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OZET

AYKIRI DEGER DURUMUNDA GENELLESTIRILMIS
BEHRENS-FISHER PROBLEMI ICIN DUZELTILMIS TESTLER

Mustafa CAVUS
Istatistik Anabilim Dal1
Anadolu Universitesi, Fen Bilimleri Enstitiisii, Haziran, 2016
Danisman : Prof. Dr. Berna YAZICI
Ikinci Danisman: Yard. Dog. Dr. Ahmet SEZER

Ikiden fazla anakiitlenin ortalamalarinin esitliginin test edilmesi igin gerekli
varsayimlar saglandiginda Klasik F-testi yeterince gli¢liidiir. Anakiitle varyanslar
homojen olmadiginda Klasik F-testi bu giiciinii kaybetmektedir. Anakiitle
varyanslart homojen olmadiginda veya bilinmediginde ikiden fazla anakiitlenin
ortalamasinin esitliginin test edilmesi problemi Genellestirilmis Behrens-Fisher
problemi olarak adlandirilir. Bahsedilen problemin ¢dziimii icin Welch F-testi,
Parametrik Bootstrap testi ve Genellestirilmis F-testi gibi yaklagik testler
gelistirilmistir. Normal dagilim varsayimi tlizerine gelistirilen bu testler varyans
homojenligi varsayimi saglanmadiginda yeterince giiclii testlerdir. Normallik
varsayimi farkli sebeplerden dolay1 bozulabilir. Bu ¢alismada siklikla karsilasilan
aykir1 degerden kaynaklanan normallik varsayimi bozulmasi tizerinde durulacaktir.
Aykirt degerden kaynaklanan normallik varsayiminin bozulmasina kars1 giiclii
testler elde etmek amaciyla, saglam tahminciler kullanilarak yaklasik testlere
diizeltmeler 6nerilmistir. Konum ve 6l¢ek parametreleri tahmini i¢in kullanilan en
cok olabilirlik tahmincileri yerine kirpilmis ortalama ve varyans, medyan ve mutlak
medyan sapmasi ve Huber’in M-tahmincileri kullanilarak testler i¢in diizeltmeler
onerilmistir. Onerilen testlerin performans: testin giicii ve 1.tip hata oranlari
bakimindan Monte-Carlo simiilasyon ¢aligmalari ile incelenmistir.

Anahtar Sozciikler: homojen olmayan varyans, normallik bozulmasi, aykir1 deger,
genellestirilmis p-degeri, genellestirilmis Behrens-Fisher problemi
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ABSTRACT

MODIFIED TESTS FOR GENERALIZED BEHRENS-FISHER
PROBLEM IN THE PRESENCE OF OUTLIER

Mustafa CAVUS
Department of Statistics
Anadolu University, Graduate School of Sciences, June, 2016
Supervisor: Prof. Dr. Berna YAZICI
Co-Superviser: Asst. Prof. Dr. Ahmet SEZER

Classical F-test is fairly strong for testing the equality of several population
means when the assumptions are hold. Nevertheless, Classical F-test lose power in
case of non-homogeneous variances. The problem of testing the equality of several
population means with non-homogeneous variances, is called Generalized Behrens-
Fisher problem. The approximate tests are Welch F-test, Parametric Bootstrap test,
Generalized F-test are developed for solving this problem. These tests based on
normality assumption, are powerful in case of non-homogeneous variances.
Normality assumption can be violated because of some reasons. In this thesis, the
violation of normality assumption causing by outlier is considered. For obtaining
powerful tests over violation of normality causing by outlier, some modifications
are proposed to the approximate tests with maximum likelihood estimators for
location and scale parameters replaced with some robust estimators. The
performance of the modified tests with trimmed mean and variance, median and
median absolute deviation and Huber’ s M-estimators are evaluated with Monte-
Carlo simulation studies in terms of power of the tests and type 1 error rates.

Keywords: non-homogeneous, non-normality, outlier, generalized p-value,
generalized Behrens-Fisher problem
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1. GIRIS

Ikiden fazla anakiitlenin ortalamalarinin esitliginin test edilmesi igin gerekli
varsayimlar saglandiginda genellikle Klasik F-testi (KF) kullanilir. Saglanmas1 gereken
varsayimlar: anakiitlelerden c¢ekilen Orneklemlerin normal dagilima uygun olmast,
birbirinden bagimsiz olmast ve varyanslarinin homojen olmasidir. Bahsedilen
varsayimlardan herhangi biri veya birkac¢i saglanmadiginda KF testi yanlis sonuglar
verebilmektedir. Homojen varyans varsayimi saglanmadiginda giiciinii kaybeden KF
testine agirliklandirmaya dayali diizeltmeler 6nerilerek bu sorunun iistesinden gelinmeye
calisiimstir. (Lee & Ahn 2003, Ozdemir & Kurt 2006)

Varyanslar1 bilinmeyen veya esit olmayan iki anakiitle ortalamasinin esitliginin
test edilmesi problemi Behrens-Fisher (BF) problemi olarak adlandirilir. Ikiden fazla
anakiitle i¢in bu problemin genellestirilmesi ise Genellestirilmis Behrens-Fisher (GBF)
problemi olarak bilinir. GBF probleminin ¢6ziimii i¢in klasik testlerin yaniltici sonuglar
vermesi arastirmacilari alternatif testlere yonlendirmistir.

Welch (1951), varyanslart homojen olmayan ikiden fazla anakiitlenin
ortalamalarini karsilastirmak icin KF testinden yola ¢ikarak agirliklandirmaya dayali bir
yontem Onermistir. Welch, esit olmayan varyanslar1 ve 6rneklem hacimlerinden olusan
bir oran belirleyip, belirlenen oran iizerinden test istatistigini yeniden hesaplamistir.
Welch F-testi (W) olarak bilinen bu test sayesinde varyanslari esit olmayan anakiitlelerin
ortalamalarinin esitligi giivenle test edilebilmistir. Braun & McNeil (1981) benzer sekilde
agirliklandirma yontemine dayali Bickel yaklagimini kullanmistir. Kulinskaya vd. (2003),
Welch F-testine ki-kare yaklagimima dayali bir diizeltme Onermislerdir ve bdylece
homojen olmayan varyans durumunda daha gii¢lii bir test elde etmeye ¢alismislardir.

Bilgisayar teknolojisinin gelismesiyle, bilgisayar yazilimlar1 istatistiksel
analizlerde de kullanilmaya baslanmistir. Bu sayede bir ¢ok yeni yontem gelistirilmistir.
Bootstrap (yeniden ornekleme) yontemi bunlardan sadece biridir. Yontem o&zellikle
anakiitle dagilimi bilinmeyen Orneklemlerden daha az sayida tekrar tekrar gozlem
cekilerek anakiitle dagilimi  hakkinda ¢ikarim yapilabilmesini = saglamigtir.
Krishnamoorthy vd. (2007) bootstrap yontemine dayali olarak varyanslar1 esit olmayan
veya bilinmeyen normal dagilmis ikiden fazla anakiitlenin ortalamalarim
karsilastirabilmek i¢in Parametrik Bootstrap (PB) testini gelistirmislerdir. Burada
bilinmeyen varyanslar nuisance parametre olarak ifade edilir. Klasik testler nuisance

parametre iceren problemler i¢in tam olasilikli ¢oziimler saglamazken, PB yontemiyle
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nuisance parametre iceren problemlerin ¢oziimii i¢in tam olasilikli ¢ozliimler elde
edilmigtir. PB testinin 6zellikle kiigiik hacimli 6rneklemler i¢in uygulanabilir olmasi
onemli bir avantaj saglamaktadir. PB testi yalnizca normal dagilmis anakiitlelerin
ortalamalarini test etmek icin degil farkli dagilimlar i¢in de kullanilmistir. (Chang vd.
2010, Chang vd. 2011)

Yazilim alanindaki gelismelerin bir diger getirisi ise Monte-Carlo simiilasyon
sistemlerini bilgisayar destegi ile daha hizl1 ve etkin yapilabilmesidir. Tsui ve Weerahandi
(1989) varyanslarin bilinmedigi durumda ikiden fazla anakiitle ortalamasin
kargilagtirmak i¢in yeni bir ydntem Onermistir. Yontem bilinmeyen parametreleri
nuisance parametre olarak ele alip, nuisance parametreden bagimsiz test istatistigi elde
etmeye calismaktadir. Daha sonrasinda ise Weerahandi (1995), GBF probleminin
¢Oziimii icin GPD yontemine dayali Genellestirilmis F-testini (GF) gelistirmistir. Bunun
yani sira GBF probleminin ¢dziimii i¢in GPD yontemine dayali bir ¢ok test 6nerilmistir.
(Sadooghi-Alvandi vd. 2012, Xu & Wang 2008, Zhou & Mathew 1994, Jian-Hong &
Jiang-Long 2012) Gamage ve Weerahandi (1998), GBF problemi i¢in GF testi ve
kullanilan testleri simiilasyon yoluyla karsilastirmislardir ve GF testinin diger testlere
gore daha yiiksek giic degerlerine sahip oldugunu ifade etmislerdir. GF testi yalnizca
normal dagilmis anakiitlelerin karsilastirilmast i¢in kullanilmamuis, ters normal, log-
normal gibi ¢arpik dagilimlar i¢in de uygulanmistir. (Li 2009, Jian-Hong & Jiang-Long
2012, Ozkip vd. 2012a, Ozkip vd. 2012b, Ozkip vd. 2012¢, Ozkip vd. 2013, Gokpinar
vd. 2013)

Welch, Parametrik Bootstrap ve Genellestirilmis F testleri GBF probleminin
¢cOziimii i¢in tez calismasi boyunca ele alinan yaklasik testlerdir. GBF probleminin
coziimi icin KF testine gore daha giiclii olan yaklagik testler normallik varsayimi
iizerinde kurulmuslardir. Herhangi bir sebeple normallik varsayimimin saglanmamasi
yaklagik testlerin giiciinii kaybetmesine neden olmaktadir. (Cavus vd. 2015) Normallik
varsayimi farkli sebeplerden dolayir bozulabilir. Bu ¢alisma boyunca aykir1 deger
nedeniyle normallik bozulmasi ele alinacaktir.

Aykir deger, verideki diger gozlemlere gore asirt sekilde yiliksek ya da diigiik
gdzlem degerleri olarak tanimlanabilir. Istatistiksel analizlerde aykir1 deger 6nemli
sorunlara sebep olabilmektedir. Analizlerin yapilabilmesi i¢in saglanmasi gereken
varsayimlarin bozulmasindan kaynakli yanlis kararlar verilmesine neden olabilmektedir.

Uzun yillar aykir1 degerle nasil basa cikilacag: iizerinde durulmustur. ilk zamanlarda



aykir1 deger tespit edildikten sonra disarida birakilarak analizlere devam edilmis ancak
sonrasinda veriye bazi doniisimler uygulanarak aykiri degerin etkisi azaltilmaya
calisilmistir. Bu gibi yontemlerin bilgi kaybina neden olmasindan duyulan kaygi iizerine,
aykirt gozlem degerlerini disarda birakmadan analiz yapilmasina imkan veren saglam
(robust) ydntemler gelistirilmistir. {1k kez (Box, 1953) tarafindan ortaya atilan saglamlik
kavrami aykirt deger olmasi durumunda siklikla kullanilan istatistiksel yontemlerden
olmustur.

Bu tez ¢calismasinda ise GBF problemi i¢in aykiri degerden kaynaklanan normallik
bozulmasi durumunda giiclii testler elde etmek amaclanmaktadir. GBF problemi igin
yaklagik testler giivenilir sonuglar verirken aykir1 degerden kaynakli normallik bozulmas1
durumunda yaklagik testler giiciinii kaybetmekte ve yiiksek oranda 1.tip hataya
diismektedirler. Saglam ydntemlerin aykir1 deger olmasi durumunda dahi iyi sonuglar
vermesinden dolay1 yaklasik testlerin saglam yontemlerle bir sentezi yapilmaya
calisilacaktir. (Cavus vd. 2016) Bunun icin yaklasik testlerin test istatistiklerinde konum
ve Olcek parametresi tahmini i¢in kullanilan en ¢ok olabilirlik tahmincileri saglam
alternatifleri ile degistirilerek giiclii testler elde edilmeye c¢alisilacaktir. Literatiirde
saglam tahminciler kullanilarak 6nerilen diizeltmelere dayali calismalar bulunmaktadir.
(Schrader & McKean 1977, Lee & Fung 2007, Tan & Tabatabai 1985, Ben & Yohai 1992,
Wilcox 1995, Karagoz 2015, Karagdéz & Saragbasi 2016) Bu ¢alismalardan 6ne ¢ikanlar
Tan & Tabatabai (1985) normallik varsayimi saglanmadiginda GBF problemi igin
Brown-Forsythe testine Huber’in M-tahmincileri diizeltmesini Onermislerdir ve
onerdikleri testin etkinligini gostermek lizere bir Onceki calismalarinda ele aldiklari
Tiku’nun Diizeltilmis En Cok Olabilirlik tahmincileri diizeltmesiyle karsilastirmiglardir.
Wilcox (1995) kirpilmis ortalamalar1 kullanarak KF testine saglam bir diizeltme 6nermis
ve boylece aykir1 degerlerin etkisinden kurtulmayi amag¢lamistir. Fan & Hancock (2012),
Saglam Ortalama Modellemesi adin1 verdikleri bir yaklasim dnermislerdir. Bu yaklagim
normallik ve varyans homojenligi varsayimi saglanmadiginda anakiitle ortalamalarinin
esitligini test etmek i¢in kullanilan testlere kirpilmig ortalama ve varyans diizeltmesi
uygulanmasidir. Karagéz (2015) ise Welch F-testine saglam tahminciler kullanarak bir
diizeltme Onermis ve Weibull dagilimi gibi uzun kuyruklu dagilimlardan gelen
anakiitlelerin ortalamalarini karsilastirmaya ¢alismistir. Karagdz & Saracbasi (2016) da

Brown-Forsythe testine benzer diizeltmeler 6nererek ayni amaca ulasmaya ¢alismislardir.



Bu tez calismasi boyunca kirpilmis ortalama ve varyans, medyan ve mutlak
medyan sapmast ve Huber’ in M-tahmincileri saglam tahminciler olarak kullanilacaktir.
W, PB ve GF testleri icin yapilacak saglam tahminci diizeltmesiyle elde edilecek testler
Monte-Carlo simiilasyon caligmalari ile testin giicli ve 1.tip hata oranlar1 bakimindan
karsilastirilacaktir.

Izleyen béliimler ise su sekilde devam etmektedir. 2.boliimde Genellestirilmis p-
degeri yontemi, aykir1 deger ve saglamlik kavrami hakkinda genel bilgiler verilmistir.
3.boliimde Genellestirilmis Behrens-Fisher problemi ve bu problem i¢in onerilen testler
ele alinmistir. 4.boliimde ise aykir1 deger olmasit durumunda genellestirilmis Behrens-
Fisher problemi i¢in Monte-Carlo simiilasyon calismalar1 yapilmistir. 5.bolimde ise

Monte-Carlo simiilasyon ¢alismalar1 sonucunda elde edilen sonugclar tartigilmigtir.



2. TEMEL KAVRAMLAR

X = (X1,X,,...,X,) rassal bir orneklem olmak iizere, n Orneklem hacmini
gostersin ve Xi, X, ..., X, bagimsiz aym dagiliml rassal degiskenler olsun. Orneklem
uzayi (1 ile gosterilsin ve X vektoriiniin dagilimi £(0,7n) bilinmeyen parametrelere baglh
olsun. Burada @ ilgilenilen parametre ve 7 ise bir nuisance parametredir. f(x), X
degiskenine ait olasilik yogunluk fonksiyonu ve F(x) de birikimli dagilim fonksiyonu
olsun. Ilgilenilen @ parametresinin aldig1 degerlerin kiimesi ® parametre uzay1 olarak
adlandirilsin. X = (X;, X5, ..., X,,) vektoriiniin gozlenen degeri x = (xq, X3, ..., Xp)

seklinde ifade edilsin.

2.1. Temel Tanimlar

Izleyen béliimlerde GPD kavramiin daha anlasilir olmast igin gerekli olabilecek

bazi temel tanimlar verilmistir.

2.1.1. listatistik

X = (X1, X,,...,X,) rassal degiskeni olasilik yogunluk fonksiyonu f(x; @),
00 olan dagilimdan gelen bir vektdr olsun. Bilinmeyen parametreye bagli olmayan

T (X) rassal vektoriine istatistik denir ve gozlenen degeri T (x) veya kisaca t ile gosterilir.

2.1.2. Yardimeci istatistik

Bir T(X) istatistigi dagilimi bilinmeyen bir @ parametresine bagli degilse bu
istatistige yardimci istatistik denir. Yardimci istatistik dagilimi bilinmeyen parametreye

bagli olmadigindan, parametre hakkinda herhangi bir sonug ¢ikariminda kullanilamaz.

2.1.3. Yeterli istatistik

X = (X1, X5, ..., X)) dagilimi bilinmeyen bir 8 parametresine bagli bir rassal
vektor olsun. Eger P(X = (X4, X5, ..., X)|T(x) = t) kosullu dagilimi bilinmeyen 6

parametresine bagl degil ise T (X) istatistigine @ parametresi i¢in yeterli istatistik denir.

2.1.4. Minimal yeterli istatistik

Bir T yeterli istatistigi, baska bir T yeterli istatistiginin bir fonksiyonu olarak

yazilabiliyorsa T* yeterli istatistigine minimal yeterli istatistik denir.

5



2.1.5. Tamhk
T(X) istatistigi 6 parametresi icin yeterli istatistik olsun. VOe® i¢in
E (h(T(X))) =0 - Pg(h(T(X)) =0) = 1 6nermesi saglaniyorsa T (X) istatistiginin

olasilik yogunluk fonksiyonu ailesi tamdir denir.

2.1.6. En cok olabilirlik yontemi

Parametre tahmininde en kiiciik kareler yontemi ile birlikte en ¢ok kullanilan
yontemdir. X = (X, X5, ...,X,,) rassal degiskeninin olasilik yogunluk fonksiyonu

f(x;0) = [1%, f(x;; 8) olmak {izere 6 parametresinin bir fonksiyonu olan
L(O;x) = f(x;0) ,0€0 @.1)

olabilirlik fonksiyonunu 6 parametre uzay iizerinde maksimum yapan 8 (x) degerine 6
parametresinin en ¢ok olabilirlik tahmini ve 8 (x) istatistigine de en ¢ok olabilirlik tahmin

edicisi denir.

2.1.7. Yansizhik

0(X) istatistigi 6 parametresinin bir tahmincisi olmak iizere VAe® igin,
E(é(x)) .y 22

esitligi saglaniyorsa O (X) tahmincisine  parametresi i¢in yansiz tahminci denir.

2.1.8. Minimum varyansh yansiz tahminci
0 parametresinin yansiz tahmincilerinin smift T olmak iizere bir T* € T
tahmincisi igin,
Varg(T*) < Varg(T) ,v0 €0 ,TET (2.3)

ise T* tahmincisine diizgiin minimum varyansli yansiz tahminci denir.

2.1.9. Pivot deger

X = (X4, Xy, ..., Xp,) vektorii olasilik yogunluk fonksiyonu f(x; 8), 6 € © olan bir

dagilimdan gelen bir 6rneklem olsun. Q(X; 8) rassal degiskeninin dagilimi bilinmeyen



parametreye bagli degil ise Q(X; 0) rassal degiskenine 8 parametresi i¢in pivot deger

denir.

2.1.10. Test degiskeni

T =T(X;0) seklinde 8 parametresi ve X vektoriiniin bir fonksiyonu olarak
yazilabilen fonksiyona test degiskeni denir. 6 parametresinin degeri 6, olarak
bilindiginde T = T (X; 6,) fonksiyonu bir test istatistigidir. X vektoriiniin gézlemlenen
degeri x vektorii oldugunda, t,,s = T(x;6) degerine test degiskeninin gdézlemlenen

degeri denir.

2.1.11. Ret bolgesi

0 parametresini ve bu parametrenin gézlemlenen 6, degerini bir hipotez testinde

ele alalim.
Hy:0< 6, ,H;i:0> 0, (2.4)

Gozlemlenen 6, degerlerine bagl olarak H, hipotezinin ret edilecegi noktalarin

kiimesine test istatistiginin ret bolgesi denir ve C, ile gosterilir.

2.1.12. p-degeri
Sifir hipotezinin reddedilecegi en kiiglik anlamlilik diizeyine esit olan olasilik
Ol¢limiine p-degeri denir. C, ret bolgesi olmak iizere p-degeri,
P = Supgs< o, P(X € C | 6) (2.5)
seklinde tanimlanir. T = T(X; ) test degiskeni olmak tizere p-degeri,
p=P(T =tops | 6 =6) (2.6)

seklinde hesaplanir.

2.1.13. Normal dagilim

Istatistik uygulamalarinda en sik kullanilan dagilimdir. Bunun sebebi
uygulamalardaki bir ¢ok rassal degiskenin normal dagilim 6zelligi gostermesidir. X =
(X1, X3, ..., X,) vektoriiniin normal dagilimdan gelen n birimlik bir rassal orneklem

oldugunu varsayalim. Bu 6rneklemin olasilik yogunluk fonksiyonu,



e(—(x—u) ) 2.7)

202

f(x)=ma

seklinde ise X rassal degiskeni normal dagilima sahiptir denir ve X~N (u, 02) seklinde
gosterilir. Burada p ve o sirastyla normal dagilimin ortalamasi ve varyansidir. X rassal

degiskeninin 6rneklem ortalamasi ve 6rneklem varyansi sirasiyla,

g = Lz Xi ve g2 = L Xz %) (2.8)
n (n-1)

seklinde ifade edilir. Bu istatistikler birbirinden bagimsizdir ve

= 2 -1)s?
TN@D) ve CD e @9

o2

seklinde dagilir. Burada yZ_,, n — 1 serbestlik derecesiyle ki-kare dagilimini ifade eder.
X ve S? istatistikleri sirasiyla u ve o2 parametrelerinin minimum varyansh yansiz
tahmincileridir. 4 ve o2 parametrelerinin en ¢ok olabilirlik yontemi ile elde edilen

tahmincileri ise,

p=X ve 8%=(1-2)s (2.10)

seklinde ifade edilir. u = 0 ve 02 = 1 olmas1 durumunda X rassal degiskenine standart

normal dagilima sahiptir denir ve olasilik yogunluk fonksiyonu,

1 o2 2.11)
fo)==e

seklinde ifade edilir.

2.2. Genellestirilmis Cikarim
Pivot deger, test degiskeni ve p-degerinin genellestirilmesine genellestirilmis

¢ikarim denir.

2.2.1. Genellestirilmis ret bolgesi

T(X; x, §) test degiskeninin genellestirilmis test degiskeni oldugunu varsayalim.
CE)={XeQTX;x,§) =T(x;x,8)} (2.12)

seklindeki drneklem uzayinin alt kiimesine genellestirilmis ret bolgesi denir.



2.2.2. Genellestirilmis test degiskeni
Asagida verilen ¢ Ozelligi saglayan T =T(X;x,§) rassal degiskenine
genellestirilmis test degiskeni denir.
1. tops = t(x; x, §) bilinmeyen parametreye baglh degildir.
ii. T =T(X;x,¢) test degiskeninin dagilimi nuisance parametreden bagimsizdir.

iii.  P(T < t;0) ifadesi O parametresinin monoton fonksiyonudur.

2.2.3. Genellestirilmis p-degeri
Hy: 0 < 6, ve Hy: 0 > 6, hipotezleri ele alinsin. Burada 6,, 6 parametresinin
herhangi bir degeridir. T(X; x,§) ise bu hipotezler i¢in genellestirilmis test degiskeni

olsun. C, genellestirilmis ret bolgesi olmak iizere,
P = Supe<g,P (X € C,($) | 6) (2.13)

ifadesine genellestirilmis p-degeri denir. Genellestirilmis p-degeri su sekilde hesaplanir:
o Eger T(X; x, §) stokastik artan ise p = P [T(X;x,§) = typs| 6 = 6]
o Eger T(X; x, §) stokastik azalanise p = P [T(X; x,§) < t,ps| 0 = 6]

Hy: 0 = 6, ve Hi: 8 < 6, hipotezleri ele alinsin. Burada 6,, 8 parametresinin herhangi
bir degeridir. T (X; x, §) ise bu hipotezler i¢in genellestirilmis test degiskeni olsun. Burada

ise genellestirilmis p-degeri su sekilde hesaplanir:

o Eger T(X; x,§) stokastik artan ise p = P [T(X;x,§) < typs| 6 = o]
o Eger T(X; x, §) stokastik azalanise p = P [T(X; x,§) = t, 5| 0 = 60]

2.2.4. Genellestirilmis pivot degeri

X vektoriiniin bir fonksiyonu R = r(X;x,§) olsun. R asagidaki ozellikleri

sagliyorsa R istatistigine genellestirilmis pivot deger denir.

1. R bilinmeyen parametreden bagimsiz bir olasilik dagilimina sahiptir.
ii.  Genellestirilmis pivot degerin gozlemlenen degeri 7,,; = r(x; x, §), nuisance

parametreye bagl degildir.



2.3. Aykir1 Deger

Aykiri deger sorunu istatistiksel analizlerin ortaya ¢ikist kadar eski bir problemdir.
Temsil edemeyen, ise yaramaz, uzaklasan degerler olarak tanimlanmig daha sonra ise
aykir1 deger (outlier) olarak bahsedilmistir. Verinin dogas1 geregi ortaya ¢ikabilecegi gibi
farkli hatalardan da kaynakli1 olarak gbzlemlenebilir.

(Barnett & Lewis, 1994), bir 6rneklem i¢indeki aykir1 degerlerin ii¢ farkli nedenle
ortaya cikabileceginden bahsetmektedirler:

1. Olgme Hatasi: Aykir1 degerler okuma hatasi, kaydetme hatas1 ya da hesaplama
hatasindan dolay1 ortaya ¢ikmis olabilir.

2. Ornekleme Hatas: Ilgilenilen anakiitleye ait olmayan bireylerin rneklemde
bulunmasi aykir1 deger gézlenmesine neden olabilir.

3. Dogal Cesitlilik: Aykir1 degerler, modelden kaynakli olarak verilerin dogal
cesitliligini gdsteriyor olabilir. Bu sekilde ortaya ¢ikan aykirt degerler nadir olarak
gozlemlenir ve kabul edilebilir degerlerdir.

Tiim aykir1 degerler hatali veriler degildirler ve tiim hatali veriler de aykir1 deger
degildir. Bu nedenle, veri setindeki aykir1 degerlerin neden kaynaklandigin1 anlamaya
onem verilmelidir. Aykir1 deger gozlenmesine neden olan durumlardan sadece bir

kisminin dahi islevi anlagilirsa, ne yapilmasi gerektigine karar vermek kolaylagacaktir.

2.3.1. Aykiri degerlere kars1 kullanilan yontemler

Veri setindeki olas1 aykiri degerler belirlendikten sonra yapilmasi gereken ilk
islem, aykir1 degerler ile nasil bas edilmesi gerektigine karar vermektir. Belirlenen aykiri
degerler silinebilir, bu degerlere hi¢ dokunulmayarak saglam yontemler uygulanabilir ya
da veri doniisiimleri uygulanabilir. lgili literatiirde, her ii¢c durumun da denenmesi ve
yapiyl en iyi ortaya koyan durumun kabul edilmesi gerektigini belirten kaynaklar

bulunmaktadir. (Ravkov & Marcoulieds 2008, Zijlstra vd. 2007).

2.4. Saglamhik (Robust) Kavramm

Istatistiksel ¢ikarsama ydntemlerinden hipotez testleri, nokta tahmini ve giiven
araliklar1 bir ¢ok arastirmada kullanilmaktadir. Bu yontemlerin giiclii sonuclar
verebilmesi gerekli varsayimlarin saglanmasina baghdir. Gerekli varsayimlar
saglanmadiginda istatistiksel ¢ikarsama yontemleri yaniltict sonuglar verebilir. Ornegin

varyans analizi uygulanabilmesi i¢in normallik, bagimsizlik ve varyans homojenligi gibi
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baz1 varsayimlarin saglanmasi gereklidir. Eger varsayimlardan bir veya birkaci
saglanmazsa varyans analizi sonucglarma gore gruplar arasindaki anlamli fark tespit
edilemeyebilir. Bu gibi bazi varsayim bozulmalari durumunda istatistiksel ¢ikarsama
yontemleri yerine alternatif saglam yontemler kullanilmalidir.

Saglamlik kavrami istatistik literatiirine Box tarafindan 1953 yilinda
kazandirilmistir. Box, saglamlik sozcliglinii varsayimlardaki sapmalara karst onerilen
istatistiksel yontemler i¢in kullanmistir. Huber (1964) ve Hampel (1974) ise saglamlik
kavramina oncii ¢aligmalari ile 6nemli katkilar saglamiglardir. Ayrica Hampel saglam bir
yontemin Ozelliklerini agiklamistir. Hampel’ e gore saglam bir yontem, ilgilenilen
modelde etkin olmali ve varsayim bozulmalarina kars1 performansinin yiiksek olmasidir.

Sonu¢ olarak saglamlik kavrami, varsayim bozulmalarma karsi istatistiksel
cikarsama yontemlerinin gii¢lii sonuglar vermesi olarak agiklanabilir. Bu yontemlere
normallik bozulumunda, aykir1 deger var olmasi durumunda ve varyans homojenligi

varsayiminin saglanmadiginda siklikla bagvurulur.

2.4.1. Saglam tahminciler

Bu tez calismasinda saglam konum ve oOlgek tahmincileri olarak kirpilmig
ortalama ve varyans, medyan ve mutlak medyan sapma ve Huber’ in M-tahmincileri ele

alinmustir. izleyen basliklarda bu tahminciler hakkinda detayli bilgiler verilmistir.

2.4.1.1. Kwrpilmus ortalama

Veriyi olusturan gozlem degerleri aykirt deger icerdiginde yani kuyruklara dogru
yayilan bir dagilima sahip oldugunda 6rneklem ortalamasinin standart hatasi artar. Bu
durumda Orneklem ortalamasi X, anakiitle ortalamast p igin iyi bir tahminci olma
ozelligini kaybeder. Bu gibi durumlarda kirpilmis ortalama kullanilir.

X1, X5, ..., X, bagimsiz gozlem degerlerini artan bir sirayla yeniden diizenleyelim.
Xy S X(z) <+ < X(n) burada X(;y , i.sirali istatistigi gosterir. Istenilen kirpma diizeyi
%100y oldugunda bu diizey 0 < y < 0.5 aralifinda segilebilir. Kirpma diizeyine uygun
olarak veriden en yiiksek ve en diisiik degerli r kadar gozlem ¢ikarilir ve kalanlar

iizerinden ortalama hesaplanir. Bu islem su sekilde sembolize edilebilir:

7 - X T Xgry -+ Xa-p) (2.14)
=

n—2r
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Kirpilmis ortalama hem sag hem de sol kuyruktan belirli sayida verinin atilmasi
ile hesaplanir. Secilen y kirpilma diizeyi herhangi bir kurala bagh degil, aragtirmacinin

insiyatifindedir. (Wilcox 2012)

2.4.1.2. Kwrpilmus varyans

Kirpilmig varyans, diizeltilmis (winsorized) varyans iizerinden hesaplanir.
Diizeltme kavrami ise kirpilmasi gereken ug¢ degerlerin kendilerinden dnce gelen son
degere donlistliriilmesidir. Verilerin diizeltilmesi su sekilde gosterilebilir:

X+ eger X; < X(ry1) (2.15)
VVi = Xi eger X(r+1) < Xi < X(n—r)
X(n_r) eger Xi = X(n_r)
burada W, diizeltilmis degerleri, r ise diizeltme oranini gosterir. Diizeltilen degerler

iizerinden diizeltilmis varyans su sekilde hesaplanir:

(2.16)

n—1

n
1 _
s%, = E (W; — W)?
i=1

buradaki W degeri ise diizeltilmis degerler lizerinden hesaplanan ortalama degeri gosterir.

Diizeltilmis varyansi kullanarak kirpilmis varyans su sekilde hesaplanir:

2= sZ, (2.17)
t (1-2y)?n

(Wilcox 2012)

2.4.1.3. Medyan

Medyan degeri, veri kiiciikten biiylige dogru siralandiginda seriyi ortadan ikiye

ayiran degerdir. Verinin biiytlikliigline gore medyan hesabi su sekilde yapilir:

n+1
.deger eger n tek say1 ise (2.18)
Xm =
n/2)+((n+1)/2
(n/2) (g )/2) .deger eger n ¢ift say1ise

2.4.1.4. Mutlak medyan sapmast

Medyan mutlak sapmasi, medyan iizerinden hesaplanan bir sapma OSl¢iisiidiir.

Medyan mutlak sapmasi su sekilde hesaplanir:
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MAD, = b |med x; — med(x)| (2.19)

Burada ki b sabiti tahmin edilmek istenen parametrenin tutarli olmasi i¢in gereklidir.
Normal dagilmis veriler iizerinde ¢alisirken bu sabit 1.4826 olarak alinir. (Rousseeuw &

Croux, 1993)

2.4.1.5. Huber’ in M-tahmincileri

X1, Xy, ., Xy, rassal degiskenleri (1/0)f ((y — w)/0o) tipi bir dagilimdan gelmis
olsun. Huber 6zellikle f dagiliminin basiklik degeri (14 /p% > 3) olan uzun kuyruklu bir

dagilim oldugunu varsayarak yeni bir konum parametresi tahmincisi 6nermistir.

Olabilirlik fonksiyonu su sekildedir,

n
InL =-nlino + z Inf(z;) Zi= (v — /o (2.20)
=1

i=
Eger f dagiliminin fonksiyonel formu biliniyorsa, konum parametresinin en ¢ok

olabilirlik fonksiyonu bu denklemin ¢dziimiiyle elde edilir,

2.21)

olnL 1 i .\ o -

RO ELINRCR TS
i=

Agirliklart w; = w;(z) = &(z;)/z; olacak sekilde yukaridaki denklem Y-, w;(y; —

p) = 0 gibi yazilabilir. Buradan

(2.22)

n n
H= Zwi xf/Z i
i=1 i=1

elde edilir. Bu fonksiyon verilen o ve £(2) ile iterasyon yontemi kullanilarak ¢oziilebilir.
Ancak pratikte o ve £(z) bilinmez. Huber £(z) fonksiyonu olarak sunu 6nermistir:

z eger |z| < c (2.23)
csgn(z) eger|z| >c

E(Z)={

Bu fonksiyon merkezde normal dagilim, kuyruklarda ise ikili iistel dagilimin bir
karisimidir. ¢ sabitinin se¢imlerinde ise en ¢ok 1.345, 1.5 ve 2 tercih edilir. Bunun nedeni
ise normal dagilim etrafinda %2.5, %5 ve %10 civarinda sansiir uygulanmasidir.

Bilinmeyen o degeri i¢in ise genellikle mutlak medyan sapmasi kullanilmistir. Daha
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sonralart ise MMS/0.6745 diizeltmesiyle normal dagilimin asimptotik yansiz tahmin
edicisi elde edilmeye ¢aligilmistir.
(2.23) denklemlerinin ¢éziimleri Huber’ in M-tahmincileri olarak isimlendirilmis

ve [iy ile gosterilir. Huber M-tahmincisinin asimptotik varyansini su sekilde gosterilir:

(0?/n) E(§*(2))/[E(§' (2))]° (2.24)

[y tahmincisini de kullanarak varyans tahmincisi su sekilde elde edilir:

5 ~2 N 2 X;i — fy L (% — fiy 2 (2.25)
6y = |n 3 [;f <&—0)]/[;€< e )]

(Huber & Ronchetti 2009, Tiku & Akkaya 2004)
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3. GENELLESTIRILMIiS BEHRENS-FISHER PROBLEMI

Genellestirilmis Behrens-Fisher problemi, Behrens-Fisher probleminin ikiden
fazla grup icin genellestirilmis halidir. Behrens-Fisher problemi varyanslarin esit
olmadig1 durumda anakiitle ortalamalarinin esitliginin test edilmesi problemidir. Ug
anakiitle ortalamasinin esitliginin test edilmesini ele alalim.
Xing Xony Xzn, ~ N (u;,0%) ,i=1,2,3 olmak iizere anakiitlelere iliskin parametreler
(uy, Uy, s, 02, 0%, 0%) oldugunda GBF problemi asagidaki hipotezlerin test edilmesi ile

ilgilenir:
Ho:py = pp = 3 (3.1)
Hytpg #p; i #]j

Bu c¢alisma boyunca GBF probleminin 6zel bir durumu olan ii¢ anakiitlenin

ortalamalarinin esitliginin test edilmesi problemi ele alinacaktir.

3.1. Genellestirilmis Behrens-Fisher Probleminin Coziimii icin Kullanilan

Yontemler

Varyanslarin homojenligi varsayimi saglandiginda Klasik F-testi ikiden fazla
anakiitle ortalamalarinin esitliginin test edilmesi ic¢in giivenilir sonuglar veren bir
yontemdir. Ancak varyanslarin homojenligi varsayiminin bozulmasi1 durumunda Klasik
F-testi yaniltict sonuglar verebilmektedir. Bu sorunun iistesinden gelebilmek igin
Genellestirilmis Behrens-Fisher probleminin ¢6ziimii i¢in bir c¢ok alternatif test
onerilmistir. Izleyen boliimlerde &nerilen alternatif testlerden Welch F, Parametrik

Bootstrap ve Genellestirilmis F-testleri ele alinacaktir.

3.1.1. Welch F-testi

Welch homojen olmayan varyans durumunda anakiitle ortalamalarini
karsilagtirmak i¢in agirliklandirmaya dayali bir test onermistir. Agirliklandirma degerleri
w; =n;/ Siz ,i=1,2,...,k, anakiitle karakteristiklerini tanimlamak ig¢in kullanilir.

Agirliklandirma degerleri kullanilarak 6rneklem ortalamasi su sekilde hesaplanar:

k k (3.2)
QEW:ZWifi/ZWi ,i:1,2,...,k

i=1 i=1
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Belirlenen agirliklar olan w; = n;/s? ,i = 1,2, ..., k i¢in agirliklandirilmis gruplar arasi

kareler toplami ise su sekilde hesaplanir:

k (3.3)
KT = ) wi (5 = £,)?
i=1

i. gruba ait serbestlik derecesi sd; = n; — 1 olsun ve bu serbestlik derecesi i¢in dnerilen

serbestlik derecesi diizeltmesi ise su sekilde hesaplanir:
k k 2k (3.4)
i=1 i=1 i=1

4

Welch testi i¢in Onerilen agirliklandirmaya dayali kareler toplami ve serbestlik derecesi

diizeltmeleri géz 6niine alindiginda Welch test istatistigi su sekilde hesaplanir:

Tw

_ KT, [ N 2(k — 1)0]‘1 (3.5
(k-1 (k* —1)
Welch test istatistigi Ty, sd; = (k — 1) ve sd, = (k? — 1) /3D serbestlik dereceleri ile

H, hipotezinin dogru oldugu varsayimi altinda F dagilimina sahiptir.

(Welch 1951, Kulinskaya vd. 2003)

3.1.2. Parametrik bootstrap testi

Bootstrap mantigr, tahmin edilen modelden yeniden ¢ekilen bootstrap
orneklemelerine dayalidir. Bu demek oluyor ki, parametrik modelden tiretilen 6rneklem
veya Orneklem istatistikleri bu degerlerin tahminleri ile yer degistirir. Hy: yy = p, =
-= = ;. hipotezini tekrar ele alalim. Gruplar arasi kareler toplaminin konum degismezlik
ozelligini kullanarak, bilgi kaybina ugramadan genel ortalamay1 sifir olarak alabiliriz. Bu
kosullar altinda parametrik bootstrap pivot degeri asagidaki gibi elde edilir.
Xpi ~ N(0,S7/n;) ve Sg; ~ SZxh.—1/(n; — 1) dagilnus rassal degiskenler olsunlar. PB
pivot degeri gruplar arasi kareler toplamina dayanarak su sekilde elde edilir,

k G 2
no, (2 niXei/SE] (3.6)

2 “Bi k 2
Sgi i=1Mi/Sg;

i=1
Burada Xg; ~ Z;(S; /\/E) dagilir ve Z; standart normal dagilmis bir rassal degiskendir.
Buradan PB test degiskeni su sekilde elde edilir,
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72 - Z.(n; — y2 2 (3.7
T(Zo i s S7) = ZZi (n—1) [Z{il (\/Ezl(nl 1)/(51)(7”_1))]

T Ky i — D/ (S722,1)

§% = (82,52,...,S%) vektoriiniin gozlenen degeri olan s? = (s?,s2,...,s2) vektorii a

anlamlilik diizeyinde
P(T(Zixh,-1; s?)>t)< a (3.8)

oldugunda H,, hipotezi reddedilir ve grup ortalamalarinin birbirine esit olmadigi sonucuna
varilir. Burada t, T test istatistiginin gozlenen degeridir. Sabit s = (s4, S5, ..., i) vektori
icin yukarida hesaplanan olasilik degeri higbir bilinmeyen parametreye bagli degildir ve
bu olasilik izleyen algoritma kullanilarak kolaylikla hesaplanabilir:
1. Verilen n= (ny,n,,..,n), x=(X,%,,...,%) ve s%=(s%53,..,5)
degerlerini kullanarak gruplar aras1 kareler toplamin1 hesapla.
2. Forj=1m
Z; ~ N(0,1) ve x;;,_; degerlerini tiret.
Bu degerler ile T, PB test istatistigi degerini hesapla.
Eger T istatistigi gruplar arasi kareler toplamindan biiyiikse Q; = 1 olarak al.
dongiiyii bitir.
3. (1/m) X7, Q; Monte Carlo simiilasyonu ile hesaplanan p-degeridir.

(Krishnamoorthy vd. 2007)

3.1.3. Genellestirilmis F-testi

Genellestirilmis F-testini ifade ederken tek yonli ANOVA modelini esit varyans

varsayiminin saglanmadigi durumda ele alalim.
Xij = U; +€ij ,Si]""’N(0,0'iz) ,i = 1,2,...,k ,j = 1,2,...,ni (39)

Burada ¢, i.gruba ait varyans degeridir. Bu notasyonlar aracilifiyla sifir hipotezi su

sekilde yazilabilir:

Hotpy = pp ==y =0 (3.10)

Eger varyans homojenligi varsayimi saglanmis olsaydi, KF testi i¢in kullandigimiz p-
degeri hesab1 bu hipotezi test etmek i¢in yeterli olacakti. Fakat bu varsayim her zaman

saglanmayabilir. Her kosulda, KF testi test istatistigine benzer bir test istatistigi ile
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varyans homojenligi varsayimina bagli kalmadan anakiitle ortalamalarinin esitligini ifade
eden hipotez, test edilebilir. Bunu gergeklestirebilmek i¢in, standartlastirilmis gruplar

aras1 kareler toplamin1 belirleyelim.

2

k _ k 3.11
— e s 2 o 2 nX? 1 72 /-2 G40
KTG=KTG(01,02,...,ak)=Z > — Z"iXi /07

K 2
~ 0 i=17/0;

kt; degeri, KT, standartlastirilmus gruplar arasi kareler toplaminin gozlenen degeridir.

Sifir hipotezini test etmek i¢in kullanilacak p-degeri su sekilde elde edilir:

p=1- E(Hk—l,N—k (N—k EEG [ nis? nys? ngsE ])) (312)

k-1 B1By..Bg_1 (1-B1)By..Bgx_1 =~ (1-Bp_1)

Burada Hj_;y_g, sdy = (k—1) ve sd, = (N — k) serbestlik derecesine sahip F
dagilimmin kiimiilatif dagilim fonksiyonunu ifade eder ve formiilde verilen beklenen
deger ise asagida verildigi gibi bagimsiz, beta dagilimina sahip rassal degiskenler ile

hesaplanir.

(3.13)

j
n—1) nizq—1
B; ~ Beta Z( ‘ ), AL J=12., k-1
L 2 2
=

p-degeri H, hipotezinin dogrulugunu gosteren bir kanit niteligindedir. @ anlamlilik
diizeyinde genellestirilmis sabit diizeyli test i¢in p < « oldugunda, H, hipotezi reddedilir.

Anlamlilik testinde, GF testi ile hesaplanan p-degeri yeterli istatistiklere dayali
tam olasilikli yansiz bir test imkan1 saglar. Tam olasilikli sabit diizeyli testler klasik
(geleneksel) testler olarak da adlandirilir. Literatiirde yeterli istatistiklere dayali klasik
testler bulunmamaktadir. Bu durumda genellestirilmis sabit diizeyli test iyi bir yaklagik
testtir. Bu yiizden, anlamlilik testi ya da sabit diizeyli klasik testleri kullanmak yerine
Genellestirilmis F-testini kullanmak fazlasiyla avantajlidir.

GF testinde p-degeri Monte Carlo simiilasyon yontemiyle hesaplanir. Tekrar
say1s1 ne kadar fazla olursa, beklenen degere de o kadar yakinlasilir. GF testinde p-degeri
algoritmasi su sekildedir:

1. Her beta rassal degiskeninden esit ve biiylik hacimde rassal say1 kiimeleri iiret

2. Her kiime i¢in kiimiilatif dagilim fonksiyonu degeri olan Hj_; y_j degerini
hesapla

3. Anakiitle ortalamalarini da hesaba katarak beklenen degeri hesapla

(Weerahandi 1995, 2004)
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3.2. Normallik Varsayimi Bozulmasi1 Durumunda GBF Problemi

Genellestirilmis Behrens-Fisher probleminin ¢dziimii i¢in 6nceki boliimlerde ele
aliman Welch F-testi, Parametrik Bootstrap testi ve Genellestirilmis F-testi normallik
varsayiminin  saglanmast durumunda gili¢lii sonuglar vermektedir. Ancak ¢esitli
sebeplerden dolay1 normallik varsayiminin bozulmasi bahsedilen testlerin performansini
olumsuz yonde etkilemektedir. Bu tez ¢alismas1 boyunca aykir1 degerden kaynaklanan
normallik bozulmasi durumunda kullanilan testlere saglam tahminciler kullanilarak
diizeltmeler Onerilmistir. Diizeltmeler sonucunda elde edilen testlerin aykir1 degerden
kaynaklanan normallik bozulmasi durumunda GBF problemi i¢in performanslari
incelenmistir. Istenilen performansa sahip diizeltilmis test elde edilmeye calisiimis, bu

problemin {iistesinden gelinmesi amaglanmustir.

3.3. GBF Probleminin Coziimii icin Kirpilmis Ortalama ve Kirpilmis Varyans ile
Diizeltilmis Testler

Bu bolimde Klasik F, Genellestirilmis F, Parametrik Bootstrap ve Welch
testlerinin test istatistiklerinde konum ve Olgek parametreleri i¢in en ¢ok olabilirlik
tahmincileri yerine kirpilmis ortalama ve kirpilmis varyans kullanilarak aykiri degerden
kaynaklanan normallik bozulmasina karsi GBF problemi ic¢in diizeltilmis testlerin
performanslari karsilastirilacaktir. Boliim 3.1° de bahsedilen GBF probleminin ¢oziimii
icin kullanilan testlere konum parametresi tahmini i¢in X, kirpilmis ortalama ve dlgek
parametresi tahmini igin s? kirpilmis varyans diizeltmesi yapilacaktir. Bu diizeltme

sonucunda elde edilen test istatistikleri izleyen boliimlerde ele alinmigstir.

3.3.1. Waelch testi icin kirpilmis ortalama ve varyans diizeltmesi

Welch testi icin Denklem 3.2° de verilen gruplara iliskin agirliklandirilmig

ortalama kirpilmig ortalama diizeltmesi ile su sekilde hesaplanir:

k k
Xw(t) = Z Wi(t)ft/z Wiy =12, v k
i=1 i=1

burada X, kirpilmis ortalamayi, X, ise kirpilmig ortalama ile hesaplanan

(3.14)

agirhiklandirilmig ortalama degerini gosterir. Diizeltme ile belirlenen agirliklar wyy =
n;/ siz(t) ,1 =1,2, ..., k i¢cin agirhiklandirilmig gruplar arasi kareler toplami ise su sekilde
hesaplanir:
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k , (3.15)
KTew = z Wicey (%e = Fweo)

=1

i. gruba ait serbestlik derecesi sd; = n; — 1 olsun ve bu serbestlik derecesi i¢in dnerilen

serbestlik derecesi diizeltmesi ise su sekilde hesaplanir:

D, = Z [1 - (Wi(t)/z Wi(t))] /Z sd;

Welch testi i¢in Onerilen agirliklandirmaya dayali kareler toplami ve serbestlik derecesi

(3.16)

diizeltmeleri gdz oniine alindiginda Welch test istatistigi su sekilde hesaplanir:

. _ K [ 2(k — 1)1)]‘1 (3.17)
YO (k-1) (k2 —1)
Kirpilmig ortalama ve varyans ile diizeltilmis Welch test istatistigi Tyy (1), sdq = (k — 1)

ve sd, = (k? — 1)/3D, serbestlik dereceleri ile H, hipotezinin dogru oldugu varsayimi

altinda F dagilimina sahip oldugu varsayilir.

3.3.2. Parametrik bootstrap testi icin kirpilmis ortalama ve varyans diizeltmesi

Parametrik Bootstrap testi i¢in Denklem 3.6 da verilen PB pivot degeri kirpilmis
ortalama ve varyans diizeltmesi ile gruplar arasi kareler toplamina dayanarak su sekilde

hesaplanir:

k

k _ 2
Z n; 72 [Zi=1nix3i(t)/5§i(t)]

Bi(t) —
"o Z;{=1 ”i/Sgi(t)

(3.18)

2
= SBi(v

Burada Xty ~ Z;(Sice) /\/E) dagilir ve Z; standart normal dagilmis bir rassal
degiskendir. Buradan PB test degiskeni su sekilde elde edilir:

2
T(Z 2 2 ) \ Ziz(ni — 1) [Z{';l (V niZi(ni - 1)/(Si(t))(721i_1))] (319)
ir Xn;—15 Si = _
i Xni—13 Si(t) Z Xhi-1 T iy — D/ (s02x2,21)

i=1

§% = (Sf(t),Szz(t), ,S,E(t)) vektdriiniin gozlenen degeri olan s? = (slz(t), szz(t), s sﬁ(t))

vektorli a anlamlilik diizeyinde Boliim 3.1.2” de oldugu gibi

p (T(Zi')(‘rzli—l; Siz(t)) >t)< a (3.20)
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oldugunda H,, hipotezi reddedilir ve grup ortalamalarinin birbirine esit olmadigi sonucuna

varilir.

3.3.3. Genellestirilmis F-testi icin kirpilmis ortalama ve varyans diizeltmesi

Genellestirilmis F-testi i¢in Denklem 3.11° de verilen standartlastirilmis gruplar

arasi kareler toplamini kirpilmis ortalama ve varyans ile tekrar diizenleyelim.

k 2

_ k 3.21
KT = Znixiz(t) - ! zn-fz /s o
G(t) Siz(t) Zf:l ni/siz(t) ri(t)/ 2i(t)

i=1 i=1

Denklem 3.21° de verilen KT, ¢ty degeri kirpilmig ortalama ve varyans diizeltmesi ile
hesaplanmis olan gruplar arasi kareler toplamini gosterir. EG(t) degeri, KT, () kirpilmis

ortalama ve varyans ile diizeltilmis standartlastirilmis gruplar arasi kareler toplaminin
gozlenen degeridir. Sifir hipotezini test etmek i¢in kullanilacak p-degeri Boliim 3.1.3” te

ki gibi su sekilde elde edilir:

n1sie) n285e W0 D) (3.22)

B1By..Bg_1 (1-B1)By.Bp_1 =~ (1-Bp_1)

N-k +—
p=1—-E(H-1n-k (E kgt [

p-degeri H, hipotezinin dogrulugunu gosteren bir kanit niteligindedir. @ anlamlilik

diizeyinde genellestirilmis sabit diizeyli test i¢in p < a oldugunda, H, hipotezi reddedilir.

3.4. Genellestirilmis Behrens-Fisher Probleminin C6ziimii icin Medyan ve Mutlak

Medyan Sapmasi ile Diizeltilmis Testler

Bu bolimde Klasik F, Genellestirilmis F, Parametrik Bootstrap ve Welch
testlerinin test istatistiklerinde konum ve Glgek parametreleri i¢in en ¢ok olabilirlik
tahmincileri yerine medyan ve mutlak medyan sapmasi kullanilarak aykir1 degerden
kaynaklanan normallik bozulmasina kargsi GBF problemi ic¢in diizeltilmis testlerin
performanslari karsilastirilacaktir. Boliim 3.1 de bahsedilen GBF probleminin ¢oziimii
icin kullanilan testlere konum parametresi tahmini i¢in X,,, medyan ve 6l¢ek parametresi
tahmini i¢in s2, mutlak medyan sapmasinin karesi diizeltmesi yapilacaktir. Bu diizeltme

sonucunda test istatistikleri izleyen boliimlerde ele alinmstir.
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3.4.1. Welch testi icin medyan ve mutlak medyan sapmasi diizeltmesi

Welch testi icin Denklem 3.2° de verilen gruplara iliskin agirliklandirilmig

ortalama medyan diizeltmesi su sekilde hesaplanir:

k k
Xw(m) = Z Wi(m)fm/z Wimy ,i=12, v k
i=1 i=1

burada ¥,,, medyan degerini, X, is¢ medyan ile hesaplanan agirliklandirilmig ortalama

(3.23)

degerini  gosterir. Diizeltme ile belirlenen agirhiklar  w;py) = ni/siz(m) =

1,2, ..., k i¢in agirliklandirilmig gruplar arasi kareler toplam ise su sekilde hesaplanir:

k ; (3.24)
KTgm)y = z Witm) (Fm = Twm))
i=1

i. gruba ait serbestlik derecesi sd; = n; — 1 olsun ve bu serbestlik derecesi i¢in dnerilen

serbestlik derecesi diizeltmesi ise su sekilde hesaplanir:

b=, [1 _ (Wi(m) 7y Wi(m)>] / > s

Welch testi i¢in Onerilen agirliklandirmaya dayali kareler toplami ve serbestlik derecesi

(3.25)

diizeltmeleri géz oniine alindiginda Welch test istatistigi su sekilde hesaplanir:

o KTeem [ 2(k — 1)Dm]_1 (3.26)
W T (k- 1) (k2 —1)

Medyan ve mutlak medyan sapmasinin karesi ile diizeltilmis Welch test istatistigi Ty, (),

sd, = (k—1) ve sd, = (k? — 1)/3D,, serbestlik dereceleri ile H, hipotezinin dogru

oldugu varsayimi altinda F dagilimina sahip oldugu varsayilir.

3.4.2. Parametrik bootstrap testi icin medyan ve mutlak medyan sapmasi

diizeltmesi

Parametrik Bootstrap testi i¢in Denklem 3.6 te verilen PB pivot degeri medyan
ve mutlak medyan sapmasinin karesi diizeltmesi ile gruplar arasi kareler toplamina

dayanarak su sekilde hesaplanir:
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k _ 2

Z n; 72 [25'11 nixBi(m)/Séi(m)] (3.27)
———F i) —

= SBi(m) 1 i ni/séi(m)

burada sﬁ,i(m) bootstrap orneklemleri {izerinden hesaplanan mutlak medyan sapmasini
gosterir. Xg;(m) ~ Z;i(Sim)/ \/E) dagilmis ve Z; ise standart normal dagilmis bir rassal
degiskendir. Buradan PB test degiskeni su sekilde elde edilir:

2
) ) d ZiFm;— 1) [Z{'{=1 (\/nizi(ni - 1)/(5i(m)X721i—1))] (3.28)
T(Zir)(ni—l;si(m)) = Z 2 - K o (. _ 2,2

Xni-1 i=1 nz(nz 1)/ (sl(m) Xni—l)

i=1

S(m)z = (Sf(m),Szz(m),...,S,f(m)) vektoriinlin -~ gozlenen degeri  olan S(m)z =

(slz(m), S5 mys s s,f(m)) vektorii a anlamlilik diizeyinde B&liim 3.1.2° de oldugu gibi
p (T(Zi’)(%i—l; Siz(m)) >t)< a (3.29)

oldugunda H,, hipotezi reddedilir ve grup ortalamalarinin birbirine esit olmadigi sonucuna

varilir.

3.4.3. Genellestirilmis F-testi icin medyan ve mutlak medyan sapmasi diizeltmesi

Genellestirilmis F-testi i¢in Denklem 3.11° de verilen standartlastirilmis gruplar
aras1 kareler toplamint medyan ve mutlak medyan sapmasmin karesi ile tekrar

diizenleyelim.

k 2

n.x 1 k 2 (3.30)
~ ivi(m) —
KTgim) = E O E NiXE /S
G(m) Siz(m) Zﬁc=1 ni/siz(m) ( i L(m)/ i(m)

i=1 i=1

Denklem 3.30° da verilen KT, c(m) degeri kirpilmig ortalama ve varyans diizeltmesi ile
hesaplanmis olan gruplar aras1 kareler toplamini gosterir. kt, (m) degeri, KT, (m) medyan
ve mutlak medyan sapmasmin karesi ile diizeltilmis standartlastirilmis gruplar arasi

kareler toplaminin goézlenen degeridir. Sifir hipotezini test etmek i¢in kullanilacak p-

degeri Boliim 3.1.3’ te ki gibi su sekilde elde edilir:

n15%(m) n283m) ) D) (3.31)

N—k ~
p=1-EHk-1n-k (E ktgam [3132...Bk_1 ’(1-B1)Bz..Br—1' ' (1-B—1)

p-degeri H, hipotezinin dogrulugunu gosteren bir kanit niteligindedir. @ anlamlilik

diizeyinde genellestirilmis sabit diizeyli test i¢in p < a oldugunda, H, hipotezi reddedilir.
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3.5. Genellestirilmis Behrens-Fisher Probleminin Co6ziimii icin Huber’in M-

tahmincileri ile Diizeltilmis Testler

Bu bolimde Klasik F, Genellestirilmis F, Parametrik Bootstrap ve Welch
testlerinin test istatistiklerinde konum ve &lgek parametreleri i¢in en ¢ok olabilirlik
tahmincileri yerine Huber’ in M-tahmincileri kullanilarak aykir1 degerden kaynaklanan
normallik bozulmasina karst GBF problemi i¢in diizeltilmis testlerin performanslari
karsilastirilacaktir. Boliim 3.1 de bahsedilen GBF probleminin ¢6zlimii i¢in kullanilan
testlere konum parametresi tahmini i¢in X, Huber’ in M-konum tahmincisi ve dlgek
parametresi tahmini igin s7 Huber’ in M-6l¢ek tahmincisi diizeltmesi yapilacaktir. Bu

diizeltme sonucunda test istatistikleri izleyen boliimlerde ele alinmustir.

3.5.1. Welch testi icin Huber’ in M-tahmincileri diizeltmesi

Welch testi icin Denklem 3.2° de verilen gruplara iliskin agirliklandirilmig

ortalama Huber’ in M-konum tahmincisi diizeltmesi ile su sekilde hesaplanir:

k k
Xw(n) = Z Wi(h)fh/z Wiy »i=12,..k
i=1 i=1

burada X;, Huber’ in M-konum tahmincisini, X, ) ise Huber’ in M-konum tahmincisi ile

(3.32)

hesaplanan agirliklandirilmis ortalama degerini gosterir. Diizeltme ile belirlenen
agirliklar Huber’ in M-06l¢ek tahmincisi siz(h) kullanilarak w;,) = ni/siz(h) =
1,2, ..., k degerleri hesaplanir ve bunlar tizerinden agirliklandirilmig gruplar arasi kareler

toplamu ise su sekilde hesaplanir:

(3.33)

k
_ _ 2
KT = z Wiy (Fn = Fwem))
i=1

i. gruba ait serbestlik derecesi sd; = n; — 1 olsun ve bu serbestlik derecesi i¢in Onerilen

serbestlik derecesi diizeltmesi ise su sekilde hesaplanir:

Dy = Z [1 - (Wi(h)/z Wi(h))] /Z sd;

Welch testi i¢in Onerilen agirliklandirmaya dayali kareler toplami ve serbestlik derecesi

(3.34)

diizeltmeleri géz oniine alindiginda Welch test istatistigi su sekilde hesaplanir:
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o _ KTea 2(k — 1)D,1 " (3.35)
W T (k- 1) (k2 —1)

Medyan ve mutlak medyan sapmasinin karesi ile diizeltilmis Welch test istatistigi Ty, (n),
sd, = (k—1) ve sd, = (k* — 1)/3D,, serbestlik dereceleri ile H, hipotezinin dogru

oldugu varsayimi altinda F dagilimina sahip oldugu varsayilir.

3.5.2. Parametrik bootstrap testi icin Huber’ in M-tahmincileri diizeltmesi

Parametrik Bootstrap testi i¢in Denklem 3.6’ te verilen PB pivot degeri Huber’ in

M-tahmincileri diizeltmesi ile gruplar arasi kareler toplamina dayanarak su sekilde

hesaplanir:
« = 2
Z nl =2 [Zi(=lnlel(h)/S§l(h)] (3.36)
are— B. h —
& S ) Y /S

Burada Xginy ~ Zi(Sicn) /\/E) dagilir ve Z; standart normal dagilmis bir rassal
degiskendir. Buradan PB test degiskeni su sekilde elde edilir:

2
T(Z;, 12 2 Ek:ziz(ni -1) [Z{'{=1 (\/nizi(ni — 1)/(si(h))(,21i_1))] (3.37)
ir Xn;—15 Si = _
b Xni—1 Si(n) Xhi-1 S5y (g — D/ (sin222,-1)

i=1

S(h)z = (Slz(h),Szz(h), ...,S,E(h)) vektoriiniin -~ gozlenen  degeri  olan S(h)z _
(% S3(hys -+ » Skny) vektorii @ anlamhlik diizeyinde Béliim 3.1.2” de oldugu gibi
P (T(Zi')(rzli—l; siz(h)) >t)< a (3.38)

oldugunda H,, hipotezi reddedilir ve grup ortalamalarinin birbirine esit olmadigi sonucuna

varilir.

3.5.3. Genellestirilmis F-testi icin Huber’i n M-tahmincileri diizeltmesi

Genellestirilmis F-testi i¢in Denklem 3.11° de verilen standartlastirilmis gruplar

aras1 kareler toplamin1 Huber’in M-tahmincileri ile tekrar diizenleyelim.

k _ k 2 3.39
KT,y = E nixiz(h) 1 E X /S5 .
G(h) = - iXi(ny/ Si(n
™ Siz(h) Z§=1 ni/siz(h) A

i=1 i=1
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burada )Eiz(h) Huber’ in M-konum tahmincisinin karesini, siz(h) ise Huber’ in M-dlcek
tahmincisini gosterir. Denklem 3.39” da verilen KT, c(n) degeri Huber’in M-tahmincileri
diizeltmesi ile hesaplanmig olan gruplar arasi kareler toplamin1 gosterir. EG(h) degeri,
KT, ¢(n) Huber’in M-tahmincileri ile diizeltilmis standartlagtirilmig gruplar arasi kareler

toplaminin goézlenen degeridir. Sifir hipotezini test etmek icin kullanilacak p-degeri

Boliim 3.1.3” te ki gibi su sekilde elde edilir:

153 n253(h) MieSk(n) D) (3.40)

B1By..Bg—1 (1-B1)By..Bp_1’ ~’ (1-By_q)

N-k +—
p=1—-E(H-1n-k (E ktgny [

p-degeri H, hipotezinin dogrulugunu gosteren bir kanit niteligindedir. ¢ anlamlilik

diizeyinde genellestirilmis sabit diizeyli test i¢in p < a oldugunda, H, hipotezi reddedilir.
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4. MONTE-CARLO SIMULASYON CALISMALARI

Bu béliimde, dnceki boliimlerde verilen Genellestirilmis Behrens-Fisher problemi
icin, homojen ve homojen olmayan varyans i¢in dengeli ve dengeli olmayan tasarimlarda
kullanilan yOntemlerin performanslari, Monte-Carlo simiilasyon ¢alismalart ile
karsilagtirilmistir. Bunun yani sira, aykir: deger olmast durumunda kullanilmasi 6nerilen
testler ve bu testlere iligkin diizeltme yontemleri Monte-Carlo simiilasyon ¢alismalari ile

incelenmistir.

4.1. Genellestirilmis Behrens-Fisher Problemi icin Monte-Carlo Simiilasyonu

Genellestirilmis  Behrens-Fisher problemi ic¢in Klasik F-testi (KF),
Genellestirilmis F-testi (GF), Parametrik Bootstrap Testi (PB) ve Welch F (W) testlerinin
giicleri ve 1.tip hata oranlar1 karsilastirilmistir.

Bahsedilen testler karsilagtirilirken dengeli ve dengeli olmayan tasarimlarda
orneklem hacimlerinin ve varyanslarin esit ve esit olmadigi durumlar ele alinmistir.
Testlerin 1.tip hata oranlar1 hesaplanirken nominal diizey a = 0.05 olarak alinmigtir.
Simiilasyon ¢aligmasinda aykiri deger iiretebilmek icin Box-Whisker grafiginden
yararlanilmistir. Box-Whisker grafigi Box-Plot ya da kutu grafigi olarak da bilinir. Ilgili
degisken bakimindan veri i¢in hazirlanan bes sayili 6zetleme (en kiiciik deger, 1.kantil,
medyan, 3.kantil, en biiyiik deger) gdsterimini grafiksel olarak Ozetlemeye dayanir.
Ozellikle merkezsel konum, yayilma, ¢arpiklik ve basiklik yoniinden verileri 6zetlemek
ve aykirt degeri tanimlamak i¢in kullanilir. Box-Whisker grafigine gore kuyruklardan
veri lizerinden hesaplanan standart sapma degeri kadar uzakliktaki gozlem degeri sag
veya sol kuyruktan rassal olarak secilip aykir1 deger olarak alinmistir. Ayrica grafik
yardimiyla aykir1 degerin kuyruklara olan uzakliklar1 farkli degerlerde (o,20,30)
alinarak farkli aykir1 deger siddetleri (az= o , orta=20 , asir1 = 30) elde edilmistir. Aykir
degerin etkilerini gdzlemlemek agisindan oldukca faydalidir.

Simiilasyon ¢alismasi yapilirken KF, GF, PB ve W testleri i¢in tekrar sayis1 1000
olarak alinmistir. GP ve PB testleri i¢in simiilasyon ¢alismasi iki asamadan olugmaktadir.
Birinci asamada 1000 tekrar yapilarak (%, X,, X3,51%, 5,2, 55%) gozlem degerleri
iiretilmistir. Tkinci asamada 1000 tekrar yapilarak GP ve PB testleri i¢in p-degerleri
hesaplanmistir. Ele alinan testlere iliskin giic degerleri ve 1.tip hata oranlar1 sirasiyla

cizelgeler ile verilmistir.
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Cizelgelerde (04, 0,, 03) ile gosterilen 1.siitun ti¢ farkli 6rneklemde bulunan aykiri
deger sayilarini, (uq, Uy, U3) ile gosterilen 2.siitun ise anakiitlelere iligkin ortalama

degerlerini gostermektedir.

Ayrica simiilasyon sonuglart ifade edilirken,

e Dengeli olmayan kiiciik 6rneklem diizeni denildiginde nq, n,, n; = (5,10,15)
e Dengeli kiigiik 6rneklem diizeni denildiginde ny, n,, n; = (10,10,10)

e Dengeli olmayan biiyiik 6rneklem diizeni denildiginde n,, n,, n; = (25,50,75)
e Dengeli biiylik 6rneklem diizeni denildiginde nq, n,, n3; = (25,25,25)

e Homojen varyans denildiginde o7, 07, 0% = (1,1,1)

e Homojen olmayan varyans denildiginde o7, 67, 04 = (0.2,0.4,0.6)

ifade edilmektedir.

4.1.1. Genellestirilmis Behrens-Fisher probleminin ¢6ziimii icin kullanilan

testlerin Monte-Carlo simiilasyonlar: sonucunda elde edilen gii¢c degerleri

Bu boliimde Genellestirilmis Behrens-Fisher probleminin ¢6ziimii i¢in kullanilan
testlerin aykir1 degerden kaynaklanan normallik bozulmasi durumunda Monte-Carlo
simiilasyonlar1 ile elde edilen gii¢ degerleri verilmistir. Sonrasinda ise simiilasyonlar

sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.1. Testlerin az siddetli aykirt deger ve homojen varyans durumunda gii¢

degerleri
n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,0,0.3) 0.116  0.149 0.099 0.084 0.096 0.119 0.111 0.095
(0,0,0.6) 0.316 0315 0.242 0.244 0.242 0.268 0.240  0.239
(0,0,0) (0,0,0.9) 0.599 0590 0454 0492 0477 0515 0473  0.469
(0,0,1.2) 0.831 0.819 0.708 0.745 0.742 0.732  0.689  0.707
(0,0,1.5) 0959 0950 0.884 0918 0909 0900 0.863 0.893
(0,0,0.3) 0.080 0.118 0.082 0.075 0.080 0.093 0.068 0.077
(0,0,0.6) 0.219 0267 0.175 0.177 0.195 0.186 0.147  0.163
(0,0,1) (0,0,0.9) 0.439 0479 0337 0390 0.401 0.371 0.299  0.336
(0,0,1.2) 0.698  0.694 0.603 0.608 0584 0.554 0494 0.522
(0,0,1.5) 0.875 0.875 0.815 0.828 0.751 0.724  0.694  0.693
(0,0,0.3) 0.074 0.116  0.068 0.076  0.078  0.101 0.055  0.079
(0,0,0.6) 0.189 0.229 0.162 0.174 0.177  0.195 0.132  0.159
(0,1,1) (0,0,0.9) 0.383  0.420 0.340 0340 0320 0346 0270 0.314
(0,0,1.2) 0.586 0.636  0.534 0552 0505 0516 0465  0.483
(0,0,1.5) 0.775 0.800 0.736  0.750 0.665 0.687 0.646  0.654
(0,0,0.3) 0.096 0.102 0.072 0.089 0.063 0.070 0.052  0.065
(0,0,0.6) 0.212 0227 0.182 0.196 0.157 0.152  0.127 0.143
(1,1,1) (0,0,0.9) 0.412 0415 0.343 0368 0270 0.286 0.267 0.284
(0,0,1.2) 0.627 0.627 0.547 0585 0454 0.463 0427 0455
(0,0,1.5) 0.785 0.806 0.752 0.773  0.626  0.621 0.598  0.620
(0,0,0.3) 0.111 0.170  0.068 0.116  0.138  0.154  0.057 0.116
(0,0,0.6) 0.262 0300 0.152 0239 0.283 0.252  0.131 0.223
(0,0,2) (0,0,0.9) 0.439 0476 0300 0.401 0.422  0.401 0.253 0.374
(0,0,1.2) 0.596  0.629 0.528 0.562 0556  0.524  0.431 0.507
(0,0,1.5) 0.746 0767 0.730 0.712 0.658 0.629 0.618  0.615
(0,0,0.3) 0.106  0.167 0.068 0.103  0.130 0.144  0.051 0.106
(0,0,0.6) 0.231 0.284  0.158  0.221 0.233 0262 0.118  0.220
0,1,2) (0,0,0.9) 0.402 0436 0303 0368 0379 0397 0237 0.358
(0,0,1.2) 0.562 0586 0495 0537 0503 0514 0408  0.497
(0,0,1.5) 0.690 0717 0.690 0.679 0.598 0.602 0.606  0.589
(0,0,0.3) 0.139  0.147 0.071 0.131 0.124  0.115 0.036  0.100
(0,0,0.6) 0.259 0266 0.171 0.229  0.224 0.196  0.101 0.203
(1,1,2) (0,0,0.9) 0.404 0410 0.322 0377 0344 0.329 0.231 0.320
(0,0,1.2) 0.568  0.581 0.502 0532 0471 0.482 0386  0.463
(0,0,1.5) 0.735 0730  0.700 0.688 0.587  0.591 0.583  0.583
(0,0,0.3) 0.154 0.206 0.062 0.144 0.246 0.247  0.071 0.194
(0,0,0.6) 0.288 0337 0.140 0265 0358 0.335 0.151 0.304
0,0,3) (0,0,0.9) 0.439 0474 0277 0415 0467 0.451 0.279  0.433
(0,0,1.2) 0.559 0.586  0.481 0.546  0.533  0.527 0.428 0.514
(0,0,1.5) 0.680  0.691 0.714 0.644 0.584  0.581 0.591 0.575
(0,0,0.3) 0.163 0218 0.085 0.164 0.166 0.195 0.079  0.155
(0,0,0.6) 0.267 0322 0.192 0264 0256 0.296 0.159 0.247
0,2,2) (0,0,0.9) 0.392 0458 0.345 0393 0380 0.411 0.290  0.393
(0,0,1.2) 0.538  0.600 0.550 0.546  0.501 0.535 0.455 0.513
(0,0,1.5) 0.685 0.730 0.725 0.689 0.608 0.637 0.621 0.617
(0,0,0.3) 0.248 0.176  0.147 0208 0.232  0.151 0.115  0.215
(0,0,0.6) 0.313 0.283  0.228 0300 0308 0.249 0.212  0.299
(2,2,2) (0,0,0.9) 0.421 0.396 0.406 0.410 0386 0353 0.329 0397
(0,0,1.2) 0.548 0552 0.565 0542 0495 0.482 0456 0495
(0,0,1.5) 0.682  0.696 0.690 0.691 0.584 0.588 0.603  0.592
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Cizelge 4.1.(Devam) Testlerin az siddetli aykir: deger ve homojen varyans durumunda
gi¢ degerleri

n=(25,50,75) n=(25,25,25)

(01,02,03) (uy,up )  KF GF PB w KF GF PB w

(0,0,0.3) 0401 0399 0358 0348 0.184 0212 0.193 0.184
(0,0,0.6) 0940 0920 0.880 0919 0.582 0597 0.552  0.568

(0,0,0) (0,0,0.9) 1 1 0.995 1 0912 0916 0.862 00911
(0,0,1.2) 1 1 1 1 0992 0991 0981 0.989
(0,0,1.5) 1 1 1 1 1 1 0.999 1

(0,0,0.3) 0377 0382 0358 0326 0.150 0.180 0.144  0.137
(0,0,0.6) 0912 0894 0.857 0885 0.505 0477 0463  0.447

(0,0,1) (0,0,0.9) 1 0999 0992 0999 0826 0.809 0.809 0.790
(0,0,1.2) 1 1 1 1 0976 0968  0.962  0.966
(0,0,1.5) 1 1 1 1 0.999 0999  0.997  0.999

(0,0,0.3) 0351 0356 0317 0309 0.155 0179 0.143  0.144
(0,0,0.6) 0.894 0877 0.823 0.870 0449 0473 0432 0.433
(0,1,1) (0,0,0.9) 0998 0994 0994 0997 0.800 0.794 0.797 0.783
(0,0,1.2) 1 1 1 1 0965 0962 0954 0967
(0,0,1.5) 1 1 1 1 0997 0993  0.994 0.995

(0,0,0.3) 0349 0316 0321 0290 0.144 0.156 0.129  0.141
(0,0,0.6) 0.867 0.838 0.788  0.825 0420 0.416 0422 0415
1,1,1) (0,0,0.9) 0997 0995 0983 0994 0.731 0.731 0.743  0.721
(0,0,1.2) 1 1 1 1 0935 0942 0938 0.933
(0,0,1.5) 1 1 1 1 0992 0995 0.988  0.993

(0,0,0.3) 0.348 0357 0334 0308 0215 0211 0.126 0.179
(0,0,0.6) 0.880 0.876 0.848 0.863 0461 0.454 0385 0.435

0,0,2) (0,0,0.9) 1 0999 099 0997 0.733 0.708 0.729  0.694
(0,0,1.2) 1 1 1 1 0924 0889 0.922  0.880
(0,0,1.5) 1 1 1 1 0992 0984 0985 0.984

(0,0,0.3) 0342 0347 0303 0297 0.177 0201 0.119 0.160
(0,0,0.6) 0.849 0.837 0.829 0.823 0.448 0435 0366 0.416
0,1,2) (0,0,0.9) 0998 0991 0989 0995 0.708 0.702 0.732  0.689
(0,0,1.2) 1 1 1 1 0912 0.894 0930  0.895
(0,0,1.5) 1 1 1 1 0996 0991 0.993  0.988

(0,0,0.3) 0346 0285 0303 0291 0.162 0.159 0.104 0.164
(0,0,0.6) 0.835 0.797 0.775 0.794 0405 0410 0357 0.391
1,1,2) (0,0,0.9) 0992 0988 0984 0987 0.682 0.672 0.687  0.660
(0,0,1.2) 1 1 1 1 0.889 0.874 0.902  0.877
(0,0,1.5) 1 1 1 1 0975 0976 0981 0972

(0,0,0.3) 0.331 0342 0293 0296 0221 0211 0.093 0.176
(0,0,0.6) 0.854 0856 0.828 0.824 0.441 0416 0321 0.390
(0,0,3) (0,0,0.9) 0995 0995 0995 0993 0.665 0.633 0.676  0.606
(0,0,1.2) 1 1 1 1 0.872  0.839 0.896  0.822
(0,0,1.5) 1 1 1 1 0977 0965 0974 0.961

(0,0,0.3) 0342 0344 0307 0318 0.196 0229 0.140 0.198
(0,0,0.6) 0.829 0.819 0.790 0.810 0432 0461 0409 0432
0,2,2) (0,0,0.9) 0991 0989 0988 0987 0.713 0.708 0.731  0.702
(0,0,1.2) 1 1 0.999 1 0.902 0.895 0.924 0.900
(0,0,1.5) 1 1 1 1 0983 0980 0.992 0977

(0,0,0.3) 0384 0271 0316 0312 0.190 0.170 0.145 0.180
(0,0,0.6) 0.821 0.789 0.781 0.791 0405 0393 0377 0.403
2,2,2) (0,0,0.9) 0984 0989 0980 0979 0.655 0.655 0.683  0.656
(0,0,1.2) 1 1 0.999 1 0.862 0.863 0.898  0.869
(0,0,1.5) 1 1 1 1 0962 0968 0.975  0.965
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Cizelge 4.2. Testlerin orta siddetli aykir: deger ve homojen varyans durumunda gii¢

degerleri
n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,0,0.3) 0.116  0.149 0.099 0.084 0.096 0.119 0.111 0.095
(0,0,0.6) 0.316 0315 0.242 0.244 0.242 0.268 0.240  0.239
(0,0,0) (0,0,0.9) 0.599 0590 0454 0492 0477 0515 0473  0.469
(0,0,1.2) 0.831 0.819 0.708 0.745 0.742 0.732  0.689  0.707
(0,0,1.5) 0959 0950 0.884 0918 0909 0900 0.863 0.893
(0,0,0.3) 0.071 0.114 0.052  0.065 0.074 0.086  0.056  0.062
(0,0,0.6) 0.191 0.248 0.145 0.175 0.199 0.180 0.124  0.151
(0,0,1) (0,0,0.9) 0.400 0.442  0.301 0.363 0362  0.307 0.222 0.274
(0,0,1.2) 0.614  0.628 0.558 0562 0.540 0.474 0.400 0451
(0,0,1.5) 0.802  0.821 0.759 0.753  0.699 0.650 0.593  0.611
(0,0,0.3) 0.056  0.108  0.051 0.064 0.065 0.090 0.038  0.064
(0,0,0.6) 0.138  0.203  0.123  0.156  0.141 0.174  0.096 0.141
(0,1,1) (0,0,0.9) 0.281 0.346  0.261 0.289 0274 0.293  0.212  0.267
(0,0,1.2) 0.487 0545 0442 0473 0418 0.437 0379 0403
(0,0,1.5) 0.672 0.723  0.662 0.669 0.583 0.597 0563  0.570
(0,0,0.3) 0.075  0.041 0.020 0.042 0.052 0.046 0.028 0.049
(0,0,0.6) 0.156  0.099 0.072 0.092 0.124  0.097 0.072  0.107
(1,1,1) (0,0,0.9) 0.298 0.216 0.192 0.199 0226 0.202 0.178 0.214
(0,0,1.2) 0.468 0379 0362 0355 0362 0359 0312 0.366
(0,0,1.5) 0.614 0570 0.543 0546 0516  0.519 0503  0.513
(0,0,0.3) 0.085 0.148 0.052 0.088 0.134 0.127 0.052  0.092
(0,0,0.6) 0.211 0.268 0.117 0.195 0260 0.229 0.075  0.190
(0,0,2) (0,0,0.9) 0.373 0418  0.241 0.351 0.408 0344 0.163  0.331
(0,0,1.2) 0.514 0566 0466 0492 0507 0.478 0314 0453
(0,0,1.5) 0.670  0.719  0.681 0.652 0.586 0.577 0.507  0.552
(0,0,0.3) 0.079  0.124  0.042 0.083 0.119 0.140 0.035  0.099
(0,0,0.6) 0.150 0200 0.090 0.165 0220 0.234 0.084 0.195
0,1,2) (0,0,0.9) 0.285 0337 0208 0276 0356 0353 0.170 0.324
(0,0,1.2) 0.430 0482 0.386 0422 0463 0463 0317 0.449
(0,0,1.5) 0.581 0.633  0.601 0.575 0.555  0.561 0.493  0.540
(0,0,0.3) 0.102  0.055 0.027 0.047 0.126 0.084 0.026  0.097
(0,0,0.6) 0.176 ~ 0.127  0.064 0.119 0217 0.177 0.067  0.187
(1,1,2) (0,0,0.9) 0.286 0.232  0.154 0219 0327 0.308 0.152  0.299
(0,0,1.2) 0.410 0344 0.308 0332 0425 0406 0294 0407
(0,0,1.5) 0.545 0508 0495 0464 0517 0514 0465  0.506
(0,0,0.3) 0.103  0.161 0.041 0.113  0.266  0.235 0..048 0.185
(0,0,0.6) 0.209 0266 0.095 0202 0373 0332 0.103 0.295
0,0,3) (0,0,0.9) 0.328  0.381 0.211 0.331 0.463 0433 0.195 0411
(0,0,1.2) 0.455 0527 0374  0.461 0.511 0.500  0.331 0.491
(0,0,1.5) 0.587 0.649 0.587 0.584 0.556  0.551 0.502  0.549
(0,0,0.3) 0.120  0.174  0.068 0.126  0.163  0.186  0.050  0.132
(0,0,0.6) 0.191 0.253 0.126  0.213 0250 0.280  0.105  0.225
0,2,2) (0,0,0.9) 0.286 0384 0.266 0333  0.341 0.401 0.201 0.373
(0,0,1.2) 0.426 0525 0445 0477 0443 049 0362 0475
(0,0,1.5) 0.576  0.657 0.612 0.626 0.546 0.584 0.553  0.568
(0,0,0.3) 0.336  0.144  0.111 0.188 0.229  0.117  0.087 0.194
(0,0,0.6) 0.413 0219 0.195 0256 0.311 0.191 0.144  0.289
2,2,2) (0,0,0.9) 0.495 0327 0314 0357 0388 0307 0265 0.370
(0,0,1.2) 0.576  0.447 0447 0465 0463 0.411 0.388  0.455
(0,0,1.5) 0.670 0572 0.573 0594 0536 0.527 0519  0.536
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Cizelge 4.2.(Devam) Testlerin orta siddetli aykiri deger ve homojen varyans
durumunda gii¢ degerleri

n=(25,50,75)

n=(25,25,25)

(01,02,03) (uy,up )  KF GF PB w KF GF PB w
(0,003) 0401 0399 0358 0348 0.184 0212 0.193 0.184
(0,00.6) 0940 0920 0.880 0919 0582 0597 0552 0.568
(0,0,0) (0,0,0.9) 1 1 0.995 1 0912 0916 0.862 0911
(0,0,1.2) 1 1 1 1 0.992 0991 0981  0.989
(0,0,1.5) 1 1 1 1 1 1 0.999 1
(0,003) 0354 0356 0321 0312 0150 0.156 0.115 0.123
(0,00.6) 0898 0.878 0.849 0869 0459 0441 0372  0.404
(0,0,1) 0,009) 0999 0998 0997 0998 0.788  0.741  0.755  0.731
(0,0,1.2) 1 1 1 1 0.959 0943 0946  0.934
(0,0,1.5) 1 1 1 1 0.999  0.996 0.995  0.995
(0,003) 0297 0324 0297 0280 0.139 0.166 0.114 0.134
(0,00.6) 0848 0.832 0.805 0815 0410 0423 0355 0.391
(0,1,1) (0,009 0997 0994 0992 0995 0719 0712 0.725  0.708
(0,0,1.2) 1 1 1 1 0.920 0914 0928 0917
(0,0,1.5) 1 1 1 1 0.993 0986 0987  0.987
(0,003) 0324 0245 0266 0263 0123 0.113 0.103 0.118
(0,00.6) 0830 0784 0764 0.786 0373 0352 0345  0.360
(1,1,1) (0,009) 0991 0988 0981 0988 0671 0675 0.682  0.665
(0,0,1.2) 1 1 1 1 0.908 0910 0924  0.905
(0,0,1.5) 1 1 1 1 0.989  0.989  0.989  0.990
(0,003) 0313 0338 0288 0287 0.149 0.154 0.081 0.122
(0,00.6) 0859 0.850 0.824 0833 0412 0382 0284 0.351
(0,0,2) (0,009 0994 0993 0995 0992 0713  0.661 0.650  0.636
(0,0,1.2) 1 1 1 1 0.909 0.880 0.895  0.867
(0,0,1.5) 1 1 1 1 0.986 0978 0977 0974
(0,003) 0285 0322 0266 0266 0.133 0.155 0.096 0.128
(0,00.6) 0818 0799 0780 0.791 0371 0364 0280 0.334
(0,1,2) (0,00.9) 0993 0989 0992 0992 0664 0.623 0.643  0.620
(0,0,1.2) 1 1 1 1 0.891  0.855 0.884  0.849
(0,0,1.5) 1 1 1 1 0.967 0958 0975  0.961
(0,003) 0300 0249 0229 0239 0.134 0.106 0.074 0.127
(0,00.6) 0785 0733 0729 0.751 0331 0301 0284 0314
(1,1,2) (0,009) 098 0983 0978 0980 0589 0563 0583  0.552
(0,0,1.2) 1 1 1 1 0.834 0811 0.854  0.800
(0,0,1.5) 1 1 1 1 0.956  0.955 0974  0.949
(0,003) 0270 0311 0258 0270 0.154 0.140 0.060  0.105
(0,00.6) 0835 0831 0795 0812 0382 0340 0229  0.302
(0,0,3) (0,009) 0993 0992 0992 0989 0652 059 0565 0.571
(0,0,1.2) 1 1 1 1 0.871 0.824 0.852 0.814
(0,0,1.5) 1 1 1 1 0.971  0.947 0967  0.933
(0,003) 0270 0297 0247 0257 0.131 0.147 0.103 0.124
(0,00.6) 0783 0772 0.757 0763 0337 0354 0295 0.332
(0,2,2) (0,009) 0990 0988 0984 0991 0633 0.648 0.638  0.630
(0,0,1.2) 1 1 1 1 0.874 0.872 0.895  0.866
(0,0,1.5) 1 1 1 1 0.973 0966 0982  0.968
(0,003) 0307 0206 0234 0238 0.129 0.102 0.090 0.141
0,00.6) 0757 0706 0.698 0704 0311 0290 0270  0.309
(2,2,2) 0,009 0976 0970 0969 0969 0568 0568 0583  0.571
0,0,12)  0.999 1 1 0.999 0.805 0.809 0.830  0.808
(0,0,1.5) 1 1 1 1 0.944 0947 0962  0.937
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Cizelge 4.3. Testlerin asir siddetli aykirt deger ve homojen varyans durumunda gii¢

degerleri
n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,0,0.3) 0.116  0.149 0.099 0.084 0.096 0.119 0.111 0.095
(0,0,0.6) 0.316 0315 0.242 0.244 0.242 0.268 0.240  0.239
(0,0,0) (0,0,0.9) 0.599 0590 0454 0492 0477 0515 0473  0.469
(0,0,1.2) 0.831 0.819 0.708 0.745 0.742 0.732  0.689  0.707
(0,0,1.5) 0959 0950 0.884 0918 0909 0900 0.863 0.893
(0,0,0.3) 0.056  0.107 0.037 0.060 0.068 0.088 0.040 0.066
(0,0,0.6) 0.166  0.221 0.109 0.148 0.177 0.150 0.082  0.119
(0,0,1) (0,0,0.9) 0.340 0398 0.256 0320 0328 0.269 0.183  0.236
(0,0,1.2) 0.555 0590 0470 0510 0504 0447 0333  0.406
(0,0,1.5) 0.739 0.760 0.706  0.683 0.649 0.580 0.517  0.553
(0,0,0.3) 0.048  0.088  0.032  0.051 0.061 0.080 0.019  0.050
(0,0,0.6) 0.116  0.179  0.098  0.129  0.137 0.154 0.066 0.116
(0,1,1) (0,0,0.9) 0.261 0.314  0.227 0.250  0.251 0.265 0.162  0.226
(0,0,1.2) 0.406 0.480 0413 0429 0376 0408 0316 0.376
(0,0,1.5) 0.587 0.664 0.609 0.611 0.529 0.563 0.513  0.537
(0,0,0.3) 0.097 0.039 0.023 0.038 0.037 0.034 0.012 0.041
(0,0,0.6) 0.172  0.089 0.063  0.090 0.092  0.091 0.051 0.098
(1,1,1) (0,0,0.9) 0.304  0.191 0.134  0.180 0.206  0.188 0.128  0.193
(0,0,1.2) 0432 0336 0277 0303 0350 0336 0258  0.345
(0,0,1.5) 0.574 0502 0442 0468 0486 0.473 0.441 0.486
(0,0,0.3) 0.046  0.110 0.032 0.068 0.129  0.120 0.033  0.094
(0,0,0.6) 0.133  0.184 0.067 0.138 0.264 0.206 0.062  0.169
(0,0,2) (0,0,0.9) 0.243 0303 0.163  0.241 0.385  0.331 0.118  0.303
(0,0,1.2) 0.392 0457 0.327 0390 0469 0.440 0.234 0408
(0,0,1.5) 0.578  0.641 0.548 0.552 0.540 0513 0392  0.490
(0,0,0.3) 0.042  0.081 0.022  0.053 0.119 0.130 0.014  0.095
(0,0,0.6) 0.088  0.151 0.058  0.101 0.221 0.218 0.043 0.171
0,1,2) (0,0,0.9) 0.184 0234 0.159 0.197 0335 0.321 0.127  0.290
(0,0,1.2) 0.294 0377 0.310 0317 0422 0.436 0242 0408
(0,0,1.5) 0.448 0.533 0489 0.471 0.510 0.513  0.389  0.495
(0,0,0.3) 0.086 0.026 0.016  0.031 0.100  0.069 0.012  0.075
(0,0,0.6) 0.165 0.080 0.039 0.085 0.192 0.142 0.032  0.151
(1,1,2) (0,0,0.9) 0.233  0.179  0.100 0.163 0296 0.260 0.092 0.271
(0,0,1.2) 0.370 0279  0.207 0262 0.381 0.366  0.199  0.374
(0,0,1.5) 049 0437 0374 0406 0465 0456 0340 0.450
(0,0,0.3) 0.047 0.110 0.025 0.064 0.235 0.202 0.034  0.155
(0,0,0.6) 0.106  0.180  0.046 0.125 0360 0.303 0.067 0.263
0,0,3) (0,0,0.9) 0.204 0.287 0.130 0.218 0.438 0.403 0.131 0.381
(0,0,1.2) 0.329 0423  0.261 0.349 0466 0.458 0.236 0.443
(0,0,1.5) 0489 0584 0452 049 0507  0.501 0.358  0.491
(0,0,0.3) 0.060 0.126  0.040 0.080 0.157 0.170  0.038  0.117
(0,0,0.6) 0.122  0.188 0.088 0.142 0.212  0.257 0.072  0.205
0,2,2) (0,0,0.9) 0.208 0.292  0.175 0.248 0.311 0.369 0.145  0.337
(0,0,1.2) 0.318 0430 0.343  0.371 0.395 0469 0.272 0.444
(0,0,1.5) 0.445 0565 0.528 0536 0497  0.561 0.440  0.543
(0,0,0.3) 0.318  0.061 0.055 0.115 0.194  0.081 0.054  0.163
(0,0,0.6) 0.362  0.111 0.112  0.174 0.262  0.141 0.105  0.231
(2,2,2) (0,0,0.9) 0.439 0203 0.230 0266 0326 0.225 0.185 0.325
(0,0,1.2) 0.541 0.308 0367 0383 0406 0.324 0.197 0.398
(0,0,1.5) 0.617 0430 0.482 0488 0477 0.444 0437 0.469
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Cizelge 4.3.(Devam) Testlerin asir1 siddetli aykiri deger ve homojen varyans
durumunda gii¢ degerleri

n=(25,50,75)

n=(25,25,25)

(01,02,03) (uy,up )  KF GF PB w KF GF PB w
(0,003) 0401 0399 0358 0348 0.184 0212 0.193 0.184
(0,00.6) 0940 0920 0.880 0919 0582 0597 0552 0.568
(0,0,0) (0,0,0.9) 1 1 0.995 1 0.19 0916 0.862 0911
(0,0,1.2) 1 1 1 1 0.992 0991 0981  0.989
(0,0,1.5) 1 1 1 1 1 1 0.999 1
(0,003) 0337 0346 0295 0296 0.147 0.142 0089 0.118
(0,00.6) 0881 0869 0.829 0857 0439 0406 0308 0.382
(0,0,1) (0,009 0998 0997 0996 0996 0737 0.689  0.698  0.669
(0,0,1.2) 1 1 1 1 0.937 0913 0928  0.895
(0,0,1.5) 1 1 1 1 0.996 0988 0.988  0.986
(0,003) 0272 0307 0263 0251 0128 0.156 0.090 0.118
(0,00.6) 0.800 0790 0773  0.774 0374 0397 0316  0.355
(0,1,1) (0,009 0993 0987 0991 0990 0691 0.691 0.678 0.674
(0,0,1.2) 1 1 1 1 0.892 0.886 0.908  0.893
(0,0,1.5) 1 1 1 1 0.980 0972 0980 0.976
(0,003) 0308 0219 0219 0235 0104 0085 0072 0.106
(0,00.6) 0789 0734 0728 0.744 0309 0294 0294  0.304
(1,1,1) (0,00.9) 0987 0988 0981 0982 059 0599 0.610  0.600
(0,0,1.2) 1 1 1 1 0.846  0.833  0.875 0.844
(0,0,1.5) 1 1 1 1 0.956  0.968 0971  0.961
(0,003) 0278 0315 0255 0262 0.136 0.138 0.058  0.106
(0,00.6) 0820 0813 0788 0801 0359 0326 0211 0.294
(0,0,2) (0,009 0991 0987 0992 0985 0658 0590 0544  0.556
(0,0,1.2) 1 1 1 1 0.863  0.803 0.852  0.793
(0,0,1.5) 1 1 1 1 0.970 0946 0966  0.938
(0,003) 0243 0284 0235 0238 0107 0.125 0.058  0.096
(0,00.6) 0765 0746 0730 0730 0310 0302 0208 0274
(0,1,2) (0,009 0984 0971 0983 0978 0571 0544 0527 0514
(0,0,1.2) 1 1 1 1 0.824 0790 0.831  0.779
(0,0,1.5) 1 1 1 1 0.956  0.925 0959  0.937
(0,003) 0265 0203 0204 0208 0.108 0.078 0.051  0.096
(0,00.6) 0741 0674 0.699 0677 0279 0247 0200 0.262
(1,1,2) (0,009 0965 0969 0964 0962 0519 0473 0505  0.488
(0,0,1.2) 1 1 0.998 0999 0751 0.708 0.780  0.721
(0,0,1.5) 1 1 1 1 0.931  0.897 0.946  0.905
(0,003) 0244 0286 0218 0243 0119 0.119 0.038  0.082
(0,00.6) 0776 0774 0752 0744 0337 0284 0.152 0254
(0,0,3) (0,009) 0982 0974 0983 0978 0575 0513 0433  0.487
(0,0,1.2) 1 1 1 1 0792 0.730  0.771  0.700
(0,0,1.5) 1 1 1 1 0.929 0.881 0946  0.871
(0,003) 0218 0267 0205 0225 0.104 0.116 0.064  0.099
(0,00.6) 0710 0728 0.696 0.699 0270 0296 0.198  0.256
0,2,2) (0,009) 0973 0975 0972 0973 0523 0539 0531  0.505
(0,0,1.2) 1 1 0.999 1 0.785 0.802 0.832  0.790
(0,0,1.5) 1 1 1 1 0.942 0936 0967 0933
(0,003) 0275 0162 0185 0.191 0.099 0.065 0.060 0.099
(0,00.6) 0673 0595 0618 0620 0239 0211 0.184 0238
(2,2,2) (0,009) 0949 0940 0933 0931 0484 0458 0441  0.481
0,0,12) 0998  0.997 1 0.996 0717 0717 0739  0.711
(0,0,1.5) 1 1 1 1 0.882  0.887 0912  0.888
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Cizelge 4.4. Testlerin az siddetli aykirt deger ve homojen olmayan varyans durumunda
gi¢ degerleri

n=(5,10,15) n=(10,10,10)
(04,045,035 (41, o, tz)  KF GF PB w KF GF PB w
0,0,03)  0.152 0210 0.181 0.150 0.167 0.172 0.158  0.146
(0,00.6) 0534 0557 0474 0.502 0497 0.458 0416 0.427
(0,000  (0,0,09) 0875 0886 0.805 0.841 0.847 0.780 0.735  0.765
(0,0,1.2) 0989 0992 0971 0985 098 0952 0916 0.952
(0,0,1.5)  0.999 0.999 0996  0.999 1 0.999  0.989  0.998
(0,003) 0.085 0.144 0.125 0.107 0.133 0.121 0.095 0.095
(0,00.6) 0359 0441 0331 0370 0381 0315 0268 0.82
(0,0,1) (0,009 0714 0754 0.691 0.705 0.638 0.578 0515  0.551
(0,01.2) 0920 0932 0920 0905 0831 0774 0752  0.756
(0,0,1.5)  0.985 0994 0983 0987 00945 0.889 0.903 0.883
(0,0,03) 0091 0.144 0.104 0.116 0.125 0.118 0073  0.098
(0,00.6) 0332 0409 0338 0343 0317 0312 0232 0279
(0,1,1) (0,009 0639 0713 0645 0.676 0569 0.566 0495  0.533
(0,0,1.2) 0865 0908 0.879 0.895 0782 0.757 0.732  0.730
(0,015 0971 0983 0980 0981 0911 0.892 0.900 0.883
(0,0,03)  0.104 0.140 0.117 0.120 0.124  0.092  0.085  0.091
0,0,06) 0341 0402 0344 0371 0312 0277 0232  0.268
(L1,1) (0,009 0662 0709 0.669 0.697 0558 0517 0476  0.505
(0,0,1.2) 0881 0905 0.891 0.88 0772 0.726 0.710  0.711
(0,01.5) 0973 0982 0974 0980 0910 0.871 0874 0.862
(0,003) 0.143 0223 0.098 0.168 0215 0.186 0078 0.149
(0,00.6) 0373 0446 0296 0395 0413 0368 0216 0.356
(0,0,2) (0,009 0605 0649 0587 0.614 0572 0541 0450  0.525
(0,01.2) 0783  0.820 0.850 0.793 0707 0.672  0.694  0.657
(0,01.5) 0919 0935 0965 0918 0.813 0.789 0842 0.778
(0,003) 0.136 0202 0.106 0.164 0.188 0.186 0.064 0.143
(0,00.6) 0368 0435 0310 0393 0388 0369 0202 0.345
(0,1,2)  (0,0,09) 0578 0633 0597 0.605 0528 0523 0423 0513
(0,01.2) 0749 0.803 0.829 0.763 0.657 0.650 0.689  0.632
(0,015  0.899 0928 0.950 0.914 0.800 0.778 0.857 0.761
(0,003) 0.161 0204 0092 0.179 0.197 0.159 0.057 0.134
(0,00.6) 0361 0417 0321 0390 0379 0326 0202  0.308
(1,1,2) (0,009 0595 0641 0594 0.605 0.534 0523 0423  0.502
(0,01.2) 0787 0811 0.852 0.803 0.679 0.656 0.676  0.649
(0,01.5) 0912 0936 0956 0927 0819 0.782 0.867 0.766
(0,003) 0.185 0266 008 0213 0310 0282 0.096 0.246
0,0,06) 0412 0461 0253 0414 0460 0427 0230  0.402
(0,0,3) (0,009 0561 0602 0556 0572 0541 0531 0445  0.521
(0,01.2) 0701 0.747 0817 0.703 0.612 0.603 0.647  0.600
(0,0,1.5)  0.840 0.882 0949 0.847 0.699 0.691 0.779  0.680
(0,003) 0.177 0263 0.117 0228 0216 0229 0.098 0.189
(0,00.6) 0353 0462 0355 0424 0378 0398 0253  0.374
(0,22) (0,009 0570 0666 0.650 0.646 0.534 0559 0480  0.542
(0,01.2) 0751 0.820 0.881 0.794 0.680 0.688 0.718  0.670
(0,0,1.5)  0.882 0941 0970 0933 0.791 0.801 0.868 0.787
(0,0,03) 0205 0218 0.162 0242 0263 0217 0.125 0.237
(0,00.6) 0362 0401 0375 0405 0407 0363 0291 0.374
2,22) (0,009 0558 0609 0.633 0.609 0541 0527 0483  0.526
(0,01.2) 0750 0.808 0.808 0.798 0.679 0.669  0.685  0.666
(0,015  0.890 0923 0938 0910 0.814 0.781 0.829 0.771
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Cizelge 4.4.(Devam) Testlerin az siddetli aykirt deger ve homojen olmayan varyans
durumunda gii¢ degerleri

n=(25,50,75)

n=(25,25,25)

(01,02,03) (g, lis, 13)  KF GF PB w KF GF PB w
(0,003) 0688 0.697 0.667 0680 0403 0264 0349  0.324
(0,0,0.6) 1 1 0.995 1 0911 0.873 0814 0.876
0,0,00  (0,0,0.9) 1 1 1 1 0.999 0995 0990  0.997
(0,0,1.2) 1 1 1 1 1 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0638 0654 0614 0617 0310 0262 0226 0238
(0,00.6) 0998 0997 0990 0998 0803 0.742 0.744  0.725
0,0,1)  (0,0,0.9) 1 1 1 1 0.991 0976 0973 0976
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0611 0640 0.607 0618 0294 0285 0226 0.263
(0,00.6) 0997 0994 0993 0997 0772 0.737 0.758  0.719
0,1,1)  (0,0,0.9) 1 1 1 1 0.987 0978 0970  0.981
(0,0,1.2) 1 1 1 1 1 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0590 0577 0570 0571 0296 0257 0237 0247
(0,00.6) 0996 0995 0978 0995 0737 0.697 0.701  0.680
(1L,1,1)  (0,0,0.9) 1 1 1 1 0.974 0961 0962 0.956
(0,0,1.2) 1 1 1 1 1 0.998  0.998 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0592 0613 0578 0585 0350 0295 0207 0275
(0,00.6) 0997 0996 0993 0996 0.693 0635 0.663 0.613
0,02)  (0,0,0.9) 1 1 1 1 0.943 0903 0935 0.896
(0,0,1.2) 1 1 1 1 1 0.997 0997  0.997
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0560 0596 0567 0571 0308 0286 0.185 0.267
(0,00.6) 0991 0991 0984 0990 0681 0.643 0.652  0.630
0,1,2)  (0,0,0.9 1 1 1 1 0.937 0904 0948  0.905
(0,0,1.2) 1 1 1 1 1 0.998 0998  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0549 0558 0545 0537 0304 0262 0.198  0.269
(0,00.6) 0988 0987 0982 0987 0671 0.610 0.622  0.589
(1,1,2)  (0,0,0.9) 1 1 1 1 0.935 0.893 0929  0.894
(0,0,1.2) 1 1 1 1 0.998 0992 0996  0.993
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0564 0584 0539 0566 0334 0288 0.146 0271
(0,00.6) 0993 0992 0987 0991 0602 0553 0572 0.545
0,03)  (0,0,0.9) 1 1 1 1 0.893  0.841 0905 0.826
(0,0,1.2) 1 1 1 1 0.988 0979 0985 0977
(0,0,1.5) 1 1 1 1 0.999  0.998 1 0.998
(0,003) 0542 0590 0575 0572 0314 0313 0229 0287
(0,00.6) 098 0990 0987 0994 0682 0.666 0.669 0.651
0,2,2)  (0,0,0.9) 1 1 1 1 0.937 0919 0951 0926
(0,0,1.2) 1 1 1 1 0.998 0995 0999  0.994
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,003) 0558 0535 0560 0547 0293 0270 0218  0.269
(0,00.6) 0984 098 0980 0980 0653 0.627 0.642 0.617
2,22)  (0,0,0.9) 1 1 1 1 0.928 0903 0938 0910
(0,0,1.2) 1 1 1 1 0.994 0988 0996  0.987
(0,0,1.5) 1 1 1 1 1 0.999 1 0.999
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Cizelge 4.5. Testlerin orta siddetli aykir: deger ve homojen olmayan varyans
durumunda gii¢ degerleri

n=(5,10,15)

n=(10,10,10)

(04,045,035 (41, o, tz)  KF GF PB W KF GF PB w
0,0,03)  0.152 0210 0.181 0.150 0.167 0.172 0.158  0.146
0,0,06) 0534 0557 0474 0502 0497 0458 0416  0.427

00,00 (0,009 0875 088 0805 0841 0847 0780 0.735  0.765
(0,0,12) 0989 00992 0971 0985 098 0952 0916 0.952
0,0,1.5 0999 0999  0.996  0.999 1 0.999  0.989  0.998
(0,0,03) 0081 0.139 0.083 0098 0.137 0.110 0.068  0.092
0,0,06) 0342 0406 0280 0342 0348 0268 0.190  0.237

0,0,1) (0,009 0628 0666 0615 0.621 0582 0490 0409 0467
(0,0,12) 0843 0870 0861 0838 0778 0.705 0.663  0.679
(0,0,1.5) 0973 0978 0977 0966 0910 0851 0870 0.838
(0,0,03) 0072 0.128 0.075 0.090 0.100 0.103 0.052  0.077
0,0,06) 0232 0322 0252 0300 0269 0258 0.169 0.224

0,1,1)  (0,009) 0515 0613 0574 0581 0484 0463 0386 0432
(0,0,12) 0776  0.852 0.863 0.839 0.688 0.665 0.651  0.644
(0,0,1.5) 0931 0960 0970 00956 0.849 0.839 0.836  0.818
(0,0,03)  0.069 0.060 0047 0064 0.088 0.060 0.042  0.069
0,0,06) 0239 0215 0.198 0218 0248 0.196 0.155 0.195

(L,L1)  (0,009) 0495 0483 0471 0465 0477 0425 0355  0.409
0,0,12) 0726 0732 0732 0.702  0.697 0.631 0613  0.631
(0,0,1.5) 0902 0911 0.889 0.886 0.850 0.805 0.825  0.792
(0,0,03) 0.121 0.188 0.070 0.136  0.200 0.163  0.054  0.127
0,0,06) 0322 0379 0219 0335 0394 0319 0.1166 0.292

(0,0,2) (0,009 0520 058 0542 0534 0523 0496 0315 0475
0,0,12) 0715 0777 0783  0.732  0.616 0.594  0.574  0.579
(0,0,1.5) 0.879 0910 00943 0881 0746 0.710  0.778  0.690
0,0,03) 0090 0.161 0058 0.130 0.175 0.167 0.039 0.125
0,0,06) 0253 0327 0211 0291 0355 0327 0.128  0.289

(0,1,2) (0,009 0445 0532 0476 0499 0501 0494 0328 0474
(0,0,12) 0643 0711 0767 0.680 0.604 0599 0559  0.581
(0,0,1.5) 0.822 0.878 0915 0861 0710 0.700  0.760  0.680
(0,0,03)  0.096 0.083 0046 0096 0.190 0.127 0.038 0.132
0,0,06) 0251 0242  0.150 0233 0362 0298 0.125  0.287

(1,1,2)  (0,009) 0412 0428 0391 0399 0495 0465 0317 0449
(0,0,12) 0634 0624 0675 0613 0611 0593 0570  0.587
(0,0,1.5) 0811 0812 0850 0787 0.717 0.686 0.762  0.685
(0,0,03)  0.120 0208 0052 0.153 0328 0278 0055 0.231
0,0,06) 0293 0358 0.179 0318 0458 0420 0.159  0.395

(0,03) (0,009 0440 0522 0407 0476 0515 0507 0340 0497
(0,0,12)  0.623 0.694 0713 0.649 0565 0.565 0.564  0.559
(0,0,1.5) 0.801 0.847 0.897 0.820 0.637 0.623 0722 0.615
(0,0,03)  0.125 0203 0083 0.177 0205 0213 0065 0.168
(0,0,06) 0243 0388 0255 0363 0344 0390  0.19  0.362

(0.22)  (0,009) 0441 0583 0525 0561 0481 0532 0389 0506
(0,0,12) 0646 0763 0.808 0740 0.616 0.636  0.633  0.609
(0,0,1.5) 0818 0.891 0936 0874 0.723 0.754 0819  0.732
0,0,03) 0233 0.178 0.132 0225 0262 0.164 0.100 0.236
0,0,06) 0376 0332 0303 0361 0402 0338 0213 0358

222 (0,009 0537 0521 0526 0530 0503 0481 0409  0.481
(0,0,12) 0702  0.675 0720  0.698  0.620  0.599  0.603  0.602
(0,0,1.5) 0.825 0.820 0.843 0831 0.750 0.720 0.758  0.721
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Cizelge 4.5.(Devam) Testlerin orta siddetli aykirt deger ve homojen olmayan varyans
durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0688 0.697 0.667 0680 0403 0364 0349 0.324
(0,0,0.6) 1 1 0.995 1 0911 0873 0814 0876
0,0,00  (0,0,0.9) 1 1 1 1 0.999 0995 0990  0.997
(0,0,1.2) 1 1 1 1 1 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.597 0.623 0581 0595 0285 0235 0.186  0.208
(0,0,0.6) 0998 099 0992 0998 0.747 0.677 0.673  0.659

(0,0,1) (0,0,0.9) 1 1 1 1 0973 0954 0953 0941
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.564 0593 0.546 0575 0264 0250 0.175  0.220
(0,0,0.6) 0993 0992 099 0993 0.700 0.672 0.664  0.662

0,1,1) (0,0,0.9) 1 1 1 1 0956 0931 0949 0.936
(0,0,1.2) 1 1 1 1 1 0.999 099  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.557 0526 0.540 0536 0242  0.197 0.191  0.200
(0,0,0.6) 0993 0989 0982 0988 0.672 0.621  0.647  0.622

1,1,1) (0,0,0.9) 1 1 1 1 0962 0945 0949 0.943
(0,0,1.2) 1 1 1 1 1 1 0.998 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.547 571 0.526 0555 0270 0220 0.132  0.191
(0,0,0.6) 0992 0991 0988 0990 0.657 0582 0.561  0.555

(0,0,2) (0,0,0.9) 1 1 1 1 0935 0.885 0910 0.865
(0,0,1.2) 1 1 1 1 0.998 0988 0991  0.988
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0492 0528 0.500 0509 0235 0212 0.133  0.193
(0,0,0.6) 0985 0986 0986 0990 0.616 0554  0.552  0.546

0,1,2) (0,0,0.9) 1 1 1 1 0919 0873 0905 0.877
(0,0,1.2) 1 1 1 1 0990 0982 098  0.978
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.505 0478 0488 0501 0232 0.189 0.142  0.182
(0,0,0.6) 0979 0980 0973 0976 0.586 0513  0.523  0.508

1,1,2) (0,0,0.9) 1 1 1 1 0.899 0.842 0.893  0.838
(0,0,1.2) 1 1 1 1 0.998 099 0997 0987
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0491 0536 0485 0503 0240 0.189  0.091 0.179
(0,0,0.6) 0983 0981 0984 0985 0598 0502 0442  0.489

(0,0,3) (0,0,0.9) 1 1 1 1 0.883  0.821  0.860 0.813
(0,0,1.2) 1 1 1 1 0988 0971 0986 0.969
(0,0,1.5) 1 1 1 1 0.999 0997 0999 0.997

(0,0,0.3) 0466 0535 0497 0505 0212 0219 0.150 0.198
(0,0,0.6) 0978 0988 0981 098  0.605 0572 0.566  0.548

0,2,2) (0,0,0.9) 1 1 1 1 0911 0902 0926 0.892
(0,0,1.2) 1 1 1 1 0992 0988 0995 0.986
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0482 0440 0459 0461 0227 0.196 0.142  0.199
(0,0,0.6) 0975 0976 0970 0970 0581 0531  0.527 0.534

2,2,2) (0,0,0.9) 1 1 1 1 0.885 0.858  0.881  0.850
(0,0,1.2) 1 1 1 1 0988 0983 0990 0.980
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.6. Testlerin asir siddetli aykirt deger ve homojen olmayan varyans
durumunda gii¢ degerleri

n=(5,10,15)

n=(10,10,10)

(04,045,035 (41, o, tz)  KF GF PB w KF GF PB w
0,0,03)  0.152 0210 0.181 0.150 0.167 0.172 0.158  0.146
0,0,06) 0534 0557 0474 0502 0497 0458 0416  0.427

00,00 (0,009 0875 088 0805 0841 0847 0780 0.735  0.765
(0,0,12) 0989 0992 0971 0985 098 0952 0916  0.52
0,0,1.5 0999 0999  0.996  0.999 1 0.999  0.989  0.998
(0,0,03) 0058 0.123 0.063 008 0.104 0.103 0.058  0.080
0,0,06) 0280 0357 0225 0289 0316 0229 0.149  0.194

0,0,1) (0,009 0551 0604 0549 0546 0539 0457 0338 0419
0,0,12) 0787 0819 0823 0785 0.723 0.634 0579  0.611
(0,0,1.5) 0939 0957 0971 0932 0.867 0793 0816 0.771
(0,0,03) 0058 0.111 0056 0085 0.096 0.103 0.030 0.069
0,0,06) 0213 0303 0214 0266 0240 0231 0.123  0.196

0,1,1)  (0,009) 0427 0554 0519 0501 0441 0444 0327  0.391
0,0,12) 0679 0794 0802 0763 0.624  0.620  0.581  0.596
(0,0,1.5) 0.866 0931 0946 0919 0797 0.781 0.784  0.761
(0,0,03)  0.091 0.060 0038 0057 0.074 0.050 0.018 0.059
0,0,06) 0254 0.197 0.141  0.194 0243  0.190 0.110  0.189

(L,L1) (0,009 0451 0413 0372 0399 0443 0389 0309  0.393
(0,0,12)  0.691 0677 0653 0636 0.635 0588  0.545  0.589
(0,0,1.5) 0.871 0.865 0.838 0.840 0.814 0.760 0.755  0.749
(0,0,03) 0061 0.127 0039 0088 0.185 0.145 0040 0.108
0,0,06) 0200 0258 0.138 0229 0367 0292  0.085 0.262

(0,0,2) (0,009 0393 0471 0349 0417 0483 0444 0223 0425
0,0,12)  0.621 0694 0672 0635 0565 0536 0461  0.528
(0,0,1.5) 0.830 0.875 0.879 0.837 0.679 0.632 0.679 0.614
(0,0,03) 0050 0.103 0.026 0077 0.171 0.162 0.019 0.107
0,0,06)  0.155 0227 0.133  0.194 0341 0295 0.081  0.260

(0,1,2) (0,009 0301 0404 0344 0359 0466 0450 0241 0424
0,0,12) 0513  0.629 0645 0591 0538 0542 0451  0.520
(0,0,1.5) 0738 0.824 0.862 0.800 0.637 0.632  0.657 0.623
(0,0,03) 0074 0056 0022 0060 0.172 0.105 0019 0.108
0,0,06)  0.194 0.173  0.093 0.171 0338 0263 0075 0.273

(1,1,2)  (0,009) 0381 0339 0257 0329 0444 0412 0518 0399
(0,0,12) 0590 0567 0527 0526 0550 0520 0430 0.516
(0,0,1.5) 0771 0768 0.761  0.728 0.664 0.624  0.649  0.618
0,0,03) 0061 0.122 0027 0087 0304 0242 0.042 0.194
0,0,06)  0.160 0241 0.108 0.191 0427 0381  0.105  0.346

(0,03) (0,009 0313 0419 0281 0366 0471 0463 0229 0447
(0,0,12) 0528 0.643 0568 0571 0522 0516 0411  0.506
(0,0,1.5) 0738 0.797 0.830 0.753 0580 0.563  0.607  0.558
(0,0,03) 0065 0.132 0048 0.109 0.184 0204 0.044  0.146
0,0,06)  0.181 0288  0.155 0247 0302 0362 0.114 0314

(022 (0,009 0319 0474 0407 0443 0451 0497 0275 0470
(0,0,12) 0510 0678 0699 0654 0561 0602 0526 0.571
(0,0,1.5)  0.693 0.848 0.886 0.822  0.663 0.689  0.735  0.659
(0,0,03) 0.182 0072 0071 0.145 0216 0.125 0.067 0.189
0,0,06) 0304 0203 0206 0267 0329 0249 0.152 0313

222  (0,009) 0464 0361 0414 0425 0439 0408 0307 0427
(0,0,12) 0612 0554 0607 0602 0559 0526 0505 0.540
(0,0,1.5) 0740 0.724  0.739  0.740  0.676  0.626  0.670  0.647
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Cizelge 4.6.(Devam) Testlerin asir siddetli aykiri deger ve homojen olmayan
durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0688 0.697 0.667 0680 0403 0364 0349 0.324
(0,0,0.6) 1 1 0.995 1 0911 0873 0814 0876
0,0,00  (0,0,0.9) 1 1 1 1 0.999 0995 0990  0.997
(0,0,1.2) 1 1 1 1 1 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.562 0589 0.552 0564 0269 0203 0.138  0.183
(0,0,0.6) 0996 0993 0989 0995 0.684 0.603 0.596 0.583

(0,0,1) (0,0,0.9) 1 1 1 1 0952 0921 0943 00911
(0,0,1.2) 1 1 1 1 1 0.997 0998  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.501 0550 0.513 0531  0.238  0.215 0.145  0.188
(0,0,0.6) 0989 0989 0989 0990 0.666 0.630 0.607  0.606

0,1,1) (0,0,0.9) 1 1 1 1 0924 0907 0936 0.908
(0,0,1.2) 1 1 1 1 0998 0994 0992 0.995
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.501 0474 0497 0492 0204 0.162 0.144 0.173
(0,0,0.6) 0984 0984 0978 0982 0.621 0553 0.574  0.565

1,1,1) (0,0,0.9) 1 1 1 1 0.907 0.883 0919 0.883
(0,0,1.2) 1 1 1 1 0.997 0991 0998 0991
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0481 0518 0482 0489 0231 0.178  0.084  0.155
(0,0,0.6) 0982 0983 0983 0982 0.583 0499 0402 0.464

(0,0,2) (0,0,0.9) 1 1 1 1 0.879  0.798  0.856  0.797
(0,0,1.2) 1 1 1 1 0984 0972 0980 0.961
(0,0,1.5) 1 1 1 1 1 0.999 1 0.999

(0,0,0.3) 0425 048 0449 0457 0.183 0.166 0.089  0.139
(0,0,0.6) 0969 0969 0980 0974 0527 0478 0428 0.451

0,1,2) (0,0,0.9) 1 1 1 1 0.869  0.810 0.849 0.804
(0,0,1.2) 1 1 1 1 0973 0959 0981 0959
(0,0,1.5) 1 1 1 1 0.999 0998 0.998  0.995

(0,0,0.3) 0462 0428 0427 0444 0.182 0.135 0.082  0.141
(0,0,0.6) 0957 0960 0958 0948 0.497 0425 0428 0.426

(1,1,2)  (0,0,0.9) 1 1 1 1 0.837 0.753 0831  0.758
(0,0,1.2) 1 1 1 1 0976 0959 0982  0.955
(0,0,1.5) 1 1 1 1 1 0.995 1 0.996

(0,0,0.3) 0425 0468 0411 0440 0202 0.152 0.053  0.140
(0,0,0.6) 0960 0966 0976 0958 0.515 0432 0311 0.405

(0,0,3) (0,0,0.9) 1 1 1 1 0.811  0.727  0.767  0.704
(0,0,1.2) 1 1 1 1 0968 0918 0965 0.907
(0,0,1.5) 1 1 1 1 0997 0994 0998 0.988

(0,0,0.3) 0403 0482 0440 0467 0.175 0.173  0.098  0.158
(0,0,0.6) 0959 0975 0973 0979 0488 0.475 0444  0.458

0,2,2) (0,0,0.9) 1 1 1 1 0.847 0.821 0.863  0.810
(0,0,1.2) 1 1 1 1 0980 0965 0984  0.969
(0,0,1.5) 1 1 1 1 0.999  0.997 1 0.995

(0,0,0.3) 0417 0365 0373 0391 0.180  0.133  0.093  0.155
(0,0,0.6) 0948 0941 0949 0935 0501 0420 0409 0.440

222  (0,0,0.9) 1 1 1 1 0.824 0774 0811 0.777
(0,0,1.2) 1 1 1 1 0966 0951 0974 0939
(0,0,1.5) 1 1 1 1 0.998  0.996  0.999  0.992

40



Cizelge 4.1 - Cizelge 4.6’ da verilen GBF problemi i¢in dort testin giic degerleri

incelendiginde su sonugclar elde edilmistir:

Homojen varyans durumunda;

1.

2.

Dengeli ve dengeli olmayan kiiclik o6rneklem diizenlerinde aykiri deger
gozlenmediginde KF testi diger testlere gore en giiclii testtir. KF testini sirasiyla
GF, PB ve W testi izlemektedir.

Aykir1 deger gozlendiginde tiim testlerin giicleri diigmektedir. Bu disiis
gbozlemlenen aykiri deger sayisi arttikca artarak devam etmektedir. Kiiglik
orneklem hacmi i¢in bu durumda en giiclii test Genellestirilmis F-testidir. PB ve
W testi birbirine yakin gii¢c degerine sahipken KF testi ise digerlerine gore en az
giic degerine sahip olan testtir.

Gozlemlenen aykir1 deger asir1 siddetli oldugunda, aykir1 deger sayis1 arttiginda
GF testi giiclinii kaybetmektedir. Bu durumda dengeli tasarimlarda KF ve W testi
en yiiksek gii¢ degerlerine sahip olurken, PB testi en diisiik gii¢c degerine sahiptir.
Dengeli olmayan tasarimlarda ise KF testi en yiiksek giic degerine sahipken, GF
ve PB testleri en diisiik gli¢ degerlerine sahiptir.

Gozlemlenen aykiri degerler asir1 siddetli oldugunda, aykir1 deger sayisi arttiginda
KF testi digerlerine gore daha yiiksek gii¢ degerine sahip olur. Dengeli olmayan
tasarimlarda PB ve W testi yakin gii¢c degerlerine sahipken GF testi en diisiik gii¢
degerine sahiptir. Dengeli tasarimlarda ise GF testi PB testinden sonra en diisiik

giic degerine sahiptir.

Homojen olmayan varyans durumunda ise;

5.

Homojen olmayan varyans durumunda aykir1 deger gézlenmediginde tiim deney
diizenlerinde testlerin gii¢c degerleri oldukca yiiksek ve birbirlerine yakindir.

Homojen olmayan varyans durumunda aykiri deger gdzlemlendiginde tim
testlerin giicleri diismektedir. Diigiise ragmen gozlemlenen aykiri deger sayisi
arttiginda kiiciik hacimli 6rneklemler i¢in en yiiksek giic degerine sahip olan PB
testidir. Bu testi dengeli olmayan tasarimlarda GF, dengeli tasarimlarda KF testi

1izlemektedir.
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7. Gozlemlenen aykirt deger orta siddetli oldugunda, kii¢iik hacimli 6rneklemler igin
testlerin giic degerleri az siddetli aykir1 deger gozlenmesi durumuna gore
azalmaktadir. Dengeli ve dengeli olmayan tasarimlarda PB testi en yiiksek gii¢
degerlerine sahiptir.

8. Gozlemlenen aykir1 deger asir1 siddetli oldugunda, kiiclik hacimli 6rneklemler
icin testlerin gii¢c degerleri orta siddetli aykir1 deger gézlenmesi durumuna gore
biraz daha diismektedir. Bu sefer KF testi dengeli ve dengeli olmayan tasarimlar

icin en yliksek gii¢c degerine sahiptir.

4.1.2. Genellestirilmis Behrens-Fisher probleminin ¢6ziimii icin kullanilan
testlerin Monte-Carlo simiilasyonlari sonucunda elde edilen 1.tip hata

oranlari

Bu boliimde Genellestirilmis Behrens-Fisher probleminin ¢6ziimii i¢in kullanilan
testlerin aykir1 degerden kaynaklanan normallik bozulmasi durumunda Monte-Carlo
simiilasyonlart ile elde edilen 1.tip hata oranlar1 verilmistir. Sonrasinda ise simiilasyonlar

sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.7. Testlerin az siddetli aykirt deger ve homojen varyans durumunda 1.tip hata
oranlari

n=(5,10,15) n=(10,10,10)
(0%,03,062) (0y,05,05) KF GF PB W KF GF PB w
(0,0,0) 0.063  0.080 0.056 0.048 0.058 0.076 0.076  0.064
(0,0,1) 0.040  0.076  0.038  0.048 0.058 0.080 0.043  0.058
(0,1,1) 0.051  0.085 0.042 0.049 0.055 0.091 0.048 0.062
(1,1,1) 0.058  0.070  0.042 0.049 0.037 0.049 0.037  0.047
(1,1,1) (0,0,2) 0.058  0.117 0.038 0.066 0.084 0.103 0.046 0.071
(0,1,2) 0.057  0.110  0.039  0.067 0.091 0.114 0.034  0.088
(1,1,2) 0.090  0.110  0.049 0.090 0.071 0.076  0.026  0.059
(0,0,3) 0.085 0.153 0.049 0.099 0.194 0.195 0.048 0.158
0,2,2) 0.103  0.160 0.059 0.094 0.126 0.154  0.055 0.110
(2,2,2) 0224 0.145 0.114 0.171 0204 0.116 0.082 0.171
n=(25,50,75) n=(25,25,25)
(0%,03,0%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.075 0.076  0.072  0.051  0.055 0.083 0.068  0.055
(0,0,1) 0.058  0.084 0.071 0.049 0.043 0.064 0.052  0.045
(0,1,1) 0.068  0.088 0.064 0.058 0.056 0.084 0.065 0.062
(1,1,1) 0.092  0.075 0.081 0.065 0.047 0.077 0.054 0.053
(1,1,1) (0,0,2) 0.053  0.086 0.052 0.050 0.075 0.089  0.039  0.066
(0,1,2) 0.074  0.089  0.065 0.065 0.056 0.089 0.047  0.060
(1,1,2) 0.092  0.072 0.058 0.057 0.063 0.080 0.043  0.059
(0,0,3) 0.056  0.082  0.055 0.056 0.102 0.120  0.050  0.094
0,2,2) 0.073  0.101  0.067 0.062 0.085 0.112  0.058  0.080
(2,2,2) 0.162  0.058 0.096 0.090 0.106 0.076 0.069 0.104

Cizelge 4.8. Testlerin orta siddetli aykir: deger ve homojen varyans durumunda 1.tip hata
oranlari

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W

(0,0,0) 0.063 0.080 0.056 0.048 0.058 0.076 0.076  0.064

(0,0,1) 0.029 0.073 0.034 0.043 0.039 0.062 0.035  0.045

(0,1,1) 0.030  0.071 0.023 0.044 0.042 0.069 0.023 0.034

(1,1,1) 0.071  0.029 0.017 0.024 0.033  0.027 0.018  0.028

(1,1,1) (0,0,2) 0.046 0.116 0.032 0.066 0.083 0.098 0.032 0.073

(0,1,2) 0.050  0.094 0.026 0.059 0.089 0.110 0.025  0.080

(1,1,2) 0.076  0.032 0.014 0.029 0.083 0.049 0.016 0.059

(0,0,3) 0.046 0.119 0.028 0.064 0.182 0.180 0.034 0.136

0,2,2) 0.094 0.151 0.047 0.094 0.145 0.156 0.029  0.101

(2,2,2) 0313 0.114 0.085 0.157 0.1890 0.087 0.074  0.159
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Cizelge 4.8.(Devam) Testlerin orta siddetli aykiri deger ve homojen varyans durumunda
1.tip hata oranlar

n=(25,50,75) n=(25,25,25)
(0%,03,0%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.075 0.076 0.072 0.051 0.055 0.083  0.068  0.055
(0,0,1) 0.054 0.075 0.054 0.044 0.043 0.068 0.042  0.042
(0,1,1) 0.059 0.088 0063 0.052 0061 0087 0.046 0.061
(1,1,1) 0.089  0.043 0.058 0.047 0.043 0.039 0.033  0.045
(1,1,1) (0,0,2) 0.050 0.080 0.048 0.052 0.050 0.068 0.038  0..051
(0,1,2) 0.050 0.081 0.058 0.052 0.053 0.087 0.039  0.057
(1,1,2) 0.088 0.042 0.053 0.054 0048 0051 0.028  0.051
(0,0,3) 0.042 0.074 0.042 0.043 0.048 0.064 0.037  0.045
(0,2,2) 0.048 0.077 0.046 0.046 0.057 0.086  0.035  0.061
(2,2,2) 0.119 0.049 0.057 0.059 0.051 0.022 0.035  0.053

Cizelge 4.9. Testlerin asir1 siddetli aykirt deger ve homojen varyans durumunda 1.tip
hata oranlart

n=(5,10,15) n=(10,10,10)
(0%,03,6%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.063  0.080 0.056 0.048 0.058 0.076 0.076  0.064
(0,0,1) 0.030  0.078 0.030 0.039 0.031 0.059 0.026  0.040
(0,1,1) 0.020  0.055 0.014 0.031 0.035 0.043 0011 0.026
(1,1,1) 0.065 0.014 0.009 0.014 0.023 0014 0.007 0.017
(1,1,1) (0,02)  0.025 0.094 0.026 0.052 0.084 0.099 0.023 0.071
(0,1,2) 0.028  0.061 0.015 0.036 0.079 0.096 0012  0.055
(1,1,2) 0.057 0.012 0.010 0.016 0.059 0.028 0.009 0.046
(0,0,3) 0.019 0.083 0.021 0.046 0.156 0.154 0.020  0.110
(0,2,2) 0.060 0.113 0.029 0.064 0.124 0.139  0.024  0.089
(2,2,2) 0.298  0.035 0.047 0.093 0.163 0.066 0.046  0.149
n=(25,50,75) n=(25,25,25)
(0%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.075 0.076  0.072  0.051  0.055 0.083 0.068 0.055
(0,0,1) 0.050  0.074  0.049  0.047 0.040 0.062 0.037  0.042
(0,1,1) 0.045 0.083  0.050 0.048 0.052 0.079 0.039 0.054
(1,1,1) 0.080  0.032  0.043 0.040 0.042 0.024 0.026  0.039
(1,1,1) (0,0,2) 0.043  0.080 0.043 0.051 0.050 0.062 0.034  0.045
(0,1,2) 0.042  0.077 0.045 0.051 0.043 0.066 0.029  0.043
(1,1,2) 0.081  0.029 0.036 0.045 0.046 0.027 0.021  0.041
(0,0,3) 0.041  0.075 0.038 0.041 0.046 0.056 0.024  0.042
(0,2,2) 0.045  0.071  0.044 0.043 0.051 0.074 0.022  0.050
(2,2,2) 0.113  0.035 0.045 0.056 0.034 0.013 0.031  0.043
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Cizelge 4.10. Testlerin az siddetli aykir: deger ve homojen olmayan varyans durumunda
1.tip hata oranlar

n=(5,10,15)

n=(10,10,10)

(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.032  0.068 0.062 0.046 0.062 0.076 0.072  0.057
(0,0,1) 0.025  0.067 0.036 0.048 0.058 0.076 0.044 0.060
(0,1,1) 0.030  0.078  0.039 0.049 0.061 0.076 ~ 0.043  0.058
(1,1,1) 0.037 0.069 0.044 0.048 0.040 0.055 0.036 0.045
(0.2,04,0.6)  (0,02)  0.040 0.108 0.035 0072 0.096 0.102 0.043  0.079
(0,1,2) 0.044  0.113  0.031 0.067  0.098 0.112  0.027 0.074
(1,1,2) 0.055 0.111 0.046  0.085 0.091 0.077  0.020  0.070
(0,0,3) 0.065 0.157 0.035 0.096 0.222 0.192 0.051 0.162
(0,2,2) 0.081 0.158 0.056 0.111 0.138 0.159 0.055 0.116
(2,2,2) 0.133  0.144 0.103 0.171 0.193 0.124 0.072  0.169
n=(25,50,75) n=(25,25,25)
(0%,03,0%) (01,05,05) KF GF PB W KF GF PB w
(0,0,0) 0.038 0.070 0.074 0.053 0.051 0.069 0.073  0.051
(0,0,1) 0.027  0.079 0.086  0.051 0.042  0.056 0.055 0.045
(0,1,1) 0.040 0.076  0.073  0.055 0.052 0.076 0.058 0.056
(1,1,1) 0.044 0.075 0.084 0.066 0.059 0.064 0.059 0.050
(0.2,04,0.6)  (0,02)  0.029 0084 0059 0.050 0.092 0087 0.036 0.069
(0,1,2) 0.038 0.086 0.072 0.062 0.066 0.086 0.045 0.061
(1,1,2) 0.047 0.070 0.062 0.053 0.073 0.080 0.042  0.057
(0,0,3) 0.034  0.073  0.061 0.056  0.125 0.121  0.048  0.092
(0,2,2) 0.047 0.090 0.075 0.0.73 0.088 0.106 0.051 0.083
(2,2,2) 0.079 0.067 0.107 0.090 0.111 0.075 0.064 0.105
Cizelge 4.11. Testlerin orta siddetli aykiri deger ve homojen olmayan varyans
durumunda 1.tip hata oranlart
n=(5,10,15) n=(10,10,10)
(0%,03,0%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.032 0.068 0.062 0.046 0.062 0.076 0.072  0.057
(0,0,1) 0.015 0.066 0.032  0.041 0.045 0.063 0.034  0.047
(0,1,1) 0.026  0.064 0.018 0.040 0.051 0.054 0.018 0.033
(1,1,1) 0.029 0.023 0.019 0.0.31 0.038 0.025 0.018 0.029
(0.2,04,0.6)  (0,02)  0.033 0.103 0028 0058 0092 0090 0.028 0.076
(0,1,2) 0.033  0.081 0.018 0.054 0.094 0.108 0.016 0.069
(1,1,2) 0.037 0.030 0.013 0.035 0.096 0.056 0.009 0.053
(0,0,3) 0.037 0.117 0.026 0.067 0.215 0.178 0.033  0.140
(0,2,2) 0.073  0.149  0.040 0.103  0.152 0.157 0.030 0.103
(2,2,2) 0.180  0.111 0.084 0.162 0.185 0.101 0.069 0.160
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Cizelge 4.11.(Devam) Testlerin orta siddetli aykiri deger ve homojen olmayan varyans

durumunda 1.tip hata oranlart

n=(25,50,75)

n=(25,25,25)

(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.038  0.070  0.074 0.053  0.051 0.069 0.073  0.051
(0,0,1) 0.024  0.073  0.056 0.044 0.041 0.057  0.038  0.042
(0,1,1) 0.036  0.075 0.063 0.050 0.061 0.071  0.040  0.050
(1,1,1) 0.043  0.047 0.061 0.047 0.048 0.042 0.037 0.050
(0.2,04,0.6)  (0,02) 0023 0077 0.051 0047 0.066 0.055 0.036 0.050
(0,1,2) 0.029  0.078 0.054 0.053 0.059 0.072 0.032  0.049
(1,1,2) 0.035 0.043  0.056 0.050 0.061 0.051  0.031 0.053
(0,0,3) 0.019 0.062 0.039 0.041 0.056 0.057 0.030 0.045
(0,2,2) 0.029  0.059 0.053 0.048 0.063 0.076  0.031 0.055
(2,2,2) 0.055  0.051 0.059 0.062 0.050 0.026 0.033  0.050
Cizelge 4.12. Testlerin aswur1 siddetli aykiri deger ve homojen olmayan varyans
durumunda 1.tip hata oranlart
n=(5,10,15) n=(10,10,10)
(0%,03,06%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.032  0.068 0.062 0.046 0.062 0.076  0.072  0.057
(0,0,1) 0.015 0.065 0.023 0.035 0.034 0.051 0.023  0.040
(0,1,1) 0.016  0.048 0.012 0.025 0.037 0.035 0.008 0.017
(L,1,1) 0.030 0.014 0.011 0.016  0.023  0.017 0.006 0.021
(0.2,04,0.6)  (0,02) 0015 0083 0022 0046 0081 0084 0.021 0.066
(0,1,2) 0.021 0.050 0.010 0.030 0.083 0.090 0.010 0.044
(1,1,2) 0.026  0.016 0.009 0.022 0.085 0.035 0.008 0.042
(0,0,3) 0.015 0.076  0.020 0.042 0.177  0.151 0.022  0.115
(0,2,2) 0.049 0.096 0.018 0.058 0.129 0.135 0.019 0.084
2,2,2) 0.124  0.035 0.047 0.080 0.167 0.074 0.038  0.147
n=(25,50,75) n=(25,25,25)
(02,603,062 (0y,05,05) KF GF PB W KF GF PB w
(0,0,0) 0.038 0.070 0.074 0.053 0.051 0.069 0.073 0.051
(0,0,1) 0.022  0.074  0.051 0.042  0.040 0.050 0.032  0.039
(0,1,1) 0.026  0.067 0.050 0.048 0.051 0.061 0.031 0.043
(L,1,1) 0.036  0.030 0.051 0.037 0.042 0.025 0.025 0.041
(0.2,04,0.6)  (0,02) 0018 0.072 0.043 0045 0.058 0051 0.024 0.045
(0,1,2) 0.026  0.071 0.041 0.045 0.042 0.053 0.022 0.040
(1,1,2) 0.031 0.034  0.043 0.042  0.057 0.030 0.018 0.042
(0,0,3) 0.014 0.064 0.035 0.041 0.052 0.050 0.018 0.042
(0,2,2) 0.029  0.057 0.044 0.046 0.052 0.059 0.020 0.040
(2,2,2) 0.055 0.038 0.046 0.060 0.034 0.014 0.030 0.040
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Cizelge 4.7 — Cizelge 4.12° de verilen GBF problemi i¢in dort testin 1.tip hata oranlar1

incelendiginde su sonuclar elde edilmistir:

Homojen varyans durumunda;

1.

Gozlemlenen aykiri deger sayisi arttiginda tiim testlerin 1.tip hata oranlar
artmaktadir. KF testinin 1.tip hata oran1 diger testlere gore daha fazla
artmaktayken PB testi nominal diizeye en yakin 1.tip hata oranina sahiptir. Ancak
orneklem hacmi arttik¢a GF testinin 1.tpi hata oran1 nominal diizeye en yakindir.
Orta siddetli aykir1 deger gozlenmesi durumunda da az siddetli aykir1 deger
gbzlenmesi durumundakine benzer sonuglar gézlenmistir.

Asirt siddetli aykirt deger gézlenmesi durumunda ise dnceki sonuglardan farkli
olarak 6rneklem hacmi arttiginda PB testinin 1.tip hata oran1 nominal diizeye en
yakindir. Burada GF testinin 1.tip hata oram1 nominal diizeyin de altina

diismektedir.

Homojen olmayan varyans durumunda ise;

4. Az siddetli aykir1 deger gozlemlendiginde dengeli olmayan kiigiik 6rneklemler

icin GF testi en yliksek 1.tip hata oranina sahiptir. Bunun yan1 sira PB testi en
diisiik 1.tip hata oranina sahiptir. Dengeli olan kii¢iik 6rneklemler i¢in ise KF testi
en diislik 1.tip hata oranina sahipken PB testi en diisiik 1.tip hata oranina sahiptir.
Dengeli olmayan biiyiik 6rneklemlerde ise GF testi en diisiik, PB testi en yiiksek
1.tip hata oranina sahiptir. Son olarak dengeli biiyiik 6rneklemlerde ise KF testi
en yiiksek, PB testi ise en diisiik 1.tip hata oranina sahiptir.

Gozlemlenen aykiri deger asirt siddetli oldugunda, kiiclik Srneklemler igin
oncekilere benzer sonuclar gozlenmistir. Biiyiik Orneklemlerde ise dengeli
tasarimlar i¢in GF ve PB testi disinda tiim sonuglar nominal diizeye oldukga
yakindir.

Gozlemlenen aykir1 degerler asir1 siddetli oldugunda, kiigiik 6rneklem i¢in GF ve
PB testi 1.tip hata oranlari nominal diizeye yakindir. Biiylik 6rneklemlerde ise

dengeli tasarimlarda GF testi disinda diger sonuclar nominal diizeye yakindir.

Sonug olarak aykir1 degerden kaynaklanan normallik bozulmasi durumunda

testler giiciinii kaybetme ve 1.tip hata oranlar1 nominal seviyenin iizerinde artislar
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gostermektedir. Aykir1 deger sayis1 ve siddeti arttiginda ise gili¢ kayb1 ve 1.tip hata
oranindaki artig daha da artmaktadir. Bu durumun tistesinden gelebilmek i¢in testlere bazi
diizeltmeler onererek daha giiclii ve nominal diizeye yakin 1.tip hata oranina sahip testler
elde edilmesi amaglanmigtir. Bu dogrultuda kirpilmis ortalama ve varyans, medyan ve
mutlak medyan sapmasi1 ve Huber’in M-tahmincileri, test istatistiklerinde konum ve 6lgek
parametrelerinin tahmininde kullanilan en ¢ok olabilirlik tahmincileri yerine kullanilarak
diizeltilmis testler onerilmistir. Bu diizeltmeler sayesinde homojen olmayan varyans ve
normallik bozulmas1 durumunda daha giiclii ve nominal diizeye daha yakin 1.tip hata
oranlarina sahip testler elde edilmeye ¢alisilmistir. izleyen bdliimlerde bahsedilen saglam
tahmincilerle yapilan diizeltmelere iligskin performans degerlendirmeleri Monte-Carlo

simiilasyon ¢aligmalart ile ortaya konulmustur.

4.2. GBF Problemi i¢in Kirpilmis Ortalama ve Kirpilmis Varyans ile Diizeltilmis

Testler icin Monte-Carlo Simiilasyonu

Bu boéliimde sirastyla diizeltilmis testlere iligskin giic degerleri (Cizelge 4.13 —
Cizelge 4.18) ve 1.tip hata oranlar (Cizelge 4.19 — Cizelge 4.24) homojen ve homojen
olmayan varyans durumlari i¢in hesaplanacak ve hesaplamalar az, orta ve asir1 siddetli
aykir1 degerler i¢in tekrarlanacaktir.

Gli¢ degerleri ve 1.tip hata oranlarin1 gosteren ¢izelgelerin her birinin sonunda
elde edilen bulgular homojen ve homojen olmayan varyans durumlar1 ve aykir1 deger

siddetleri i¢in ayr1 ayri ele alinarak yorumlanacaktir.

4.2.1. Genellestirilmis Behrens-Fisher probleminin ¢oziimii i¢cin kirpilmis
ortalama ve varyans ile diizeltilmis testler icin Monte-Carlo simiilasyonlari

sonucunda elde edilen gii¢c degerleri

Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi: durumunda GBF
probleminin ¢dziimii i¢in kirpilmis ortalama ve varyans kullanilarak diizeltilmis testlerin
Monte-Carlo simiilasyonlar: ile elde edilen gili¢ degerleri verilmistir. Sonrasinda ise

simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.13. Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli aykir
deger ve homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB W KF GF PB W
0,003) 0161 0536 0479 0492 0.122 0462 0.432 0443
(0,0,0.6) 0350 0715 0.646 0.666 0272  0.663  0.639  0.647
(0,0,0) (0,0,09) 058 0.878 0.854 0.861 0500 0.841 0.820 0.829
(0,0,12)  0.822 0969 0951 0957 0727 0946 0.934  0.939
0,0,1.5) 0940 0.995 0991 0993 0.890 00985 0.983  0.983
(0,0,03) 0.085 0488 0422 0439 0.056 0398 0364 0373
(0,00.6) 0211 0.678 0.610 0.630 0.160 0579 0.548  0.555
(0,0,1) (0,0,09) 0442 0.868 0.826 0.841 0357 0778 0.743  0.759
(0,0,12)  0.698 0962 0949 0.953 0582 0911 0.898  0.901
(0,0,1.5) 0.885 0.991 00987 0983 0800 0977 0972 0972
(0,003) 0051 0435 0401 0411 0026 0339 0310 0.320
(0,00.6) 0.131  0.639 0579 0.58 0.085 0.506 0.477  0.493
(0,1,1) (0,009) 0336 0822 0771 0784 0233 0725 0.689  0.703
(0,0,1.2) 0568 0930 0908 0912 0442 0.870 0.854  0.860
(0,0,1.5) 0.786  0.985 0977 0980 0.666 0957 0.950  0.953
(0,0,03) 0035 0280 0220 0238 0018 0309 0275 0.289
(0,00.6) 0.117 0501 0433 0.454 0053 0463 0425 0.441
(1,1,1) (0,009) 0283 0747 0.681 0.693 0.159 0.690 0.656  0.671
(0,0,1.2) 0545 0919 0.883 0.894 0343 0.853 0.835 0.844
(0,0,1.5) 0797 0.986 0975 0979 0567 0959 0.950 0.956
(0,0,03) 0054 0471 0413 0430 0.045 0391 0339 0363
(0,0,0.6) 0.155 0.647 0584 0.600 0.134 0545 0.507 0.524
(0,0,2) (0,009) 0334 0825 0779 0789 0301 0719  0.690  0.700
(0,0,1.2) 0588 0942 0923 0930 0513 0.849 0.828 0.835
(0,0,1.5) 0.807 0.988 00981 0983 0715 0954 0.936 0.944
(0,0,03) 0.034 0453 0409 0421 0014 0316 0288 0.292
(0,00.6) 0122 0.617 0570 0.587 0.078 0492 0.456  0.463
(0,1,2) (0,009) 0276 0787 0.749 0.763 0200 0.681  0.644  0.668
(0,0,1.2) 0505 0910 0.889 0.892 0409 0.832 0810 0.816
(0,0,1.5) 0732  0.980 0966 0966 0.648 0927 0917 0.923
0,0,03) 0.024 0293 0253 0268 0013 0272 0244 0253
(0,0,0.6) 0100 0.503 0430 0450 0.042 0443 0.411 0427
(1,1,2) (0,009) 0261 0726 0.654 0.684 0.154 0.648 0.621  0.625
(0,0,1.2) 0505 0.896 0.856 0.866 0325 0.823 0.795 0.804
(0,0,1.5) 0741  0.980 0964 0971 0568 0921 0.909 0917
(0,003) 0059 0461 0405 0422 0.137 0361 0326 0.336
(0,0,0.6) 0.160 0.606 0548 0.565 0251 0437 0.403 0416
(0,0,3) (0,009) 0323 0779 0728 0.744 0402 0541  0.509  0.521
(0,0,1.2)  0.544 0906 0.877 0.882 0524 0.634 0.613 0616
(0,0,1.5) 0747 0962 0954 0957 0611 0705 0.690 0.694
(0,0,03) 0028 0422 0381 0397 0026 0314 0282 0297
(0,0,0.6)  0.087 0590 0.545 0.554 0.068 0472 0.431  0.448
(0,2,2) (0,009) 0225 0783 0736 0.754 0.194 0.635 0.610 0.619
(0,0,1.2) 0470 0921 0.890 0.898 0370 0.787 0.771  0.771
0,0,1.5)  0.695 0.972 0965 0965 0584 0912 0.899  0.905
(0,0,03) 0064 0296 0248 0268 0013 0271 0243 0254
(0,0,0.6) 0.135 0458 0406 0413 0044 0416 0431 0399
(2,2,2) (0,009 0268 0.676 0.622 0.640 0.116 0.602 0.610  0.585
(0,0,1.2) 0474 0842 0797 0.812 0265 0762 0.771  0.749
(0,0,1.5) 0.688 0.937 0917 0923 0474 0.883 0.899 0.875
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Cizelge 4.13.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli
aykirt deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0423 0742 0735 0738 0207 0567 0555 0.565
(0,0,0.6) 0927 0984 0985 0984 0576 0877 0866 0.871

(0,0,0) (0,0,0.9) 1 1 1 1 0.894 0987 0985  0.987
(0,0,1.2) 1 1 1 1 0.990 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0389 0714 0.705 0.711  0.135 0540 0.515 0.535
(0,0,0.6) 0915 0986 0985 0985 0.514 0853 0.845 0.845

(0,0,1) (0,0,0.9) 0.999 1 1 1 0.870 0985 0979 0981
(0,0,1.2) 1 1 1 1 0.987 1 0.999 1
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,0.3) 0354 0713 0.705 0.709 0.112 0.489 0475 0.485
(0,0,0.6) 0.893 0982 0978 0979 0415 0848 0.843 0.846

(0,1,1) (0,0,0.9) 0.998 1 1 1 0.837 0976 0976 0976
(0,0,1.2) 1 1 1 1 0975 0997 099  0.997
(0,0,1.5) 1 1 1 1 0.997 1 1 1

(0,0,0.3) 0326 0.680 0.667 0.673 0.084 0.468 0453  0.459
(0,0,0.6) 0.846 0970 0965 0964 0365 0.831 0.821 0.826

1,1,1) (0,0,0.9) 0.997 1 1 1 0.780 0972 0972 0971
(0,0,1.2) 1 1 1 1 0.959 0998  0.998  0.998
(0,0,1.5) 1 1 1 1 0.995 0999 0.999  0.999

(0,0,0.3) 0354 0719 0.716 0715 0.122 0527 0514  0.521
(0,0,0.6) 0.894 0986 0985 0986 0465 0.818 0.808 0.817

0,0,2) (0,0,0.9) 1 1 1 1 0.808 0974 0973 0974
(0,0,1.2) 1 1 1 1 0976 0999  0.998  0.999
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,0.3) 0353 0.701 0.696 0.698 0.085 0.495 0487  0.489
(0,0,0.6) 0.869 0979 0979 0979 0379 0818 0.806  0.813

0,1,2) (0,0,0.9) 0.996 1 1 1 0.779 0977 0978 0977
(0,0,1.2) 1 1 1 1 0.972 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0311 0.671 0.662 0.671 0.069 0.481 0472  0.479
(0,0,0.6) 0.847 0966 0964 0964 0327 0.806 0.800 0.798

1,1,2) (0,0,0.9) 0.994 1 1 1 0.729 0967 0.968  0.967
(0,0,1.2) 1 1 1 1 0953 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.997 1 1 1

(0,0,0.3) 0344 0722 0.706  0.713  0.102  0.500 0.487  0.496
(0,0,0.6) 0.885 0984 0982 0984 0375 0813 0.805 0.807

(0,0,3) (0,0,0.9) 0.999 1 1 1 0.764 0964 0961 0.964
(0,0,1.2) 1 1 1 1 0951 0995 0995 0.995
(0,0,1.5) 1 1 1 1 0.994 1 0.999  0.999

(0,0,0.3) 0302 0717 0.704 0.713  0.079 0517 0497  0.508
(0,0,0.6) 0.848 0979 0978 0978 0352 0.827 0817 0.822

0,2,2) (0,0,0.9) 0.993 1 1 1 0.737 0975 0975 0975
(0,0,1.2) 1 1 1 1 0962 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.997 1 1 1

(0,0,0.3) 0277 0.688 0.672 0.681 0.047 0.463 0454  0.457
(0,0,0.6) 0.819 0979 0978 0979 0261 0.792 0.781  0.786

2,2,2) (0,0,0.9) 0.995 1 1 1 0.655 0961  0.959  0.960
(0,0,1.2) 1 1 1 1 0917 0999 0.998  0.999
(0,0,1.5) 1 1 1 1 0.993 1 1 1
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Cizelge 4.14. Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli aykirt
deger ve homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB W KF GF PB W
0,003) 0161 0536 0479 0492 0.122 0462 0.432 0443
(0,0,0.6) 0350 0715 0.646 0.666 0272  0.663  0.639  0.647
(0,0,0) (0,0,09) 058 0.878 0.854 0.861 0500 0.841 0.820 0.829
(0,0,12)  0.822 0969 0951 0957 0727 0946 0.934  0.939
0,0,1.5) 0940 0.995 0991 0993 0.890 00985 0.983  0.983
0,0,03) 0052 0520 0451 0466 0.041 0433 0390 0.405
(0,0,0.6) 0.175 0.686 0.628 0.648 0.130 0.596  0.571  0.579
(0,0,1) (0,009 0382 0862 0824 0.836 0287 0793 0.760  0.772
(0,0,12)  0.640 0968 0953 0956 0515 0915 0.897  0.902
(0,0,1.5) 0.832  0.994 0992 0993 0746 0987 0.980  0.982
0,0,03) 0024 0425 0381 0399 0015 0372 0337 0353
(0,0,0.6) 0.082 0.628 0567 0.587 0.052 0546 0511  0.524
(0,1,1) (0,009) 0192 0822 0778 0.786 0.147 0.753  0.720  0.733
(0,0,1.2) 0420 0945 0925 0930 0309 0.890 0.863 0.874
(0,0,1.5) 0.688 0.984 0976 0976 0528 0963 0.957 0.959
(0,0,03) 0006 0298 0243 0249 0.003 0319 0284 0.302
(0,0,0.6) 0.036 0500 0436 0447 0017 0498 0.474  0.484
(1,1,1) (0,009 0109 0748 0.676 0.699 0.069 0723  0.690  0.702
(0,0,1.2) 0281 0.889 0.860 0.863 0.195 0900 0.878  0.883
0,0,1.5)  0.546  0.979 0958 0961 0418 0967 0.961  0.963
0,0,03) 0.036 0509 0448 0462 0.030 0412 0369 0383
0,0,0.6) 0.115 0.683 0.631 0.645 0084 0.548 0.507 0.518
(0,0,2) (0,009) 0280 0.852 0810 0.818 0208 0723  0.691  0.702
(0,0,12) 0513 0948 0930 0940 0399 0.859 0.839  0.848
(0,0,1.5) 0731 0.989 00984 0984 0624 0950 0.937 0.942
(0,003) 0021 0432 0378 0398 0.009 0387 0364 0365
(0,0,0.6)  0.053 0593 0537 0.548 0.044 0535 0.498  0.509
(0,1,2) (0,009) 0.148 0798 0758 0.768 0.118 0.706  0.673  0.691
(0,0,1.2) 0349 0924 0.897 0903 0255 0.856 0.834 0.843
(0,0,1.5) 0561 0981 0970 0972 0478 0936 0.923  0.926
(0,0,03)  0.005 0298 0240 0253 0.005 0354 0323 0.341
(0,0,0.6) 0.026 0485 0425 0443 0013 0484 0.457  0.466
(1,1,2) (0,0,09) 0.08 0751 0.687 0.705 0.071 0.675 0.644  0.658
(0,0,12) 0232 088 0845 0.854 0.193 0.839 0813 0.821
(0,0,1.5) 0474 0967 0953 0953 0403 0932 0916 0.927
(0,0,03) 0.023 0502 0444 0469 0.110 0346 0291 0.310
(0,0,0.6) 0.080 0.643 058 0599 0239 0416 0.383 0393
(0,0,3) (0,009) 0211 0818 0771 0.785 0362 0.513  0.480 0.491
(0,0,1.2) 0388 0929 0902 0911 0485 0593 0.575 0.579
(0,0,1.5) 0.634 0978 0968 0970 0574 0.682 0.647  0.659
(0,0,03) 0003 0441 0391 0406 0.006 0379 0344 0.364
(0,0,0.6) 0.036 0611 0575 0.58 0.037 0525 0.483  0.506
(0,2,2) (0,009) 0110 0781 0.750 0.758 0.101 0.696  0.675  0.686
(0,0,12) 0278 0916 0.888 0.895 0224 0.846 0.830 0.832
(0,0,1.5)  0.528 0.977 0969 0970 0411 0931 0923 0928
0,0,03) 0060 0303 0236 0.259 0 0363 0331  0.340
(0,00.6) 0.117 0461 0391 0412 0007 0495 0.465 0479
(2,2,2) (0,009 0211 0.668 0.601 0.618 0.040 0.665 0.648  0.652
(0,0,12) 0382 0829 0766 0.782 0.127 0.814  0.805  0.809
(0,0,1.5) 0536 0919 0.894 0902 0288 0912 0.899  0.907
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Cizelge 4.14.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli
aykirt deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0423 0742 0735 0738 0207 0567 0555 0.565
(0,0,0.6) 0927 0984 0985 0984 0576 0877 0866 0.871

(0,0,0) (0,0,0.9) 1 1 1 1 0.894 0987 0985  0.987
(0,0,1.2) 1 1 1 1 0.990 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0365 0.724 0.714 0.718  0.129 0547 0.533  0.543
(0,0,0.6) 0901 0989 0987 0988 0464 0851 0.842 0.846

(0,0,1) (0,0,0.9) 1 1 1 1 0.835 0978 0975 0976
(0,0,1.2) 1 1 1 1 0979 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,0.3) 0315 0714 0.701 0712 0.082 0526 0513  0.520
(0,0,0.6) 0.863 0984 0981 0982 0369 0835 0.832 0.834

(0,1,1) (0,0,0.9) 0.996 1 1 1 0.758 0974 0971 0973
(0,0,1.2) 1 1 1 1 0.955 1 0.999 1
(0,0,1.5) 1 1 1 1 0.998 1 1 1

(0,0,0.3) 0268 0.695 0.681 0.688 0.055 0511 049  0.505
(0,0,0.6) 0.825 0974 0974 0974 0278 0.841 0.838  0.839

1,1,1) (0,0,0.9) 0.994 1 1 1 0.671 0973 0973 0972
(0,0,1.2) 1 1 1 1 0.940 1 1 1
(0,0,1.5) 1 1 1 1 0.997 1 1 1

(0,0,0.3) 0.330 0.711  0.707 0.702  0.096 0526 0510  0.519
(0,0,0.6) 0.881 0985 0984 0985 0365 0.848 0.842 0.846

0,0,2) (0,0,0.9) 1 1 1 1 0.766 0980 0978 0979
(0,0,1.2) 1 1 1 1 0962 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.998 1 1 1

(0,0,0.3) 0274 0.704 0.687 0.697 0.064 0522 0512  0.522
(0,0,0.6) 0.839 0981 0981 0980 0316 0.835 0.828  0.829

0,1,2) (0,0,0.9) 0.996 1 1 1 0.706 0967 0.968  0.967
(0,0,1.2) 1 1 1 1 0.928 0999 0.998  0.998
(0,0,1.5) 1 1 1 1 0.993 1 1 1

(0,0,0.3) 0.234 0.684 0.674 0.680 0.037 0.492 0482  0.488
(0,0,0.6) 0.795 0976 0974 0975 0236 0.808 0.802  0.804

1,1,2) (0,0,0.9) 0.990 1 1 1 0.609 0971 0971 0971
(0,0,1.2) 1 1 1 1 0912 0998  0.998  0.998
(0,0,1.5) 1 1 1 1 0.992 1 1 1

(0,0,0.3) 0295 0717 0.707 0.705 0.068 0535 0513  0.524
(0,0,0.6) 0.851 0986 0983 0984 0311 0832 0.828  0.830

(0,0,3) (0,0,0.9) 0.998 1 1 1 0.719 0972 0971 0972
(0,0,1.2) 1 1 1 1 0949 0998  0.998  0.998
(0,0,1.5) 1 1 1 1 0.997 1 1 1

(0,0,0.3) 0.231  0.709 0.696 0.704 0.040 0.527 0513  0.522
(0,0,0.6) 0.800 0979 0979 0979 0246 0.849 0.842 0.846

0,2,2) (0,0,0.9) 0.995 1 1 1 0.637 0975 0973 0974
(0,0,1.2) 1 1 1 1 0.928 0998  0.997  0.998
(0,0,1.5) 1 1 1 1 0.991 1 1 1

(0,0,0.3) 0200 0.689 0.674 0.682 0.015 0485 0473 0.481
(0,0,0.6) 0.746 0980 0979 0979 0.155 0826 0.818  0.822

2,2,2) (0,0,0.9) 0.991 1 1 1 0.512 0978 0976 0976
(0,0,1.2) 1 1 1 1 0.858 1 1 1
(0,0,1.5) 1 1 1 1 0.987 1 1 1

52



Cizelge 4.15. Kirpilmis ortalama ve varyans ile diizeltilen testlerin asirt siddetli aykirt
deger ve homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB W KF GF PB W
0,003) 0161 0536 0479 0492 0.122 0462 0.432 0443
(0,0,0.6) 0350 0715 0.646 0.666 0272  0.663  0.639  0.647
(0,0,0) (0,0,09) 058 0.878 0.854 0.861 0500 0.841 0.820 0.829
(0,0,12)  0.822 0969 0951 0957 0727 0946 0.934  0.939
0,0,1.5) 0940 0.995 0991 0993 0.890 00985 0.983  0.983
(0,0,03) 0.035 0534 0463 0478 0034 0447 0410 0426
(0,00.6) 0.110 0.700 0.639 0.657 0.097 0.638 0.612 0.617
(0,0,1) (0,009) 0312 0874 0838 0.848 0213 0811 0.784  0.792
(0,0,1.2) 0559 0969 0954 0957 0438 0929 0912 0985
0,0,1.5) 0778  0.995 0993 0993 0.682 0987 0.982 0425
(0,0,03) 0010 0489 0432 0449 0.005 0441 0.414 0425
(0,0,0.6)  0.047 0.664 0.607 0.625 0.034 0.611 0571  0.588
(0,1,1) (0,009) 0.145 0855 0.820 0.829 0.103 0.793  0.769  0.781
(0,0,12) 0325 0956 0936 0944 0245 0922 0.905 0918
(0,0,1.5) 0572 0.990 0984 0983 0453 0974 0974 0974
(0,0,03)  0.003 0355 0296 0313 0004 0391 0367 0371
(0,0,0.6) 0014 0585 0514 0535 0015 0564 0.529 0553
(1,1,1) (0,009 0061 0798 0743 0.759 0.041 0775 0.753  0.762
(0,0,12) 0.185 0943 0918 0925 0.118 0916 0.903  0.909
(0,0,1.5) 0387 0987 0978 0979 0289 0974 0973 0972
(0,003) 0010 0506 0445 0463 0013 0442 0.403 0417
(0,0,0.6) 0.046 0.683 0.632 0.639 0.057 0576 0.538  0.548
(0,0,2) (0,009) 0.161 0849 0.813 0.821 0.143 0739 0.705 0.718
(0,0,12) 0362 0963 0942 0951 0311 0.878 0.861  0.868
(0,0,1.5)  0.614 0992 0989 0990 0511 0964 0.953 0.956
(0,0,03) 0.003 0465 0419 0434 0005 0431 0398 0412
(0,0,0.6)  0.025 0.637 0576 0.597 0.018 0.568 0.533  0.548
(0,1,2) (0,0,09) 0.084 0827 0784 0793  0.069 0719  0.695  0.706
(0,0,1.2) 0208 0942 0918 0925 0200 0.844 0.829 0.835
(0,0,1.5) 0414 0985 0976 0979 0364 0934 0917 0924
0,0,03) 0002 0347 0292 0312 0 0.400 0379  0.387
(0,0,0.6) 0.009 0570 0511 0526 0011 0542 0512 0522
(1,1,2) (0,009 0037 0792 0725 0738 0.041 0701  0.683  0.690
(0,0,12)  0.123 0922 0.892 0901 0.105 0.849 0.829 0.832
(0,0,1.5) 0289 0983 0969 0971 0253 0936 0922 0927
(0,0,03) 0.003 0478 0429 0448 0.070 0323 0285 0.298
(0,0,0.6) 0.033 0.666 0.606 0.615 0.163 0398 0356 0.372
(0,0,3) (0,009) 0.101 0.829 0788 0.799 0.294 0494 0.458 0475
(0,0,12) 0255 0947 0920 0.929 0409 0.587 0559 0.571
(0,0,1.5) 0476 0987 0982 0983 0497 0.656 0.636  0.649
(0,0,03) 0.002 0461 0407 0416 0002 0426 0391  0.408
(0,0,0.6)  0.008 0.647 0587 0.608 0.009 0570 0.536  0.555
(0,2,2) (0,0,09) 0.046 0.804 0770 0.777 0.051 0.726  0.708  0.716
(0,0,12)  0.140 0927 0907 0915 0.136 0.872 0.863  0.866
(0,0,1.5) 0320 0980 0971 0974 0276 0944 0937 0.941
(0,003) 0050 0302 0219 0232 0001 0404 0368 0385
(0,00.6) 0102 0455 0374 0405 0.003 0543 0510 0.527
(2,2,2) (0,009) 0.170  0.652 0566 0.599 0.017 0.718  0.695  0.708
(0,0,12) 0289 0825 0760 0.781 0.052 0.822 0.815 0.818
(0,0,1.5) 0416 0919 0.889 0.896 0.145 0921 0.906 0.911
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Cizelge 4.15.(Devam) Kirpimis ortalama ve varyans ile diizeltilen testlerin asiri siddetli
aykirt deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0423 0742 0735 0738 0207 0567 0555 0.565
(0,0,0.6) 0927 0984 0985 0984 0576 0877 0866 0.871

(0,0,0) (0,0,0.9) 1 1 1 1 0.894 0987 0985  0.987
(0,0,1.2) 1 1 1 1 0.990 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0345 0725 0.715 0719 0.104 0549 0534  0.544
(0,0,0.6) 0.889 0989 0987 0988 0405 0855 0.845 0.851

(0,0,1) (0,0,0.9) 1 1 1 1 0.797 0981 0.978  0.980
(0,0,1.2) 1 1 1 1 0972 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,0.3) 0260 0.703  0.691 0.702 0.061 0549 0540  0.546
(0,0,0.6) 0.827 0986 0983 0984 0295 0847 0.839 0.845

(0,1,1) (0,0,0.9) 0.995 1 1 1 0.693 0976 0974 0976
(0,0,1.2) 1 1 1 1 0.929 1 0.999 1
(0,0,1.5) 1 1 1 1 0.992 1 1 1

(0,0,0.3) 0211 0.709 0.696 0.702 0.025 0538 0.528  0.531
(0,0,0.6) 0.798 0980 0980 0980 0201 0854 0.846 0.851

1,1,1) (0,0,0.9) 0.990 1 1 1 0.584 0979 0979 0978
(0,0,1.2) 1 1 1 1 0.901 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.988 1 1 1

(0,0,0.3) 0288 0.712 0.708 0.703  0.066 0526 0512  0.519
(0,0,0.6) 0.845 0985 0984 0985 0294 0846 0.840 0.844

0,0,2) (0,0,0.9) 0.999 1 1 1 0.704 0982 0980  0.981
(0,0,1.2) 1 1 1 1 0.939 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.996 1 1 1

(0,0,0.3) 0.208 0.704 0.689 0.699 0.028 0.531 0.520 0.530
(0,0,0.6) 0.786 0982 0982 0981 0211 0837 0.828  0.829

0,1,2) (0,0,0.9) 0.991 1 1 1 0.587 0968  0.968  0.968
(0,0,1.2) 1 1 1 1 0.892 0999 0.999  0.999
(0,0,1.5) 1 1 1 1 0.986 1 1 1

(0,0,0.3) 0.172  0.697 0.687 0.692 0.017 0519 0504 0.510
(0,0,0.6) 0.749 0980 0978 0980 0.154 0.821 0819 0.819

1,1,2) (0,0,0.9) 0.989 1 1 1 0485 0976 0976 0975
(0,0,1.2) 1 1 1 1 0.856 0998  0.997  0.998
(0,0,1.5) 1 1 1 1 0.978 1 1 1

(0,0,0.3) 0.230  0.717 0.707  0.705 0.038  0.537 0515  0.526
(0,0,0.6) 0.801 0986 0983 0984 0223 0.832 0.830 0.830

(0,0,3) (0,0,0.9) 0.995 1 1 1 0.593 0974 0973 0974
(0,0,1.2) 1 1 1 1 0.891 0998  0.998  0.998
(0,0,1.5) 1 1 1 1 0.988 1 1 1

(0,0,0.3) 0.166  0.708 0.695 0.703 0.020 0.533 0520  0.527
(0,0,0.6) 0.732 0979 0979 0979 0.139 0.843 0.836  0.842

0,2,2) (0,0,0.9) 0.986 1 1 1 0.500 0976 0975 0975
(0,0,1.2) 1 1 1 1 0.871 0998  0.997  0.998
(0,0,1.5) 1 1 1 1 0.985 1 1 1

(0,0,0.3) 0.121  0.682 0.669 0.675 0.008 0.481 0466  0.475
(0,0,0.6) 0.647 0976 0974 0975 0.072 0.827 0.819 0.823

2,2,2) (0,0,0.9) 0.970 1 1 1 0326 0982 0.980  0.980
(0,0,1.2) 1 1 1 1 0.739 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 0.954 1 1 1
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Cizelge 4.16. Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli aykirt
deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB W KF GF PB W
(0,003) 0196 0.602 0544 0550 0.191 0531 0.505 0.512
(0,0,0.6) 0542 0.874 0.845 0.856 0517 0.808 0.785  0.796
(0,0,0) (0,0,09) 0868 0984 0978 0979 0818 0956 0.947  0.953
(0,0,1.2) 0983 0999 0999 0999 0968 0997 0.996  0.997
(0,0,1.5)  0.999 1 1 1 0.998 1 1 1
(0,0,03) 0091 0541 0497 0.500 0.086 0464 0.423  0.440
(0,0,0.6) 0345 0.856 0.815 0.829 0327 0734 0.701  0.713
(0,0,1) (0,009) 0715 0974 0966 0968 0.653 0917 0.904  0.907
(0,0,1.2) 0943 0998 0997 0998 0.891 0992 0.98  0.989
(0,0,1.5)  0.994 1 1 1 0.986 0999 0998  0.999
(0,0,03) 0051 0498 0448 0468 0041 0401 0353  0.369
(0,0,0.6) 0265 0.802 0768 0778 0231 0.670 0.633  0.642
(0,1,1) (0,009 0622 0965 0951 0954 0527 0899 0.881  0.886
(0,0,1.2)  0.888 0995 0995 0.995 0818 0985 0.978  0.981
(0,0,1.5)  0.980 1 1 1 0.958 1 0.998  0.999
(0,0,03) 0047 0366 0328 0336 0033 0366 0329 0342
(0,00.6) 0233 0757 0702 0716 0206 0.659 0.628  0.642
(1,1,1) (0,009  0.624 0965 0947 0950 0501 0.886 0.871  0.880
(0,0,1.2) 0908 0996 0995 0996 0810 0979 0.975 0977
(0,0,1.5)  0.990 1 1 1 0.958 0999 0.999  0.998
(0,003) 0052 0518 0471 0489 0.064 0426 0.389  0.403
(0,0,0.6) 0246 0.802 0767 0773 0263 0.669 0.631  0.650
(0,0,2) (0,0,09) 0596 0958 0941 0944 0555 0.848 0.821  0.830
0,0,1.2)  0.866 1 0.997 0996 0.796 0.965 0.956  0.961
(0,0,1.5)  0.982 1 1 1 0.938 0994 0993  0.993
(0,0,03) 0.040 0518 0471 0485 0036 0370 0329 0.348
(0,00.6) 0216 0775 0739 0750 0.179 0.630  0.598  0.607
(0,1,2) (0,0,09) 0542 0944 0925 0929 048 0.840 0.815 0.825
(0,0,1.2)  0.837 0.994 0991 0992 0774 0955 0.949  0.952
0,0,1.5) 0971  0.999 0999 0999 0930 0995 0.993  0.994
(0,0,03) 0.034 0383 0334 0347 0026 0334 0302 0311
(0,0,0.6) 0203 0712 0669 0.679 0.166 0.617 0.581  0.600
(1,1,2) (0,009 0562 0932 0916 0922 0471 0.835 0812 0819
(0,0,12) 0869 0996 0994 0993 0768 0.953 0.944  0.947
(0,0,1.5)  0.981 1 1 1 0.935 0996 0995  0.995
(0,0,03) 0065 0501 0459 0465 0.185 0383 0339 0.352
(0,0,0.6) 0237 0736 0.698 0.708 0377 0498 0.470 0479
(0,0,3) (0,0,09) 0549 0915 0.884 0.896 0542 0.632 0.608 0.616
(0,0,1.2)  0.820 098 0982 0984 0656 0728 0.701  0.714
(0,0,1.5) 0960 0.998 0997 0998 0.798 0.817 0.793  0.804
(0,0,03) 0031 0464 0422 0437 0.038 0348 0310 0323
(0,00.6) 0176 0.771 0730 0.743  0.181  0.603  0.572  0.590
(0,2,2) (0,009) 0516 0954 0937 0945 0451 0812 0.787  0.795
(0,0,1.2)  0.825 0.997 0996 0996 0.719 0944 0.932  0.935
(0,0,1.5)  0.971 1 1 1 0.904 0994 00989  0.992
(0,0,03) 0.043 0363 0318 0334 0036 0322 0295 0.308
(0,0,0.6) 0200 0.663 0618 0.637 0.143 0576 0.536  0.554
(2,2,2) (0,0,09) 0508 0.899 0.882 0.886 0414 0.801 0.778  0.788
(0,0,1.2) 0814 0985 0979 0982 0.696 0932 0925 0.929
(0,0,1.5) 0958 0.999 0997 0998 0905 0991 0.985 0.987
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Cizelge 4.16.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli
aykirt deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(04,03,03) (g, U, 1t3)  KF GF PB W KF GF PB W
0,0,0.3)  0.695 0922 0922 0921 0399 0.720 0.711  0.714
(0,0,0.6) 1 1 1 1 0.895 0.982 0.980 0.981
(0,0,0) (0,0,0.9) 1 1 1 1 0.998 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.617 0911 0912 0909 0279 0.693 0.679  0.685
(0,0,0.6)  0.995 1 1 1 0.849 0970 0.968  0.970
(0,0,1) (0,0,0.9) 1 1 1 1 0.990 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.613 0.896 0.894 0.893 0.226 0.651 0.633  0.644
(0,0,0.6)  0.998 1 1 1 0.811 0973 0973 0.973
0,1,1) (0,0,0.9) 1 1 1 1 0.984 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.582 0.874 0872 0.874 0221 0.646 0.625  0.640
(0,0,0.6)  0.997 1 1 1 0.797  0.957 0.955 0.955
1,1,1) (0,0,0.9) 1 1 1 1 0.987  0.998  0.997  0.998
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,0.3)  0.580 0.910 0.909 0907 0247 0.669 0.657  0.661
(0,0,0.6) 1 1 1 1 0.769  0.955 0.955 0.955
(0,0,2) (0,0,0.9) 1 1 1 1 0.987 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.590 0.895 0.888 0.893  0.198  0.630 0.619  0.623
(0,0,0.6)  0.991 1 1 1 0.745  0.959 0.958  0.959
0,1,2) (0,0,0.9) 1 1 1 1 0.991 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.527 0.883 0.881 0.881 0.168 0.623 0.612  0.620
(0,0,0.6)  0.995 1 1 1 0.730  0.956  0.954  0.956
(1,1,2) (0,0,0.9) 1 1 1 1 0.984  0.999  0.999  0.999
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,0.3)  0.547 0911 0909 0910 0.194 0.631 0.617 0.625
(0,0,0.6)  0.997 1 1 1 0.719 0940 0.936  0.938
(0,0,3) (0,0,0.9) 1 1 1 1 0.966  0.994  0.994  0.994
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.546 0.898  0.893 0.898 0.184  0.637 0.621  0.628
(0,0,0.6)  0.992 1 1 1 0.708  0.964 0962  0.963
0,2,2) (0,0,0.9) 1 1 1 1 0.983  0.999  0.999  0.999
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.537 0922 0884 088  0.150 0.618 0.609 0.614
(0,0,0.6)  0.992 1 1 1 0.678  0.950  0.947  0.949
(2,2,2) (0,0,0.9) 1 1 1 1 0.968 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.17. Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli aykir
deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB W KF GF PB W
(0,0,03) 0196 0.602 0544 0550 0.191 0531 0.505 0.512
(0,0,0.6) 0542 0.874 0.845 0.856 0517 0.808 0.785  0.796
0,000 (0,009 0868 0984 0978 0979 0818 0956 0947  0.953
(0,0,1.2) 0983 0999 0999 0999 0968 0997 0.996  0.997
(0,0,1.5)  0.999 1 1 1 0.998 1 1 1
0,0,03) 0056 0567 0518 0.532 0.068 0485 0.440 0.461
(0,0,0.6) 0287 0.847 0813 0.826 0236 0747 0.713  0.724
0,01) (0,009  0.645 0982 0976 0979 0.566 0926 0909  0.915
(0,0,1.2)  0.898 0.998 0997 0997 0.839 0993 0990  0.992
(0,0,1.5)  0.990 1 1 1 0.977 1 1 1
(0,003) 0031 0479 0446 0459 0026 0421 0385 0.399
(0,0,0.6) 0.147 0821 0777 0791 0.134 0718  0.671  0.692
0,1,1) (0,009 0469 0966 0960 0959 0376 0917 0.893  0.904
(0,0,12) 0819 0997 0996 0997 0701 0990 0.985  0.987
(0,0,1.5)  0.968 1 1 1 0.923 1 1 1
(0,003) 0012 038 0344 0349 0014 0392 0359 0.367
(0,0,0.6) 0102 0740 0701 0.706  0.097 0.696  0.660  0.680
(L,1,1) (0,009 0401 0943 0918 0923 0368 0918 0904 0911
0,0,12) 0772 0997 0995 0996 0.697 00985 0980 0.983
(0,0,1.5)  0.949 1 1 1 0.923 1 0.999 1
(0,003) 0032 0571 0522 0538 0.039 0439 0407 0423
(0,0,0.6) 0199 0.825 0.790 0.801 0.167 0.667 0.641  0.653
0,02) (0,009 0490 0971 0957 0961 0.414 0.862 0.843  0.849
(0,0,1.2)  0.803  0.999 0995 0995 0.732 0.968 0.958  0.963
(0,0,1.5)  0.959 1 1 1 0.898  0.996  0.992  0.995
(0,0,03) 0021 0467 0436 0444 0019 0431 0401 0410
(0,0,0.6) 0104 0777 0.745 0.754 0.104 0.663 0.623  0.643
0,1,2)  (0,0,09) 0367 0955 0937 0942 0323 0.869 0.852  0.860
(0,0,12) 0713 0995 0994 0995 0.634 0959 0951 0.955
(0,0,1.5)  0.929 1 1 1 0.848 0987 0.985 0.987
(0,0,03) 0005 0375 0336 0352 0010 0404 0373 0.384
0,0,0.6)  0.069 0727 0.679 0.695 0.089 0.641 0.612  0.631
(1,1,2) (0,009 0319 0924 0910 0914 0311 0.857 0.842  0.849
(0,0,1.2)  0.680 0.993 0989 0990 0.633 0955 0951 0.953
(0,0,1.5) 0914 1 0.999 0999 0.859 0995 0.993  0.993
(0,0,03)  0.025 0533 0494 0.500 0.157 0362 0314 0.341
(0,0,0.6) 0.148 0.787 0744 0761 0342 0476 0.446  0.460
0,03) (0,009 0369 0944 0921 0927 0494 0.593 0563 0.576
(0,0,12) 0679 0992 0991 0991 0.607 0.686 0.663  0.673
(0,0,1.5)  0.894 0.999 0999 0999 0719 0774 0.750  0.763
(0,0,03) 0.006 0494 0464 0465 0018 0423 0.385 0.402
(0,0,0.6) 0077 0791 0764 0772  0.093 0.659 0.629  0.644
(0,2,2) (0,009 0307 0952 0939 0940 0284 0.877 0.853 0.861
(0,0,12)  0.665 0994 0992 0993 0579 0967 0.956 0.961
(0,0,1.5)  0.910 1 1 1 0.824 0995 0.994  0.995
(0,003) 0031 0376 0313 0333 0004 0409 0374 0.384
(0,0,0.6) 0.140 0.676 0.606 0.633  0.065 0.644 0.619  0.627
(2,22) (0,009 0377 0.888 0.849 0857 0257 0.842 0.822  0.833
(0,0,12) 0679 0981 0967 0975 0559 0959 0.948  0.954
(0,0,1.5) 0.869 0.997 0993 0995 0.806 0993 0991  0.992
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Cizelge 4.17.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli
aykirt deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(04,03,03) (g, U, 1t3)  KF GF PB W KF GF PB W
0,0,03)  0.695 0.922 0.922 0921 0399 0.720 0.711 0.714
(0,0,0.6) 1 1 1 1 0.895 0.982 0.980  0.981
(0,0,0) (0,0,0.9) 1 1 1 1 0.998 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.602 0.920 0918 0919 0244 0.691 0.670  0.682
(0,0,0.6)  0.999 1 1 1 0.805 0.971 0969  0.970
(0,0,1) (0,0,0.9) 1 1 1 1 0.991 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03)  0.538  0.906 0.903 0903 0.118 0.667 0.651  0.660
(0,0,0.6)  0.993 1 1 1 0.732  0.960 0.960  0.960
(0,1,1) (0,0,0.9) 1 1 1 1 0.980 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.528 0.883 0.879 0.878 0.163  0.658  0.644  0.652
(0,0,0.6)  0.993 1 1 1 0.717  0.964 0963  0.964
(1,1,1) (0,0,0.9) 1 1 1 1 0.985 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.531 0916 0914 0913  0.177 0.669  0.657  0.662
(0,0,0.6)  0.998 1 1 1 0.722  0.962 0959  0.961
(0,0,2) (0,0,0.9) 1 1 1 1 0.977 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.475 0.909 0.903 0907 0.127 0.667 0.655  0.659
(0,0,0.6)  0.989 1 1 1 0.661  0.955 0.953  0.952
(0,1,2) (0,0,0.9) 1 1 1 1 0.964  0.999 0.999  0.999
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0469 0.872 0.869 0.866 0.126 0.635 0.626  0.632
(0,0,0.6)  0.990 1 1 1 0.618 0.962 0960  0.962
(1,1,2) (0,0,0.9) 1 1 1 1 0.965 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0474 0919 0915 0917 0.135 0.654 0.641  0.648
(0,0,0.6)  0.994 1 1 1 0.633  0.962 0957  0.959
(0,0,3) (0,0,0.9) 1 1 1 1 0.959 1 1 1
(0,0,1.2) 1 1 1 1 0.998 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03)  0.463 0.900 0.895 0.898 0.106 0.670 0.654  0.666
(0,0,0.6)  0.990 1 1 1 0.596  0.966  0.965  0.965
0,2,2) (0,0,0.9) 1 1 1 1 0.963 1 0.999  0.999
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0.414 0.891 0.888 0.886 0.087 0.651 0.639  0.646
(0,0,0.6)  0.989 1 1 1 0.555  0.971  0.964  0.969
(2,2,2) (0,0,0.9) 1 1 1 1 0.955 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.18. Kirpilmis ortalama ve varyans ile diizeltilen testlerin asirt siddetli aykirt
deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB W KF GF PB W
(0,0,03) 0196 0.602 0544 0550 0.191 0531 0.505 0.512
(0,0,0.6) 0542 0.874 0.845 0.856 0517 0.808 0.785  0.796
0,000 (0,009 0868 0984 0978 0979 0818 0956 0947  0.953
(0,0,1.2) 0983 0999 0999 0999 0968 0997 0.996  0.997
(0,0,1.5)  0.999 1 1 1 0.998 1 1 1
(0,003) 0032 059 0537 0.555 0050 0518 0.482  0.499
(0,00.6) 0211 0862 0830 0.840 0.175 0.778 0.751  0.757
0,01)  (0,0,09) 0552 098 0981 0984 0.483 0943 0925 0.931
(0,0,1.2)  0.860 0.998 0998 0997 0.785 0.993  0.990  0.992
(0,0,1.5)  0.986 1 1 1 0.935 1 1 1
(0,003) 0015 0541 0507 0517 0013 0517 0483 0497
(0,00.6) 0.106 0.853 0.822 0.831 0.097 0763 0.734  0.749
0,1,1)  (0,0,09) 0367 0973 0964 0965 0312 0942 0929 0.936
(0,0,12) 0729 0.998 0998 0998 0.631 0990 0.988  0.990
(0,0,1.5)  0.937 1 1 0.999 0.871 0998 0.998  0.998
(0,0,03) 0006 0453 0400 0411 0.008 0479 0440 0.453
(0,0,0.6) 0.069 0801 0769 0.781 0.063 0755 0.728  0.737
(L1,1) (0,009 0291 0972 0960 0964 0254 0941 0935 0.937
(0,0,1.2) 0671 0998 0997 0997 0589 0993 0990 0.993
(0,0,1.5)  0.927 1 1 1 0.858 0.998  0.998  0.998
(0,0,03) 0007 0568 0516 0.528 0.021 0484 0456 0.470
(0,0,0.6) 0.082 0.830 0798 0.806 0.104 0.689 0.663 0.673
0,02)  (0,0,09) 0331 0982 0969 0974 0323 0.884 0.863 0.868
0,0,1.2)  0.677 1 0.996 0997 0612 0977 0973 0976
(0,0,1.5)  0.909 1 1 1 0.837 0997 0.992  0.996
0,0,03) 0.004 0509 0468 0479 0.007 0474 0442 0455
(0,0,0.6)  0.054 0.803 0773 0779 0.062 0.686 0.652  0.667
0,1,2)  (0,0,09) 0225 0970 0958 0964 0237 0.860 0.842  0.849
(0,0,12) 0536 0998 0996 0.997 0487 0960 0.953  0.958
0,0,1.5)  0.845 0.999 0999 0999 0.745 0.995 0.994  0.995
(0,0,03) 0003 0423 0389 0395 0010 0453 0426 0.440
(0,0,0.6) 0.036 0778 0.726 0.739  0.054 0.675 0.647  0.657
(1,1,2) (0,009  0.180 0957 0941 0949 0203 0.870 0.848  0.853
(0,0,1.2) 0500 0.995 0995 0995 0461 0970 0.961  0.967
(0,0,1.5)  0.848 1 1 1 0.737 0995  0.992  0.991
(0,0,03) 0.004 0533 0483 0493 0.097 0349 0312 0324
(0,0,0.6) 0.049 0797 0767 0779 0264 0468 0429  0.442
0,03) (0,009 0225 0961 0944 0950 0.416 0.582 0.558 0.571
(0,0,12) 0527 0997 0994 0996 0526 0.672 0.652  0.657
(0,0,1.5)  0.805 1 1 1 0.645 0737 0.718 0.727
(0,0,03) 0.002 0508 0477 0490 0.005 0485 0437 0455
(0,0,0.6)  0.025 0818 0787 0.800 0.043 0704  0.680  0.688
(0,2,2) (0,009  0.152 0954 0944 0945 0.174 0.892 0.871  0.880
(0,0,1.2) 0457 0996 0993 0994 0429 0970 0.963  0.966
(0,0,1.5)  0.789 1 1 1 0.688  0.997  0.993  0.994
0,003) 0017 0363 0303 0319 0002 0465 0447 0453
(0,0,0.6) 0.084 0.654 0586 0.609 0.027 0.683 0.645 0.659
(222)  (0,0,09) 0252 0874 0.843 0854 0.137 0.853 0.839  0.843
(0,0,12) 0513 0975 0964 0967 0372 0954 0.947  0.951
(0,0,1.5) 0752 0.998 0993 0996 0.666 0993 0991  0.992
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Cizelge 4.18.(Devam) Kirpimis ortalama ve varyans ile diizeltilen testlerin asiri siddetli
aykirt deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(04,03,03) (g, U, 1t3)  KF GF PB W KF GF PB W
0,0,03)  0.695 0.922 0.922 0921 0399 0.720 0.711 0.714
(0,0,0.6) 1 1 1 1 0.895 0.982 0.980  0.981
(0,0,0) (0,0,0.9) 1 1 1 1 0.998 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03)  0.563  0.921 0919 0920 0.195 0.694 0.677 0.687
(0,0,0.6)  0.999 1 1 1 0.755 0.974 0973  0.973
(0,0,1) (0,0,0.9) 1 1 1 1 0.988 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03)  0.483  0.908 0.904 0905 0.141 0.682 0.671  0.676
(0,0,0.6)  0.990 1 1 1 0.663  0.967 0.967  0.967
(0,1,1) (0,0,0.9) 1 1 1 1 0.966 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03)  0.466 0.898 0.894 0.893 0.119 0.677 0.663  0.669
(0,0,0.6)  0.990 1 1 1 0.622  0.967 0.967 0.967
(1,1,1) (0,0,0.9) 1 1 1 1 0.960 1 1 1
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0464 0916 0914 0913 0.118 0.676 0.664  0.669
(0,0,0.6)  0.994 1 1 1 0.617 0.964 0960  0.962
(0,0,2) (0,0,0.9) 1 1 1 1 0.964 1 1 1
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03)  0.408 0.908 0.902 0.906 0.082 0.671  0.661  0.662
(0,0,0.6)  0.984 1 1 1 0.542  0.957 0954  0.955
(0,1,2) (0,0,0.9) 1 1 1 1 0.926  0.999 0.999  0.999
(0,0,1.2) 1 1 1 1 0.996 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
(0,0,03) 0.388 0.886 0.883 0.879 0.070  0.651 0.644  0.647
(0,0,0.6)  0.982 1 1 1 0.493  0.965 0.964  0.965
(1,1,2) (0,0,0.9) 1 1 1 1 0.930 1 1 1
(0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0394 0919 0915 0917 0.071  0.659 0.644  0.653
(0,0,0.6)  0.991 1 1 1 0.486  0.964 0959  0.961
(0,0,3) (0,0,0.9) 1 1 1 1 0.915 1 1 1
(0,0,1.2) 1 1 1 1 0.998 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0375 0.900 0.895 0.898 0.056 0.683  0.670  0.681
(0,0,0.6)  0.973 1 1 1 0.470  0.969  0.965  0.968
0,2,2) (0,0,0.9) 1 1 1 1 0.918 1 0.999  0.999
(0,0,1.2) 1 1 1 1 0.995 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
0,0,03) 0315 0.893 0.890 0.890 0.046  0.660  0.649  0.652
(0,0,0.6)  0.969 1 1 1 0.379  0.976 0971  0.975
(2,2,2) (0,0,0.9) 1 1 1 1 0.891 1 0.999 1
(0,0,1.2) 1 1 1 1 0.997 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.13 — Cizelge 4.18’ de verilen GBF problemi i¢in kirpilmis ortalama ve

diizeltilmis varyans tahmincileri kullanilarak diizenlenen dort testin giic degerleri

incelendiginde su sonuclar elde edilmistir:

Homojen varyans durumunda;

1.

Dengeli ve dengeli olmayan kiiciik o6rneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin yiiksek gii¢ degerlerine
sahiptir. KF ise diger testlere yakin gii¢c degerlerine sahiptir.

Gozlemlenen aykir1 deger siddeti arttiginda KF testinin giicii azalmaktayken,

diger testlerin gii¢ degerlerinde 6nemli bir diisiis gézlenmemistir.

Homojen olmayan varyans durumunda ise;

3.

4.2.2.

Dengeli ve dengeli olmayan kiiciik Orneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin yiiksek gii¢ degerlerine
sahiptir. KF ise diger testlere yakin gii¢c degerlerine sahiptir.

Gozlemlenen aykirt deger siddeti arttiginda KF testinin giicii azalmakta ancak bu
diisiis homojen varyans durumundaki diisiis kadar yiiksek degildir. Diger testlerin

giic degerlerinde ise 6nemli bir diisiis gozlenmemektedir.

Genellestirilmis Behrens-Fisher probleminin ¢oziimii i¢cin kirpilmis
ortalama ve varyans ile diizeltilmis testler icin Monte-Carlo simiilasyonlari

sonucunda elde edilen 1.tip hata oranlarn

Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi: durumunda GBF

probleminin ¢dziimii i¢in kirpilmig ortalama ve varyans kullanilarak diizeltilmis testlerin

Monte-Carlo simiilasyonlari ile elde edilen 1.tip hata oranlar1 verilmistir. Sonrasinda ise

simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.19. Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli aykir
deger ve homojen varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.098 0436 0387 0403 0.070 0.398 0.360  0.379
(0,0,1) 0.039 0403 0346 0360 0.030 0.335 0305 0313
(0,1,1) 0.030 0356 0309 0328 0.016 0279 0251 0.262
(1,1,1) 0.016 0.199 0.157 0.165 0.009 0.219 0.194  0.204
0.2,0.2,0.2)  (0,0,2) 0.023 0402 0365 0372 0.032 0.322 0289  0.301
(0,1,2) 0.016 0350 0304 0318 0.008 0.258 0219 0.239
(1,1,2) 0.010 0212 0171 0.185 0.009 0.186 0.161  0.168
(0,0,3) 0.028 0408 0365 0375 0.087 0.327 0285 0.301
0,2,2) 0013 0319 0282 0292 0.010 0244 0215 0222
(2,2,2) 0.045 0258 0219 0.223 0.005 0.206 0.188  0.198
n=(25,50,75) n=(25,25,25)
(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.081 0362 0359 0359 0.069 0373 0361 0.367
(0,0,1) 0.079 0354 0354 0350 0.047 0318 0.308 0314
(0,1,1) 0.069 0326 0323 0321 0.031 0294 028  0.290
(1,1,1) 0.072 0339 0328 0.335 0.018 0286 0278 0278
(0.2,0.2,0.2)  (0,0,2) 0.060 0354 0351 0350 0.032 0.345 0337 0342
(0,1,2) 0.070 0334 0330 0329 0.019 0284 0274 0.280
(1,1,2) 0.058 0317 0304 0310 0.014 0275 0265 0271
(0,0,3) 0.051 0343 0335 0333 0.036 0.331 0320 0.325
0,2,2) 0.051 0332 0319 0326 0.015 0293 0286 0285
(2,2,2) 0.046 0304 0289 0.297 0.008 0269 0262  0.263

Cizelge 4.20. Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli aykir
deger ve homojen varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)

(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.098 0.436 0.387 0403 0.070 0398 0360 0.379
(0,0,1) 0.020 0432 0353 0373 0.018 0361 0329 0.340
(0,1,1) 0.009 0332 0297 0308 0.004 0313 0279 0.290
(1,1,1) 0.002 0238 0.187 0.199 0.003 0235 0206 0.220

0.2,0.2,0.2)  (0,0,2) 0.018 0420 0377 0391 0.017 0361 0328 0.341
(0,1,2) 0.008 0340 0294 0312 0.005 0323 0297 0.309
(1,1,2) 0.001 0218 0.181 0.190 0.001 0264 0242 0.249
(0,0,3) 0.010 0425 0376 0387 0.065 0311 0274 0.284
(0,2,2) 0.002 0364 0.321 0335 0.001 0340 0306 0.319
(2,2,2) 0.043 0228 0.173  0.184 0 0302 0273  0.286
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Cizelge 4.20.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli
aykirt deger ve homojen varyans durumunda 1.tip hata oranlart

n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.081 0362 0359 0359 0.069 0373 0361 0.367
(0,0,1) 0.056 0363 0.353 0360 0.035 0347 0332 0.341
(0,1,1) 0.046 0347 0.331 0339 0.025 0337 0327 0.329
(1,1,1) 0.048 0340 0.337 0334 0.010 0324 0319 0.321
0.2,0.2,0.2)  (0,0,2) 0.044 0354 0345 0353  0.027 0344 0331  0.340
(0,1,2) 0.035 0344 0336 0340 0.011 0338 0326 0.335
(1,1,2) 0.036 0341 0.327 0338 0.009 0325 0310 0.321
(0,0,3) 0.036 0348 0.337 0337 0.020 0326 0310 0316
(0,2,2) 0.025 0343 0.333 0337 0.009 0330 0324 0.325
(2,2,2) 0.023 0348 0.338 0.345 0.001 0297 0286  0.295

Cizelge 4.21. Kirpilmis ortalama ve varyans ile diizeltilen testlerin asirt siddetli aykirt
deger ve homojen varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)

(0%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.098 0.436 0.387 0403 0.070 0398 0360 0.379
(0,0,1) 0.016 0.424 0356 0376 0.018 0377 0343 0.354
(0,1,1) 0.004 0399 0.358 0366 0.002 0364 0328 0.339
(1,1,1) 0.001 0273 0227 0236 0.001 0310 0285 0.291

0.2,0.2,0.2)  (0,0,2) 0.007 0.412 0363 0378 0.007 0377 0344 0.356
(0,1,2) 0.001 0375 0.325 0341 0.003 0374 0347 0.364

(1,1,2) 0 0270 0229 0234 0 0335 0309 0317
(0,0,3) 0.002 0428 0372 0391 0.030 0285 0252  0.258
0,2,2) 0 0.388 0335  0.352 0 0357 0329  0.339
(2,2,2) 0.031 0232 0.157 0.174 0 0.364 0334 0.348
n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W

(0,0,0) 0.081 0362 0359 0359 0.069 0373 0361 0.367
(0,0,1) 0.049 0363 0353 0360 0.032 0.354 0337 0.348
(0,1,1) 0.032 0345 0331 0338 0.011 0.346 0335 0.338
(1,1,1) 0.029 0346 0346 0340 0.003 0.347 0338  0.342
0.2,0.2,0.2)  (0,0,2) 0.036  0.354 0345 0353 0.017 0.342 0.327 0.335
(0,1,2) 0.024 0345 0337 0342 0.006 0.337 0325 0335
(1,1,2) 0.016 0351 0339 0.347 0 0.347 0331 0.345
(0,0,3) 0.029 0348 0337 0337 0.009 0.328 0316 0.319
0,2,2) 0011 0343 0333 0337 0.005 0326 0323 0322
(2,2,2) 0.009 0340 0.332 0.338 0 0.303  0.290  0.300
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Cizelge 4.22. Kirpilmis ortalama ve varyans ile diizeltilen testlerin az siddetli aykir
deger ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(0%,03,062) (01,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.053  0.417 0374 0387 0.089 0395 0.353 0.268
(0,0,1) 0.013 0368 0319 0337 0026 0323 0291 0.302
(0,1,1) 0.013 0322 0292 0297 0014 0272 0234 0.249
(1,1,1) 0.007 0202 0.167 0.174 0.013 0215 0.195 0.202
(0.2,04,0.6)  (0,0,2) 0.007 0372 0336 0355 0.025 0314 0286 0.302
(0,1,2) 0.009 0326 0279 0298 0.008 0236 0201 0212
(1,1,2) 0.005 0214 0.186 0.196 0.009 0.200 0.173  0.183
(0,0,3) 0.011 0381 0353 0361 0084 0319 0276 0.294
(0,2,2) 0.005 0293 0245 0264 0008 0235 0210 0.219
(2,2,2) 0.009 0250 0212 0.222 0.006 0.205 0.180 0.186
n=(25,50,75) n=(25,25,25)
(0%,03,06%) (01,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.042 0363 0361 0362 0.070 0377 0366 0.368
(0,0,1) 0.043 0360 0.359 0.358 0.037 0312 0.308 0.309
(0,1,1) 0.030 0322 0313 0315 0.029 0278 0266 0.271
(1,1,1) 0.050 0334 0.329 0328 0.026 0295 0279  0.285
(0.2,04,0.6)  (0,0,2) 0.027 0355 0.353 0354 0.029 0350 0.332 0.343
(0,1,2) 0.033 0326 0.321 0324 0.017 0270 0.259  0.263
(1,1,2) 0.025 0316 0.303 0311 0.016 0270 0.265 0.268
(0,0,3) 0.026 0347 0.342 0343 0.028 0344 0330 0.338
(0,2,2) 0.022 0331 0323 0327 0.011 0285 0275 0.280
(2,2,2) 0.027 0311 0.305 0310 0.011 0281 0274 0.273

Cizelge 4.23. Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli aykir
deger ve homojen olmayan varyans durumunda 1.tip hata oranlar

N=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.053 0417 0374 0387 0.089 0.395 0353  0.368
(0,0,1) 0.005 0399 0340 0362 0.013 0344 0311 0.324
(0,1,1) 0.004 0300 0269 0277 0.006 0.307 0272  0.280
(1,1,1) 0.001 0237 0202 0213 0.001 0246 0210 0217
(0.2,0.4,0.6)  (0,0,2) 0.009 0406 0364 0380 0.011 0365 0324 0.339
(0,1,2) 0.002 0316 0284 0300 0.004 0317 0285 0.299

(1,1,2) 0 0.228  0.197 0.204 0.001 0273 0246 0.254
(0,0,3) 0.001 039 0355 0377 0.063 0305 0.260 0.269
0,2,2) 0 0347 0314 0329 0.001 0338 0291 0312

(2,2,2) 0.011  0.238 0.187  0.198 0 0302  0.268  0.280
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Cizelge 4.23.(Devam) Kirpilmis ortalama ve varyans ile diizeltilen testlerin orta siddetli
aykirt deger ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.042 0363 0361 0362 0.070 0.377 0366  0.368
(0,0,1) 0.028 0354 0355 0352 0.030 0.344 0327 0336
(0,1,1) 0.024 0340 0330 0336 0.020 0.334 0321 0322
(1,1,1) 0.021 0348 0341 0344 0.013 0313 0304 0307
(0.2,0.4,0.6)  (0,0,2) 0.017 0.355 0354 0355 0.014 0.333 0.325 0330
(0,1,2) 0.019 0338 0337 0337 0.016 0327 0318 0319
(1,1,2) 0017 0346 0343 0342 0.010 0.323 0307 0314
(0,0,3) 0.014 0352 0351 0347 0.010 0325 0314  0.320
0,2,2) 0.013 0328 0317 0326 0.009 0.334 0319 0.327
(2,2,2) 0.010 0348 0341 0344 0.001 0.309 0.296  0.302

Cizelge 4.24. Kirpilmis ortalama ve varyans ile diizeltilen testlerin asirt siddetli aykirt
deger ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)

(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.053 0417 0374 0387 0.089 0.395 0353  0.368
(0,0,1) 0.004 0402 0354 0371 0.011 0373 0337 0352
(0,1,1) 0.001 0382 0345 0353 0.002 0.366 0.328  0.339
(1,1,1) 0 0266 0227 0236 0.001 0322 0290 0.295

(0.2,0.4,0.6)  (0,0,2) 0.397 0352 0373 0.003 0.383 0.345  0.359

0
(0,1,2) 0 0.370 0338 0351 0.002 0.377 0.338 0.354
(1,1,2) 0 0269 0237  0.240 0 0351 0319 0334
(0,0,3) 0 0384 0354 0369 0.030 0273 0235 0.246
0,2,2) 0 0369 0334 0.348 0 0.368 0327 0.342
(2,2,2) 0.005 0223  0.161  0.175 0 0371  0.343  0.348
n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W

(0,000 0042 0363 0361 0362 0070 0377 0366  0.368
0,0,1)  0.020 0354 0355 0352 0.025 0353 0337  0.345
(0,1,1) 0017 0342 0333 0340 0.013 0343 0331 0.334
(LLLI) 0012 0351 0346 0349 0.005 0343 0331 0.334
(0.2,04,0.6)  (0,02)  0.014 0355 0354 0355 0011 0336 0326 0331
(0,1,2) 0012 0342 0342 0341 0.007 0332 0323 0323
(1,12)  0.007 0350 0347 0345 0.002 0344 0329  0.336
(0,0,3)  0.008 0352 0351 0347 0.004 0328 0317 0322
02,2) 0006 0327 0316 0325 0.006 0323 0309 0.317
(222) 0006 0342 0337  0.339 0 0315 0304  0.308
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Cizelge 4.19 — Cizelge 4.24° de verilen GBF problemi i¢in kirpilmis ortalama ve
diizeltilmis varyans ile diizeltilmis dort testin 1.tip hata oranlar1 incelendiginde su

sonuclar elde edilmistir:

Homojen varyans durumunda,

1. Dengeli olmayan tasarimlarda KF testi nominal diizeye yakin 1.tip hata oranlarina
sahiptir. Gozlemlenen aykir1 deger siddeti arttiginda ise KF testi bu 6zelligini
giderek kaybetmektedir.

2. Dengeli tasarimlarda KF testi nominal diizeyin ¢ok altinda 1.tip hata oranina
sahiptir. Aykir1 deger siddeti arttiginda ise sifira yaklagmaktadir.

3. Diger testler ise tiim durumlarda oldukga yiiksek ve diizensiz 1.tip hata oranlarina

sahiptirler.

Homojen olmayan varyans durumunda ise,
4. KEF testi tiim tasarimlarda nominal diizeyin ¢ok altinda 1.tip hata oranina sahiptir
ve aykir1 deger siddeti arttiginda ise sifira ¢ok yakin degerler almaktadir.
5. Diger testler ise homojen varyans durumundakine benzer olarak tiim tasarimlarda

oldukga yiiksek ve diizensiz 1.tip hata oranlarina sahiptirler.

Sonu¢ olarak aykir1 degerden kaynaklanan normallik bozulmasi durumunda
giiciinii kaybeden testler kirpilmig ortalama ve varyans diizeltmesi ile yliksek gii¢
degerlerine ulagmislardir. Ancak nominal diizeyin {izerinde seyreden 1.tip hata orani bu
diizeltme ile nominal diizeye yaklagsmamus iistelik yaklasik testler i¢cin daha da artarak 0.2
diizeyinin iizerine ¢ikmustir. Gii¢ degerleri agisindan istenilen sonuglara ulasilmasina
ragmen 1.tip hata oranlarindaki yiiksek artigtan dolay1 6nerilen bu diizeltilmis testin aykiri
degerden kaynaklanan normallik bozulmasi durumunda Genellestirilmis Behrens-Fisher
probleminin ¢6ziimii icin kullanilmasi uygun olmayacaktir. Bu ylizden ilerleyen

boliimlerde farkli saglam tahminciler kullanilarak testlere yeni diizeltmeler dnerilecektir.
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4.3. Genellestirilmis Behrens-Fisher Problemi icin Medyan ve Mutlak Medyan

Sapmasi ile Diizeltilmis Testler icin Monte-Carlo Simiilasyonu

Bu boéliimde sirastyla diizeltilmis testlere iliskin giic degerleri (Cizelge 4.25 —
Cizelge 4.30) ve 1.tip hata oranlar (Cizelge 4.31 — Cizelge 4.36) homojen ve homojen
olmayan varyans durumlari i¢in hesaplanacak ve hesaplamalar az, orta ve asir1 siddetli
aykir1 degerler i¢in tekrarlanacaktir.

Gli¢ degerleri ve 1.tip hata oranlarin1 gosteren ¢izelgelerin her birinin sonunda
elde edilen bulgular homojen ve homojen olmayan varyans durumlar1 ve aykir1 deger

siddetleri i¢in ayr1 ayr1 ele alinarak yorumlanacaktir.

4.3.1. Genellestirilmis Behrens-Fisher probleminin ¢6ziimii icin medyan ve mutlak
medyan sapmasi ile diizeltilmis testler icin Monte-Carlo simiilasyonlar:

sonucunda elde edilen gii¢c degerleri

Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi durumunda GBF
probleminin ¢6ziimii i¢in medyan ve mutlak medyan sapmasi kullanilarak diizeltilmis
testlerin Monte-Carlo simiilasyonlart ile elde edilen gii¢ degerleri verilmistir. Sonrasinda

ise simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.25. Medyan ve MAD ile diizeltilen testlerin diisiik siddetli aykiri deger ve
homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0215 0281 0234 0241 0161 0241 0214 0227
(0,00.6) 0361 0427 0373 0391 0305 0392 0363 0373
(0,009 0591 0.644 0571 0575 0506 0590 0548  0.561

0.0, (0,0,1.2) 0.783  0.817 0.754 0780 0.725 0.775 0.741  0.757
(0,0,1.5) 0912 0924 0.887 0.897 0.878 0904 0.880 0.894
(0,0,0.3) 0.135 0275 0228 0242 0.122 0260 0234  0.241
(0,0,0.6) 0256 0427 0358 0371 0241 0383 0350 0.364
(0,0,1) (0,0,0.9) 0462 0.611 0.533 0554 0400 0554 0510 0.524

(0,0,1.2) 0.679 0.793  0.724 0.737 0577 0.702  0.675 0.684
(0,0,1.5) 0.831 0927 0.876 0.887 0.732 0.842 0.823  0.827
(0,0,0.3) 0.106 0302 0.261 0274 0.068 0250 0219 0.231
(0,0,0.6) 0214 0439 0376 0395 0.147 0371 0343 0.358
(0,1,1) (0,0,0.9) 0390 0.620 0.552 0573 0281 0532 0503  0.512
(0,0,1.2) 0.583 0.767 0.718 0.737 0.461 0.707 0.669  0.681
(0,0,1.5) 0.738 0.884 0.838 0.851 0.640 0.843 0.822  0.823
(0,0,0.3) 0.085 0267 0333 0344 0.064 0265 0231 0.241
(0,0,0.6) 0.176 ~ 0.514 0469 0485 0.111 0373  0.338  0.348
(0,0,0.9) 0.347 0.676 0.638 0.656 0.239 0520 0.494  0.505

(LL1) (0,0,1.2) 0.543 0.841 0.802 0.819 0394 0.699 0.659 0.679
(0,0,1.5) 0.731 0946 0931 0937 0578 0.835 0.812  0.820

(0,0,0.3) 0.093 0276 0231 0242 0.086 0204 0.187 0.192

(0,0,0.6) 0.207 0408 0343 0356 0.172 0330 0296  0.311

(0,0,2) (0,0,0.9) 0.388 0.587 0.514 0530 0327 0506 0457 0.475
7 (0,0,1.2) 0.581 0.765 0.699 0.716 0518 0.681 0.634  0.652
(0,0,1.5) 0.756  0.897 0.850 0.869 0.692 0.815 0.791  0.799

(0,0,0.3) 0.088 0305 0269 0279 0.042 0.190 0.156  0.169

(0,0,0.6) 0.189 0429 0378 0393 0.106 0306 0.267 0.288

(0,1,2) (0,0,0.9) 0351 0.613  0.531 0554 0231 0492 0453  0.469
7 (0,0,1.2) 0.535 0.764 0.699 0712 0437 0.660 0.622  0.639
(0,0,1.5) 0.710 0.887 0.855 0.862 0.626 0.825 0.797 0.811

(0,0,0.3) 0.080 0398 0357 0366 0.032 0226 0200 0.206

(0,0,0.6) 0.178 0499 0465 0479 0.086 0325 0302 0.310

1,1,2) (0,0,0.9) 0318 0.669 0.630 0.643 0219 0498 0463  0.480
7 (0,0,1.2) 0.508 0.819 0.785 0.796 0384 0.674 0.639  0.655
(0,0,1.5) 0.694 0926 0909 0915 0572 0.818 0.793  0.802

(0,0,0.3) 0.081 0246 0215 0224 0.087 0214 0.174 0.183

(0,0,0.6) 0.167 0363 0303 0323 0.174 0315 0279 0.288

(0,0,3) (0,0,0.9) 0339 0563 0483 0499 0310 0445 0405 0414
7 (0,0,1.2) 0.528 0.769 0.675 0.708 0.482 0589 0.564  0.571
(0,0,1.5) 0.730  0.883  0.839 0.850 0.655 0.719 0.690  0.698

(0,0,0.3) 0.049 0234 0.194 0206 0.035 0.188 0.160 0.171

(0,0,0.6) 0.135 0374 0312 0333 0.086 0.283  0.257 0.268

(0,2,2) (0,0,0.9) 0266  0.563 0488 0503 0.209 0458 0425 0.440
o (0,0,1.2) 0486 0.751 0.687 0.704 0377 0.610 0.587  0.595
(0,0,1.5) 0.671 0.878 0.828 0.838 0.571 0.789 0.761  0.774

(0,0,0.3) 0.049 0.181  0.153 0.163  0.024 0.144 0.131 0.136

(0,0,0.6) 0.126 0320 0.264 0282 0.059 0259 0230 0.236

2,2,2) (0,0,0.9) 0264 0501 0448 0462 0.141 0431 0395 0410

(0,0,1.2) 0448 0.707 0.650 0.667 0303 0.610 0575 0.586
(0,0,1.5) 0.629 0.865 0.812 0.823 0477 0.759 0.738  0.746
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Cizelge 4.25.(Devam) Medyan ve MAD ile diizeltilen testlerin diisiik siddetli aykir: deger
ve homojen varyans durumunda giic degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0473 0449 0436 0437 0277 0303 0289  0.269
(0,0,06) 0905 0.897 0.890 0.894 0566 0.591 0.581  0.586
0,009) 0996 0996 0996 0996 0.862 0880 0.871  0.875

(0,0,0)

(0,0,1.2) 1 1 1 1 0980 0981 0979 0981

(0,0,1.5) 1 1 1 1 0.999 0998 0.998  0.998

(0,0,0.3) 0446 0453 0438 0444 0217 0269 0254 0.262

(0,0,0.6) 0.875 0871 0.866 0868 0.535 0591 0572  0.579

(0,0,1) (0,0,0.9) 0991 0994 0993 0993 0.851 0.859 0.853  0.855
7 (0,0,1.2) 1 1 1 1 0966 0976 0971 0974
(0,0,1.5) 1 1 1 1 0994 0997 0.997 0.997

(0,0,0.3) 0.447 0453 0446 0451 0.194 0257 0250  0.252

(0,0,0.6) 0.862 0.868 0.862 0.860 0469 0564 0.546  0.555
(0,1,1) (0,0,0.9) 0992 0989 0988 0987 0.812 0861 0.856 0.856
(0,0,1.2) 0999 0999 0999 0999 0959 0971 0966  0.969
(0,0,1.5) 1 1 1 1 0.992 099  0.996  0.996
(0,0,0.3) 0400 0408 0399 0401 0.161 0258  0.253 0.253
(0,0,0.6) 0.827 0.833 0.818 0.826 0427 0555 0542  0.549
(0,0,0.9) 0980 0986 0983 0985 0.760 0.837 0.826  0.835

(LL1) (0,0,1.2) 1 1 1 1 0932 0959 0959 0959

(0,0,1.5) 1 1 1 1 0985 0997 0.996  0.997

(0,0,0.3) 0408 0429 0405 0415 0200 0287 0266 0.277

(0,0,0.6) 0.870  0.871  0.859 0.864 0497 0567 0.561 0.563

(0,0,2) (0,0,0.9) 0993 0998 0998 0998 0.790 0.831 0.823  0.829

7 (0,0,1.2) 1 1 1 1 0935 0961 0956 0.959

(0,0,1.5) 1 1 1 1 0994 0998 0.998  0.998

(0,0,0.3) 0407 0444 0434 0438 0.160 0269 0251 0.260

(0,0,0.6) 0.862 0.869 0.866 0864 0430 0552 0535 0.546

(0,1,2) (0,0,0.9) 0984 0987 0987 0986 0.758 0.837 0.832  0.832

7 (0,0,1.2) 0999 0999 0999 0999 0939 0968 0964  0.964

(0,0,1.5) 1 1 1 1 0.997 0998  0.998  0.998

(0,0,0.3) 0378 0413 0399 0402 0.129 0238 0231 0.234

(0,0,0.6) 0.818 0.837 0.829 0830 0375 0541 0529  0.530

1,1,2) (0,0,0.9) 0980 0988 0987 0988 0.715 0.803 0.790  0.800

7 (0,0,1.2) 1 1 1 1 0908 0946 0943 0.945

(0,0,1.5) 1 1 1 1 0987 0998 0.998  0.998

(0,0,0.3) 0378 0428 0407 0412 0.152 0262 0247 0.354

(0,0,0.6) 0.844 0860 0.855 0.857 0416 0538  0.527 0.528

(0,0,3) (0,0,0.9) 0992 0998 0998 0998 0.753 0.833 0.823  0.826

7 (0,0,1.2) 1 1 1 1 0931 0955 0951 0.952

(0,0,1.5) 1 1 1 1 0990 0992 0.992  0.992

(0,0,0.3) 0356 0417 0397 0409 0.146 0281 0267 0.277

(0,0,0.6) 0.815 0853 0.850 0.845 0404 0564 0.551 0.558

(0,2,2) (0,0,0.9) 0986 0990 0988 0988 0.735 0.835 0.827  0.832

o (0,0,1.2) 1 1 1 1 0930 0977 0972 0976

(0,0,1.5) 1 1 1 1 0.992 0999 0.999  0.999

(0,0,0.3) 0342 0415 0406 0410 0.096 0245 0227  0.239

(0,0,0.6) 0.783 0.838 0.830 0.831 0311 0527 0506 0.516

2,2,2) (0,0,0.9) 0986 0991 0991 0991 0.652 0.825 0.809 0.817

o (0,0,1.2) 1 1 1 1 0.894 0962 0955 0.959
(0,0,1.5) 1 1 1 1 0.980 1 1 1
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Cizelge 4.26. Medyan ve MAD ile diizeltilen testlerin orta siddetli aykirt deger ve
homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0215 0281 0234 0241 0161 0241 0214 0227
(0,00.6) 0361 0427 0373 0391 0305 0392 0363 0373
(0,009 0591 0.644 0571 0575 0506 0590 0548  0.561

0.0, (0,0,1.2) 0.783  0.817 0.754 0780 0.725 0.775 0.741  0.757
(0,0,1.5) 0912 0924 0.887 0.897 0.878 0904 0.880 0.894
(0,0,0.3) 0.096 0.287 0244 0258 0..084 0.238 0202 0.224
(0,0,0.6) 0221 0453 0374 0398 0.176 0344 0322  0.329
(0,0,1) (0,0,0.9) 0424 0.621 0556 0571 0339 0540 0.501  0.508

(0,0,1.2) 0.617 0803 0.745 0.759 0530 0.712 0.677  0.687
(0,0,1.5) 0.798 0926 0.875 0.889 0.731 0.858 0.835 0.842
(0,0,0.3) 0.046 0241 0206 0.218 0.046 0.212  0.188  0.198
(0,0,0.6) 0.116 0383 0336 0348 0.104 0327 0283  0.302
(0,1,1) (0,0,0.9) 0.252 0580 0.509 0530 0.201 0.487 0451 0.465
(0,0,1.2) 0458 0.760 0.685 0.707 0349 0.663 0.629  0.641
(0,0,1.5) 0.660 0903 0.848 0.856 0.534 0.810 0.786  0.797
(0,0,0.3) 0.018 0.211  0.172 0.184 0.018 0.197 0.172  0.182
(0,0,0.6) 0.063 0346 0287 0304 0.052 0325 0285 0.296
(0,0,0.9) 0.155 0535 0467 0479 0.120 0.486 0.453  0.469

(LL1) (0,0,1.2) 0320 0.729 0.663 0.673 0257 0.663 0.625  0.639
(0,0,1.5) 0.554 0865 0.825 0.839 0461 0809 0.784  0.791

(0,0,0.3) 0.064 0292 0242 0252 0.045 0207 0.180  0.188

(0,0,0.6) 0.143 0443 0373 0391 0.111 0314 0277 0.290

(0,0,2) (0,0,0.9) 0.308 0.629 0.568 0581 0.221 0503 0457 0.478
7 (0,0,1.2) 0.517 0785 0.728 0.745 0.409 0.689  0.655  0.662
(0,0,1.5) 0.714 0913 0.870 0.891 0.619 0.822 0.804 0.809

(0,0,0.3) 0.035 0.252 0214 0225 0.029 0.199 0.181  0.189

(0,0,0.6) 0.087 0381 0328 0338 0.060 0311 0273 0.292

(0,1,2) (0,0,0.9) 0201  0.561 0493 0510 0.154 0488 0.443  0.461
7 (0,0,1.2) 0394 0754 0.681 0.699 0298 0.639 0.606  0.620
(0,0,1.5) 0.588 0.892 0.844 0.855 0497 0.785 0.763  0.776

(0,0,0.3) 0.011  0.218 0.190 0202 0.012 0200 0.163 0.175

(0,0,0.6) 0.051 0350 0294 0312 0.037 0314 0286 0.295

1,1,2) (0,0,0.9) 0.130 0533 0459 0481 0.109 0486 0451 0.463
7 (0,0,1.2) 0275 0731  0.662  0.692 0239 0.664 0.626  0.642
(0,0,1.5) 0468 0869 0.822 0.840 0422 0.808 0.778  0.798

(0,0,0.3) 0.041 0273 0230 0238 0.037 0238 0.192  0.206

(0,0,0.6) 0.095 0419 0359 0378 0.110 0325 0297 0.305

(0,0,3) (0,0,0.9) 0218  0.607 0.538 0549 0220 0473 0439 0452
7 (0,0,1.2) 0406 0780 0.704 0.729 0376 0.632 0.601  0.609
(0,0,1.5) 0.625 0.899 0.855 0.865 0.571 0.762 0.729  0.745

(0,0,0.3) 0.013 0.227 0203 0211 0.017 0.172 0.154  0.159

(0,0,0.6) 0.052 0368 0318 0338 0.040 0305 0273 0.283

(0,2,2) (0,0,0.9) 0.140 0555 049 0511  0.110 0463 0422  0.433
o (0,0,1.2) 0297 0.748 0.683 0.701 0.234 0.640 0.606  0.625
(0,0,1.5) 0.505 0.890 0.840 0.860 0.424 0.793 0.767  0.779

(0,0,0.3) 0.016 0.180 0.148 0.156  0.003 0.176  0.147  0.163

(0,0,0.6) 0.052 0311 0250 0269 0.014 028 0.256  0.263

2,2,2) (0,0,0.9) 0.131 0480 0422 0440 0.051 0456 0415 0.436

(0,0,1.2) 0274 0.652 0.586 0.604 0.151 0.640 0.598 0.616
(0,0,1.5) 0467 0.823 0.756 0.780 0306 0.776  0.756  0.762
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Cizelge 4.26.(Devam) Medyan ve MAD ile diizeltilen testlerin orta siddetli aykiri deger
ve homojen varyans durumunda giic degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0473 0449 0436 0437 0277 0303 0289  0.296
(0,0,06) 0905 0.897 0.890 0.894 0566 0.591 0.581  0.586
0,009) 0996 0996 0996 0996 0.862 0880 0.871  0.875

(0,0,0)

(0,0,1.2) 1 1 1 1 0980 0981 0979 0981

(0,0,1.5) 1 1 1 1 0.999 0998 0.998  0.998

(0,0,0.3) 0414 0422 0406 0411 0.181 0279 0263 0.274

(0,0,0.6) 0.862 0.877 0.869 0873 0486 0581 0.563 0.574

(0,0,1) (0,0,0.9) 0.997 0997 0997 0997 0.804 0855 0.847 0.853

7 (0,0,1.2) 1 1 1 1 0957 0973 0970 0973
(0,0,1.5) 1 1 1 1 0.999 1 0.999 1

(0,0,0.3) 0383 0446 0434 0436 0.140 0278 0262  0.267

(0,0,0.6) 0.840 0879 0.870 0878 0396 0570 0.550  0.559
(0,1,1) (0,0,0.9) 0988 0990 099 0990 0.731 0.843 0.836  0.840
(0,0,1.2) 0999 0999 0999 0999 0925 0971 0967 0.970
(0,0,1.5) 1 1 1 1 0991 0999 0.999  0.999
(0,0,0.3) 0316 039 0378 0387 0.110 0262 0249 0.256
(0,0,0.6) 0.796 0.843 0.842 0.839 0339 0565 0556  0.562
(0,0,0.9) 0984 0990 099 099  0.678 0.856 0.847  0.853

(LL1) (0,0,1.2) 1 1 1 1 0920 0976 0975 0976
(0,0,1.5) 1 1 1 1 0983 0998 0.998  0.998

(0,0,0.3) 0366 0416 0399 0408 0.149 0272 0261  0.269

(0,0,0.6) 0.841 0879 0.866 0870 0.414 0576 0570  0.571

(0,0,2) (0,0,0.9) 0994 0998 0998 0998 0.740 0.854 0.839  0.849
7 (0,0,1.2) 1 1 1 1 0936 0975 0971 0974
(0,0,1.5) 1 1 1 1 0993 0997 0.997  0.997

(0,0,0.3) 0.339 0445 0434 0437 0.110 0275 0268  0.270

(0,0,0.6) 0.822 0.881 0.875 0876 0348 0567 0552  0.560

(0,1,2) (0,0,0.9) 0984 0990 0990 0990 0.699 0.856 0.846  0.849
7 (0,0,1.2) 0999 0999 0999 0999 0905 0965 0960  0.964
(0,0,1.5) 1 1 1 1 0985 099  0.995 0.996

(0,0,0.3) 0276 0392 0377 0385 0.083 0270 0260 0.264

(0,0,0.6) 0.763  0.842  0.838  0.837 0.299 0550 0.538  0.545

1,1,2) (0,0,0.9) 0980 0991 099 0990 0.629 0.834 0.828  0.826
7 (0,0,1.2) 1 1 1 1 0.877 0974 0972 0971
(0,0,1.5) 1 1 1 1 0980 0998 0.998  0.998

(0,0,0.3) 0324 0419 0401 0404 0.100 0259 0251 0.254

(0,0,0.6) 0.824 0879 0.866 0.873 0.345 0567 0.549  0.558

(0,0,3) (0,0,0.9) 0993 0998 0998 0998 0.690 0.836 0.830  0.832
7 (0,0,1.2) 1 1 1 1 0916 0965 0.963  0.964
(0,0,1.5) 1 1 1 1 0988 0997 0.997 0.997

(0,0,0.3) 0284 0420 0404 0407 0.077 0275 0264 0.271

(0,0,0.6) 0.784  0.883 0878  0.875 0319 0.597 0582 0.584

(0,2,2) (0,0,0.9) 0986 0994 0993 0993 0.644 0862 0.852  0.859
o (0,0,1.2) 1 1 1 1 0901 0980 0976 0978
(0,0,1.5) 1 1 1 1 0987 0997 0.997 0.997

(0,0,0.3) 0249 039 0394 0390 0.045 0263 0255 0.259

(0,0,0.6) 0.697 0.845 0.843 0.840 0.221 0.589  0.581  0.578

2,2,2) (0,0,0.9) 0974 0995 0993 0995 0.544 0.837 0.831 0.833
o (0,0,1.2) 1 1 1 1 0.819 0968  0.968  0.968
(0,0,1.5) 1 1 1 1 0964 0999 0.998  0.999
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Cizelge 4.27. Medyan ve MAD ile diizeltilen testlerin aswr1 siddetli aykiri deger ve
homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0215 0281 0234 0241 0161 0241 0214 0227
(0,00.6) 0361 0427 0373 0391 0305 0392 0363 0373
(0,009 0591 0.644 0571 0575 0506 0590 0548  0.561

0.0, (0,0,1.2) 0.783  0.817 0.754 0780 0.725 0.775 0.741  0.757
(0,0,1.5) 0912 0924 0.887 0.897 0.878 0904 0.880 0.894
(0,0,0.3) 0.066 0283 0.241 0254 0.058 0.248 0.214 0.231
(0,0,0.6) 0.146 0458 0376 0.400 0.137 0365 0336 0.348
(0,0,1) (0,0,0.9) 0345 0.658 0.583 0.600 0275 0572 0539  0.551

(0,0,1.2) 0.565 0.821 0.770 0.783 0.465 0.744 0.716  0.726
(0,0,1.5) 0.754 0936 0.892 0901 0.669 0.868 0.854  0.860
(0,0,0.3) 0.023  0.272 0227 0242 0.019 0245 0215 0.224
(0,0,0.6) 0.075 0428 0361 0383 0.060 0373 0341 0.352
(0,1,1) (0,0,0.9) 0.192  0.633 0.561 0578 0.145 0546 0513  0.527
(0,0,1.2) 0368 0.810 0.746 0.765 0299 0.710 0.682  0.695
(0,0,1.5) 0585 0911 0.874 0878 0496 0.861 0.835 0.848
(0,0,0.3) 0.011 0204 0.164 0.169 0.005 0211 0.192  0.197
(0,0,0.6) 0.034 0364 0294 0307 0.023 0329 0299 0313
(0,0,0.9) 0.091 0567 0483 0505 0.073 0546 0507  0.531

(LL1) (0,0,1.2) 0220 0772 0.682 0.713  0.155 0.715 0.688  0.702
(0,0,1.5) 0409 09503 0.861 0875 0326 0.842 0.820  0.829

(0,0,0.3) 0.028 0276 0232 0244 0.024 0234 0208 0.216

(0,0,0.6) 0.074 0444 0365 0386 0.066 0344 0308 0.317

(0,0,2) (0,0,0.9) 0.182 0.637 0.568 0580 0.159 0540 0491 0.515
7 (0,0,1.2) 0385 0.787 0.738  0.752 0300 0.723  0.684  0.695
(0,0,1.5) 0.590 0915 0.870 0.891 0.537 0.850 0.827  0.837

(0,0,0.3) 0.007 0.272 0228 0235 0.006 0240 0210 0.217

(0,0,0.6) 0.039 0419 0359 0372 0.027 0360 0331 0.342

(0,1,2) (0,0,0.9) 0.113  0.602 0.524 0546 0.081 0525 0.489  0.506
7 (0,0,1.2) 0267 0.788  0.717 0.737  0.207 0.689  0.658  0.668
(0,0,1.5) 0454 0504 0.864 0877 0392 0.825 0.801 0.810

(0,0,0.3) 0.006  0.198 0.163 0.175 0.002 0212 0.188  0.197

(0,0,0.6) 0.019 0353 0284 0297 0.014 0353 0317 0.334

1,1,2) (0,0,0.9) 0.061 0547 0473 0494 0.054 0520 0.484  0.499
7 (0,0,1.2) 0.155 0.749 0.657 0.680 0.128 0.693  0.662 0.674
(0,0,1.5) 0340 0.887 0.844 0.860 0.271 0.811 0.792  0.803

(0,0,0.3) 0.014 0268 0221 0234 0.013 0242 0.199 0.215

(0,0,0.6) 0.053 0435 0356 0376 0.047 0331 0305 0.311

(0,0,3) (0,0,0.9) 0.113  0.626 0.554 0570 0.132  0.490 0452  0.470
7 (0,0,1.2) 0291 0789  0.728 0.745 0.247 0.655 0.617 0.633
(0,0,1.5) 0485 0914 0.867 0.877 0424 0.785 0.754  0.768

(0,0,0.3) 0.007  0.237 0.207 0220 0.006  0.199 0.171 0.183

(0,0,0.6) 0.019 0383 0329 0344 0.019 0332 0304 0.311

(0,2,2) (0,0,0.9) 0.059 0586 0.502 0529 0.043 0514 0480  0.495
o (0,0,1.2) 0.156  0.760  0.700  0.713  0.131  0.693  0.655 0.677
(0,0,1.5) 0322 0899 0.853 0870 0.290 0.831 0.809  0.819

(0,0,0.3) 0 0.156  0.116 ~ 0.132  0.003 0.185 0.164 0.170

(0,0,0.6) 0.007 0.284  0.234 0240 0.006 0315 0289 0.294

2,2,2) (0,0,0.9) 0.047 0474 0401 0427 0.020 0.488 0450  0.468

(0,0,1.2) 0.125 0.676  0.602  0.625 0.066 0.660 0.623  0.644
(0,0,1.5) 0245 0827 0774 0795 0.146 0.803  0.782  0.789
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Cizelge 4.27.(Devam) Medyan ve MAD ile diizeltilen testlerin asir1 siddetli aykiri deger
ve homojen varyans durumunda giic degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0473 0449 0436 0437 0277 0303 0289  0.296
(0,0,06) 0905 0.897 0.890 0.894 0566 0.591 0.581  0.586
0,009) 0996 0996 0996 0996 0.862 0880 0.871  0.875

(0,0,0)

(0,0,1.2) 1 1 1 1 0980 0981 0979 0981

(0,0,1.5) 1 1 1 1 0.999 0998 0.998  0.998

(0,0,0.3) 0391 0423 0407 0412 0.154 0278 0262 0.271

(0,0,0.6) 0.853 0.877 0.869 0874 0432 0590 0.575 0.583

(0,0,1) (0,0,0.9) 0996 0997 0997 0997 0.777 0.868 0.858  0.866

7 (0,0,1.2) 1 1 1 1 0946 0974 0971 0974
(0,0,1.5) 1 1 1 1 0.999 1 0.999 1

(0,0,0.3) 0321 0443 0432 0433 0.101 0297 0284  0.288

(0,0,0.6) 0.817 0.878 0.869 0877 0337 0.609 0.588  0.604
(0,1,1) (0,0,0.9) 0985 0992 0992 0992 0.697 0.867 0.862  0.866
(0,0,1.2) 1 1 1 1 0902 0972 0969 0972
(0,0,1.5) 1 1 1 1 0981 0999 0.999  0.999
(0,0,0.3) 0.255 0411 0393 0403 0.052 0295 0278  0.287
(0,0,0.6) 0.771  0.864 0.862 0861 0261 0.603 0595 0.599
(0,0,0.9) 0984 0993 0993 0993 0.602 0870 0.865 0.868

(LL1) (0,0,1.2) 1 1 1 1 0.875 0977 0977 0977
(0,0,1.5) 1 1 1 1 0971 0998  0.998  0.998

(0,0,0.3) 0314 0416 0399 0408 0.096 0275 0261 0.270

(0,0,0.6) 0.814 0879 0.866 0870 0342 0583 0575 0.576

(0,0,2) (0,0,0.9) 0991 0998 0998 0998 0.685 0.861 0.847  0.855
7 (0,0,1.2) 1 1 1 1 0915 0974 0970 0.973
(0,0,1.5) 1 1 1 1 0986 0997 0.997  0.997

(0,0,0.3) 0277 0442 0432 0434 0.070 0.288  0.281  0.285

(0,0,0.6) 0.786  0.878 0.872 0873 0.267 0591 0570  0.586

(0,1,2) (0,0,0.9) 0978 0991 0991 0991 0.610 0.857 0.851 0.852
7 (0,0,1.2) 1 1 1 1 0.859 0965 0.963  0.964
(0,0,1.5) 1 1 1 1 0.967 099  0.995 0.996

(0,0,0.3) 0.220 0407 0393 0.400 0.036 0.289 0.286  0.285

(0,0,0.6) 0.710 0.861 0.856 0.856 0.207 0589 0.579 0.584

1,1,2) (0,0,0.9) 0973 0994 0993 0993 0531 0865 0.851 0.857
7 (0,0,1.2) 1 1 1 1 0.818 0977 0975 0975
(0,0,1.5) 1 1 1 1 0958 0998 0.998  0.998

(0,0,0.3) 0273 0419 0401 0404 0.062 0261 0251 0.256

(0,0,0.6) 0.773 0879 0.866 0873 0.251 0575 0.558  0.569

(0,0,3) (0,0,0.9) 0987 0998 0998 0998 0.604 0.842 0.837 0.838
7 (0,0,1.2) 1 1 1 1 0.867 0966  0.964  0.965
(0,0,1.5) 1 1 1 1 0970 0997 0.997  0.997

(0,0,0.3) 0212 0419 0403 0406 0.042 0275 0264 0.271

(0,0,0.6) 0.735 0.883 0.878 0.875 0.192 0.604 0.587  0.590

(0,2,2) (0,0,0.9) 0977 0994 0993 0993 0.531 0876 0.868  0.873
o (0,0,1.2) 1 1 1 1 0.839 0979 0973 0977
(0,0,1.5) 1 1 1 1 0972 0997 0.997 0.997

(0,0,0.3) 0.162 0404 0399 0399 0.021 0270 0260  0.266

(0,0,0.6) 0.622 0851 0.849 0846 0.119 0599 0590  0.591

2,2,2) (0,0,0.9) 0954 099 0995 099 0380 0.852 0.846  0.847
o (0,0,1.2) 0.999 1 1 1 0.717 0972 0972 0972
(0,0,1.5) 1 1 1 1 0917 0998  0.998  0.998
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Cizelge 4.28. Medyan ve MAD ile diizeltilen testlerin az siddetli aykiri deger ve homojen
olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB W KF GF PB W
(0,003) 0235 0331 028 0299 0233 0299 0266 0276
(0,0,0.6) 0539 0.620 0561 0576 0521 0562 0.526 0.534
(0,009) 0808 0.861 0816 0.822 0810 0.802 0.774  0.786

0.0, (0,0,1.2) 0956 0975 0961 0965 0940 0941 0925 0.931
(0,0,1.5) 0991 0998 099 099 0986 0983 0977 0.979
(0,0,0.3) 0.135 0317 0276 0288  0.162 0313 0287  0.295
(0,0,0.6) 0377 0581 0522 0536 0371 0523 0481  0.498
(0,0,1) (0,0,0.9) 0.698 0.844 0.794 0.802 0.621 0.731  0.707  0.715

(0,0,1.2) 0.889 0970 0951 0961 0.825 0.888 0.872  0.876
(0,0,1.5) 0972 0998 0996 099 0926 0975 0969  0.971
(0,0,0.3) 0.108 0333 0291 0301 0.096 0314 0279 0.290
(0,0,0.6) 0.338 0.601 0.543 0557 0283 0503 0473  0.489
(0,1,1) (0,0,0.9) 0.608 0.814 0.777 0.789 0519 0.741  0.710  0.720
(0,0,1.2) 0.817 0955 0938 0943 0.741 0904 0.884  0.892
(0,0,1.5) 0946 0992 0986 0987 0900 0975 0969  0.972
(0,0,0.3) 0.093 0385 0347 0361 0.087 0313 0273 0.288
(0,0,0.6) 0297 0.643 0.605 0.621 0.265 0508 0.468  0.483
(0,0,0.9) 0.609 0.884 0.849 0.867 0.514 0.743  0.707  0.725

(LL1) (0,0,1.2) 0.844 0978 0967 0972 0.745 0894 0.877 0.886
(0,0,1.5) 0953 0998 0997 0997 0.892 0964 0958  0.960

(0,0,0.3) 0.093 0303 0255 0270 0.096 0243  0.224  0.228

(0,0,0.6) 0290 0546 0484 0500 0287 0.465 0430  0.445

(0,0,2) (0,0,0.9) 0.578 0.806 0.759 0773  0.542  0.701  0.656  0.671
7 (0,0,1.2) 0.828 0952 0925 0929 0.789 0863 0.844  0.851
(0,0,1.5) 0954 0991 0983 0984 0909 0944 0931 0.936

(0,0,0.3) 0.086 0343 0304 0316 0.059 0227 0200 0.206

(0,0,0.6) 0280  0.581 0.520 0543 0.203 0462 0411 0.431

(0,1,2) (0,0,0.9) 0.556 0.818 0.769 0.784 0.480 0.711  0.678  0.689
7 (0,0,1.2) 0.791 0942 0922 0925 0.751 0874  0.857  0.863
(0,0,1.5) 0921 0990 0980 0986 0904 0949 0938  0.942

(0,0,0.3) 0.083 038 0353 0363 0.059 0264 0232 0.244

(0,0,0.6) 0268 0.635 0.589 0.604 0217 0471 0430 0.439

1,1,2) (0,0,0.9) 0.536  0.859 0.825 0832 0479 0.709 0.674  0.687
7 (0,0,1.2) 0.799 0964 0955 0958 0.737 0883 0.861 0.871
(0,0,1.5) 0941 0994 0992 0993 0908 0953 0947 0.952

(0,0,0.3) 0.074 0268 0.235 0246 0.109 0245 0213  0.229

(0,0,0.6) 0.236 0517 0453 0463 0276 0.400 0370 0.383

(0,0,3) (0,0,0.9) 0.534 0.797 0.739 0.753  0.505 0.601 0576  0.587
7 (0,0,1.2) 0.800 0936 0914 0920 0.717 0.760 0.734  0.744
(0,0,1.5) 0944 0985 0978 0978 0.858 0.875 0.859  0.863

(0,0,0.3) 0.055 0278 0229 0239 0.047 0213 0.186 0.194

(0,0,0.6) 0211 0549 0479 0503  0.199 0429 0394  0.406

(0,2,2) (0,0,0.9) 0.509 0.807 0.769 0.781 0.450 0.654 0.617  0.629
o (0,0,1.2) 0.792 0952 0929 0936 0.702 0.867 0.838  0.852
(0,0,1.5) 0934 0994 0991 0992 0.881 0942 0931 0.934

(0,0,0.3) 0.053 0.216 0.194 0202 0.045 0.191 0.165 0.172

(0,0,0.6) 0230 0486 0443 0458 0.180 0402 0378  0.390

2,2,2) (0,0,0.9) 0497 0771  0.730  0.742  0.431 0.658 0.625  0.641

(0,0,1.2) 0.783 0936 0920 0923 0.680 0836 0816 0.819
(0,0,1.5) 0928 0991 0985 0986 0.864 0937 0.928 0.928
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Cizelge 4.28.(Devam) Medyan ve MAD ile diizeltilen testlerin az siddetli aykiri deger ve
homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0681 0704 0.693 0700 0430 0412 0401  0.406
0,00.6) 0995 0996 0996 0996 0863 0.848 0.836  0.840

000 (0009 1 1 1 1 0.991 0990 0.988  0.990

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

0,003) 0619 0667 0657 0.659 0336 0371 0356 0.362

(0,0,0.6) 0982 0991 0991 0991 0822 0.831 0.825 0.827

001 (0009 1 1 1 1 0.980 0.984 0.982  0.983
o (0,0,1.2) 1 1 1 1 1 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0610 0665 0658 0.661 0295 0360 0351 0.358

(0,0,0.6) 0987 0989 0989 0989 0802 0.833 0.826 0.832

0,1,1)  (0,0,0.9) 1 1 1 1 0.973 0980 0.977  0.980
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0580 0.632 0623 0.627 0289 0373 0360 0.362

(0,0,0.6) 0977 0985 0982 0984 0776 0.816 0.797  0.809

Ly (0009 1 1 1 1 0.966 0972  0.969  0.970

o (0,0,1.2) 1 1 1 1 0.998  0.998  0.998  0.998
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0574 0.658 0.649 0.654 0309 0404 0391 0.392

(0,0,0.6) 0989 0.996 0996 0995 0.755 0.798 0.789  0.795

002 (0009 1 1 1 1 0.966 0976 0974 0.975

o (0,0,1.2) 1 1 1 1 1 0.999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0597 0.68 0676 0.681 0252 0373 0355 0363

(0,0,0.6) 0980 0989 0990 0989 0721 0.801 0.791  0.798

012 (0009 1 1 1 1 0.967 0981 0.977  0.981
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0553  0.641 0631 0.634 0214 0354 0342 0347

(0,0,0.6) 0981 0987 00987 0987 0.704 0.780 0.769  0.775

1z (0009 1 1 1 1 0.953 0968 0.960 0.967
o (0,0,1.2) 1 1 1 1 0.998 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0555 0.654 0.642 0.648 0230 0367 0363 0.360

(0,0,0.6) 0988  0.994 0995 0994 0706 0.792 0.781  0.787

003 (0009 1 1 1 1 0.944 0971 0.966  0.968

o (0,0,1.2) 1 1 1 1 0.997 0997  0.995  0.997
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0565 0.669 0657 0.666 0256 0389 0378 0377

(0,0,0.6) 0978 0990 0989 0990 0711 0.797 0.786  0.793

022 (0009 1 1 1 1 0.965 0.984 0.980  0.982
= (0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0550 0.645 0.635 0.638 0216 0362 0352  0.360

(0,0,0.6) 0981 0989 0988 0987 0675 0779 0.776  0.778

222 (0009 1 1 1 1 0.947 0979 0.977 0.977
- (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.29. Medyan ve MAD ile diizeltilen testlerin orta siddetli aykirt deger ve
homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB W KF GF PB W
(0,003) 0235 0331 0286 0299 0233 0299 0266 0276
(0,0,0.6) 0539 0.620 0561 0576 0521 0562 0.526 0.534
(0,009) 0808 0.861 0816 0.822 0810 0.802 0.774  0.786

0.0, (0,0,1.2) 0956 0975 0961 0965 0940 0941 0925 0.931
(0,0,1.5) 0991 0998 099 0996 0986 0983 0.977 0.979
(0,0,0.3) 0.092 0322 0272 0286 0.106 0285 0.254 0.266
(0,0,0.6) 0321 0.602 0.539 0555 0306 0498 0.448  0.466
(0,0,1) (0,0,0.9) 0.617 0.854 0.807 0820 0574 0.727  0.700  0.709

(0,0,1.2) 0.866 0973 0950 0957 0.812 0900 0.880 0.888
(0,0,1.5) 0968 0996 0994 0995 0935 0974 0970 0.973
(0,0,0.3) 0.049 0275 0234 0250 0.062 0258 0.225 0.234
(0,0,0.6) 0211 0562 0498 0516 0.193 0461 0416  0.438
0,1,1) (0,0,0.9) 0.502  0.839 0.792 0.799 0.404 0.693 0.659 0.671
(0,0,1.2) 0.787 0959 0948 0951 0.684 0.884 0.864 0.872
(0,0,1.5) 0939 099 0992 0993 0.871 0966 0.956 0.961
(0,0,0.3) 0.029 0233 0201 0211 0.044 0251 0212 0.223
(0,0,0.6) 0.153 0509 0456 0473 0.145 0467 0428 0.441
(0,0,0.9) 0437 0804 0.752 0.764 0410 0712 0.673  0.694

(LL1) (0,0,1.2) 0.741 0948 0929 0935 0.690 0.882 0.856 0.868
(0,0,1.5) 0924 099 0992 0992 0.869 0975 0.967 0974

(0,0,0.3) 0.051 0338 0282 0301 0.046 0245 0219 0.222

(0,0,0.6) 0222 0.604 0.542 0560 0.174 0452 0416  0.429

(0,0,2) (0,0,0.9) 0.509 0832 0.786  0.797 0443 0.705 0.675 0.682
> (0,0,1.2) 0.776 0961 0953 0955 0.700 0.867 0.850 0.854
(0,0,1.5) 0930 0993 099 0991 0.880 0952 0.947 0.948

(0,0,0.3) 0.036  0.288 0.244 0253 0.033 0.246 0.214  0.225

(0,0,0.6) 0.144  0.546 0483 0.507 0.132 0452 0410 0429

(0,1,2) (0,0,0.9) 0401 0829 0.783 0.794 0345 0.680 0.641  0.657
7 (0,0,1.2) 0.702 0948 0932 0938 0.610 0856 0.829 0.844
(0,0,1.5) 0.888 0991 0983 0987 0.808 0943  0.937 0.942

(0,0,0.3) 0.015 0258 0.228 0.234 0.029 0.244 0.215 0.228

(0,0,0.6) 0.115 0522 0456 0471 0.124 0468 0420 0.437

1,1,2) (0,0,0.9) 0339 0.797 0.747 0.764 0346 0.710 0.673  0.689
7 (0,0,1.2) 0.660 0948 0931 0937 0636 0870 0.851 0.862
(0,0,1.5) 0.881 0994 0987 0988 0.834 0955 0942 0951

(0,0,0.3) 0.030 0312 0256 0274 0.048 0279 0.248  0.256

(0,0,0.6) 0.138  0.571  0.514 0524 0.179 0433 039 0410

(0,0,3) (0,0,0.9) 0379 0826 0.769 0.780 0387 0.645 0.612  0.622
7 (0,0,1.2) 0.678 0952 0929 0935 0.651 0802 0.781  0.788
(0,0,1.5) 0.882 0991 0988 0987 0.820 0908 0.892  0.898

(0,0,0.3) 0.019 0278 0233 0244 0.020 0222 0.189  0.199

(0,0,0.6) 0.100 0.546 0494 0510 0.098 0442 0401 0416

(0,2,2) (0,0,0.9) 0323 0.823 0.783 0.798 0.297 0.678  0.642  0.656
™ (0,0,1.2) 0.640 0952 0933 0935 0561 0871 0.847 0.856
(0,0,1.5) 0.876 0994 0990 0991 0.803 0957 0.947 0.952

(0,0,0.3) 0.018 0.223 0.186 0.194 0.011 0201 0.189  0.192

(0,0,0.6) 0.111 0473 0422 0438 0.083 0438 0399 0417

2,2,2) (0,0,0.9) 0343 0.734 0.671 0.690 0266 0.676  0.645  0.658

(0,0,1.2) 0.644 0914 0.890 0901 0537 0845 0.826  0.836
(0,0,1.5) 0.856 0971 0964 0964 0.780 0952 0.939 0.946
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Cizelge 4.29.(Devam) Medyan ve MAD ile diizeltilen testlerin orta siddetli aykiri deger
ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0681 0704 0.693 0700 0430 0412 0401  0.406
0,00.6) 0995 0996 0996 0996 0863 0.848 0.836  0.840

000 (0009 1 1 1 1 0.991 0990 0.988  0.990

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0.585 0.665 0.654 0.658 0293 0389 0376 0.384

(0,0,0.6) 0993 0997 0997 0997 0777 0.822 0.813  0.816

001 (0009 1 1 1 1 0.976  0.983  0.981  0.982
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0572  0.682 0679 0.679 0229 0365 0358 0.364

(0,0,0.6) 0984 0992 0991 0991 0708 0.815 0.810 0.814

0,1,1)  (0,0,0.9) 1 1 1 1 0.959 0982 0.980 0.981

(0,0,1.2) 1 1 1 1 0.997 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0523  0.637 0621 0.630 0233 0378 0361 0.369

(0,0,0.6) 0981 0991 0989 0990 0695 0.822 0.812 0.817

Ly (0009 1 1 1 1 0.963 0984 0.985 0.984

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0533  0.664 0650 0.657 0219 0388 0374 0379

(0,0,0.6) 0989 0996 0995 0995 0688 0.801 0.791  0.797

002 (0009 1 1 1 1 0.953 0983 0.982  0.981

o (0,0,1.2) 1 1 1 1 0.998  0.999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0526 0.687 0673 0679 0.179 0393 0375 0385

0,00.6) 0977 0991 0991 0990 0654 0.821 0.814 0.818

012 (0009 1 1 1 1 0.936 0975 0974 0.975
o (0,0,1.2) 1 1 1 1 0.994 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0471 0631 0616 0.622 0.180 0380 0364 0372

(0,0,0.6) 0976 0989 0988 0989 0627 0796 0.788  0.792

1z (0009 1 1 1 1 0.933 0985 0.984  0.985
o (0,0,1.2) 1 1 1 1 0.998 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0489 0.657 0.654 0.654 0.156 0373 0361 0.366

(0,0,0.6) 0985 0.995 0995 0994 0.605 0.795 0.788  0.790

003 (0009 1 1 1 1 0.938 0978 0976 0.976

o (0,0,1.2) 1 1 1 1 0.996  0.999  0.998  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0478 0.662 0.656 0.659 0.155 0407 0.385 0.398

0,0,0.6) 0976 0993 0993 0993 0610 0.821 0.815 0.818

022 (0009 1 1 1 1 0.937 0990 0.985 0.988

- (0,0,1.2) 1 1 1 1 0.997 0999  0.998  0.999
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,03) 0438 0.625 0621 0.622 0.153 0399 0381 0.387

0,0,0.6) 0972 0993 0992 0992 058 0.813 0.805 0.808

222 (0009 1 1 1 1 0.918 0.986 0.984  0.986
= (0,0,1.2) 1 1 1 1 0.997 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.30. Medyan ve MAD ile diizeltilen testlerin aswur1 siddetli aykiri deger ve
homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB W KF GF PB W
(0,003) 0235 0331 0286 0299 0233 0299 0266 0276
(0,0,0.6) 0539 0.620 0561 0576 0521 0562 0.526 0.534
(0,009) 0808 0.861 0816 0.822 0810 0.802 0.774  0.786

0.0, (0,0,1.2) 0956 0975 0961 0965 0940 0941 0925 0.931
(0,0,1.5) 0991 0998 099 0996 0986 0983 0.977 0.979
(0,0,0.3) 0.050 0339 0282 0295 0.072 0306 0.267 0.287
(0,0,0.6) 0.238  0.641 0.571 0587 0240 0535 0488  0.502
(0,0,1) (0,0,0.9) 0.558 0.879 0.832 0.844 0498 0.774 0.742  0.757

(0,0,1.2) 0.849 0981 0963 0969 0.762 0917 0900 0.908
(0,0,1.5) 0961 0998 0998 0998 0915 0984 0978 0.982
(0,0,0.3) 0.027 0313 0266 0281 0.036 0285 0.245 0.256
(0,0,0.6) 0.142 0.619 0.558 0578 0.134 0516  0.485  0.498
0,1,1) (0,0,0.9) 0401 0862 0.834 0839 0360 0.753  0.727  0.740
(0,0,1.2) 0.699 0969 0953 0959 0.637 0918 0.899  0.907
(0,0,1.5) 0904 0997 0995 0993 0.836 0981 0974 0975
(0,0,0.3) 0.017 0.258 0219 0228 0.015 0259 0240 0.244
(0,0,0.6) 0.098 0550 0492 0511  0.096 0512 0475  0.490
(0,0,0.9) 0341 0.841 0.797 0809 0282 0.752 0.721 0.734

(LL1) (0,0,1.2) 0.659 0971 0958 0963 0.598 0906 0.893  0.900
(0,0,1.5) 0905 099 0992 0994 0812 0977 0975 0976

(0,0,0.3) 0.022 0314 0258 0276 0.024 0270 0.240 0.245

(0,0,0.6) 0.112  0.608 0.542 0560 0.112 0493 0457 0474

(0,0,2) (0,0,0.9) 0355 0.842 0.797 0805 0325 0.740 0.707 0.716
> (0,0,1.2) 0.655 0963 0954 0957 0612 0891 0.877 0.881
(0,0,1.5) 0.875 0997 0993 0995 0.810 0969 0964 0.965

(0,0,0.3) 0.007 0306 0261 0274 0.013 0285 0.246  0.255

(0,0,0.6) 0.071  0.583  0.524 0540 0.067 0.497 0454 0.467

(0,1,2) (0,0,0.9) 0277 0.836 0.801 0807 0258 0.722  0.690 0.704
7 (0,0,1.2) 0.550 0960 0941 0950 0514 0884 0.857 0.870
(0,0,1.5) 0.818 0992 0986 0989 0.728 0962 0950  0.955

(0,0,0.3) 0.004 0251 0218 0224 0.009 0272 0.238  0.249

(0,0,0.6) 0.059 0549 0481 0500 0.066 0.496  0.463  0.482

1,1,2) (0,0,0.9) 0213 0817 0.763 0.783  0.218 0.712  0.689  0.700
7 (0,0,1.2) 0.514 0958 0938 0945 0478 0878 0.862  0.870
(0,0,1.5) 0.803 0992 0987 0989 0.727 0957 0951 0.955

(0,0,0.3) 0.006 0310 0250 0266 0.014 0275 0.249 0.257

(0,0,0.6) 0.064 0592 0.533 0546  0.087 0.451 0414 0.428

(0,0,3) (0,0,0.9) 0245 0.839 0.790 0.803 0.254 0.665 0.628  0.636
7 (0,0,1.2) 0.534 0959 0942 0943 0492 0835 0.815 0.819
(0,0,1.5) 0.790 0993 0991 0990 0.734 0938 0.922  0.931

(0,0,0.3) 0.008 0.281 0240 0251 0.012 0252 0214 0.224

(0,0,0.6) 0.041 0562 0.506 0526  0.039 0.490 0.459 0.468

(0,2,2) (0,0,0.9) 0.170  0.842 0.805 0815 0.172 0.718 0.691  0.701
™ (0,0,1.2) 0463 0958 0942 0945 0420 0892 0876 0.883
(0,0,1.5) 0.744 0994 0992 0993 0.696 0967 0.961 0.964

(0,0,0.3) 0.001  0.208 0.163 0.176  0.005 0.243  0.219 0.23

(0,0,0.6) 0.040 0485 0411 0430 0.037 0474 0442  0.455

2,2,2) (0,0,0.9) 0.163  0.753  0.697 0.710 0.134 0.701  0.676  0.686

(0,0,1.2) 0443 0923 0.892 0904 0372 0875 0.855 0.866
(0,0,1.5) 0723 0984 0974 0976 0.653 0960 0.953  0.957
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Cizelge 4.30.(Devam) Medyan ve MAD ile diizeltilen testlerin asir1 siddetli aykiri deger
ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0681 0704 0.693 0700 0430 0412 0401  0.406
0,00.6) 0995 0996 0996 0996 0863 0.848 0.836  0.840

000 (0009 1 1 1 1 0.991 0990 0.988  0.990

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0555 0.664 0.654 0.657 0248 0399 0385 0393

(0,0,0.6) 0992 0997 0997 0997 0732 0.834 0.824  0.829

001 (0009 1 1 1 1 0.970 0.984 0.982  0.983
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0523  0.678 0675 0.675 0.190 0406 0.394  0.402

(0,0,0.6) 0981 0993 0992 0992 0680 0.839 0.834 0.836

0,1,1)  (0,0,0.9) 1 1 1 1 0.943 0984 0982  0.982
(0,0,1.2) 1 1 1 1 0.996 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0475 0.650 0.636 0.645 0.167 0416 0403  0.407

(0,0,0.6) 0980 0.993 0993 0992 0.649 0.844 0.833  0.840

Ly (0009 1 1 1 1 0.936 0987 0.987  0.987

o (0,0,1.2) 1 1 1 1 0.998  0.999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0482 0.665 0.651 0.658 0.149 0396 0380 0.385

(0,0,0.6) 0983 0996 0995 0995 0.608 0.810 0.799  0.807

002 (0009 1 1 1 1 0.936 0983  0.982  0.981

o (0,0,1.2) 1 1 1 1 0.995 0.999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0445 0.681 0667 0.673 0.120 0399 0380 0.392

(0,00.6) 0972 0992 0992 0991 0542 0.823 0817 0.821

012 (0009 1 1 1 1 0.904 0976 0975 0.976
o (0,0,1.2) 1 1 1 1 0.990 1 1 1
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,03) 0409 0.648 0.633 0.640 0.107 0408 0392  0.402

(0,0,0.6) 0964 0991 0990 0991 0533 0.821 0.815 0.820

1z (0009 1 1 1 1 0.899 0.983  0.987  0.988
o (0,0,1.2) 1 1 1 1 0.994 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0422  0.657 0.654 0.654 0.099 0381 0364 0373

0,0,0.6) 0975 0995 0995 0994 0496 0.803 0.796  0.798

003 (0009 1 1 1 1 0.900 0979 0.977 0.977

o (0,0,1.2) 1 1 1 1 0.991 0999  0.998  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0387 0662 0.655 0.659 0.086 0409 0.388  0.398

(0,0,0.6) 0961 0993 0993 0993 0488 0.842 0.834 0.837

022 (0009 1 1 1 1 0.900 0990 0.986  0.988

- (0,0,1.2) 1 1 1 1 0.991 0999  0.998  0.999
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,03) 0347 0.639 0636 0.637 0077 0412 0396 0.402

(0,0,0.6) 0954 0996 0995 0995 0437 0.820 0.812 0.816

222 (0009 1 1 1 1 0.852 0983 0.987  0.988

- (0,0,1.2) 1 1 1 1 0.989 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

79



Cizelge 4.25 — Cizelge 4.30° de verilen GBF problemi i¢in medyan ve MAD ile

diizeltilmis dort testin giic degerleri incelendiginde su sonuglar elde edilmistir:

Homojen varyans durumunda,

1.

Dengeli ve dengeli olmayan kiiclik o6rneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin giic degerlerine
sahiptir. KF ise diger testlere oranla diisiik gii¢ degerine sahiptir.

Gozlemlenen aykir1 deger siddeti arttiginda KF testinin giicii azalmaktayken,

diger testlerin gii¢ degerlerinde de benzer oranda diisiisler gézlenmektedir.

Homojen olmayan varyans durumunda ise,

3.

4.3.2.

Dengeli ve dengeli olmayan kiiciik o6rneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin yiiksek gii¢ degerlerine
sahiptir. KF ise diger testlere yakin gii¢c degerlerine sahiptir.

Gozlemlenen aykir1 deger siddeti arttiginda KF testinin giicii azalmakta ancak
bu diisiis homojen varyans durumundaki diisiis kadar yiiksek degildir. Diger

testlerin giic degerlerinde ise dnemli bir diigiis gézlenmemektedir.

Genellestirilmis Behrens-Fisher probleminin ¢oziimii i¢cin medyan ve mutlak
medyan sapmasi ile diizeltilmis testler icin Monte-Carlo simiilasyonlar

sonucunda elde edilen 1.tip hata oranlar

Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi: durumunda GBF

probleminin ¢dziimii i¢in medyan ve mutlak medyan sapmasi kullanilarak diizeltilmis

testlerin Monte-Carlo simiilasyonlar1 ile elde edilen 1.tip hata oranlari verilmistir.

Sonrasinda ise simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.31. Medyan ve MAD ile diizeltilen testlerin az siddetli aykiri deger ve homojen
varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.159 0237 0.194 0210 0.109 0.175 0.150  0.160
(0,0,1) 0.084 0219 0.185 0.198 0.080 0.194 0.165 0.178
(0,1,1) 0.083 0257 0.228 0233 0.044 0202 0.174 0.182
(1,1,1) 0.058 0321 0294 0308 0.045 0239 0211 0.223
0.2,0.2,0.2)  (0,0,2) 0.056 0217 0.189 0201 0.046 0.166 0.147  0.153
(0,1,2) 0.043 0262 0218 0230 0.027 0.159 0.140  0.150
(1,1,2) 0.050 0347 0314 0326 0.023 0.183 0.160  0.158
(0,0,3) 0.048 0214 0.176 0.196 0.050 0.176  0.149  0.156
(0,2,2) 0.023  0.184 0.151 0.156 0.016 0.151 0.124  0.137
(2,2,2) 0.032 0.146 0.118 0.124 0.013  0.110  0.096  0.097
n=(25,50,75) n=(25,25,25)
(0%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.161 0.162 0.152 0.160 0.151 0.177 0.166  0.169
(0,0,1) 0.158 0.162 0.158 0.157 0.114 0.163 0.152  0.155
(0,1,1) 0.157 0.169 0.157 0.162 0.089 0.153 0.140  0.150
(1,1,1) 0.163 0.180 0.170  0.174  0.063  0.151  0.142  0.143
0.2,0.2,0.2)  (0,0,2) 0.127 0.162 0.150 0.158 0.082 0.164 0.153  0.160
(0,1,2) 0.149  0.177 0.175 0.174 0.059 0.145 0.135  0.139
(1,1,2) 0.135 0.169 0.163 0.167 0.055 0.160 0.156  0.153
(0,0,3) 0.119 0.155 0.150 0.155 0.080 0.162 0.149  0.155
(0,2,2) 0.113  0.161  0.151  0.157 0.056 0.139 0.128  0.134
(2,2,2) 0.098 0.150 0.141 0.146  0.027 0.131  0.130  0.131

Cizelge 4.32. Medyan ve MAD ile diizeltilen testlerin orta siddetli aykirt deger ve
homojen varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(0%,03,0%) (0y,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.159 0237 0.194 0210 0.109 0.175 0.150  0.160
(0,0,1) 0.056 0224 0.186 0.195 0.049 0.190 0.158  0.167
(0,1,1) 0.024  0.194 0.162 0.170 0.016 0.183  0.152  0.164
(1,1,1) 0.013  0.181 0.145 0.156 0.011 0.154 0.135 0.135
(0.2,0.2,0.2)  (0,0,2) 0.036 0234 0.198 0214 0.034 0.162 0.142  0.149
(0,1,2) 0.014 0201 0.184 0.188 0013 0.159 0.137 0.143
(1,1,2) 0.007  0.180 0.149 0.160 0.006 0.149 0.128  0.134
(0,0,3) 0.021 0213 0.183 0.198 0.022 0.174 0.148  0.157
(0,2,2) 0.008 0207 0.171 0.179 0.007 0.145 0.121  0.132
(2,2,2) 0.009 0.139  0.107 0.113  0.001  0.133  0.117  0.120
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Cizelge 4.32.(Devam) Medyan ve MAD ile diizeltilen testlerin orta siddetli aykiri deger
ve homojen varyans durumunda 1.tip hata oranlari

n=(25,50,75) n=(25,25,25)
(0%,03,0%) (01,05,05) KF GF PB W KF GF PB w
(0,0,0) 0.161 0.162 0.152 0.160 0.151 0.177 0.166  0.169
(0,0,1) 0.135 0.157 0.154 0.154 0.081 0.163 0.148  0.155
(0,1,1) 0.113  0.141  0.135 0.140 0.053 0.144 0.136  0.138
(1,1,1) 0.105 0.159 0.157 0.157 0.033 0.148 0.136  0.140
0.2,0.2,0.2)  (0,0,2) 0.115 0.156 0.150 0.154 0.061 0.178 0.158  0.171
(0,1,2) 0.098 0.146 0.138 0.140 0.039 0.156 0.153  0.152
(1,1,2) 0.087 0.160 0.155 0.154 0.022 0.153 0.144  0.152
(0,0,3) 0.091 0.153  0.147 0.152 0.040 0.162 0.143  0.154
(0,2,2) 0.073  0.152  0.141  0.149 0.025 0.143  0.140  0.140
(2,2,2) 0.067 0.177 0.163 0.169 0.010 0.145 0.128 0.1138

Cizelge 4.33. Medyan ve MAD ile diizeltilen testlerin aswur1 siddetli aykiri deger ve
homojen varyans durumunda 1.tip hata oranlart

n=(5,10,15) n=(10,10,10)

(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.159 0237 0.194 0210 0.109 0.175 0.150  0.160
(0,0,1) 0.036 0231 0.194 0205 0.038 0.183 0.163  0.168
(0,1,1) 0.009 0232 0.185 0200 0.010 0.184 0.157  0.169
(1,1,1) 0.002 0.160 0.107 0.124 0.001 0.166 0.146  0.152

0.2,0.2,0.2)  (0,0,2) 0.017 0.228 0.194 0205 0.015 0.176 0.159 0.170
(0,1,2) 0.003 0225 0.187 0.196 0.005 0.172 0.148  0.159
(1,1,2) 0.001  0.151 0.106 0.116 0 0.167  0.139  0.150
(0,0,3) 0.004 0217 0.188 0200 0.006 0.171  0.148  0.156
0,2,2) 0.001 0208 0.181 0.191 0.001 0.162 0.133  0.147

(2,2,2) 0 0.111  0.079  0.082 0 0.164 0.143  0.153
n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w

0,000 0161 0.162 0.152 0.160 0.151 0.177 0.166  0.169
0,0,1) 0122  0.159 0.155 0155 0.073 0.175 0.157  0.165
(0,1,1)  0.095 0.137 0.132  0.137 0.035 0.156 0.148  0.150
(LLLI) 0070 0.166 0.163 0.166 0.017 0.159 0.148  0.152
(0.2,02,0.2)  (0,02)  0.091 0.156 0.150 0.154 0.038 0.178 0.160 0.172
(0,1,2) 0066 0.144 0.136  0.138 0017 0.161 0.160  0.155
(1,12) 0050 0.168 0.167 0.164 0.007 0.156 0.144  0.154
0,03)  0.068 0.153 0.147 0.152 0.016 0.167 0.147  0.159
02,2)  0.045 0.152  0.141 0.149 0.010 0.147 0.142  0.144
(222) 0029 0.165 0.151 0.157 0.005 0.153 0.138  0.148
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Cizelge 4.34. Medyan ve MAD ile diizeltilen testlerin az siddetli aykiri deger ve homojen
olmayan varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(0%,03,062) (01,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.099 0206 0.176 0.186 0.118 0.186 0.162 0.174
(0,0,1) 0.041 0200 0.166 0.181 0.069 0207 0.179  0.193
(0,1,1) 0.049 0229 0206 0213 0.052 0214 0.191 0.195
(1,1,1) 0.033 0271 0251 0260 0.054 0240 0216 0.226
(0.2,04,0.6)  (0,0,2) 0.031 0207 0.179 0.189 0.041 0.170  0.154  0.158
(0,1,2) 0.023 0236 0.196 0209 0.021 0.163 0.132  0.144
(1,1,2) 0.023 0278 0261 0266 0.023 0.177 0.152  0.165
(0,0,3) 0.023 0204 0.165 0.180 0.038 0.163 0.139  0.151
(0,2,2) 0.012 0.157 0.134 0.143 0.015 0.137 0124  0.129
(2,2,2) 0.016 0.137 0.108 0.112 0.012 0.115 0.096 0.105
n=(25,50,75) n=(25,25,25)
(0%,03,06%) (01,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.090  0.151 0.142 0.145 0.150 0.172  0.161  0.162
(0,0,1) 0.096 0.162 0.162 0.159 0.094 0.171  0.166  0.169
(0,1,1) 0.085 0.168 0.162 0.167 0.083 0.159 0.149  0.157
(1,1,1) 0.108 0.18 0.176  0.183  0.071  0.155 0.146  0.149
(0.2,04,0.6)  (0,0,2) 0.075 0.164 0.155 0.158 0.067 0.168 0.158  0.166
(0,1,2) 0.086 0.178 0.171  0.175 0.052 0.146  0.136  0.138
(1,1,2) 0.073  0.153  0.156 0.151  0.056 0.155 0.151  0.150
(0,0,3) 0.069 0.150 0.143 0.148 0.060 0.167 0.152  0.162
(0,2,2) 0.059 0.156  0.147 0.151  0.048 0.148 0.140 0.142
(2,2,2) 0.065 0.146  0.141 0.145 0.038 0.134  0.129  0.131

Cizelge 4.35. Medyan ve MAD ile diizeltilen testlerin orta siddetli aykirt deger ve
homojen olmayan varyans durumunda 1.tip hata oranlart

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.099 0206 0.176 0.186 0.118 0.186 0.162  0.174
(0,0,1) 0.017 0211 0.177 0.190 0.044 0.193  0.159  0.170
(0,1,1) 0.006 0.168 0.148 0.155 0.022 0.182 0.160  0.169
(1,1,1) 0.005 0.167 0.135 0.144 0.011  0.160 0.139  0.144
(0.2,0.4,0.6)  (0,0,2) 0.017 0217 0.185 0.197 0.026 0.168 0.141  0.153
(0,1,2) 0.003 0.185 0.163 0.169 0.010 0.163 0.137  0.148
(1,1,2) 0.002 0.164 0.142 0.151  0.004 0.153 0.138  0.139
(0,0,3) 0.002 0213 0.182 0.191 0.011  0.185 0.163  0.169
0,2,2) 0.002 0.183 0.156 0.167 0.003 0.146 0.125 0.219
(2,2,2) 0.003 0.136 0.106 0.111  0.001  0.133  0.111  0.117
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Cizelge 4.35.(Devam) Medyan ve MAD ile diizeltilen testlerin orta siddetli aykiri deger
ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(25,50,75)

n=(25,25,25)

(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.090 0.151 0.142  0.145 0.150 0.172  0.161 0.162
(0,0,1) 0.068 0.149 0.143 0.145 0.065 0.161 0.151 0.157
(0,1,1) 0.060 0.152  0.148 0.149 0.043  0.144 0.133  0.140
(1,1,1) 0.058 0.154 0.151  0.151  0.034 0.139 0.131 0.134
(0.2,04,0.6)  (0,02) 0057 0.152 0.146 0.150 0.039 0.183 0.170  0.180
(0,1,2) 0.043  0.154 0.151 0.152  0.031 0.160  0.153  0.154
(1,1,2) 0.046  0.158 0.151  0.154 0.023  0.139 0.137  0.139
(0,0,3) 0.043  0.147  0.139 0.145 0.027 0.155 0.144 0.151
(0,2,2) 0.038  0.147  0.139 0.144  0.021 0.143  0.135 0.135
(2,2,2) 0.038  0.161 0.160 0.161 0.014 0.137 0.129  0.130
Cizelge 4.36. Medyan ve MAD ile diizeltilen testlerin aswur1 siddetli aykiri deger ve
homojen olmayan varyans durumunda 1.tip hata oranlart
n=(5,10,15) n=(10,10,10)
(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.099 0.206 0.176  0.186 0.118 0.186 0.162 0.174
(0,0,1) 0.012 0.216 0.183 0.193  0.027 0.189 0.161 0.174
(0,1,1) 0.003  0.210 0.181 0.184 0.004 0.188 0.161 0.169
(1,1,1) 0.001  0.158 0.112  0.119  0.002 0.174 0.152  0.159
(0.2,04,0.6)  (0,02) 0001 0218 0.180 0.196 0.05 0.185 0.155  0.169
(0,1,2) 0.002  0.207 0.174 0.187 0.002 0.186 0.158  0.169
(1,1,2) 0 0.154  0.108  0.120 0 0.164  0.137  0.149
(0,0,3) 0 0.201 0.179  0.189  0.001 0.186  0.168  0.175
(0,2,2) 0 0.186  0.162  0.173 0 0.163  0.135 0.143
(2,2,2) 0 0.108  0.078  0.081 0 0.159 0.135 0.143
n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.090 0.151 0.142  0.145 0.150 0.172  0.161 0.162
(0,0,1) 0.059 0.153  0.148 0.149 0.045 0.173  0.161 0.169
(0,1,1) 0.039 0.148 0.145 0.145 0.027 0.160  0.151 0.154
(1,1,1) 0.041  0.158 0.156  0.157 0.020 0.152 0.144  0.147
(0.2,04,0.6)  (0,02) 0044 0.152 0.146 0.150 0.027 0.179 0.168 0.177
(0,1,2) 0.028 0.152  0.149 0.150 0.014 0.169 0.162  0.165
(1,1,2) 0.029 0.165 0.156 0.161 0.006 0.146 0.146  0.145
(0,0,3) 0.030 0.147  0.139 0.145 0.011 0.159  0.147  0.154
(0,2,2) 0.025 0.147  0.139 0.144 0.006 0.149 0.140 0.141
(2,2,2) 0.017 0.156 0.156 0.156  0.006 0.147 0.139  0.142
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Cizelge 4.31 — Cizelge 4.36” de verilen GBF problemi i¢in medyan ve MAD ile

diizeltilmis dort testin 1.tip hata oranlar1 incelendiginde su sonuglar elde edilmistir:

Homojen varyans durumunda,

1.

Dengeli olmayan tasarimlarda KF testi nominal diizeyin altinda 1.tip hata
oranlarina sahiptir. GoOzlemlenen aykir1 deger siddeti arttiginda sifira
yaklagsmaktadir.

Diger testler ise tiim durumlarda yiiksek ve diizensiz 1.tip hata oranlarina
sahiptirler. Aykir1 deger siddeti arttiginda diizensizlik devam etmekte 1.tip hata

orani diismektedir.

Homojen olmayan varyans durumunda ise,

3.

KF testi tlim tasarimlarda nominal diizeyin ¢ok altinda 1.tip hata oranina sahiptir
ve aykir1 deger siddeti arttiginda ise sifira ¢ok yakin degerler almaktadir.
Diger testler ise homojen varyans durumundakine benzer olarak tiim tasarimlarda

oldukgea yiiksek ve diizensiz 1.tip hata oranlarina sahiptirler.

Sonu¢ olarak, medyan ve mutlak medyan sapmasi kullanilarak Onerilen

diizeltilmis testler bir onceki boliimdeki kirpilmis ortalama ve varyans diizeltmesi gibi

yiiksek giic degerlerine ulasirken; 1.tip hata oranlar1 bakimindan yine benzer sorunlar

gbzlenmigtir. Bu ylizden Onerilen bu diizeltmenin kullanilmasi da onerilmemektedir.

Izleyen béliimde ise testlere Huber’in M-tahmincileri kullanilarak aykir1 degerden

kaynaklanan normallik bozulmast durumunda Genellestirilmis Behrens-Fisher

probleminin ¢ézlimii i¢in yeni diizeltilmis testler onerilecektir.
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4.4. Genellestirilmis Behrens-Fisher Problemi icin Huber’in M-tahmincileri ile

Diizeltilmis Testler icin Monte-Carlo Simiilasyonu

Bu boéliimde sirastyla diizeltilmis testlere iliskin giic degerleri (Cizelge 4.37 —
Cizelge 4.42) ve 1.tip hata oranlar1 ise (Cizelge 4.43 — Cizelge 4.48) homojen ve homojen
olmayan varyans durumlar i¢in hesaplanacak ve hesaplamalar az, orta ve asir1 siddetli
aykir1 degerler i¢in tekrarlanacaktir.

Gli¢ degerleri Boliim 4.4.4° te ve 1.tip hata oranlarini ise Boliim 4.4.5’ te gosteren
cizelgelerin her birinin sonunda elde edilen bulgular homojen ve homojen olmayan

varyans durumlari ve aykir1 deger siddetleri i¢in ayr1 ayri ele alinarak yorumlanmustir.

4.4.1. Genellestirilmis Behrens-Fisher problemi icin Huber’in M-tahmincileri ile
diizeltilmis testler icin Monte-Carlo simiilasyonlari sonucunda elde edilen
gii¢ degerleri
Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi: durumunda GBF

probleminin ¢oziimii i¢in Huber’in M-tahmincileri kullanilarak diizeltilmis testlerin

Monte-Carlo simiilasyonlar: ile elde edilen gili¢ degerleri verilmistir. Sonrasinda ise

simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.37. Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykiri deger ve
homojen varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0130 0.098 0.066 0073 0.102 0.109 0.087  0.095
(0,00.6) 0317 0271 0200 0212 0246 0237 0.197 0214
(0,009 0593 0537 0425 0446 0486 0456 0417 0425

0.0, (0,0,1.2) 0.832 0.783  0.680 0.705 0.730  0.692 0.652  0.671
(0,0,1.5) 0954 0931 0.865 0.884 0904 0.877 0.845 0.861
(0,0,0.3) 0.067 0.104 0.072 0.086 0.052 0.101 0.078  0.088
(0,0,0.6) 0.186  0.248 0.176  0.192 0.149 0210 0.164  0.182
(0,0,1) (0,0,0.9) 0418 0496 0382 0403 0341 0430 0385  0.408

(0,0,1.2) 0.713 0.776  0.644 0.684 0.588  0.629  0.580  0.595
(0,0,1.5) 0.888 0926 0.862 0.881 0.796 0.824 0.798  0.811
(0,0,0.3) 0.038  0.095 0.074 0.075 0.029 0.096 0.076  0.086
(0,0,0.6) 0.122 0254 0.179 0.188 0.098 0213 0.183  0.196
(0,1,1) (0,0,0.9) 0325 0460 0367 0391 0245 0408 0372  0.382
(0,0,1.2) 0.575  0.729 0.605 0.633 0447 0591 0554 0.572
(0,0,1.5) 0.805 0.892 0.831 0.846 0.681 0.800 0.775  0.783
(0,0,0.3) 0.045 0.101  0.073 0.077 0.018 0.084 0.072  0.076
(0,0,0.6) 0.130  0.240  0.187  0.197 0.064 0202 0.178  0.190
(0,0,0.9) 0324 0486 0403 0427 0.182 0383 0344 0.361

(LL1) (0,0,1.2) 0.593 0.730 0.646 0.672 0366 0.613  0.562  0.585
(0,0,1.5) 0.803 0.888 0.838 0.845 0.599 0.781 0.756  0.766

(0,0,0.3) 0.058 0.112 0.078 0.084 0.079 0.106  0.083  0.093

(0,0,0.6) 0.168 0.249 0.177 0.198 0.195 0.199 0.170  0.181

(0,0,2) (0,0,0.9) 0358 0461 0364 0387 0367 0371 0331 0.347
7 (0,0,1.2) 0.601  0.675 0.577 0.602 0.531 0512 0484  0.495
(0,0,1.5) 0.793 0.847 0.788 0.805 0.677 0.657 0.635 0.644

(0,0,0.3) 0.046  0.115 0.082 0.089 0.059 0.103 0.081  0.088

(0,0,0.6) 0.129  0.244 0.173 0.186 0.139 0202 0.167 0.190

(0,1,2) (0,0,0.9) 0299 0449 0373 038 0277 0357 0317 0.335
7 (0,0,1.2) 0.517 0.669 0.577 0595 0456 0533 0501  0.516
(0,0,1.5) 0.723 0.816 0.749 0.766  0.622  0.653  0.630  0.642

(0,0,0.3) 0.048 0.121  0.089 0.101  0.033  0.100 0.071  0.081

(0,0,0.6) 0.139  0.251 0206 0220 0.106 0.188 0.162  0.169

1,1,2) (0,0,0.9) 0310 0446 0370 0394 0225 0344 0313  0.326
7 (0,0,1.2) 0.531  0.669 0.579 0.609 0399 0521 0493  0.502
(0,0,1.5) 0.752  0.843 0.787 0.799 0.577 0.670  0.647  0.650

(0,0,0.3) 0.105 0.140 0.095 0.111  0.248 0.159 0.129  0.141

(0,0,0.6) 0226 0260 0.191 0211 0362 0261 0222  0.237

(0,0,3) (0,0,0.9) 0385 0432 0344 0363 0471 0368 0335 0.349
7 (0,0,1.2) 0.546  0.588 0.515 0525 0535 0478 0456  0.464
(0,0,1.5) 0.706  0.740 0.663 0.681 0.582  0.551 0.543  0.548

(0,0,0.3) 0.058 0.115 0.084 0.094 0.073 0.114 0.089  0.098

(0,0,0.6) 0.151  0.257 0206 0218 0.156 0217 0.192  0.197

(0,2,2) (0,0,0.9) 0313 0444 0359 0381 0300 0375 0344  0.357
o (0,0,1.2) 0.506  0.631 0.556 0570 0.444 0523 0485  0.506
(0,0,1.5) 0.696 0.795 0.727 0.748 0.596  0.654  0.625  0.638

(0,0,0.3) 0.131  0.159  0.120  0.131  0.083  0.142 0.122  0.127

(0,0,0.6) 0232 0269 0226 0238 0.153 0245 0212 0.224

2,2,2) (0,0,0.9) 0369 0429 0366 0379 0268 0364 0339  0.342

(0,0,1.2) 0.542 0.616 0.564 0577 0403 0486 0463  0.470
(0,0,1.5) 0.695 0764 0.719 0.737 0.546 0.632 0.605  0.619
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Cizelge 4.37.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykirt
deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,05,03) (Uy,Hy ttz)  KF GF PB w KF GF PB w
(0,003) 0407 0351 0329 0335 0178 0.169 0.157 0.164
(0,00.6) 0936 0919 0909 0914 0581 0559 0544 0.552

(0,0,0) (0,0,0.9) 1 1 1 1 0.901 0.899 0.892  0.895

7 (0,0,1.2) 1 1 1 1 0991 0985 0985 0.985
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0365 0353 0330 0340 0.124  0.145 0.135  0.139

(0,0,0.6) 0920 0916 0907 0905 0491 0539 0518  0.529

(0,0,1) (0,0,0.9) 0999 0999 0999 0999 0869 0877 0.871 0.874

7 (0,0,1.2) 1 1 1 1 0984 0987 0985 0.986
(0,0,1.5) 1 1 1 1 1 1 0.999 1

(0,0,0.3) 0.328 0343 0313 0327 0.091 0.152  0.139  0.144

(0,0,0.6) 0903 0906 0.899 0900 0414 0510 0496  0.502

(0,1,1) (0,0,0.9) 1 1 1 1 0.834 0.886 0.879  0.883

(0,0,1.2) 1 1 1 1 0980 0987 0984  0.987

(0,0,1.5) 1 1 1 1 0.998 1 0.999  0.999

(0,0,0.3) 0314 0334 0315 0328 0.071 0.162  0.151  0.158

(0,0,0.6) 0.860 0.884 0.874 0.879 0357 0552  0.503  0.508

,1,1) (0,0,0.9) 1 1 1 1 0.767 0.868  0.859  0.866

7 (0,0,1.2) 1 1 1 1 0.967 0980 0979  0.980

(0,0,1.5) 1 1 1 1 0996 0998 0.998  0.998

(0,0,0.3) 0.333 0338 0313 0326 0.135 0.181 0.166 0.174

(0,0,0.6) 0.906 0904 0.898 0.899 0465 0519 0.505 0.515

(0,0,2) (0,0,0.9) 1 1 1 1 0.803 0.822  0.817 0.817

7 (0,0,1.2) 1 1 1 1 0968 0974 0968 0973

(0,0,1.5) 1 1 1 1 1 1 0.999  0.999

(0,0,0.3) 0329 0362 0340 0351 0.079 0.160 0.150 0.153

(0,0,0.6) 0.872  0.882 0.875 0876 0383 0501 0483  0.492

(0,1,2) (0,0,0.9) 0.999 1 0.999 0999 0.774 0.848  0.833  0.840

7 (0,0,1.2) 1 1 1 1 0966 0983 0982 0981
(0,0,1.5) 1 1 1 1 0.999 1 1 1

(0,0,0.3) 0293 0342 0327 0333 0.061 0.148 0.142 0.144

(0,0,0.6) 0.847 0881 0.876 0872 0328 0.482 0.468  0.480

1,1,2) (0,0,0.9) 0999 0999 0999 0999 0.729 0.823 0819 0.816

7 (0,0,1.2) 1 1 1 1 0941 0971 0969  0.969

(0,0,1.5) 1 1 1 1 0995 0998 0.998  0.998

(0,0,0.3) 0322 0355 0326 0340 0.115 0.158  0.150 0.153

(0,0,0.6) 0.888 0.895 0.880 0.887 0.400 0.462 0443  0.456

(0,0,3) (0,0,0.9) 0.999 1 1 1 0.740  0.778  0.764  0.774

7 (0,0,1.2) 1 1 1 1 0941 0949 0950 0.947

(0,0,1.5) 1 1 1 1 0993 0992 0.991 0.992

(0,0,0.3) 0291 0351 0330 0336 0.088 0.163 0.156 0.154

(0,0,0.6) 0.864 0.885 0.877 0.881 0355 0502 0484  0.492

(0,2,2) (0,0,0.9) 0997 0997 0997 0997 0.736 0.833  0.821  0.829

o (0,0,1.2) 1 1 1 1 0952 0978 0976 0977

(0,0,1.5) 1 1 1 1 0.997 0999  0.999  0.999

(0,0,0.3) 0273 0341 0323 0329 0.058 0.165 0.158 0.163

(0,0,0.6) 0.832 0885 0.875 0876 0274 0.483 0461 0.478

2,2,2) (0,0,0.9) 0998 0999 0999 0999 0.654 0811 0.800 0.806

o (0,0,1.2) 1 1 1 1 0917 0966 0.964  0.964

(0,0,1.5) 1 1 1 1 0991 0998 0.998  0.998
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Cizelge 4.38. Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt deger
ve homojen varyans durumunda giic degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0130 0.098 0.066 0073 0.102 0.109 0.087  0.095
(0,00.6) 0317 0271 0200 0212 0246 0237 0.197 0214
(0,009 0593 0537 0425 0446 0486 0456 0417 0425

0.0, (0,0,1.2) 0.832 0.783  0.680 0.705 0.730  0.692 0.652  0.671
(0,0,1.5) 0954 0931 0.865 0.884 0904 0.877 0.845 0.861
(0,0,0.3) 0.043  0.103  0.067 0.075  0.039 0.10 0.082  0.086
(0,0,0.6) 0.142 0255 0.179 0.195 0.116 0211  0.174  0.193
(0,0,1) (0,0,0.9) 0357 0504 0382 0416 0281 0403 0366 0.378

(0,0,1.2) 0.636  0.746  0.645 0.676  0.500 0.638  0.588  0.608
(0,0,1.5) 0.826 0916 0.840 0859 0.745 0.828 0.800  0.812
(0,0,0.3) 0.025 0.099 0.067 0.071 0.013 0.094 0.080  0.088
(0,0,0.6) 0.079  0.218 0.155 0.170  0.053 0205 0.172  0.182
(0,1,1) (0,0,0.9) 0.174 0448 0341 0362 0.151 0384 0346 0.362
(0,0,1.2) 0411 0.698 0583 0.617 0310 0.614 0577 0.591
(0,0,1.5) 0.701 0.893 0.814 0.847 0.536 0.802 0.765  0.777
(0,0,0.3) 0.016 0.072  0.044 0.054 0.003 0.078 0.065 0.071
(0,0,0.6) 0.049 0.184 0.121 0.128 0.019 0.176  0.153  0.162
(0,0,0.9) 0.141 0397 0313 0331 0.080 0370 0324  0.347

(LL1) (0,0,1.2) 0.330  0.637 0.547 0568 0213 0590 0.542  0.565
(0,0,1.5) 0.563 0.831 0.750 0.777 0408 0.805 0.767  0.783

(0,0,0.3) 0.035 0.111  0.071  0.082  0.050 0.097 0.077  0.088

(0,0,0.6) 0.110  0.257 0.185 0.196 0.128 0.196 0.168  0.174

(0,0,2) (0,0,0.9) 0278 0491 0381 0394 0263 0342 0309  0.320
(0,0,1.2) 0490 0.709 0.617 0.644 0447 0512 0480  0.491

(0,0,1.5) 0.727 0.868 0.811 0.830 0.621  0.655 0.624  0.636

(0,0,0.3) 0.017  0.107  0.072  0.079  0.026  0.109 0.094  0.096

(0,0,0.6) 0.060 0.228 0.165 0.181 0.075 0206 0.183  0.189

(0,1,2) (0,0,0.9) 0.169 0407 0333 0350 0.179 0362 0330 0.343
(0,0,1.2) 0344 0.638 0.529 0551 0343 0506 0480  0.494

(0,0,1.5) 0.568 0.832 0.750 0.771  0.509  0.653  0.625  0.635

(0,0,0.3) 0.014  0.077 0.052 0.056 0.009 0.105 0.086  0.090

(0,0,0.6) 0.043 0.192 0.136 0.153  0.052 0.197 0.174  0.178

1,1,2) (0,0,0.9) 0.123 0373 0278 0294 0.130 0351 0314  0.332
’ (0,0,1.2) 0290 0.618 0.515 0543 0274 0514 0490  0.503
(0,0,1.5) 0.500 0.798 0.725 0.740 0.455 0.655 0.627  0.637

(0,0,0.3) 0.042 0.126  0.081 0.096 0263 0.137 0.109  0.121

(0,0,0.6) 0.118 0.252 0.180 0.198 0384 0234 0.194 0.210

(0,0,3) (0,0,0.9) 0.238 0436 0336 0363 0464 0356 0327 0.335
(0,0,1.2) 0416 0.661 0.554 0582 0510 0451 0435 0.442

(0,0,1.5) 0.620 0.812 0.748 0.758 0.557 0.524 0.504  0.513

(0,0,0.3) 0.016 0.105  0.076  0.077 0.032  0.107 0.085  0.091

(0,0,0.6) 0.057 0215 0.166 0.174 0.082 0205 0.174  0.191

(0,2,2) (0,0,0.9) 0.153 0415 0333 0352 0.191 0354 0327 0.334
’ (0,0,1.2) 0317 0.616 0543 0559 0331 0525 0486  0.504
(0,0,1.5) 0.554 0789 0.728 0.742  0.492  0.661  0.639  0.647

(0,0,0.3) 0.179  0.155 0.103  0.111  0.016  0.129  0.104  0.109

(0,0,0.6) 0263 0256 0.196 0211 0.055 0237 0203 0.214

2,2,2) (0,0,0.9) 0374 0413 0333 0360 0.145 0356 0334 0.345

(0,0,1.2) 0.515 0580 0.503 0522 0276 0506 0470 0.484
(0,0,1.5) 0.635 0.721  0.664 0.682 0423 0.638 0.603  0.611
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Cizelge 4.38.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt
deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0407 0351 0329 0335 0178 0.169 0.157 0.164
(0,00.6) 0936 0919 0909 0914 0581 0559 0544 0.552

(0,0,0) (0,0,0.9) 1 1 1 1 0901 0.899 0.892  0.895

e (0,0,1.2) 1 1 1 1 0991 0985 0985 0.985
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0352 0357 0326 0342 0.115 0.157 0.150  0.155

(0,0,0.6) 0913 09508 0.899 0899 0449 0531 0507  0.519

(0,0,1) (0,0,0.9) 1 0999 0999 0999 0836 0876 0.867  0.869

7 (0,0,1.2) 1 1 1 1 0982 0986 0983  0.986

(0,0,1.5) 1 1 1 1 0.999 0999  0.999  0.999

(0,0,0.3) 0280 0325 0321 0318 0.067 0.157 0.144  0.153
(0,0,0.6) 0.869 0.895 0.885 0.882 0360 0513 0497  0.506
(0,1,1) (0,0,0.9) 0998 0998 0998 0997 0.760 0.862 0.849  0.854
(0,0,1.2) 1 1 1 1 0956 0981 0979 0981
(0,0,1.5) 1 1 1 1 0.999 1 0.999 1
(0,0,0.3) 0259 0334 0321 0322 0.054 0.158 0.155 0.155
(0,0,0.6) 0.835 0.878 0.867 0.872 0.264 0.494 0.481  0.491

,1,1) (0,0,0.9) 0.995 1 1 1 0.693 0871 0.856 0.861

7 (0,0,1.2) 1 1 1 1 0946 0989 0987  0.989
(0,0,1.5) 1 1 1 1 0.998 1 1 1

(0,0,0.3) 0313 0343 0328 0331 0083 0.165 0.152  0.160

(0,0,0.6) 0.890 09503 0.893 0.897 0368 0503 0493  0.499

(0,0,2) (0,0,0.9) 0999 0999 0999 0999 0.773 0.849 0.844  0.846

7 (0,0,1.2) 1 1 1 1 0962 0982 0975 0.980

(0,0,1.5) 1 1 1 1 0.997 0999  0.999  0.999

(0,0,0.3) 0.247 0337 0314 0324 0.055 0.166 0.159  0.159

(0,0,0.6) 0.842 0886 0.876 0.880 0303 0498 0481 0.491

(0,1,2) (0,0,0.9) 0997 0998 0997 0998 0.699 0.834 0.827 0.828

7 (0,0,1.2) 1 1 1 1 0935 0972 0973 0972

(0,0,1.5) 1 1 1 1 0994 0999 0.999  0.999

(0,0,0.3) 0219 0332 0313 0320 0.040 0.153 0.152  0.151

(0,0,0.6) 0.815 0.877 0.870 0.871  0.234 0477 0464  0.470

1,1,2) (0,0,0.9) 0.995 1 0999 0999 0.601 0.822 0.814 0.815

7 (0,0,1.2) 1 1 1 1 0.906 0971 0970 0971

(0,0,1.5) 1 1 1 1 0.996 0999  0.999  0.999

(0,0,0.3) 0270 0341 0317 0329 0.071 0.153  0.138  0.147

(0,0,0.6) 0.857 0.899 0.887 0.894 0325 0480 0468 0.474

(0,0,3) (0,0,0.9) 0.998 1 0.999 0999 0.688 0.819 0.802 0.813

7 (0,0,1.2) 1 1 1 1 0936 0969 0.967 0.968

(0,0,1.5) 1 1 1 1 0993 0998 0.998  0.998

(0,0,0.3) 0.220 0343 0328 0330 0.050 0.163 0.160 0.161

(0,0,0.6) 0.810 0.870 0.867 0.868 0.240 0.506 0.491  0.497

(0,2,2) (0,0,0.9) 0999 0999 0999 0999 0.641 0857 0.843  0.851

o (0,0,1.2) 1 1 1 1 0931 0977 0976 0977

(0,0,1.5) 1 1 1 1 0989 0999 0.999  0.999

(0,0,0.3) 0.196 0334 0321 0326 0.021 0.162 0.152  0.155

(0,0,0.6) 0.768  0.869 0.859 0861 0.163 0.493 0475 0.486

2,2,2) (0,0,0.9) 0991 0999 0999 0999 0522 0.840 0.833  0.835

o (0,0,1.2) 1 1 1 1 0.862 0979 0977 0976
(0,0,1.5) 1 1 1 1 0.981 1 1 1
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Cizelge 4.39. Huber’in M-tahmincileri ile diizeltilen testlerin asiri siddetli aykirt deger
ve homojen varyans durumunda giic degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0130 0.098 0.066 0073 0.102 0.109 0.087  0.095
(0,00.6) 0317 0271 0200 0212 0246 0237 0.197 0214
(0,009 0593 0537 0425 0446 0486 0456 0417 0425

0.0, (0,0,1.2) 0.832 0.783  0.680 0.705 0.730  0.692 0.652  0.671
(0,0,1.5) 0954 0931 0.865 0.884 0904 0.877 0.845 0.861
(0,0,0.3) 0.026  0.100  0.065 0.075 0.024 0.097 0.080 0.082
(0,0,0.6) 0.102 0264 0.166 0.185 0.078 0.212 0.180  0.190
(0,0,1) (0,0,0.9) 0286  0.506 0388 0.420 0206 0418 0365 0.384

(0,0,1.2) 0.546 0.748 0.643 0.676 0434 0.643 0.605 0.617
(0,0,1.5) 0777 0924 0.849 0863 0.674 0.825 0.799  0.811
(0,0,0.3) 0.010  0.094 0.065 0.069 0.004 0.109 0.093 0.106
(0,0,0.6) 0.042 0242 0.180 0.191 0.035 0212 0.187 0.197
(0,1,1) (0,0,0.9) 0.134 0458 0361 0382 0.111 0410 0366  0.385
(0,0,1.2) 0325 0716 0.597 0.625 0248 0.634 0.598 0.613
(0,0,1.5) 0.566 0.889 0.829 0.851 0450 0.817 0.776  0.795
(0,0,0.3) 0.006  0.085 0.062 0.071 0.004 0.086 0.073  0.079
(0,0,0.6) 0.022 0209 0.147 0.162 0.014 0.186 0.163 0.172
(0,0,0.9) 0.089 0440 0347 0370 0.044 0378 0347 0.360

(LL1) (0,0,1.2) 0.233  0.668 0.558 0.581 0.141 0.622  0.572  0.598
(0,0,1.5) 0439 0851 0.766 0.791 0308 0.822 0.786  0.804

(0,0,0.3) 0.009 0.096 0.061 0.073 0.025 0.112 0.092  0.100

(0,0,0.6) 0.048 0.248 0.164 0.176  0.092  0.201  0.166  0.178

(0,0,2) (0,0,0.9) 0.157 0472 0362 0381 0.193 0359 0324 0.336
7 (0,0,1.2) 0.347 0711 0.607 0.634 0361 0523 0494  0.505
(0,0,1.5) 0.606 0.890 0.823 0.841 0.531 0.662 0.630  0.645

(0,0,0.3) 0.003  0.092 0.063 0.068 0.006 0.118 0.096 0.102

(0,0,0.6) 0.021  0.216 .0161 0.172 0.040 0224 0.193  0.204

(0,1,2) (0,0,0.9) 0.084 0420 0332 0349 0.124 0374 0339  0.358
7 (0,0,1.2) 0.201  0.661  0.557 0573 0257 0521 0486  0.500
(0,0,1.5) 0416 0844 0.762 0.789  0.407 0.653 0.622  0.637

(0,0,0.3) 0.004 0.082 0.048 0.054 0.004 0.102 0.088  0.092

(0,0,0.6) 0.016 0.219 0.150 0.167 0.022 0.198 0.176  0.187

1,1,2) (0,0,0.9) 0.058 0403 0314 0330 0.075 0365 0328  0.350
7 (0,0,1.2) 0.167 0.641  0.539 0557 0.184 0515 04838  0.500
(0,0,1.5) 0345 0.828 0.739 0.762 0314  0.658 0.628  0.642

(0,0,0.3) 0.004 0.097 0.059 0.071 0235 0.125 0.099  0.107

(0,0,0.6) 0.035 0.225 0.158 0.176 0359 0214 0.169 0.186

(0,0,3) (0,0,0.9) 0.115 0415 0323 0345 0435 0321 0287  0.302
7 (0,0,1.2) 0264 0.679 0.559 0590 0467 0.441 0408  0.425
(0,0,1.5) 0471 0835 0.774 0.785 0.502  0.503  0.482  0.492

(0,0,0.3) 0.003  0.095 0.064 0.074 0.006 0.125 0.098  0.104

(0,0,0.6) 0.020  0.200 0.154 0.161  0.034 0220 0.190 0.204

(0,2,2) (0,0,0.9) 0.061 0384 0311 0330 0.107 0374 0336  0.351
o (0,0,1.2) 0.168 0.614 0.534 0550 0.210 0541  0.508 0.518
(0,0,1.5) 0346 0.803 0.738 0.753 0362 0.685 0.659  0.670

(0,0,0.3) 0.164  0.123  0.062 0.079 0.003 0.123  0.082  0.101

(0,0,0.6) 0225 0232 0.161 0.175 0.017 0220 0.188  0.196

2,2,2) (0,0,0.9) 0306 0398 0307 0341 0.051 0366 0336 0.347

(0,0,1.2) 0435 0552 0477 0493  0.133 0506 0474  0.492
(0,0,1.5) 0.533  0.701  0.614 0.650 0.252 0.637 0.614 0.619
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Cizelge 4.39.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin asiri siddetli
aykirt deger ve homojen varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)
(01,04,03) (Uy, Uy t3)  KF GF PB w KF GF PB w
(0,003) 0407 0351 0329 0335 0178 0.169 0.157 0.164
(0,00.6) 0936 0919 0909 0914 0581 0559 0544 0.552

(0,0,0) (0,0,0.9) 1 1 1 1 0901 0.899 0.892  0.895

e (0,0,1.2) 1 1 1 1 0991 0985 0985 0.985
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,0.3) 0.325 0357 0327 0342 0.096 0.163 0.156  0.161

(0,0,0.6) 0.896 0908 0900 0899 0382 0533 0511  0.522

(0,0,1) (0,0,0.9) 0.999 0999 0999 0999 0.798 0.880 0.871  0.873

7 (0,0,1.2) 1 1 1 1 0977 0987 0984  0.987

(0,0,1.5) 1 1 1 1 0.999 0999  0.999  0.999

(0,0,0.3) 0.237 0321 0318 0313 0.045 0.167 0.153 0.163
(0,0,0.6) 0.835 0.894 0.883 0.881 0.285 0530 0.511  0.525
(0,1,1) (0,0,0.9) 0996 0998 0998 0997 0.690 0871 0.861 0.863
(0,0,1.2) 1 1 1 1 0939 0983 0981 0.983
(0,0,1.5) 1 1 1 1 0.997 1 0.999 1
(0,0,0.3) 0.198 0333 0322 0322 0.020 0.165 0.157 0.159
(0,0,0.6) 0.816 0.894 0.885 0.889 0.190 0521 0510 0.514

,1,1) (0,0,0.9) 0.995 1 1 1 0.579 0872  0.856  0.864
7 (0,0,1.2) 1 1 1 1 0.908 0989 0.988  0.989
(0,0,1.5) 1 1 1 1 0.992 0999  0.999  0.999

(0,0,0.3) 0260 0342 0327 0330 0.057 0.163 0.151  0.157

(0,0,0.6) 0.851 09503 0.893 0.897 0276 0505 0.490  0.502

(0,0,2) (0,0,0.9) 0998 0999 0999 0999 0.698 0.849 0.845 0.846
7 (0,0,1.2) 1 1 1 1 0942 0984 0979 0.983
(0,0,1.5) 1 1 1 1 0.997 0999  0.999  0.999

(0,0,0.3) 0.198 0331 0310 0320 0.030 0.162 0.150 0.156

(0,0,0.6) 0.794 0.883 0.873 0877 0.208 0502 0491 0.497

(0,1,2) (0,0,0.9) 0993 0998 0997 0998 0.581 0.845 0.833  0.841
7 (0,0,1.2) 1 1 1 1 0.894 0973 0975 0973
(0,0,1.5) 1 1 1 1 0989 0999 0.999  0.999

(0,0,0.3) 0.166 0330 0310 0319 0.017 0.161 0.158  0.157

(0,0,0.6) 0.757 0.890 0.883 0.885 0.153 0492 0476 0.484

1,1,2) (0,0,0.9) 0.992 1 1 1 0493 0.838 0.830 0.831
7 (0,0,1.2) 1 1 1 1 0.856 0976 0977 0976
(0,0,1.5) 1 1 1 1 0981 0998 0.998  0.998

(0,0,0.3) 0.208 0341 0317 0329 0.035 0.153 0.139  0.146

(0,0,0.6) 0.809 0.899 0.887 0.894 0.224 0.484 0.469 0.476

(0,0,3) (0,0,0.9) 0996 0999 0999 0999 0587 0.822 0.804 0.816
7 (0,0,1.2) 1 1 1 1 0.900 0971 0.968 0.970
(0,0,1.5) 1 1 1 1 0987 0998 0.998  0.998

(0,0,0.3) 0.148 0342 0327 0329 0.09 0.156  0.153  0.152

(0,0,0.6) 0.735 0.870 0.867 0.868 0.144 0506 0.489  0.497

(0,2,2) (0,0,0.9) 0988 0999 0999 0999 0501 0853 0.841 0.848
o (0,0,1.2) 1 1 1 1 0.867 0983 0979 0.983
(0,0,1.5) 1 1 1 1 0985 0999 0.999  0.999

(0,0,0.3) 0.117 0324 0310 0317 0.009 0.164 0.154 0.156

(0,0,0.6) 0.653 0.871 0.864 0.865 0.067 0.480 0463 0.474

2,2,2) (0,0,0.9) 0973 0999 0999 0999 0336 0844 0.830  0.835
o (0,0,1.2) 1 1 1 1 0.739 0980 0.979  0.980
(0,0,1.5) 1 1 1 1 0.955 0998 0.998  0.998
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Cizelge 4.40. Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykiri deger ve
homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0165 0.170 0.123 0.133 0.168 0.152 0.120  0.129
(0,00.6) 0534 0521 0443 0455 0508 0416 0374  0.394
(0,009) 0874 0.850 0.802 0817 0834 0743 0.707 0.725

0.0, (0,0,1.2) 0989 0982 0975 0979 0981 0935 0917 0921
(0,0,1.5) 0999 0999 0997 0997 0999 0996 0.993  0.996
(0,0,0.3) 0.080  0.147 0.115 0.124 0.076  0.123  0.108  0.112
(0,0,0.6) 0327 0479 0412 0419 0316 0377 0330 0.347
(0,0,1) (0,0,0.9) 0.733  0.845 0.778 0.795 0.658 0.665 0.626  0.650

(0,0,1.2) 0955 0978 0954 0963 0.895 0.890 0.874 0.878
(0,0,1.5) 0.996 1 0999 0999 0978 0976 0.965 0.970
(0,0,0.3) 0.040 0.151  0.114 0.123  0.054 0.131  0.104 0.115
(0,0,0.6) 0.259 0467 0386 0407 0245 0383 0339 0.358
0,1,1) (0,0,0.9) 0.625 0.824 0.763 0.773  0.532  0.644 0.605  0.622
(0,0,1.2) 0.893 0969 0948 0951 0.821 0.878  0.857 0.868
(0,0,1.5) 0985 0998 0996 099 0958 0971 0961  0.968
(0,0,0.3) 0.05s1  0.147  0.120  0.129 0.038  0.131  0.109  0.117
(0,0,0.6) 0.253 0482 0406 0428 0223 0350 0319  0.329
(0,0,0.9) 0.654 0818 0.769 0.785 0.519 0.662 0.613  0.638

(LL1) (0,0,1.2) 0911 0973 0952 0960 0.807 0871  0.851 0.861
(0,0,1.5) 0995 0998 0995 0997 0954 0971 0.956  0.967

(0,0,0.3) 0.066 0.166  0.123  0.132  0.123  0.139  0.105  0.118

(0,0,0.6) 0280 0438 0364 0382 0344 0336 0295 0313

(0,0,2) (0,0,0.9) 0.609 0.738 0.673 0.686 0.565 0.538 0.513  0.522
> (0,0,1.2) 0.852 0915 0.884 0887 0.748 0.710 0.685  0.697
(0,0,1.5) 0974 0993 0982 0985 0.882 0.846 0.828  0.833

(0,0,0.3) 0.054 0.166  0.124  0.136  0.095 0.132 0.104 0.113

(0,0,0.6) 0240 0452 0380 0398 0284 0332 0299 0312

(0,1,2) (0,0,0.9) 0.561 0.728 0.671 0.684 0.500 0.544  0.511  0.528
7 (0,0,1.2) 0.821 0918 0.888 0.890 0.709 0.711  0.684  0.699
(0,0,1.5) 0961 0990 0982 0986 0.869 0.854 0.838  0.849

(0,0,0.3) 0.054 0.175 0.147 0.149 0.094 0.125 0.109 0.114

(0,0,0.6) 0253 0432 0388 039 0261 0311 0267 0.284

1,1,2) (0,0,0.9) 0.572  0.748 0.688 0.706  0.512  0.557 0.531  0.539
7 (0,0,1.2) 0.845 0923 0.894 0904 0.715 0772  0.707  0.712
(0,0,1.5) 0973 0992 0986 0986 0.869 0.864 0.845 0.852

(0,0,0.3) 0.122  0.193  0.150 0.158 0314 0.192 0.154  0.169

(0,0,0.6) 0324 0410 0358 0370 0464 0346 0313 0.324

(0,0,3) (0,0,0.9) 0.549 0.614 0576 0581 0.539 0.487 0.460 0.478
7 (0,0,1.2) 0.760  0.801  0.764 0.764 0.606 0572  0.556  0.564
(0,0,1.5) 0911 0935 0907 0916 0.699 0.656 0.644  0.651

(0,0,0.3) 0.075 0.194 0.156 0.168 0.112  0.158  0.125  0.136

(0,0,0.6) 0.254 0454 0400 0407 0298 0341 0305 0.317

(0,2,2) (0,0,0.9) 0.530  0.727  0.678 0.690 0.496  0.560  0.523  0.539
™ (0,0,1.2) 0.795 0912 0.878 0.888 0.698 0.719 0.694  0.701
(0,0,1.5) 0947 0987 0979 0982 0.838 0.856 0.834  0.843

(0,0,0.3) 0.093 0.195 0.160 0.170 0.124  0.186  0.155 0.166

(0,0,0.6) 0282 0415 0367 0380 0298 0351 0321  0.329

2,2,2) (0,0,0.9) 0.550 0.696 0.654 0.667 0489 0532 0.506 0.515

(0,0,1.2) 0.801 0.888 0.864 0.868 0.695 0.706  0.682  0.689
(0,0,1.5) 0937 0969 0960 0964 0.8483 0.840 0.823  0.829
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Cizelge 4.40.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykir
deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(01,04,03 (4, oy pz)  KF GF PB w KF GF PB w

(0,003) 0.688 0.687 0.668 0673 0397 0330 0307 0323

(0,0,0.6) 1 1 1 1 0.909 0.867 0.859  0.866

000 (0009 1 1 1 1 0.999 0996 0994  0.996
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0626 0669 0651 0660 0265 0277 0267 0272

(0,00.6) 0999 0999 0999 0999 0841 0.829 0.823  0.827

001 (0009 1 1 1 1 0.993 0994 0993  0.994
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0613 0676 0659 0666 0220 0283 0263 0274

(0,00.6) 0999 0999 0999 0999 0821 0842 0.833 0.838

0,1,1)  (0,0,0.9) 1 1 1 1 0.989 0992 0990  0.992
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0593 0656 0.644 0651 0208 0286 0275 0.281

(0,0,0.6) 1 0.999 0998 0999 0795 0.831 0817  0.826

aLy (0009 1 1 1 1 0.990 0990 0.988  0.990

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0581 0.652 0.643 0650 0254 0288 0274 0283

0,00.6) 0999 0999 0999 0999 0772 0.782 0.776  0.777

002 (0009 1 1 1 1 0.984 0981 0982 0.980
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0579 0662 0645 0655 0206 0278 0262 0271

0,0,0.6) 0997 0999 0999 0999 0.742 0.790 0.770  0.782

012 (0009 1 1 1 1 0.989 0992 0990  0.992
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0552 0635 0.624 0622 0.184 0284 0264 0273

(0,00.6) 0997 0998 0998 0998 0720 0.775 0.763  0.768

a1z (0009 1 1 1 1 0.987 0985 00984 0.984
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0559 0652 0639 0642 0216 0280 0262 0271

(0,0,0.6)  0.999 1 1 1 0.670  0.702  0.695  0.694

003 (0009 1 1 1 1 0.959 0963 0961  0.962

o (0,0,1.2) 1 1 1 1 0.998 0997 0.997  0.997
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0546 0.647 0.633 0639 0.196 0293 0278 0.285

(0,00.6) 0993 0999 0999 0999 0710 0.796  0.783  0.788

022 (0009 1 1 1 1 0.977 0983  0.983  0.983
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0538 0638 0622 0631 0179 0279 0263 0271

(0,00.6) 0997 0998 0998 0998 0683 0.770 0.763  0.767

222 (0009 1 1 1 1 0.970 0980 0.977  0.979

o (0,0,1.2) 1 1 1 1 0.999 0999  0.999  0.999
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.41. Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt deger
ve homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0165 0.170 0.123 0.133 0.168 0.152 0.120  0.129
(0,00.6) 0534 0521 0443 0455 0508 0416 0374  0.394
(0,009) 0874 0.850 0.802 0817 0834 0743 0.707 0.725

0.0, (0,0,1.2) 0989 0982 0975 0979 0981 0935 0917 0921
(0,0,1.5) 0999 0999 0997 0997 0999 0996 0.993  0.996
(0,0,0.3) 0.047 0.158 0.111  0.120 0.061  0.143  0.116  0.124
(0,0,0.6) 0256 0488 0398 0416 0231 0362 0321 0.342
(0,0,1) (0,0,0.9) 0.651 0.816 0.763 0.769 0.564 0.676  0.639  0.654

(0,0,1.2) 0.899 0976 0960 0966 0.840 0.891 0.872  0.881
(0,0,1.5) 0.991 1 0997 0997 0977 0981 0972  0.980
(0,0,0.3) 0.031  0.136 0.108 0.116  0.032  0.127 0.105  0.115
(0,0,0.6) 0.142 0434 0365 0378 0.134 0353 0307 0.331
0,1,1) (0,0,0.9) 0473 0813 0.742 0.748 0394 0.662 0.604  0.627
(0,0,1.2) 0.832 0969 0943 0947 0.725 0885 0.860  0.869
(0,0,1.5) 0969 0996 0994 0994 0925 0976 0969 0.974
(0,0,0.3) 0.019 0.108 0.073 0.078 0.018 0.110  0.089  0.095
(0,0,0.6) 0.111 0392 0329 0337 0.114 0333 0299 0.317
(0,0,0.9) 0434 0742 0.662 0.689 0364 0.657 0.608 0.633

(LL1) (0,0,1.2) 0.779 0941 0909 0919 0.709 0.892 0.875 0.880
(0,0,1.5) 0949 0989 0982 0993 0914 0973 0967 0971

(0,0,0.3) 0.036  0.167 0.118 0.126  0.080  0.133  0.102  0.120

(0,0,0.6) 0.192 0456 0374 0400 0235 0310 0276 0.283

(0,0,2) (0,0,0.9) 0491 0773  0.706  0.721 0479 0538 0.501 0.512
> (0,0,1.2) 0.784 0941 0912 0918 0.691 0.699 0.666  0.688
(0,0,1.5) 0961 0996 0993 0993 0.845 0.843 0.819 0.824

(0,0,0.3) 0.026  0.158 0.123  0.128 0.050 0.137 0.116  0.119

(0,0,0.6) 0.124 0397 0342 0353 0.171 0327 0.295 0.308

(0,1,2) (0,0,0.9) 0362 0.729 0.663 0.680 0400 0545 0.513  0.525
7 (0,0,1.2) 0.715 0926 0.892 0.899 0.620 0.708  0.685  0.689
(0,0,1.5) 0910 0989 0982 0985 0.804 0.862 0.835 0.849

(0,0,0.3) 0.010 0.130  0.096  0.102 0.037 0.135 0.113  0.120

(0,0,0.6) 0.097 0359 0285 0305 0.167 0326 0.284  0.301

1,1,2) (0,0,0.9) 0349 0.686 0.619 0.638 0401 0543 0.514 0.526
7 (0,0,1.2) 0.675 0.892 0.856 0.867 0.635 0.713  0.685  0.700
(0,0,1.5) 0.898 0981 0965 0972 0.797 0.851 0.833  0.843

(0,0,0.3) 0.048 0.177 0.131 0.140 0.328 0.182  0.138  0.148

(0,0,0.6) 0.179 0404 0351 0362 0458 0331 0286  0.307

(0,0,3) (0,0,0.9) 0394 0.694 0.639 0.654 0.517 0.466 0443  0.453
7 (0,0,1.2) 0.664 0.881 0.838 0.849 0.567 0542  0.531 0.532
(0,0,1.5) 0.866 0963 0940 0946 0.638 0.602  0.588  0.596

(0,0,0.3) 0.021  0.160  0.130  0.143  0.053  0.151  0.122  0.128

(0,0,0.6) 0.114 0430 0365 038 0.178 0351 0308  0.327

(0,2,2) (0,0,0.9) 0346 0.727 0.690 0.701 0386 0.566  0.524  0.546
™ (0,0,1.2) 0.677 0911 0.883 0.893 0.600 0.744 0.708  0.722
(0,0,1.5) 0.891 0989 0978 0982 0.789 0.879 0.844 0.860

(0,0,0.3) 0.083  0.200 0.152 0.164 0.042 0.163  0.133  0.144

(0,0,0.6) 0.233 0402 0348 0362 0.181 0357 0317 0.331

2,2,2) (0,0,0.9) 0490 0.663 0599 0.623 0383 0.544 0.507  0.520

(0,0,1.2) 0.710  0.843 0.802 0.823 0.593 0.720 0.691  0.706
(0,0,1.5) 0.862 0952 0928 0940 0.788 0.864 0.838  0.847
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Cizelge 4.41.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt
deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w

(0,003) 0.688 0.687 0.668 0673 0397 0330 0307 0323

(0,0,0.6) 1 1 1 1 0.909 0.867 0.859  0.866

000 (0009 1 1 1 1 0.999 0996 0994  0.996
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0608 0.665 0.645 0653 0235 0278 0263 0271

(0,0,06) 0999 0999 0999 0999 0.806 0.825 0.810  0.820

001 (0009 1 1 1 1 0.994 0995 0995  0.995
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0542 0640 0.628 0627 0.174 0294 0271 0285

(0,0,06) 0995 0998 0998 0998 0725 0.816 0.804  0.807

0,1,1)  (0,0,0.9) 1 1 1 1 0.984 0991 0989  0.991
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0548 0.646 0634 0642 0158 0279 0272 0277

(0,0,0.6) 0995 0999 0999 0999 0728 0.829 0814 0.821

aLy (0009 1 1 1 1 0.989 0997 0.996 0.997
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0541 0.646 0638 0642 0.187 0279 0265 0272

0,0,06) 0999 0999 0999 0999 0714 0.808 0.797  0.804

002 (0009 1 1 1 1 0.976  0.991  0.991  0.990
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0495 0612 0605 0607 0.140 0289 0269 0.280

(0,00.6) 0993 0998 0998 0998 0.649 0.795 0.778  0.791

012 (0009 1 1 1 1 0.968 0981 00980 0.980
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0485 0.633 0630 0627 0.123 0277 0264 0271

(0,00.6) 0991 0999 0998 0999 0611 0.774 0.768  0.770

a1z (0009 1 1 1 1 0.967 0988  0.86  0.987
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0480 0.651 0642 0645 0150 0271 0258 0258

0,0,0.6) 0995 0999 0999 0999 0612 0750 0.743  0.739

003 (0009 1 1 1 1 0.952 0979 0975 0976
(0,0,1.2) 1 1 1 1 0.998 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0468 0.642 0632 0638 0.114 0279 0266 0271

(0,0,0.6)  0.990 1 1 1 0.602 0812 0.798  0.805

022 (0009 1 1 1 1 0.963 0984 00984 0984
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0441 0.668 0627 0628 0.102 0277 0269 0274

(0,0,0.6)  0.988 1 0.998 0999 0561 0.796 0.782  0.790

222 (0009 1 1 1 1 0.955 0987 0.988  0.987
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1
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Cizelge 4.42. Huber’in M-tahmincileri ile diizeltilen testlerin asiri siddetli aykirt deger
ve homojen olmayan varyans durumunda gii¢ degerleri

n=(5,10,15) n=(10,10,10)
(01,04,03 (y, iy, z)  KF GF PB w KF GF PB w
(0,003) 0165 0.170 0.123 0.133 0.168 0.152 0.120  0.129
(0,00.6) 0534 0521 0443 0455 0508 0416 0374  0.394
(0,009) 0874 0.850 0.802 0817 0834 0743 0.707 0.725

0.0, (0,0,1.2) 0989 0982 0975 0979 0981 0935 0917 0921
(0,0,1.5) 0999 0999 0997 0997 0999 0996 0.993  0.996
(0,0,0.3) 0.024  0.153  0.107 0.115 0.041 0.139 0.111  0.123
(0,0,0.6) 0.182 0487 0402 0429 0.177 0371 0326 0.345
(0,0,1) (0,0,0.9) 0.547 0.828 0.759 0775 0476 0.681 0.646  0.657

(0,0,1.2) 0.858 0983 0970 0974 0.783 0.896  0.869  0.882
(0,0,1.5) 0.984 1 0997 0998 0946 0975 0966 0972
(0,0,0.3) 0.016 0.155 0.124 0.128 0.013  0.147 0.116  0.132
(0,0,0.6) 0.106 0458 0400 0411 0.104 0374 0329 0.350
0,1,1) (0,0,0.9) 0356 0.820 0.759 0.770 0322  0.682  0.639  0.655
(0,0,1.2) 0.742 0971 0943 0950 0.634 0.891 0.869 0.879
(0,0,1.5) 0933 0997 0995 0997 0879 0972 0.965 0.967
(0,0,0.3) 0.008 0.138 0.097 0.101  0.008 0.117  0.098  0.106
(0,0,0.6) 0.079 0431 0349 0374 0.072 0363 0321  0.338
(0,0,0.9) 0326 0.769 0.693 0.710 0269 0.671 0.636  0.658

(LL1) (0,0,1.2) 0.687 0955 0930 0941 0595 0.897 0.880  0.884
(0,0,1.5) 0919 0993 0991 0992 0.869 0985 0981 0.983

(0,0,0.3) 0.009 0.144  0.107 0.114 0.042 0.140 0.117 0.128

(0,0,0.6) 0.087 0442 0364 039 0.162 0332 0.285 0.298

(0,0,2) (0,0,0.9) 0323 0780 0.709 0.723 0382 0550 0.515  0.529
> (0,0,1.2) 0.675 0957 0930 0934 0.602 0.710 0.675 0.698
(0,0,1.5) 0.897 0999 0995 0995 0.805 0.867 0.846  0.852

(0,0,0.3) 0.005 0.145  0.113  0.120  0.020  0.155 0.131  0.140

(0,0,0.6) 0.052 0405 0334 0347 0.116 0337 0310 0.316

(0,1,2) (0,0,0.9) 0216  0.744 0.679 0.696 0302 0544 0.510 0.525
7 (0,0,1.2) 0.541 0942 0915 0922 0506 0715  0.690  0.702
(0,0,1.5) 0.833 0994 0984 0988 0.723 0.846 0.819  0.831

(0,0,0.3) 0.003  0.143  0.093 0.098 0.017 0.146 0.121  0.132

(0,0,0.6) 0.047 0391 0320 0333 0.096 0354 0312  0.326

1,1,2) (0,0,0.9) 0212 0.727 0.643 0.661 0276 0542 0.515  0.527
7 (0,0,1.2) 0.536 0931 0.894 0905 0506 0.721  0.696  0.706
(0,0,1.5) 0.852 0989 0978 0981 0.716 0.857 0.839  0.845

(0,0,0.3) 0.006  0.141  0.098 0.109 0301 0.152 0.122  0.125

(0,0,0.6) 0.073 0377 0319 0334 0427 0292 0250 0.266

(0,0,3) (0,0,0.9) 0.240  0.729 0.661 0.672 0468 0.445 0414 0.433
7 (0,0,1.2) 0.523 0910 0.873 0.880 0.512  0.527 0.510 0.523
(0,0,1.5) 0.808 0981 0963 0969 0.583 0.587 0.576  0.583

(0,0,0.3) 0.003 0.134  0.110 0.120 0.022  0.160  0.132  0.141

(0,0,0.6) 0.041 0404 0341 0362 0.096 0363 0321 0.335

(0,2,2) (0,0,0.9) 0.184 0.737 0.689 0.700 0.259 0.588 0.545 0.562
™ (0,0,1.2) 0470 0921 0905 0910 0483 0.744 0.717 0.734
(0,0,1.5) 0783 0990 0979 0983 0.695 0.879 0.853  0.86l

(0,0,0.3) 0.05s1  0.159 0.112  0.120 0.015 0.156  0.131  0.142

(0,0,0.6) 0.158 0393 0321 0345 0.066 0361 0327 0.336

2,2,2) (0,0,0.9) 0350 0.641 0.559 0583 0239 0557 0.521  0.539

(0,0,1.2) 0.579 0.831 0.780 0.793 0.466 0.712  0.688  0.694
(0,0,1.5) 0.756 0938 0911 0920 0.677 0.849 0.826 0.834
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Cizelge 4.42.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin asir1 siddetli
aykirt deger ve homojen olmayan varyans durumunda gii¢ degerleri

n=(25,50,75) n=(25,25,25)

(04,02,03 (g, oy pz)  KF GF PB w KF GF PB w

(0,0,03) 0.688 0.687 0.668 0.673 0397 0330 0307 0323

(0,0,0.6) 1 1 1 1 0.909 0.867 0.859  0.866

000 (0009 1 1 1 1 0.999 0996 0.994  0.996
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,003) 0571 0.665 0.646 0.653 0.193 0273 0259 0.264

(0,0,0.6) 0999  0.999 0999 0999 0763 0.828  0.815  0.822

001 (0009 1 1 1 1 0.990 0996 0.996 0.996
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0479 0634 0623 0.662 0.132 0305 0287 0.298

(0,0,0.6) 0993 0998 0998 0998 0657 0.827 0.818 0.822

0,1,1)  (0,0,0.9) 1 1 1 1 0.966  0.990  0.990  0.990
(0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0488 0.651 0.640 0.645 0.111 0292 0284 0.288

0,0,0.6) 0993 0999 0999 0999 0621 0.828 0.816 0.821

aLy (0009 1 1 1 1 0.968 0996 0.996 0.996
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,0,03) 0471 0.647 0639 0.643 0.123 0275 0261 0.269

(0,0,0.6) 0997 0999 0999 0999 0616 0.805 0.795  0.801

002 (0009 1 1 1 1 0.957 0992  0.992  0.991
o (0,0,1.2) 1 1 1 1 0.999 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0403 0614 0607 0.609 0078 0289 0268 0.281

(0,0,0.6) 0987 0998 0998 0998 0533 0791 0.775  0.786

012 (0009 1 1 1 1 0.936 0983  0.982  0.982
o (0,0,1.2) 1 1 1 1 0.996 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,0,03) 0395 0.644 0640 0.638 0.071 0268 0258 0.264

(0,0,0.6)  0.985 1 0.999 1 0.488 0.784  0.780  0.782

a1z (0009 1 1 1 1 0.932 0988 0.98  0.987
o (0,0,1.2) 1 1 1 1 1 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0379 0.651 0642 0.645 0081 0270 0256 0.257

(0,0,0.6) 0988  0.999 0999 0999 0495 0752 0.746  0.742

003 (0009 1 1 1 1 0912 0981 0977 0978
o (0,0,1.2) 1 1 1 1 0.996 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

(0,003) 0363 0641 0631 0.637 0058 0266 0252 0257

(0,0,0.6)  0.981 1 1 1 0.475 0.807 0.798  0.802

022 (0009 1 1 1 1 0.922 0983 0.988  0.988
= (0,0,1.2) 1 1 1 1 0.997 1 1 1
(0,0,1.5) 1 1 1 1 1 1 1 1

0,003) 0315 0633 0625 0.625 0046 0271 0268 0.268

(0,0,0.6) 0974 0999 0998 0998 0395 0792 0.777  0.787

222 (0009 1 1 1 1 0.898  0.983  0.988  0.988
= (0,0,1.2) 1 1 1 1 0.997 1 0.999 1
(0,0,1.5) 1 1 1 1 1 1 1 1

98



Cizelge 4.37 — Cizelge 4.42° de verilen GBF problemi i¢in Huber’ in M-tahmincisi

ile diizeltilmis dort testin gilic degerleri incelendiginde su sonuglar elde edilmistir:

Homojen varyans durumunda,

1.

Dengeli ve dengeli olmayan kiiclik o6rneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin giic degerlerine
sahiptir. KF ise diger testlere oranla diisiik gii¢ degerine sahiptir.

Gozlemlenen aykir1 deger siddeti arttiginda KF testinin giicii azalmaktayken,

diger testlerin gii¢ degerlerinde de benzer oranda diisiisler gézlenmektedir.

Homojen olmayan varyans durumunda ise,

3.

4.4.2.

Dengeli ve dengeli olmayan kiiciik o6rneklem diizenlerinde aykiri deger
gozlenmediginde GF, PB ve W testleri birbirine ¢ok yakin yiiksek gii¢ degerlerine
sahiptir. KF ise diger testlere yakin gii¢c degerlerine sahiptir.

Gozlemlenen aykirt deger siddeti arttiginda KF testinin giicii azalmakta ancak bu
diisiis homojen varyans durumundaki diisiis kadar yiiksek degildir. Diger testlerin

giic degerlerinde ise 6nemli bir diisiis gdozlenmemektedir.

Genellestirilmis Behrens-Fisher problemi icin Huber’ in M-tahmincileri ile
diizeltilmis testler icin Monte-Carlo simiilasyonlari1 sonucunda elde edilen

1.tip hata oranlan

Bu boliimde aykir1 degerden kaynaklanan normallik bozulmasi: durumunda GBF

probleminin ¢6ziimii i¢in Huber’ in M-tahmincileri kullanilarak diizeltilmis testlerin

Monte-Carlo simiilasyonlari ile elde edilen 1.tip hata oranlar1 verilmistir. Sonrasinda ise

simiilasyonlar sonucu elde edilen bulgular degerlendirilmistir.
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Cizelge 4.43. Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykiri deger ve
homojen varyans durumunda 1.tip hata oranlart

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.064 0.061 0.039 0.049 0.063 0.066 0.058  0.061
(0,0,1) 0.019 0.053 0.037 0.039 0.033 0.074 0.057 0.063
(0,1,1) 0.023  0.069 0.047 0.054 0.020 0.076 0.060  0.065
(1,1,1) 0.017 0.043 0.034 0.036 0.013 0.060 0.042 0.046
0.2,0.2,0.2)  (0,0,2) 0.023  0.069 0.046 0.055 0.043 0.073  0.068  0.068
(0,1,2) 0.021  0.072 0.051 0.057 0.025 0.071  0.057  0.062
(1,1,2) 0.022 0.073 0.047 0.060 0.019 0.060 0.048  0.053
(0,0,3) 0.044 0.081 0.053 0.060 0.196 0.119 0.094 0.105
0,2,2) 0.027 0.074 0.042 0.053 0.051 0.088 0.073  0.076
(2,2,2) 0.103 0.129 0.091 0.101 0.055 0.110  0.095  0.100
n=(25,50,75) n=(25,25,25)
(0%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.074  0.058 0.054 0.058 0.054 0.065 0.056  0.060
(0,0,1) 0.058  0.057 0.052 0.053 0.034 0.053 0.050 0.051
(0,1,1) 0.057 0.061 0.054 0.057 0.023 0.051 0.049  0.051
(1,1,1) 0.056 0.064 0.059 0.062 0.017 0.049 0.041  0.047
(0.2,0.2,0.2)  (0,0,2) 0.049  0.051 0.051 0.049 0.028 0.058 0.048  0.055
(0,1,2) 0.053 0.070 0.065 0.070 0.018 0.045 0.044  0.045
(1,1,2) 0.041  0.055 0.053 0.053 0.016 0.048 0.046 0.048
(0,0,3) 0.042 0.054 0.051 0.052 0.046 0.078 0.073  0.077
0,2,2) 0.036 0.056 0.053 0.053 0.019 0.064 0.055 0.058
(2,2,2) 0.049  0.066 0.065 0.064 0.008 0.071 0.063  0.070

Cizelge 4.44. Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt deger
ve homojen varyans durumunda 1.tip hata oranlari

n=(5,10,15) n=(10,10,10)

(6%,03,6%) (04,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.064 0.061 0.039 0.049 0.063 0.066 0.058  0.061
(0,0,1) 0.012 0.053 0.043 0.044 0.011 0.061 0.044 0.052
(0,1,1) 0.005 0.061 0.040 0.044 0.004 0.059 0.052  0.051
(1,1,1) 0.008 0.043  0.030 0.033  0.003 0.047 0.039  0.040

0.2,0.2,0.2)  (0,0,2) 0.018 0.071 0.046 0.055 0.027 0.079 0.065 0.070
(0,1,2) 0.006 0.063 0.046 0.051 0.012 0.085 0.063 0.071
(1,1,2) 0.006 0.046  0.030 0.032 0.003 0.060 0.049  0.050
(0,0,3) 0.014 0.068 0.049 0.054 0.183 0.101  0.079  0.091
0,2,2) 0.006 0.069 0.049 0.048 0.017 0.080 0.063 0.070
(2,2,2) 0.165 0.110 0.066 0.078 0.013  0.099 0.073  0.087
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Cizelge 4.44.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt
deger ve homojen varyans durumunda 1.tip hata oranlar

n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.074  0.058 0.054 0.058 0.054 0.065 0.056  0.060
(0,0,1) 0.049  0.051 0.046 0.048 0.031 0.049 0.046 0.046
(0,1,1) 0.039 0.060 0.057 0.056 0.020 0.058 0.053  0.055
(1,1,1) 0.039 0.054 0.054 0.054 0.013 0.056 0.053 0.054
0.2,0.2,0.2)  (0,0,2) 0.036  0.053 0.051 0.052 0.022 0.058 0.050 0.055
(0,1,2) 0.028 0.060 0.056 0.059 0.012 0.066 0.061 0.063
(1,1,2) 0.025 0.060 0.055 0.060 0.011 0.068 0.061  0.066
(0,0,3) 0.028 0.047 0.046 0.046 0.018 0.053 0.046  0.050
0,2,2) 0.017 0.045 0.044 0.046 0.013 0.066 0.061 0.064
(2,2,2) 0.022  0.066 0.060  0.062 0 0.046  0.045  0.046

Cizelge 4.45. Huber’in M-tahmincileri ile diizeltilen testlerin asiri siddetli aykirt deger
ve homojen varyans durumunda 1.tip hata oranlari

n=(5,10,15) n=(10,10,10)
(0%,03,0%) (01,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.064  0.061 0.039 0.049 0.063 0.066 0.058  0.061
(0,0,1) 0.009  0.056 0.045 0.048 0.011 0.061 0.049  0.056
(0,1,1) 0.001  0.055 0.034 0.038 0.002 0.065 0.047 0.053
(1,1,1) 0.002  0.041 0.029 0.032 0.002 0.046 0.037  0.040
0.2,0.2,0.2)  (0,0,2) 0.004  0.062 0.043 0.050 0.004 0.075 0.060 0.066
(0,1,2) 0 0.050  0.038 0.041 0.002 0.087 0.066 0.072
(1,1,2) 0.001  0.049 0.026 0.029 0.001 0.063 0.048  0.054
(0,0,3) 0.001  0.061 0.041 0.047 0.159 0.079 0.064 0.068
(0,2,2) 0.001  0.063 0.045 0.047 0.004 0.079 0.060 0.068
(2,2,2) 0.137 0.072 0.038 0.043 0.002 0.093 0.074  0.078
n=(25,50,75) n=(25,25,25)
(0%,03,0%) (01,05,05) KF GF PB w KF GF PB w
(0,0,0) 0.074  0.058 0.054 0.058 0.054 0.065 0.056  0.060
(0,0,1) 0.042  0.051 0.046 0.048 0.023 0.053 0.05] 0.050
(0,1,1) 0.026  0.056 0.053 0.052 0.011 0.060 0.053 0.056
(1,1,1) 0.019  0.052 0.052 0.052 0.003 0.049 0.046  0.047
(0.2,0.2,0.2)  (0,0,2) 0.028  0.053 0.050 0.052 0.013 0.060 0.052  0.057
(0,1,2) 0.020  0.057 0.052 0.055 0.005 0.058 0.054 0.054
(1,1,2) 0.012  0.059 0.055 0.060 0.002 0057 0.052  0.055
(0,0,3) 0.021  0.047 0.046 0.046 0.009 0.053 0.046  0.050
(0,2,2) 0.008  0.043 0.042 0.044 0.005 0.064 0.060 0.062
(2,2,2) 0.007  0.065  0.060  0.061 0 0.052  0.049  0.052
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Cizelge 4.46. Huber’in M-tahmincileri ile diizeltilen testlerin az siddetli aykiri deger ve
homojen olmayan varyans durumunda 1.tip hata oranlart

n=(5,10,15) n=(10,10,10)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.037 0.053 0.036 0.044 0.070 0.067 0.053  0.055
(0,0,1) 0.009 0.047 0.031 0.032 0.033 0.068 0.056 0.062
(0,1,1) 0.013 0.063 0.041 0.044 0.018 0.069 0.057 0.062
(1,1,1) 0.010  0.047 0.040 0.042 0.016 0.059 0.042  0.047
(0.2,04,0.6)  (0,0,2) 0.010  0.063 0.050 0.054 0.048 0.074 0.064  0.065
(0,1,2) 0.011 0.061 0.045 0.049 0.029 0.068 0.051  0.058
(1,1,2) 0.010 0.075 0.054 0.062 0.024 0.063 0.047 0.052
(0,0,3) 0.028 0.076 0.058 0.063 0.224 0.126  0.099  0.104
0,2,2) 0.019 0.074 0.055 0.060 0.056 0.090 0.068 0.073
(2,2,2) 0.040  0.128 0.099 0.107 0.063 0.115 0.085  0.096
n=(25,50,75) n=(25,25,25)
(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.039 0.056 0.052 0.054 0.064 0.058 0.053  0.056
(0,0,1) 0.028  0.057 0.053 0.059 0.029 0.049 0.049  0.045
(0,1,1) 0.026  0.058 0.051 0.055 0.030 0.056 0.052  0.055
(1,1,1) 0.029  0.060 0.057 0.060 0.021  0.049 0.044  0.045
(0.2,0.4,0.6)  (0,0,2) 0.020  0.055 0.052 0.052 0.032 0.061 0.050 0.055
(0,1,2) 0.022 0.071 0.064 0.069 0.015 0.051 0.049 0.047
(1,1,2) 0.017 0.051 0.047 0.049 0.017 0.054 0.044 0.051
(0,0,3) 0.021  0.054 0.051 0.051 0.048 0.085 0.077 0.082
0,2,2) 0.017 0.056 0.052 0.053 0.018 0.066 0.059 0.061
(2,2,2) 0.024 0.065 0.059 0.062 0.013 0.068 0.062  0.061

Cizelge 4.47. Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt deger
ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)

(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.037 0.053 0.036 0.044 0.070 0.067 0.053  0.055
(0,0,1) 0.002 0.048 0.039 0.042 0.011 0.058 0.041  0.049
(0,1,1) 0.002  0.055 0.035 0.041 0.008 0.056 0.045  0.047
(1,1,1) 0.003 0.044 0.033 0.036 0.003 0.047 0.038  0.043

(0.2,0.4,0.6)  (0,0,2) 0.009 0.064 0.045 0.054 0.027 0.077 0.061  0.063
(0,1,2) 0.003 0.059 0.044 0.048 0.014 0.082 0.054 0.062
(1,1,2) 0.002 0.044 0.027 0.033 0.008 0.057 0.046  0.050
(0,0,3) 0.003 0.065 0.050 0.052 0.219 0.107 0.077  0.091
0,2,2) 0.001  0.069 0.051 0.059 0.017 0.080 0.059 0.061
(2,2,2) 0.043 0.104 0.072 0.080 0.015 0.097 0.071  0.082
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Cizelge 4.47.(Devam) Huber’in M-tahmincileri ile diizeltilen testlerin orta siddetli aykirt
deger ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.039 0.056 0.052 0.054 0.064 0.058 0.053  0.056
(0,0,1) 0.013 0.048 0.047 0.047 0.025 0.051 0.046 0.048
(0,1,1) 0.022  0.056 0.054 0.055 0.024 0.058 0.052  0.056
(1,1,1) 0.013  0.057 0.058 0.055 0.010 0.063 0.055 0.059
(0.2,0.4,0.6)  (0,0,2) 0.013  0.051 0.045 0.048 0.018 0.055 0.047 0.052
(0,1,2) 0.016 0.061 0.059 0.061 0.015 0.066 0.060 0.063
(1,1,2) 0.005 0.058 0.058 0.057 0.010 0.066 0.061 0.064
(0,0,3) 0.009 0.048 0.045 0.046 0.014 0.052 0.046  0.050
0,2,2) 0.009 0.047 0.046 0.045 0.012 0.063 0.054 0.057
(2,2,2) 0.009 0.059 0.055 0.055 0.004 0.048 0.044  0.048

Cizelge 4.48. Huber’in M-tahmincileri ile diizeltilen testlerin asiri siddetli aykirt deger
ve homojen olmayan varyans durumunda 1.tip hata oranlar

n=(5,10,15) n=(10,10,10)
(0%,03,6%) (04,05,05) KF GF PB W KF GF PB W
(0,0,0) 0.037 0.053 0.036 0.044 0.070 0.067 0.053  0.055
(0,0,1) 0.002  0.051 0.041 0.044 0.006 0.059 0.045 0.052
(0,1,1) 0.001  0.052  0.031 0.034 0 0.059  0.044  0.050

(1,1,1) 0 0.040  0.029 0.032 0.001 0.050 0.038  0.038
0.2,0.4,0.6)  (0,0,2) 0.001  0.058 0.040 0.048 0.003 0.072 0.056  0.062
(0,1,2) 0 0.049  0.039  0.040 0.002 0.083 0.064 0.072
(1,1,2) 0 0.042  0.023  0.029 0.002 0.063 0.047  0.049
(0,0,3) 0 0.058  0.041 0.043 0.184 0.088 0.066 0.072
(0,2,2) 0 0.057  0.040  0.044 0.002 0.077 0.058  0.061
(2,2,2) 0.027  0.070  0.041  0.047 0.002 0.091 0.072  0.077
n=(25,50,75) n=(25,25,25)
(6%,03,6%) (04,05,05) KF GF PB w KF GF PB W

(0,000  0.039 0056 0052 0054 0064 0.058 0.053 0.056
(0,0,1)  0.013 0048 0.047 0047 0.018 0.056 0.052  0.053
(0,1,1)  0.015 0.056 0054 0055 0010 0.058 0.051  0.057
(1,LLI)  0.006 0.056 0056 0054 0.004 0054 0.046  0.051
(0.2,0.4,0.6)  (0,02)  0.008 0.050 0.044 0.047 0.009 0.057 0.049  0.054
(0,1,2)  0.009 0.058 0056 0.058 0.004 0057 0.054 0.055
(1,1,2)  0.003 0.059 0.057 0058 0.003 0.056 0051 0.052
0,0,3)  0.004 0.048 0.045 0046 0.006 0.052 0.047  0.050
0,2,2)  0.003 0.046 0045 0.044 0.004 0.060 0.054  0.055
(2,22)  0.003 0.059 0.055 0.055 0 0.049  0.046  0.048
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Cizelge 4.43 — Cizelge 4.48 de verilen GBF problemi i¢in Huber’ in M-tahmincisi

ile diizeltilmis dort testin 1.tip hata oranlar1 incelendiginde su sonuclar elde edilmistir:

Homojen varyans durumunda,

1.

2.

Tiim tasarim diizenlerinde KF testi nominal diizeye yakin 1.tip hata oranlarina
sahipken gozlemlenen aykiri deger siddeti arttiginda sifira yaklagmaktadir.

Diger testler ise tiim tasarim diizenlerinde nominal diizeye yakin 1.tip hata
oranlarina sahiptirler ve aykir1 deger siddeti arttifinda bu durumda 6nemli bir

degisiklik olmamaktadir.

Homojen olmayan varyans durumunda ise,

3.

Homojen varyans durumunun tersine KF testi homojen olmayan varyans
durumunda aykir1 deger sayisi arttiginda 1.tip hata orani nominal diizeyden
uzaklagsmaktadir. Aykir1 deger siddeti arttifinda ise 1.tip hata orani sifira
yaklagmaktadir.

Diger testler ise homojen varyans durumundakine benzer olarak tiim tasarimlarda
nominal diizeye yakin 1.tip hata oranlarina sahiptirler. Hatta homojen olmayan
varyans problemi i¢in Onerilen testler olduklarindan homojen varyans durumuna
gore nominal diizeye daha yakin bir seyir izlemektedirler.

Ozellikle (04, 05, 03) = (0,0,1), (0,0,2), (0,0,3) gibi yalmzca tek bir rneklemin
aykirt deger igermesi durumunda GF testi tim diizenler goz oniline alindiginda
nominal diizeye en yakin 1.tip hata oranina ve en yiiksek gii¢ degerlerine sahiptir.
Bu nedenle yalnizca bir 6rneklemin aykir1 deger icerdigi durumlarda GF testi en

iyi sonuglar1 vermektedir.

Sonug olarak, Huber’ in M-tahmincileri kullanilarak onerilen diizeltilmis testler

ile testin giicii ve 1.tip hata oranlar1 bakimindan istenilen sonuglara ulasiimistir. Ozellikle

Huber’ in M-tahmincileri kullanilarak diizeltilen Genellestirilmis F-testi diger testlere

gore daha iyi sonuglara sahiptir. Bu nedenle Huber’ in M-tahmincileri kullanilarak

diizeltilen Genellestirilmis F-testi aykirt degerden kaynaklanan normallik bozulmasi

durumunda Genellestirilmis Behrens-Fisher probleminin ¢6ziimii kullanilabilir.
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5. SONUC VE ONERILER

Uc farkli anakiitlenin ortalamalarinin esitliginin test edilmesi igin siklikla
kullanilan Klasik F-testi (KF) testi anakiitlelerin normal dagilmasi, varyanslarin
homojenligi ve hatalarin bagimsiz dagilimi varsayimlari iizerine kurulmustur. Bahsedilen
varsayimlarin  saglanmasi durumunda giivenilir sonuglar vermektedir. Ancak
varyanslarin homojenligi varsayimi saglanmadiginda KF testi 6zellikle kiiciik hacimli
orneklemlerde yaniltict sonuglar verebilir.

Varyans homojenligi varsayimi saglanmadiginda KF testi gibi klasik yontemler
yerine alternatif yontemler tercih edilirler. Ornegin varyans homojenligi varsayimi
saglanmadiginda ikiden fazla anakiitlenin ortalamalarinin esitliginin test edilmesi i¢in KF
testi yerine Welch (W) testi alternatif bir yontemdir. Bunun yani sira istatistiksel
programlarin gelismesiyle simiilasyon teknigine dayali alternatif yontemler de ortaya
cikmistir. Genellestirilmis p-degeri (GPD) ve Parametrik Bootstrap (PB) yontemleri
varyans homojenligi varsayimi saglanmadiginda, nuisance parametreden bagimsiz olarak
test istatistigi elde edilebilen Monte-Carlo simiilasyonlari ile hesaplanan yontemlerdir.

Genellestirilmis Behrens-Fisher (GBF) problemi istatistiksel uygulama
alanlarinda ¢ok sik karsilagilan bir problemdir. Ancak KF testi gibi klasik yontemler ile
bu problemin ¢oziimii i¢in giivenilir sonuglar elde edilememektedir. KF testi yerine
gelistirilen alternatif yontemler olan Genellestirilmis F-testi (GF), PB ve W testi bu
problemin ¢6ziimii i¢in gilivenilir sonuglar verirler. Ancak bu yontemlerde aykir1 degerin
var olmasindan kaynaklanan normal dagilim varsayiminin bozulmasi durumunda
giivenilirligini kaybetmektedir. Caligmanin tiglincii boliimiiniin ilk kisminda GBF
probleminin ¢éziimii i¢in verilen yontemlerin, aykir1 deger olmast durumunda,
performanslar1 testin giicii ve 1.tip hata oram1 bakimindan karsilastirilmistir. Bu
karsilagtirma sonucunda alternatif testlerin aykir1 degerden kaynaklanan normallik
bozulmasit durumunda performanslarinda belirgin diislisler gozlenmis ve 1.tip hata
oranlarinda ise istenmeyen diizeylerde artiglar oldugu goriilmiistiir.

Aykiri degerden kaynakli normallik varsayiminin bozulmasi durumunda yaklasik
testlerin performansini kaybetmesinden dolayr bu c¢aligmada yaklasik testlere saglam
diizeltmeler onerilmistir. Onerilen diizeltme yéntemleri ile aykirt degerin olumsuz
etkisinden kurtulmak amaglanmistir. Diizeltme yOntemi, test istatistiklerinde konum ve
Olcek parametrelerinin tahmininde en ¢ok olabilirlik tahmincileri olan 6rneklem

ortalamasi ve 6rneklem varyansi yerine saglam tahmincilerin kullanilmasidir. Bu sayede

105



aykir1 deger var olmast durumunda, daha giivenilir sonuglar veren testler elde edilmeye
calisilmistir.

Aykiri degerden kaynakli normallik varsayiminin bozulmasi durumunda yaklasik
yontemlerin giivenilir sonuglar vermedigi Monte-Carlo simiilasyon calismalar1 ile
goriilmistlir. Bunun iistesinden gelebilmek i¢in bahsedilen testler icin test istatistiginde
orneklem ortalamasi ve 6rneklem varyansi yerine kirpilmig ortalama ve varyans, medyan
ve mutlak medyan sapmasi ve Huber’in M-tahmincileri kullanilmistir. Kirpilmis ortalama
ve kirpilmis varyans tahmincilerinin kullanilmasi testin giicti bakimindan hem kii¢iik hem
de biiytlik hacimli 6rneklemlerde ¢ok iyi sonuglar vermesine ragmen 1.tip hata oranlar1 bu
diizeltme icin nominal diizeyin ¢ok iizerindedir. Bu da istatistiksel ¢ikarsamalarda
istenilen bir durum degildir. Medyan ve Mutlak Medyan Sapmasi kullanilarak 6nerilen
diizeltme de benzer sonuglar vermistir. Ik iki diizeltme denemesi sonucunda elde
edilemeyen sonuglar nedeniyle son olarak Huber tarafindan onerilen M-tahmincileri
kullanilarak yapilan diizeltme ile aykir1 degerden kaynaklanan normallik varsayimi
bozulmasi durumunda hem testin giicii hem de 1.tip hata oranlar1 bakimindan istenilen
sonuglar elde edilmistir.

Dordiincii boliimiin son kisminda verilen Huber’ in M-tahmincileri kullanilarak
alternatif testler iizerindeki diizeltmelerin performanslar1 incelenmistir. GF testi yaklagik
testler arasinda testin giicli bakimindan en yiiksek giic degerlerine sahip ve 1.tip hata
oranlar1 bakimindan nominal diizeye en yakindir. PB ve W testi i¢in onerilen Huber’ in
M-tahmincileri diizeltmeleri de GF testine yakin sonuglar vermesine ragmen aykir1 deger
say1s1 ve siddeti arttik¢a bu etkinliklerini kaybetmektedirler.

Sonug¢ olarak kiigiik hacimli 6rneklemler i¢in dahi Huber’ in M-tahmincileri
kullanilarak verilen GF testi GBF probleminin ¢6ziimii i¢in gilivenilir sonuglar
vermektedir. Aykirt degerden kaynaklanan normallik bozulmasi durumunda GBF
problemi i¢in Huber’ in M-tahmincileri kullanilarak diizeltilen GF testi giivenle

kullanilabilir.
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