244741096 434.43 0.00
Grup igci (hata) 20239553276 1408 14374682
Genel 38973776565 1411

Ho: Hanenin kullanilabilir gelirine hanehalki biiyiikliigiintin etkisi onemsizdir.
Hi: Hanenin kullanilabilir gelirine hanehalki bityiikliigiintin etkisi 6nemlidir.

Tablo 7. Hanelerin Kullanilabilir Gelirleri Arasindaki Farkin Kaynagini Belirlemek Uzere Hanehalki
Biiyiikliigiine Gore Tamhane Testi

Ortalama Farki  Standart

(1) HHB (J) HHB (1-J) Hata p
2 -2865.37626* 24393  0.00
. 3-4 -5439.24187* 25453 0.00
5+ -10388.47604* 232.25  0.00
1 2865.37626* 24393 0.00
? 3-4 -2573.86561* 25524 0.00
5+ -7523.09979* 233.03  0.00
1 5439.24187* 25453  0.00
> 2 0573.86561* 25524  0.00
5+ -4949.23418* 24411  0.00
1 10388.47604* 232.25  0.00
> 2 7523.09979* 23303 0.00
3-4 4949.23418* 24411  0.00
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Tablo 8. Gerekli Harcamalar1 Yapabilme Durumunun Hanelerin Kullanilabilir Gelirine Etkisine Iliskin Tek
Yonli ANOVA

Varyans Homojenlik Testi

Levene Istatistigi

38.36

Serbestlik Serbestlik
derecesi 1 derecesi 2
1408

p
0.00

Levene testi grup varyanslarinin [p < 0.05] esit olmadigint gostermektedir.

ANOVA
Kareler Serbestlik  Kareler
Degisimin kaynagi toplami1 derecesi ortalamasi F p
Gruplararasi 18734223288 3 6244741096 434.43 0.00

Grup ici (hata)

Genel

20239553276 1408

38973776565 1411

14374682

Ho: Hanenin kullanilabilir gelirine ge¢inme durumunun etkisi 6nemsizdir.

Hi: Hanenin kullanilabilir gelirine ge¢inme durumunun etkisi 6nemlidir.

Tablo 9. Hanelerin Kullanilabilir Gelirleri Arasindaki Farkin Kaynagim Belirlemek Uzere

Durumuna Gore Tamhane Testi

()] J) Standart
GECINME_DURUM GECINME_DURUM | Ortalama Farki (I-J) Hata
Zor Ne zor ne kolay -1234.76340*| 295.86| 0.00
Kolay 4509.92 | 2965.89| 0.43
Zor 1234.76340*%| 295.86| 0.00
Ne zor ne kolay
Kolay 5744.68 | 2971.04| 0.26
Zor -4509.92 | 2965.89| 0.43
Kolay
Ne zor ne kolay -5744.68 | 2971.04| 0.26

Yoksulluga etki eden faktorler i¢in yapilan ANOVA testi sonuglarinin ise sonuglari agagida verilmistir.

1) TR10 (istanbul), TR33 (Manisa, Afyon, Kiitahya, Usak), TR41(Bursa, Eskisehir, Bilecik), TR42 (Kocaeli,
Sakarya, Diizce, Bolu, Yalova), TR51 (Ankara), TR71 (Kirikkale, Aksaray, Nigde, Nevsehir, Kirgehir),
TR81 (Zonguldak, Karabiik, Bartin), TR90 (Trabzon, Ordu, Giresun, Rize, Artvin, Giimiighane) ve

2)

3)

TRA1(Erzurum, Erzincan, Bayburt) bolgelerinin diger bolgelerle arasinda anlamli bir fark yoktur.

Geginme

Bina yas1 0-9 yil olanlar, diger ii¢ bina yas1 ile kiyaslandiginda, bu binanin (0-9 yil) sahip olunan grup
ortalama gelirleri ile bina yas1 20-49 y1l ve bina yas1 50 yil ve iistii yasa sahip binalarin grup ortalama gelirleri
arasinda anlamli fark oldugu belirlenmistir.
Yoksul hanelerin 6lgek alisveris degiskenine gore gelirlerine etkisi Tukey Testi sonucunda; yasadigi ¢evrede
aligveris merkezine kolay erigebilen hanelerin ¢ok zor olan hanelere gore gelirleri daha yiiksek ¢ikmustir.
Aligveris merkezine zor erisebilen hanelerin ¢ok zor erisebilen hanelere gore gelirleri daha olumlu

gorilmiistiir.
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4) Yoksul hanelerin 6lgek toplu tagima hizmeti degiskenine gore gelirlerine etkisi Tukey Testi sonucunda;
yasadigi ¢cevrede toplu tasima hizmetine kolay ve zor erisebilen hanelerin ¢ok zor erigebilen hanelere gore
gelirlerinin etkisi daha yiiksek ¢ikmuistir.

5) Yoksul hanelerin 6l¢ek saglik merkezi degiskenine gore gelirlerine etkisi Tukey Testi sonucunda; yasadig
cevrede saglik merkezine kolay erisebilen hanelerin ¢ok zor erisebilen hanelere gore gelirlerinin etkisi daha
fazla olmustur.

6) Yoksul hanelerin 6lgek banka degiskenine gore gelirlerine etkisi Tukey Testi sonucunda; yasadigi ¢cevrede
bankacilik hizmetine kolay erisebilen hanelerin ¢ok zor erisebilen hanelere gore gelirlerinin etkisi daha fazla
olmustur.

7) Hanehalki biiyiikliigl degiskenine gore gelirlerine etkisi Tamhane testi sonucunda bes ve daha fazla kisilik
hanelerden olusan hanehalklarinin ortalama gelirleri tek kisilik, iki kisilik ve ii¢ veya dort kisilik
hanehalklarina gore daha fazladir. Ug veya dort kisiden olusan hanehalklariin ortalama gelirleri tek kisilik
hanelerden ve iki kisilik hanelerden daha yiiksektir. ki kisilik hanelerin gelirleri de tek kisilik hanelerden
daha fazladir. Sonug olarak tek kisilik haneler daha az ortalama gelire sahip oldugundan bu haneler daha ¢ok
yoksullardir.

8) Bina yas1 * sicak su etkilesim etkisinin yoksul hanelerin gelirini etkiledigi soylenebilir. Yani 0-9 yillik
binalarda oturanlarda sicak su sistemi mevcut olan hanelerin gelir diizeyleri en fazla iken, 50 yil ve iistii
binalarda oturanlarda ise sicak su sistemi olmayanlarin gelir diizeylerinin en diisiik oldugu gézlenmektedir.

9) Bina yas1 * sahip olunan bulasik makinesi etkilesim etkisinin yoksul hanelerin gelirini etkiledigi soylenebilir.
Genel olarak oturulan konutta bina yas arttik¢a, bulagik makinesi olmayan hanelerin gelir diizeyleri azalma
egiliminde oldugu goriilmektedir.

10) Yoksul hanelerin hanehalki kullanilabilir gelirlerine taksit bor¢ ve alan etkilesim etkisi 6énemli oldugu
goriilmektedir. Yani hanedeki herhangi bir fert tarafindan taksit bor¢ 6demesi yapan hanelerde, oturdugu
konutun kullanim alan1 yeterli olmayanlarin gelir diizeyleri daha fazla iken, taksit bor¢ 6demesi olmayan
hanelerde ise oturdugu konutun kullanim alani yeterli olan hanelerin gelir diizeyleri en disiik oldugu
gorilmektedir.

4. Tartisma ve Sonug¢

Tiirkiye’de yoksullugu etkileyen faktorleri belirlemek ve bunlarin s6z konusu yoksul hanelerin gelirleri tizerindeki
etkilerinin biiyiikl{igiinii belirlemeyi amaglayan ¢calismada, TUIK tarafindan yiiriitiilen 2016 yilinda uyguladigt GYKA
verileri kullanilmustir.

Yoksulluk incelenirken bagimsiz degiskenler olarak bolgesel diizey, bina yasi, aligveris merkezine, toplu tagima
hizmetine, saglik merkezine, zorunlu egitim hizmetine ve bankacilik hizmetine erigsebilme durumu, yasadigi ¢cevrenin
gelismislik diizeyi, konutun miilkiyet durumu, ge¢cinme durumu, hanehalk: biiytikliigii, bina yas1 ve sicak su sistemi
kolayliginin birlikte etkisi, bulasik makinesine sahiplik durumu ile bina yasinin etkisi, gecinme durumu ve konutun
1sinma durumunun etkisi, beklenmeyen harcamalar ile 1sinma masrafini karsilama durumunun etkisi ele alinmistir.
Bagimli degisken olarak ise hanehalki kullanilabilir geliri temel alinmistir. Bunun nedeni hanehalki toplam yillik geliri
hanehalkinin egdeger hanehalki degerine oranlanarak ilgili esdeger fert bas1 gelirin hesaplanmasidir. Esdeger fert
bagina diisen gelir elde edildikten sonra bu degerin medyan degerinin %40°1 yoksulluk sinirin1 vermektedir. Egsdeger
fert bagina gelirde calismada ele alinan yoksulluk siniri gesidi olan goreli yoksulluk sinirinin olusturulmasinda
temeldir.

Dogu bolgelerinde yasayan yoksullarin gelirlerinin ortalamasi bat1 bolgelerindeki yoksul hanelere gore daha yiiksek
goziikmektedir. Bunun sebebi ise dogu bolgelerine sosyal transferlerin 6nemli seviyede aktarilmasindan dolay1
olabilir. Ayrica TR10 (Istanbul), TR33 (Manisa, Afyon, Kiitahya, Usak), TR41 (Bursa, Eskisehir, Bilecik), TR42
(Kocaeli, Sakarya, Diizce, Bolu, Yalova), TR51 (Ankara), TR71 (Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir),
TR81 (Zonguldak, Karabiik, Bartin), TR90 (Trabzon, Ordu, Giresun, Rize, Artvin, Glimiishane) ve TRA1 (Erzurum,
Erzincan, Bayburt) da yasayan yoksul haneler Tiirkiye’deki diger yoksul hanelerle benzer profildedir. Bu bolgelerde
yapilacak analizler Tiirkiye’deki tiim bdlgelerin ortalamasini kapsamaktadir. Genel olarak bdlgesel diizeyde
yoksullugun farkli ¢iktig1 goriilmiistiir.

Hanehalki biiyiikliigii de yoksullugu etkileyen bir diger 6nemli 6zelliktir. En diigiik ortalama hanehalki geliri tek kisilik
hanelerde goziikmektedir. Tek kisilik hanelerde, kisi isgiicli piyasasindaki faaliyeti ile evdeki faaliyetlerini eg zamanli
yiiriitmek ihtiyac1 duydugundan bu hanenin geliri, iki yetiskinli hanenin gelirine oranla daha azdir. Ustelik tek Kisinin
kadin oldugu senaryoda, kadinlarin erkeklere gore daha az gelir getirici islerde ¢alismasi genellemesine gére, hanenin
geliri daha da azalacaktir. Sonug olarak, tek yetiskinli hanelerde yoksulluk orani daha yiiksek olmaktadir (Schiller,
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2004). Kullanilan veri setinde tek kisilik hanehalklarinin %56,4'ii kadinlardan olugmaktadir. Dolayisiyla Schiller’in
bu ¢alismasini desteklemektedir.

Sonug olarak, bolgesel diizeyde yoksullugun farkli ¢iktigr goriilmiistiir. Kurulan modele gore hanehalki yoksullugunu
etkileyen faktorlerin; bina yasi, hanenin bulundugu yer itibariyle aligveris merkezine, toplu tagima hizmetine, saglik
merkezine, zorunlu egitim hizmetine erigebilme durumu ve bankaya ulagma durumu, miilkiyet sekli, hanehalki
biiyiikliigii, gecinme durumu, hanenin bulasik makinesine sahip olup olmamasi ve bina yas1 etkilesim etkisi, bina yas1
ve sicak su sisteminin olup olmamasinin etkilesim etkisi, taksit veya bor¢ ddemesi ile kullanim alani yeterliliginin
etkisi ve beklenmeyen mecburi bir harcama ile 1sinma masrafini karsilama durumu oldugu goriilmiistiir.
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Ozet

Kadm ile ilgili istatistikler, toplumsal cinsiyet esitliginin saglanmasi, kadinin toplum igindeki yerinin belirlenmesi
ve siirdiiriilebilir kalkinmada kadinlarin katkisinin giiclendirilmesi agisindan oldukca 6nemlidir.

Bu galismada niifus, dogurganlik, saglik, evlenme, aile yasami, egitim, siyasal yasam, is ve kazang konulari
kapsaminda toplumsal cinsiyet bakis acisiyla secilmis 17 degisken yer almaktadir. Istatistiki Bolge Birimleri
Siiflamas1 IBBS 3. Diizeyinde (81 il) olusturulan veri seti, 2019 yilina ait giincel verileri icermektedir. Bu ¢aligma
Cok Boyutlu Olgekleme (CBO) yontemi kullamlarak illerin birbirine benzerlik ve farkliliklarindan hareketle
toplumsal cinsiyet ve toplumsal yap1 ile ilgili bir karsilastirma elde etmeyi amaglamaktadir. Aymi zamanda, veri
setinde yer alan degiskenler birbirlerine yakinlik, uzaklik ve ayristiricilik yoniinden incelenmistir. Veriler SPSS 15.0
paket programu ile SPSS ALSCAL algoritmasinda, gozlemler arasi uzaklik matrisi elde edilerek analiz edilmis ve
yorumlanmistir. Bu ¢aligmanin sonuglarinin, toplumsal cinsiyet esitligine yonelik bolgesel diizeyde farkindaligin
artmasina ve politikalarin gelismesine katki sunmasi amaglanmaktadir.
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Examining Gender in Turkey with Multidimensional Scaling

Abstract

Statistics on women are very important in terms of ensuring gender equality, determining the place of women in the
society and strengthening the contribution of women in sustainable development.

In this study, there are 17 variables selected from a gender perspective, including population, fertility, health,
marriage, family life, education, political life, work and earnings. The data set created in the NUTS 3rd Level (81
provinces) of the Classification of Statistical Regional Units includes current data for 2019. This study aims to
obtain a comparison of gender and social structure based on the similarities and differences of the provinces by
using Multidimensional Scaling (MDS) method. In addition, the variables in the data set were also examined in
terms of proximity, distance and discrimination to each other. The data were analyzed and interpreted in the SPSS
15.0 package program, and the distance matrix between observations was obtained by using SPSS ALSCAL
algorithm. It is aimed that the results of this study may contribute to the increase of awareness on gender equality at
the regional level and to the development of policies in this regard.

Keywords: Gender, Metric Multidimensional Scaling, Multidimensional Scaling. Women.

1. Giris

Toplumsal cinsiyet biyolojik cinsiyetten farkli olarak toplumsal ve kiiltiirel olarak belirlenen ve dolayisiyla igerigi
yere ve zamana gore degisebilen “cinsiyet konumu” ya da “cins kimligi” dir. Yalnizca cinsiyet farkliligini
belirtmekle kalmaz ayn1 zamanda cinsler arasindaki esitsiz gii¢ iligkilerini de belirler.(Berktay vd., 2011)

Cinsiyet biyolojik bir anlami ifade ederken, toplumsal cinsiyet erkeklik ile kadinlik arasinda toplumsal bakimdan
esitsiz boliinmeye isaret etmektedir.

Biyolojik 6zelliklerin toplumsal, kiiltiirel, politik, ideolojik ve ekonomik yapilarla etkilesimi sonucu farklilasarak,
biyolojik cinsiyetten baska bir hal alis1 ve iki farkli yasam alaninin olusmasi, esitsizliklere neden olmaktadir. (Sarp,
2008)

Toplumsal cinsiyette esitlik kavrami kaynak ve firsatlara sahipligi ve kullanimindaki esitligi ifade eder. Bu kaynak
ve firsatlar hem evin i¢inde, hem ev disinda yasamin her alaninda s6z konusu olabilir. Buna gore toplumsal cinsiyet
ayrimcili1 sosyal, ekonomik, siyasi ve hukuki yagamin her alaninda kaynaklara ve firsatlara sahiplikte ve bunlarin
kullaniminda esitsizliklerle kars1 karsiya kalmaktir. Toplumsal cinsiyet esitligi, cinsiyete dayali ayrimeilik olmadan
bireyin, yasamin her alaninda esit olarak yer almasi olarak ifade edilmektedir. Kisacasi toplumsal cinsiyet hem
kadmlar, hem de erkekler i¢in toplumun bireyin cinsiyeti nedeni ile ona bigtigi rol ve beklentileri sekillendirerek
biyolojik farkliliktan daha fazla anlam tasir. Giindelik kullanimda cinsiyet ve toplumsal cinsiyetin birbirleriyle ilgisi
devam ediyor olsa da, kavramsal boyutlarim farkli bakis agisiyla ele alan genis bir literatiir bulunmaktadir.

Zaman ig¢inde kadinlarda dogusta beklenen yasam siiresinin uzamasi, anne ve ¢ocuk dliimlerinin azalmasi, kadinin
egitime ve isgiiciine katilimi bagta lizere birgok alanda 6nemli degismelere, sanayi ve bilgi toplumunun olumlu
etkilerine ragmen, sadece Tiirkiye’ de degil tiim diinyada cinsiyete dayal kalip yargilar devam etmektedir ve ne
yazik ki kadinlar yagamin her alaninda hala yeterince iyi durumda degildir.

Kiiresel Toplumsal Cinsiyet Ugurumu 2019 Raporu’na (WEF) gore Tiirkiye 153 iilke arasinda 130. sirada yer
almaktadir. (WEF, 2019). Birlesmis Milletler’in 2019 yili Toplumsal Cinsiyet Esitsizligi Endeksi’ ne gore Tiirkiye
162 iilke arasinda 68. sirada yer almaktadir. Benzer durum, Tiirkiye i¢in Tiirkiye Ekonomi Politikalar1 Arastirma
Vakfi (TEPAV) tarafindan 81 il diizeyinde yapilan sonuglarda da goriilmektedir. Buna gore, kadinlarin birgok
yonden iyi durumda olmasinin gelismislik diizeylerinde dogrudan etkisi oldugu soylenebilmektedir.

Toplumsal cinsiyet esitsizliginin bolgesel farkliliklarla ele alinmasi, kadinlarin toplumsal alanda karsilastiklari
engellerinin asilmasi ve buna yonelik 6nlemlerin alinmasi agisindan olduk¢a dnemlidir.
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2. Uygulama

2.1 Veri Seti

Tablo 1. 81 1l Toplumsal Cinsiyet Veri Setinde Yer Alan Degiskenler (Gokgin ve Kogak, 2021)

Degisken Kapsami Hesaplama Kaynak
Kadin intihar oram % Saglhk Kadin intihar sayist (i) / toplam TUIK
intihar sayisi(TR) *100
Kadin milletvekili oram % Siyasi Giig Kadin milletvekili sayisi (il) / toplam TBMM
milletvekili sayis1 (il) *100
15+okuryazar olmayan kadin Egitim 15+okuryazar olmayan kadm (i) / TUIK
oram1 % egitim alan genel toplam kadin
sayisi(il) *100
Yiiksekokul mezunu kadin Egitim Yiiksekokul mezunu kadm (i) / TUIK
oram % egitim alan genel toplam kadin sayist
(i1) *100
Dogurganhk hiz1 Dogurganlik - TUIK
Evlilik siiresi 1 yildan az, Dogurganhk Evlilik siiresi 1 yildan az dogum TUIK
dogum oram % sayisi (Il) /toplam dogum sayist (il)
*100
Evlilik siiresi 1 yil Dogurganlik Evlilik siiresi 1 yil dogum says1 (i) TUIK
/toplam dogum says1 (il) *100
Evlilik siiresi 20 yil, dogum Dogurganlik Evlilik siiresi 20 + dogum sayis1 (i) TUIK
oram % /toplam dogum say1s1 (1) *100
Hi¢ evlenmeyen anne oram%  Evlenme Medeni durumu "hi¢ evlenmeyen" TUIK
anne (il) / toplam dogum sayis1 (il)
*100
16-19 yas kadin evlenme orami  Evlenme 16-19 yas evlenme sayisi (il) / toplam  TUIK
% evlenme says1 (1) *100
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Erkek, kadindan 11 yas Evlenme, Erkek 11 yas biiyiik evlenme sayis1 TUIK
.. .. o ~ T

biiyiik oran1% Aile yasami (1) / toplam evlenme say1s1 (I1)

Tek Cekirdek aile orani % Aile yagsami Tek ¢ekirdekli aile sayisi (1) / toplam  TUIK

hanehalki sayis1 (Il) *100

En az bir Cekirdek aile oram Aile yasami En az bir cekirdekli aile sayis1 (i) / TUIK

% toplam hanehalki sayisi (il) *100
Yabancl niifuslu kadin oram  Niifus Yabanci niifuslu kadin (il) / toplam TUIK
% kadm niifusu (il) *100
Ortalama kadin evlilik yas1 Evlenme - TUIK
Akraba evliligi oran1 % Evlenme, Akraba evliligi sayis1 (i) / toplam TUIK
i *

Aile yasami evlenme sayis1 (I1) *100
4A/b/c zorunlu sigortal kadin Is Hayat: 4a/b/c zorunlu sigortali kadin sayis1 SGK
oram1 % (I1) / toplam kadin niifusu (il) *100

2.2 Yontem

Cok degiskenli istatistiksel yontemler, ¢ok degiskenli veri setlerinin analizinde yaygin kullanim alanina sahip
yontemlerdir. Bu yontemler karmasik yapili veri setlerinde degigkenler arasi bagimlilik yapisini ortadan kaldirarak
veriyi daha az boyuta indirgeyerek uygulama ve yorumlama kolayligi saglamaktadir. Ayn1 zamanda verilerin iligki
yapisim grafiksel (gorsel) olarak sunarak verinin benzerlik veya farkliliklarina gére analizine olanak tanir.

Cok degiskenli istatistiksel yontemlerden biri olan ¢ok boyutlu 6lgekleme analizi, n nesne ya da birim arasindaki p
degiskene gore belirlenen uzakliklara dayali olarak nesnelerin k boyutlu (k<p) bir uzayda gosterimini elde etmeyi
amaclayan, bdylece nesneler arasindaki iliskileri belirlemeye yarayan bir yontemdir. (Ozdamar, 2004)

Bu analiz ile ¢ok boyutlu veri matrisindeki birimler arasindaki karmagik iliskilerin, daha kolay anlagilabilir ve
aciklanabilir boyutlara indirgenmesi saglanabilmektedir. (Kalayci vd. , 2005)

CBO analizi, kiimeleme ve faktdr analizi ile benzerlik gostermekle birlikte, normallik ve dogrusallik varsayimlarinin
saglanmasi kogulunun aranmamasi sebebiyle bu yontemlerden ayrilir. (Tinsley, 2000)

CBO analizinde verinin hangi &lgek diizeyinde oldugu uzakliklar matrisi kullamlmas1 ve veri tipine gore uygun
uzaklik matrislerinin olusturulmas: sebebiyle 6nemli bir yer tutar. Veri tipine gore uzaklik elde etme yontemleri
Tablo 2’de goriilmektedir.
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Tablo 2. Veri Tipine Gore Uzaklik Elde Etme Yontemleri

Veri Tipi | Uzaklik Elde Etme Yontemleri
Olgegi
Aralik ve | Oklid uzakhgi, Karesel o6klid uzakligi, Minkowsky,

orantil1 Olgek | Chebychef

Ikili Olcek Oklid uzaklhigi, Karesel 6klid uzakhigi, Size difference,
Pattern difference, Varyans uzakligi

Sayim Ki-kare, Fi-kare Olciisii
Degerleri

Eger veri setinde yer alan degiskenler, farkli 6lceklerde elde edilmis ise bu degerlerin standardize edilmesi
miimkiindiir. Uygulamada ¢ok sayida standartlastirma teknigi yer alirken genelde ¢ok boyutlu olceklemede
kullanilan standartlastirma teknikleri, Z skor, 0 ile 1 araliginda doniigtirme, maksimum deger 1 olacak sekilde
doniistiirme, ortalama 1 olacak sekilde doniistiirme ve standart sapmasi 1 olan degerlere doniistiirme teknikleridir.
(Ozdamar 2004).

Bu calismada Z skor standartlastirma tekniginden yararlanilarak, veri tipi dlgegine uygunlugu sebebiyle metrik CBO
kullanilmustir.

2.3 Cok Boyutlu Olgekleme Analizi Tiirleri

2.3.1 Metrik Cok Boyutlu Olgekleme

Metrik ¢ok boyutlu 6lgekleme ile n tane noktanin uzakliklari (dij) ve tahmini uzakliklart ((5‘I i f( 5, j )) olmak {izere

asagidaki formiilasyonun minimize edilmesi saglanarak en uygun boyutta iliski belirlenmeye ¢alisilir. (Nemlioglu,
2005).

2
LZZ(dij_di') @
2.3.2. Metrik Olmayan Cok Boyutlu Ol¢ekleme
Metrik olmayan ¢ok boyutlu 6l¢eklemede ise birimler arasi uzakliklarin siralamasi dikkate alinir. Metrik 6lgekleme
ile arasindaki temel fark, metrik olmayan ¢ok boyutlu l¢eklemede verilerin siniflama ya da siralama 6lgek tipinde
olmasidir.
2.3.3. Cok Boyutlu Ol¢ekleme Analizi Uygulama Asamalar
Oncelikle veri setinde yer alan degiskenlerin veri matrisinde (Xij) aym &lgek tiiriine gore olusturulmasi

gerekmektedir. Veriler arasinda farkli 6lcek tiirline ait degerler var ise verilerin uygun bir 6lcek tiirline doniistiirme
veya standartlastirma isleminin yapilmalidir.
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i X X
Xpg  Xgp e X

X= 21 22 2n (2)
Xp1 Xpo Xon

Uzaklik matrisi (Dij) olmak {izere birimler arasindaki uzakliklar asagidaki formiil yardimiyla olusturulur.
(Hair,1998).

d; :\/Z(Xik _Xjk)z (3)

0
d 0

D=| 2 4)
d, d, .. 0

En 6nemli kararlardan biri olan uygun boyutun belirlenmesi igin, her boyutun stress istatistigi degerlerine bakilir.
Stress istatistiklerinden en kii¢iik olana ait boyut, ¢6ziimde kullanilacak en uygun boyut olarak belirlenir.

Tahmini uzaklik matrisinin elde edilmesi tahmini uzaklik degerleri (konfiglirasyon uzaklik degerleri), veri tipine
baglh olarak dogrusal, polinominal veya monotonik regresyon yontemlerinden birisi ile elde edilir. Bu asamada
regresyon yontemlerinden hangisinin secilecegine verilerin serpilme diyagramina bakilarak karar verilir. (Kalayci
vd, 2005)

Sonraki asamada stress istatistigi ve RSQ uyum indeksi degerlerine goére modelin veriye uyumu hakkinda sonuglar
elde edilir.

RSQ uzaklik degerlerinden hareketle hesaplanan doniistiiriilmiis yakinlik degerlerindeki varyansin yiizdesidir. Stress
istatistiginin sifira, RSQ degerinin ise 1’e yaklagmasi istenir. (Tinsley, 2000)

ZZ(aij_dij)Z
2224,

Analizin son asamasinda ise elde edilen grafiksel gosterim kolayligi ile birimler birbirlerine ya da genel egilime olan
uzaklik ya da yakinliklarina goére yorumlanir.

Stress=

®)

3. Bulgular

Tiirkiye’ de 81 il diizeyinde toplumsal cinsiyet bakis agisiyla se¢ilmis Tablo.1’ deki degiskenler, 2019 yilina ait veri
kaynaklar1 kullanilarak olusturulan veri seti ile birbirine benzerlik ve farkliliklarindan yola ¢ikarak, toplumsal yap1
ile ilgili bir karsilastirma elde etmek iizere CBO analizi ile kiimelenmistir. Ayn zamanda yine CBO analizi
kullanilarak, veri setinde yer alan degigkenler birbirlerine yakinlik uzaklik yoniinden incelenmistir.

81 il igin yapilan CBO analizinde elde edilen sonuglarin, mevcut veri setini yeterli dlgiide yansitip yansitmadigin
gosteren stress degerleri incelenmigtir. K =2 boyut i¢in stress istatistiginin 0.001 degerinden kii¢iik oldugu degere
kadar iterasyon devam ettirilmistir. 4. Iterasyonda 0.00057 degerine ulasildiginda iterasyon durdurulmustur. 81 il
i¢in yapilan CBO analizinde RSQ degeri 0.87528 olarak hesaplanmustir. Buna gére k=2 igin stress degeri, verileri
0.87528 oraninda agiklamaktadir.
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81 il igin yapilan CBO analizinde birbirine yakinlik gdsteren illerin Tiirkiye’ nin cografi bolge ayrimima yakin bir
kiimelenme yapisi olusturdugu goriilmektedir. Ote yandan elde edilen sonug illerin gelismislik diizeyleriyle
toplumsal cinsiyet karnelerinin benzerlik gosterdigine dikkat ¢cekmektedir.

17 degisken icin yapilan CBO analizinde elde edilen sonuglarin, mevcut veri setini yeterli dlciide yansitip
yansitmadigini gosteren stress degerleri incelenmistir. k =2 boyut icin stress istatistiginin 0.001 degerinden kiigiik
oldugu degere kadar iterasyon devam ettirilmistir. 4. Iterasyonda 0.00038 degerine ulasildiginda iterasyon
durdurulmustur. 17 degisken igin yapilan CBO analizinde RSQ degeri 0.86733 olarak hesaplanmistir. Buna gére
k=2 icin stress degeri, verileri 0.86733 oraninda ag¢iklamaktadir.

17 degisken icin yapilan CBO analizinde ise yiiksekokul mezunu kadin orani, 4abc zorunlu sigortali kadin orani,
kadm ortalama evlilik yasi, kadin yabanci niifus orani birbirine benzer algilanan (yakinlik gosteren) degiskenlerdir.
Pozitif en bilyiik degere sahip olan evlilik siiresi 1 y1l dogum oranmi ve 4abc zorunlu sigortali kadin orani 1. boyut
i¢in en ayristirict degiskendir. 2. boyut i¢in en ayristirict degisken ise tek gekirdek aileden olusan aile oranidir.

Uzakliklar

Farklar
Sekil 1. 81 1l I¢in Oklid Mesafesi Modeli Serpilme Diyagrami

Sekil 1.’de birimler arasi farkliliklar uzakliklara gére dogrusallik gdstermektedir. Buna gére CBO analizinde uzaklik
matrisinden elde edilen tahmini uzakliklar, veriden elde edilen uzakliklarla uyumludur. Buna gére model veriyle
uyumludur seklinde yorumlanir.
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Sekil 2. 81 11 i¢in Oklid Mesafesi
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Sekil 2.” de illerin birbirine yakinlik ve uzakliklar1 ve genel egilimden farklihiklar1 gériilmektedir. Istanbul, Tunceli
ve Sanlurfa’nin genel egilimden farklilik gosterdigi sdylenebilir.

Tablo 3. 81 1l igin Uyaric1 Koordinatlar

No|Degisken Adi 1. Boyut 2. Boyut
1| Adana (VAR1) 0,4846| -1,1876
2| Adiyaman (VAR2) 1,0191] 04071
3| Afyonkarahisar (VAR3) 02537 0,7706
4| Agr1 (VAR4) 2,8024] -0,2228
5]Amasya (VAR5) -06902] 04212
6] Ankara (VARG) -15389] -1,3694
7]Antalya (VAR7) -1,1859 -1,0950
8| Artvin (VARS) -10102]  1,0427
9] Aydin (VAR9) -0,5001| -0,6517

10| Balikesir (VAR10) -0,7898] -0,4829

11|Bilecik (VAR11) -1,0997| -0,0859

12|Bingdl (VAR12) 0,8488] 04185

13|Bitlis (VAR13) 2,0804] 0,185

14|Bolu (VAR14) -1,2853]  0,0524

15|Burdur (VAR15) -0,8533] 04213

16|Bursa (VAR16) -0,7969| -0,8311

17|Canakkale (VAR17) -1,1434]  -0,4951

18| Cankir1 (VARIS) -03984]  0,7443
19]Corum (VAR19) -0,1563]  0,6127

20| Denizli (VAR20) -09109| -0,5624

21|Diyarbakir (VAR21) 1,8819] -1,2398

22|Edirne (VAR22) 0,8958] -0,6800

23|Elazig (VAR23) -0,2370] -0,3287

24|Erzincan (VAR24) -05077|  0,6032

25|Erzurum (VAR25) 0,7378]  0,1568

26|Eskisehir (VAR26) -14603] -0,7039

27|Gaziantep (VAR27) 1,438 -05772

28| Giresun (VAR28) -0,8536] 0,8064

29| Giimiighane (VAR29) -04765| 1,0784

30|Hakkari (VAR30) 1,7808] 0,9005

31|Hatay (VAR31) 0,8446| -0,9816

32|lsparta (VAR32) -0,8227]  0,0166

33|Mersin (VAR33) -0,1257] -0,8361

34|istanbul (VAR34) -1,3930] -2,5792

35| 1zmir (VAR35) -1,0901| -1,1057

36|Kars (VAR36) 1,7946] 04356

37|Kastamonu (VAR37) -05996]  1,0406

38| Kayseri (VAR38) -0,3291] -0,5710

39|Kurklareli (VAR39) -1,0862] -0,4508

40]|Kirsehir (VAR40) -04889|  0,9052
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Tablo 3. 81 1l igin Uyaric1 Koordinatlar (devam)

No|Degisken Adi 1. Boyut |2. Boyut
41|Kocaeli (VAR41) -0,8344] -0,8050
42|Konya (VAR42) 0,1345| -0,6547
43|Kiitahya (VAR43) -0,7036]  0,2569
44| Malatya (VAR44) -0,3546]  0,4097
45| Manisa (VARA45) -0,3567] -0,6351
46]Kahramanmaras (VAR46) 0,9902] 0,1595
47|Mardin (VARA47) 2,1746] -0,4782
48|Mugla (VAR4S) -1,2514] -0,5103
49|Mus (VAR49) 2,8235| -0,7113
50|Nevsehir (VARS0) -0,0950 0,7806)
51|Nigde (VARS1) 04890 0,9330
52| Ordu (VAR52) -0,3870]  0,6506
53|Rize (VARS53) -0,8848] 0,7013
54| Sakarya (VAR54) -0,5575] -0,0698
55]Samsun (VARS55) -0,7155| -0,2146
56/Siirt (VAR56) 2,2322]  0,2266
57]Sinop (VAR57) -04597] 0,7061
58|Sivas (VAR58) -0,0695|  0,4003
59| Tekirdag (VARS9) -0,7504] -0,8582
60| Tokat (VARG60) -0,1401] 0,4336
61| Trabzon (VARG61) -1,0278 0,2897
62| Tunceli (VAR62) -1,8527)  1,3452
63|Sanhurfa (VAR63) 2,9588] -1,0609
64|Usak (VAR64) -0,7158] -0,2856
65]Van (VARG5) 2,0492] -0,3235
66]Yozgat (VARE6) 0,2661] 11,1937
67| Zonguldak (VAR67) -05204]  0,3958
68| Aksaray (VARG68) 05579 10,2850
69| Bayburt (VARG9) -0,0241]  1,0572
70]Karaman (VAR70) -0,4023] 0,8446
71|Kirikkale (VAR71) -0,5411] 09012
72|Batman (VART72) 1,7905] -0,3882
73|Srnak (VAR73) 25010 10,1768
74|Bartin (VAR74) -0,3417]  1,2246
75]Ardahan (VART5) 0,7838] 11,3252
76]|1gdir (VART6) 1,9749] 10,0932
77]Yalova (VART7) -1,4584] -1,8336
78|Karabiik (VAR78) -1,0368]  0,2555
79|Kilis (VAR79) 0,9070] -0,1061
80]Osmaniye (VARS0) 0,6639] -0,7053
81| Diizce (VARSI) -0,7628] 05794
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Tablo 3’ e gore 1. boyutta hem pozitif hem en biiyiik deger alan iller en 6nemli ayristirici olarak yorumlanabilir. Bu
durumda Agn, Bitlis, Mardin, Mus, Siirt, Sanliurfa, Van, Sirnak 1. boyutta en 6nemli ayristirict illerdir. 1. boyutta
negatif deger alan illerin sayis1 oldukca fazladir. Burada dikkat cekici olan Ankara, Izmir, Antalya, Eskisehir,
Denizli, Mugla basta olmak tizere bu illerin birbirine yakinlik gosterdigi ancak ayristirict 6zellikte olmadiklaridir. 0
a yakinlik gosteren illerin sayisi da pozitif ve negatif deger gosteren illere gére daha azdir. 2. boyutta ise en yiiksek
pozitif deger Tunceli ilinde gorillmektedir. Tunceli 2. boyut igin en 6énemli ayrigtirict ildir. 2. boyutta ayristiricilig
onemsiz olarak belirlenen il ise Istanbul’ dur.
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Sekil 3. 17 Degisken I¢in Oklid Mesafesi Modeli Serpilme Diyagrami

Sekil 3.” de birimler arasi farklhiliklarin uzakliklara gore dogrusallik gostermesi sebebiyle CBO analizinde uzaklik
matrisinden elde edilen tahmini uzakliklar, veriden elde edilen uzakliklarla uyumluluk gostermektedir. Buna gore
model veriyle uyumludur seklinde yorumlanir.
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Boyutl
Sekil 4. 17 Degisken Icin Oklid Mesafesi Modeli

Sekil 4’ te illerin birbirine yakinlik ve uzakliklar1 ve genel egilimden farkliliklar1 goriilmektedir. Buna gore
yiiksekokul mezunu kadin orani, 4abc zorunlu sigortali kadin orani, kadin ortalama evlilik yasi, kadin yabanc niifus
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orani birbirine benzer algilanan (yakinlik gosteren) degiskenlerdir. Tablo 4° e gore pozitif en bilyiikk degere sahip
olan evlilik siiresi 1 yil dogum orani ve 4abc zorunlu sigortali kadin orani 1. boyut igin en ayristirict degiskendir.
Kadin milletvekili oran1 ve kadimn intihar oran1 0’ yakin pozitif deger alan degiskenler olup, geriye kalan tim
degiskenler de negatif deger alarak 1. boyut i¢in birbirine yakin ve ayristirict degildir seklinde yorumlanir. 2. boyut
icin en biiyiik pozitif deger ile en ayristirict degisken ise tek ¢ekirdek aileden olusan aile oranidir.

Tablo.4. 17 Degisken I¢cin Uyaric1 Koordinatlar

No|Degisken Ad 1. Boyut |2. Boyut
1|kadmn intithar oram 0,5832 1,1095
2|kadmn milletvekili orani 0,0073 1,1277
3| 15+okuryazar kadin orani -1,2257] -0,5224
4]yiiksekokul mezunu kadin oranm 1,7124 0,2581
5|dogurganlik hiz1 -1,2641 0,1709
6|evlilik 1 yildanaz dogum oram -1,2536 0,0973
7|evlilik 1y1l dogum orani 1,7954] -0,6871
8|evlilik 20yilfazla dogum orani 0,1491] -1,5819
9lhic evlenmeyen anne orani -0,8725 0,6603

10|kadin16-19yas evlenme orani -1,3104] -0,2011

11|erkek kadindanl lyasbuyuk -0,4973] -1,0735

12|tekcekirdekaile orani -0,2276 1,2317

13| enazbirgekirdek aile orani -1,1281] -0,3259

14|yabancmiifuslu kadn oran 1,4030] -0,5278

15|kadmn ortevlenmeyasi 1,6402] -0,0579

16|akrabaevliligioran -1,2591 0,0613

17|4abc zorunlu sigortali kadn orani 1,7477 0,2609

4. Sonug¢

Bu calismada niifus, dogurganlik, saglik, evlenme, aile yasami, egitim, siyasal yasam, is ve kazan¢ konulari
kapsaminda 81 il diizeyinde toplumsal cinsiyet bakis acisiyla secilmis 17 degisken yer almaktadir. 2019 yilina ait
veri kaynaklar1 kullanilarak toplumsal cinsiyet bakis agisiyla se¢ilmis degiskenlerden olusturulan veri seti 81 il ve
veri setinde yer alan degiskenler birbirine benzerlik ve farkliliklarindan yola ¢ikarak, toplumsal yap1 ve toplumsal
cinsiyet ile ilgili bir karsilastirma elde etmek iizere CBO analizi ile kiimelenmistir.

Bu ¢alismada toplumsal cinsiyetin, toplumsal yapiy1 olusturan sosyal, kiiltiirel, ekonomik etkenlerle birlikte ele
almmasi ¢ok boyutlu degerlendirme imkani saglamaktadir. Caligmanin sonuglari, kadinin toplum ve ailede
algilanma bigimi hakkinda 6nemli ipuglar1 igermektedir. 81 ilin toplumsal cinsiyet agisindan bolgesel farklilik
gosterdigi, yani sira, birbirine yakinlik gosteren illerin Tiirkiye’nin cografi bélge ayrimii temsil eden bir yapida
kiimelendigi goriilmektedir. Bu kiimelenmeye gore illerin gelismislik diizeylerinin toplumsal cinsiyet bakis agistyla
secilmis degiskenler yoniinden de benzerlik gosterdigi dikkat cekmektedir.

Caligmanin sonuglarinin, bolgesel diizeyde toplumsal yapiya ve toplumsal cinsiyete dikkat cekmesi beklenmektedir.
Bolgesel diizeyde farkindaligin artirilmasinin siirdiiriilebilir kalkinmada kadinlarin katkisinin  gii¢lendirilmesi
hedefinin gerceklestirilmesi i¢in 6nemli bir adim oldugu diistintilmektedir.

Toplumsal yap1 ve toplumsal cinsiyete konu olabilecek degiskenlerin 81 il diizeyinde mevcut olup olmamasi
caligmanin baslangic asamasinda karsilasilan kisitlayicilarin basinda gelmektedir. Bu sebeple mevcut veri setine
eklenecek degiskenlerin il diizeyinde elde edilebilir olmasi, ileride yapilacak galismalar i¢in 6énemlidir. Ayrica bu
caligmada yer alan degiskenlerin yillar i¢indeki degisimlerinin izlenmesine yonelik yapilacak g¢aligmalar da
toplumsal yap1 ve toplumsal cinsiyet i¢in detayli ve alternatif analizler saglayacaktir.
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