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OZET

Varyanslarin esitligi klasik varyans analizi yonteminin temel varsayimlarimdan biridir. Bu
varsayimin saglanip saglanmadigini belirlemek icin literatiirde bilinen bir¢ok test istatistigi
vardir. Bu ¢alismada, varyanslarin homojenligi hipotezini test etmek icin Bartlett, Hartley,
Levene, Fligner-Killeen ve Ortalama Mutlak Sapmalarin Oranina Dayali Bootstrap testleri
kisaca tanitilmis ve simiilasyon yontemi ile karsilastirilmistir. Bu karsilastirmalarda 6rnek
sayisi, varyanslar ve Ornek hacimleri gibi tasarim parametreleri ile ¢esitli simiilasyon
senaryolart kullanilmistir. Bu simiilasyon ¢alismasinda testler deneysel I. tip hata orani ve
testin giicii bakimindan Kkarsilagtirilmistir.  Simiilasyon c¢alismasinda, normal olmayan
dagilimlar i¢in gamma, weibull, tekdiize ve ki-kare dagilimlari kullanilmistir. Simiilasyon
sonuglarina gore normal dagilim i¢in Bartlett ve Hartley testleri deneysel 1. tip hata orani ve
testin giicli bakimindan daha iyi sonuglar vermislerdir. Normal olmayan dagilimlar i¢in de
deneysel I. tip hata oran1 bakimindan Levene, Fligner-Killeen ve Ortalama Mutlak Sapmalarin
Oranina Dayali Bootstrap testleri daha iyi sonuglar verirken, testin giicii bakimindan Bartlett,
Hartley ve Levene testlerinin sonuglart genel olarak daha iyi ¢ikmistir.

Bilim Kodu 20506

Anahtar Kelimeler : Simiilasyon, Varyans analizi, Testin giicii, Bootstrap
Sayfa Adedi . 65

Danisman . Prof. Dr. Hamza GAMGAM



SOME TESTS AND COMPARISONS FOR HOMOGENEITY OF VARIANCES
(M. Sc. Thesis)

Nilgiin Nursu OZTURK

GAZI UNIVERSITY
GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
June, 2020

ABSTRACT

Equality of variances is one of the basic assumptions of the classical variance analysis
method. There are many known tests in the literature to determine whether this assumption
is met. In this study, to test the homogeneity hypothesis of variances, the bootstrap test
based on the ratio of average absolute deviations, Bartlett test, Hartley test, Levene test,
Fligner-Killeen test were introduced and compared with the simulation method. In these
comparisons, various simulation scenarios were created using design parameters such as
sample number, variances and sample sizes. The tests in this simulation study were
compared in terms of experimental type | error rate and the power of the test. The gamma,
weibull, uniform and chi-square distributions were used for the nonnormal distributions in
the simulation study. According to the simulation findings, the Bartlett and Hartley tests
for the normal distribution gave the best results in terms of experimental type | error rate
and power. The bootstrap test based on the ratio of the absolute deviations, Levene test and
Fligner-Killeen test gave better results in terms of the experimental type | error rate for the
nonnormal distributions. On the other hand, the power of the Bartlett, Hartley and Levene
tests are generally better for these distributions.
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SIMGELER VE KISALTMALAR

Xi

Bu calismada kullanilmis simgeler ve kisaltmalar, aciklamalar1 ile birlikte asagida

sunulmustur.
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1. GIRIS

Varyanslarin homojenliginin testi, iki veya daha fazla yiginin varyanslarini karsilastirmak
amaciyla kullanilmaktadir. Bazi istatistiksel analizler yontemleri varyanslarin homojenligi
iizerine kurulmustur. Bu nedenle varyanslarin esitliginin test edilmesi istatistiksel sonug
¢ikariminda olduk¢a énemlidir. Ornegin, varyans analizi problemlerinde kullanilan F testi
varyanslarin homojenligi varsayimina dayanir. Bu test yapilmadan 6nce bu varsayimin
saglanip saglanmadigini kontrol etmek 1yi sonuglar elde etmek igin olduk¢a 6nemlidir. Bu
varsayimin saglanmamasi durumunda iyi sonuglar elde edilemez. Yignlarin varyanslari
homojen olmadigi zaman 6zellikle kiigiik 6rnek hacimlerinde klasik F testinin deneysel 1.
tip hata orani, nominal I. tip hata oranindan oldukc¢a biiyiik ¢ikmaktadir. Bu nedenle bu
varsayim saglanmadiginda F testinin kullanilmasi uygun degildir. Kisaca, varyans analizi
problemlerinde klasik F testi kullanilmadan 6nce varyanslarin esitliginin test edilmesi

gerekir.

Regresyon ve deney tasariminda hipotez testleri ve giiven araliklari i¢in varyanslarin
esitligi temel bir varsayimdir. Faktor etkileri ve etkilesimler {izerinde ¢ikarimlar yapmadan

once varyanslarin esitligi varsayiminin dogrulanmasi gerekmektedir.

Normallik varsayimi altinda, iki 6rnek icin t test istatistiginin dagilimi varyanslarin esit
olup olmamasi durumuna gore farkl serbestlik dereceli t dagilimina sahip oldugundan iki
ornek icin t testinde varyanslarin homojenligi hakkindaki bilgi, serbestlik derecesinin
seciminde Onemli bir rol oynamaktadir. Bir arastirma tasariminda yiginlar ¢ok farkl
varyans degerleri icerdiginde, t ve F gibi test istatistikleri i¢in deneysel I. tip hata orani
cok kiiciik ya da cok biiyiik olabilir. Ayrica, bir¢cok arastirmada ¢ogu zaman dagilimlar
arasindaki farkliligin arastirilmast istenir. Bu gibi durumlarda varyanslarin esitliginin testi
oldukca onem tasimaktadir. Ornegin, kalite kontrol arastirmalarinda, varyanslarin
homojenligi testlerine genellikle "analizde kullanigli bir son nokta" denilmektedir

(Conover, Johnson ve Johnson, 1981).

Zaman serilerinde yapilan istatistiksel analizler i¢in varyanslarin homojenligi 6nemli bir

varsayimdir. Ornegin, herhangi bir duragan siirecte zaman iginde ortalama ve varyans



sabittir. Ayrica otoregresif ve hareketli ortalama (ARMA) modelleri igin varyanslarin

homojenligi varsayiminin saglanmasi gerekmektedir.

Varyanslarim homojenligi testi, ekoloji, psikoloji, biyoloji, ticaret, tarimsal {iretim
sistemleri, kalite kontrolii, tip ve egitim yontemlerinin gelistirilmesi gibi pek ¢ok alanda

yaygin olarak kullanilmaktadir.

Tarihsel olarak, varyanslarin esitliginin testi normallik varsaymmi altinda olabilirlik oran
testi ile baslamistir. Daha sonra, literatiirde varyanslarin homojenligini test etmek icin
bircok test istatistigi gelistirilmistir. Ornegin, Cochran (1951), Box (1953), Brown ve
Forsythe (1974), Conover ve digerleri (1981), Lim ve Loh (1996) tarafindan varyanslarin
esitligini test etmek icin alternatif test istatistikleri gelistirilmistir. Varyanslarin
homojenligini test etmek amaciyla kullanilan klasik test istatistiklerinin Ornekleme
dagilimlar yiginlarin dagilimlarina baghdir. Bu nedenle klasik test istatistikleri yiginlarin
dagilimlar1 normal oldugu zaman iyi sonucglar vermektedir. Ancak yiginlarin dagilimlar
normal olmadiginda bu test istatistikleri iyi sonuglar vermemektedir. Literatiirde bu
sorunun iistesinden gelmek icin gesitli alternatif testler dnerilmistir. Onerilen alternatif test
istatistiklerinin bazilarmin deneysel 1. tip hata oranlari yiginlar normal dagilimh
olmadiginda da nominal I. tip hata oranina yakin sonuglar vermektedir. Fakat, testin
gliciinde azalmaya neden olmaktadir (Brown ve Forsythe, 1974). Bartlett (1937) tarafindan
Onerilen test istatistigi normallik varsayimina olduk¢a duyarlidir. Bu yiizden veri normal
dagilimdan gelmediginde deneysel I. tip hata orani nominal I. tip hata oranindan daha
biiytiktiir. Ancak, yine de Bartlett test istatistigi literatiirde varyanslarin homojenligini test
etmek amaciyla gelistirilen testler arasinda en gii¢lii olan test istatistigi olarak
bilinmektedir (Parra-Frutos, 2009). Ayrica, Bartlett test istatistigine dayali bootstrap
testlerinin bazi durumlarda veri normal dagilimdan gelmedigi zaman da nominal |. tip hata

oranini Kontrol edebildigi belirtilmistir (Parra-Frutos, 2009).

Hartley (1950) tarafindan yiginlarin varyanslarinin homojenligini test etmek igin bir test
istatistigi Onerilmistir. Varyanslarin esitligi i¢in Onerilen bu test istatistiginin ornek
hacimleri esit oldugunda ve Orneklerin normal dagilimdan geldigi zaman kullanilmasi
gerektigi ifade edilmistir. Baz1 anlamlilik diizeyleri ve esit 6rnek hacimleri igin Kritik
degerler tablosu gelistirilmistir. Bu test istatistigi ile Neyman ve Pearson(1931) tarafindan

onerilen diizenlenmis Bartlett test istatistigi deneysel giic degerleri bakimindan



karsilastirilmistir. Yapilan ¢alisma sonucunda, bazi varsayimlar altinda Hartley (1950)
tarafindan onerilen testin Neyman ve Pearson (1931) tarafindan gelistirilen teste gore daha

giiclii oldugu tespit edilmistir.

Cochran (1951) tarafindan varyanslarin esitligini test etmek amaciyla bir test istatistigi
Onerilmistir. Bu testi normal sapma ve olasilik testi ile karsilagtirmak i¢in bir simiilasyon
caligmast yapilmistir. Bu simiilasyon ¢alismasinda, normal dagilim igin ¢esitli ornek
hacimleri dikkate alinarak I. tip hata oran1 ve gii¢c degerleri karsilastirma kriteri olarak
kullanilmigtir. Varyanslarin esitligini test etmek amaciyla Onerilen testin normallik
varsayimina oldukc¢a duyarli oldugu ifade edilmistir. Elde edilen sonuglar o6zellikle ii¢
y1ginlt durum igin onerilen testin oldukga iyi oldugunu gostermistir. Dort ve daha fazla
yi1gin i¢in elde edilen sonuglar dnerilen testin iyi olmadigini ortaya koymustur. Ayrica,
ornek hacmi kii¢iik oldugunda F testinin daha iyi sonuglar verdigi goriilmiistiir. Ornek
hacimleri arttik¢a li¢ testin de gii¢ degerleri i¢in elde edilen sonuglarinin yakin oldugu

belirtilmistir.

Box (1953) tarafindan varyanslarin homojenligini test etmek igin F dagilimindan
yararlanilarak Bartlett (1937) tarafindan Onerilen testin diizenlenmis bir hali 6nerilmistir.
Bu test istatistiginin biyiik serbestlik dereceleri igin olduk¢a kullanighi oldugu
belirtilmistir.

Levene (1960) varyanslarin homojenligini test etmek amaciyla esit 6rnek hacimleri igin bir
test istatistigi Onermistir. Daha sonra bu test istatistigi esit olmayan 6rnek hacimleri igin de
genellestirilmigtir. Bu test istatistigi i¢in orneklerin bagimsiz olmasi ve yigmlarin stirekli
bir dagilima sahip olmasi gerektigi belirtilmistir. Bu test istatistigi her ornek igin
ortalamadan mutlak sapma degerleri ile tek yonlii ANOVA testine dayanir. Yiginlarin

dagilimlar1 normal olmadiginda bu testin saglam oldugu ifade edilmistir.

Varyanslarin homojenligini test etmek i¢in Onerilen testleri karsilastirmak amaciyla birgok
simiilasyon ¢alismasi vardir. Bir calismada, Bartlett testi, Hartley testi, Cochran testi ve
Levene testinin iki farkli diizenlenmis hali I. tip hata oran1 bakimindan karsilastirilmistir.
Bu calismada, 6rnek sayist kK =3 ve 6rnek hacmi n=6 alinmustir. Diger bir ¢alismada ise,
Bartlett testi, Box-Anderson testi, Bartlett-Kendal testi ve Foster-Burr Q testi

karsilastirtlmistir. Bu simiilasyon calismalarinda elde edilen sonuglar, Bartlett, Box-



Andersen, Cochran ve Hartley testlerinin I. tip hata oran1 bakimimdan iyi sonuglar

verdiklerini géstermistir (Games ve digerleri, 1972).

Brown ve Forsythe (1974) tarafindan normallik varsayimi saglanmadiginda varyanslarin
esitligini test etmek igin her bir ornekteki gozlem degerlerinden kendi medyaninin
farklarinin mutlak sapmalari ile elde edilen diizenlenmis bir Levene testi Onerilmistir.
Onerilen bu test istatistigi ile Hartley testi, Layard testi ve Jackknife testi karsilastirilmistir.
Ornek hacimleri esit oldugu ve olmadig1 durumlar dikkate alinarak normal, 4 serbetlik
dereceli t ve 4 serbestlik dereceli ki-kare dagilimlarinin her birinden veri {retilmistir.
Simiilasyon ¢alismasinda, tekrar sayisi olarak 1000 alinmistir. Ayrica, d6rnek sayist olarak
k =2 alinmigtir. Bu simiilasyon ¢alismasinda, onerilen bu diizenlenmis Levene testinin
nominal I. tip hata oranini iyi bir sekilde kontrol ettigi ancak gii¢ bakimindan ¢ok iyi

sonuclar vermedigi goriilmiistiir.

Martin ve Games (1975) varyanslarin homojenligini test etmek ic¢in Onerilen Bartlett-
Kendall testini I. tip hata orami ve testin gilici bakimindan incelemislerdir. Yapilan
simiilasyon ¢alismasinda, hem normal hem de normal olmayan dagilimlardan {iretilen veri

icin 1000 tekrar yapilmistir. Ayrica, 6rnek hacimleri n =18, 36, 48 olarak alinmistir. Bu

simiilasyon ¢alismasinda elde edilen sonuglara goére, Bartlett-Kendal testinin ¢alismadaki
tiim senaryolar igin I. tip hata oranini iyi bir sekilde kontrol ettigi goriilmiistiir. Ayrica, bu

testin basikligin fazla oldugu durumlarda da iyi sonuglar verdigi ortaya konulmustur.

Fligner ve Killeen (1976) tarafindan varyanslarin esitligini test etmek amaciyla 6rnek
hacimleri esit iken bir test istatistigi Onerilmistir. Bu testi diger bazi testlerle gii¢
bakimindan karsilastirmak amaciyla bir simiilasyon ¢alismasi yapmislardir. Bu simiilasyon
calismasinda, normal dagilima sahip iki yigindan veri Uretilmistir. Ayrica, Simiilasyon
caligmasinda 10000 tekrar kullanilmigtir. Bu test istatistiginin Ozellikle 6rnek hacimleri

kiiciik iken gii¢ bakimindan oldukea iyi sonuglar verdigi ifade edilmistir.

Martin ve Games (1977) varyanslarin homojenligini test etmek amaciyla Ornek
hacimlerinin hem esit oldugu hem de esit olmadigi durumlar igin normal ve normal
olmayan dagilimlardan iretilen veriyi kullanarak Box ve Jackknife testlerini I. tip hata
orani ve gilic degerleri bakimindan karsilastirmislardir. Bu simiilasyon ¢alismasi

sonucunda, normallik varsayimi saglanmadiginda Box testinin iyi sonuglar verdigi



belirtilmistir. Diger yandan, normallik varsayiminin saglandigi durumda Box ve Jackknife
testleri 1. tip hata oran1 bakimindan birbirlerine yakin sonuglar verirken, gii¢ bakimimdan

Jackknife testinin daha iyi sonuglar verdigi ifade edilmistir.

Games ve digerleri (1979) faktor tasarimi i¢in varyanslarin homojenligini test etmek
amaciyla Overall ~-Woodward, Box-Scheffe, Jackknife, ortalama etrafinda mutlak sapmaya
dayali Brown-Forsythe ve medyan etrafinda mutlak sapmaya dayali Brown-Forsythe
testlerini I. tip hata oran1 ve gii¢ degerleri bakimindan karsilastirmak iizere bir simiilasyon
caligmast yapmistir. Bu simiilasyon calismasi sonucunda, ornek hacimleri esit iken
Jackknife testinin en gii¢lii test oldugu belirtilmistir. Fakat 6rnek hacimleri esit iken bu test
istatistiginin basikliga kars1 biraz duyarli oldugu belirtilmistir. Medyan etrafinda mutlak
sapmaya dayali Brown-Forsythe testi i¢in simiilasyon sonuglarinda, orta diizeyde sonuglar
elde edilmistir. Ayrica, Box-Scheffe testinin calismada dikkate alinan biitiin durumlarda

saglam bir test oldugu bildirilmistir.

Conover ve digerleri (1981) varyanslarin homojenligini test etmek i¢in ¢ogu literatiirde
bilinen mevcut testlerden olusan 56 test istatistigini I. tip hata oran1 ve gii¢ bakimindan
karsilastirmislardir. Simiilasyon ¢alismasinda, 1000 tekrar kullanilmistir. Bu Simiilasyon
caligmasinin sonuglari, saglamlik ve giic bakimindan Levene ve Fligner-Kileen testlerinin

iyi sonuglar verdigini ortaya koymustur.

Firat (1995) varyanslarin homojenligini test etmek igin onerilen Bartlett, Hartley, Cochran
ve Levene testlerini karsilastirmistir. Bu simiilasyon g¢alismasi Bartlett, Hartley ve Cochran
testlerinin normallik varsayimina duyarli oldugunu gostermistir. Diger yandan, Levene
testinin normallik varsayiminin saglanmadiginda tercih edilmesi gerektigi ifade edilmistir.
Ayrica, Bartlett testinin 6rnek hacimleri farkli oldugunda da kullanilabilecegi
vurgulanmistir. Ornek hacimleri esit olmadiginda fakat aralarindaki farklarin fazla

olmadigi durumda Hartley test istatistiginin iyi sonuglar verdigi ifade edilmistir.

Lim ve Loh (1996) varyanslarin esitligini test etmek i¢in Levene ve Bartlett testlerine
bootstrap yontemi uygulamislardir. Bu testleri diger bazi testlerle 1. tip hata orani ve gii¢
bakimindan karsilastirmak i¢in kii¢iik ve orta 6rnek hacimleri ile bir simiilasyon ¢alismast
yapilmistir. Simiilasyon ¢aligmasinda, 1000 tekrar yapilmistir. Bu simiilasyon ¢alismasinin

sonuclart diizenlenmis Levene testinin saglamligini gostermis ve bootstrap yonteminin



kullanimi ile diizenlenmis Levene testinin giicii 6nemli 6l¢iide arttirabildigini ve deneysel

|. tip hata oraninin nominal L. tip hata oranina yaklastigin1 gostermistir.

Kus ve Keskin (2008) varyanslarin homojenligini test etmek igin Bartlett ve Levene
testlerini ¢esitli senaryolar altinda I. tip hata oran1 ve gii¢c bakimindan karsilastirmislardir.
Yapilan simiilasyon ¢alismasinda, 100000 tekrar kullanilmistir. Bu simiilasyon sonucunda,

Bartlett testinin daha iyi sonuglar verdigi ifade edilmistir.

Jayalath ve digerleri (2017) varyanslarin homojenligini test etmek icin ortalama mutlak
sapmalara dayali bootstrap testi Snermislerdir. Onerilen bu test ile Bartlett, Hartley, Miller,
Layard, Levene ve diizenlenmis Levene testleri I. tip hata orani ve testin giicii bakimindan
karsilastirilmigtir. Simiilasyon g¢alismasinda, 10000 tekrar kullanilmistir. Bu simiilasyon
caligmasinda hem normal hem de normal olmayan dagilimlardan veri iiretilmistir. Ornek

hacimleri n=10,20,40 ve ornek sayilar1 k=2,3 olarak alinmistir. Bu simiilasyon

caligmast sonucunda, yigin dagilimi simetrik oldugunda veya carpiklik az oldugunda

Onerilen testin 1yi sonuglar verdigi goriilmiistiir.

Kim ve Cribbie (2017) varyanslarin esitligini test etmek i¢in tek yonli ANOVA’daki F,
Welch F, Levene-Welch ve Levene-Wellek-Welch testlerini I. tip hata oran1 bakimindan
kargilastirmiglardir. Simiilasyon c¢alismasinda, normal dagilimdan veri {iretilmistir. Bu
simiilasyon g¢alismasi sonucunda, dikkate alinan biitiin durumlarda Levene-Wellek-Welch
testinin daha i1yi sonuglar verdigi ifade edilmistir. Bu testin varyanslarin homojenligini test

etmek i¢in kullanilabilecegi belirtilmistir.

Mirtagioglu, Yigit, Mendes ve Mendes (2017) varyanslarin homojenligini test etmek igin
Anom, Bartlett, Levene, Brown-Forsythe ve Conover testlerini I. tip hata oran1 ve gii¢
bakimindan karsilastirmislardir.  Yapilan simiilasyon ¢alismasinda, 50000 tekrar
kullanilmistir. Bu simiilasyon ¢alismasi sonucunda, dikkate alinan tiim durumlarda Anom

ve Bartlett testlerinin daha iyi sonuglar verdigi ifade edilmistir.

Yigit (2017) varyanslarin homojenligini test etmek igin parametrik bootstrap yontemine
dayal1 bir test istatistigi dnermistir. Onerilen bu test ile genellestirilmis p-degerine dayali

test, en ¢ok olabilirlik oran testine dayali parametrik bootstrap testi, Bartlett testine dayali



bootstrap testi, Levene testine dayali parametrik bootstrap testi, Brown-Forsythe testine
dayali parametrik bootstrap testi ve Loh testi I. tip hata orani ve gili¢ bakimindan
karsilagtirilmistir. Yapilan simiilasyon ¢alismasinda, farkli 6rnek hacimleri ve farkli y1gin
varyanslar1 kullanilarak veri tretilmistir. Bu simiilasyon calismasi ig¢in 30000 tekrar

kullanilmistir. Ornek sayilar1 olarak k =2,3,4,5,7 alinmustir. Yigit (2017) yigmlar normal

dagilimli oldugunda yeniden 6rnekleme yontemlerine dayali testlerden genellestirilmis-p,
CAT (Computational Approach Test)’e dayali parametrik bootstrap, en ¢ok olabilirlik oran
testine dayal1 parametrik bootstrap ve Bartlett testine dayali bootstrap testlerinin daha iyi

sonuglar verdigini belirtmistir.

Bu ¢alismanin ikinci boliimiinde varyanslarin homojenliginin testi i¢in Bartlett (1937),
Hartley (1950), Levene (1960), Fligner ve Killeen (1976), Jayalath ve digerleri (2017)
tarafindan gelistirilen testler tanitilmistir. Ugiincii boliimde bu testleri cesitli senaryolar
altinda 1. tip hata orant ve gili¢ bakimindan karsilagtirmak i¢in genis kapsamli bir
simiilasyon ¢aligmasina yer verilmistir. Simiilasyon bulgular1 hem cizelgelerle verilmis
hem de sonuglar yorumlanmistir. Gergek bir veri lizerinde bu testlerin uygulamasi

dordiincii bolimde verilmis ve son boliimde de genel degerlendirmeler yapilmistir.






2. VARYANSLARIN HOMOJENLIGI iCIN TESTLER

Bu boliimde varyanslarin homojenligi hipotezinin testi amaciyla Bartlett (1937), Levene
(1960), Fligner ve Killeen (1976), Hartley (1950) ve Jayalath ve digerleri (2017) tarafindan

Onerilen testler tanitilmistir.

Y18 sayist kK Ve i.yigmin varyanst ¢ olmak iizere, bu yigmlardan segilen n, hacimli

bagimsiz rasgele ornekler {X i=12,..,k, j =l,2,...,ni} olsun.

ij?

Varyanslarin homojenliginin testi i¢in yYokluk ve alternatif hipotezler,

H,:0/= oi=..=0} (2.1)
Ve
H,:ol # 07 enazbir (i,i')¢iftiigin i #i =12,...,k (2.2)

olarak ifade edilir.

Yukarida bahsedilen testler agagida kisaca tanitilmastir.

2.1. Bartlett Testi

Bu test Bartlett (1937) tarafindan normal dagilima sahip iki y1ginin varyanslarinin esitligini
test etmek i¢in Onerilmistir. Daha sonra, Snedecor ve Cochran (1989) tarafindan ikiden

fazla y1gin varyanslarinin homojenligini test etmek icin gelistirilmistir.

Varyanslarin homojenligini test etmek icin en yaygin kullanilan testlerden birisidir.
Ozellikle normal dagilim varsaymmi altinda oldukga iyi sonuglar vermektedir. Ilgili
yigmlarin dagilimlart normal olmadigi zaman bu testin deneysel I. tip hata oranlari

nominal I. tip hata oranindan daha biiylik ¢gikmaktadir (Brown ve Forsythe, 1974). Ancak,
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Bartlett testi yine de literatiirde varyanslarin esitligini test etmek i¢in kullanilan biitiin

testler iginde en sik kullanilan test olarak bilinir (Parra-Frutos, 2009).

Lim ve Loh (1996) tarafindan Bartlett test istatistigine bir bootstrap yontemi uygulanmaistir.
Bartlett test istatistigine dayali bu bootstrap testinin bazi durumlarda normal dagilimh
olmayan yiginlar i¢in nominal I. tip hata diizeyini iyi kontrol edebildigi belirtilmistir
(Parra-Frutos, 2009).

i.0rnek igin ortalama ve varyans, toplam 6rnek igin varyans da sirasiyla,

=2 R (2.4
ve
=3 (0-1st 130, (25)

olmak tizere, B ile gosterilen Bartlett test istatistigi,

> (0 ~1)In(s?/s2)
1 (1 1
s v )

o (2.6)

olarak tanimlanir (Bartlett,1937). Bu test istatistigi, H, hipotezinin dogrulugu altinda,
k—1 serbestlik dereceli ki-kare dagilimmna sahiptir. k-1 serbestlik dereceli ki-kare

dagilimiin st o’1nc1 yiizdelik degeri ;(kz_m olmak {iizere,

B> 21, 2.7)
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ise H, hipotezi H, hipotezi lehine ret edilir.

2.2. Levene Testi

Bu testin 6nemli bir 6zelligi yiginlarin normallik varsayiminin saglanmadigi durumlarda

saglam bir test olmasidir. i.6rnekteki birimin dlgiim degeri olan x; ile i.6rnek ortalamasi

olan X, arasindaki farkin mutlak degeri asagidaki gibi tanimlansin.
Z; :‘Xij _Z‘ (2.8)

Bu test istatistigi yukaridaki gibi tanimlanan gozlem degerlerinden aritmetik ortalamanin

sapmalarinin mutlak degerleri ile tek yonli ANOVA’daki F testinin kullanilmasina

dayanir. I. ornek i¢in mutlak sapmalarin ortalamast Z, ve mutlak sapmalarin genel

ortalamasi da Z sirasiyla,

Z, = i Z; /ni (2'9)

Ve

N

Z=>>1z/n, n=>n (2.10)

k N
i=1l j=1 i=1

olmak iizere, L ile gosterilen Levene test istatistigi,

Y0z ~2) (k-1

L (2.11)

>3z -2) (k)

i=1 j=1

bi¢iminde tanimlanir.
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H, hipotezinin dogrulugu altinda bu test istatistigi k-1 ve n—k serbestlik dereceli F

dagilimina sahiptir. Burada, n toplam o6rnek hacmini ifade etmektedir. k—1 ve n—k

serbestlik dereceli F dagiliminda iist & "mnc1 yiizdelik degeri F,_, . olmak {izere,

(2.12)

k-1,n—k,a

ise H, hipotezi H, hipotezi lehine ret edilir.

Levene testi k sayida yiginlar normal dagilima sahip iken oldukga iyi performans
gostermektedir. Yapilan simiilasyon ¢aligmalart normal dagilim varsayimi altinda bu testin
. tip hata oraninin kontrol edilmesinde ¢ok iyi performans gosterdigini ortaya koymustur
(Brown ve Forsythe, 1974). Daha sonra, Brown ve Forsythe (1974) tarafindan her bir
ornek i¢in gozlem degerlerinden kendi meydanlarinin mutlak sapmalari ile diizenlenmis

Levene testi onerilmistir. Benzer bigimde, i. 6rnegin %10’u budanmig ortalamasi X; olmak

tizere, her bir ornek i¢in gozlem degerlerinden kendi budanmis ortalamasinin mutlak
farklarin1 kullanarak tek yonlii ANOVA’daki F testinin yapilmasi ile Levene testinin
baska bir diizenlenmis hali elde edilmistir. Bu diizenlenmis Levene testinin sadece bazi
durumlarda iyi performans gosterdigi ancak bir¢ok durumda disiik istatistiksel gii¢
degerlerine sahip oldugu belirtilmistir (Parra-Frutos, 2009). Lim ve Loh (1996) tarafindan
Levene test istatistiine bir bootstrap yontemi uygulanmistir. Bu ¢alismada her bir 6rnek
icin gozlem degerlerinden kendi meydanlar1 ¢ikartilarak diizenlenmis Levene testinin
saglamlig1 dogrulanmis ve bootstrap yonteminin kullanimi ile bu diizenlenmis Levene testi
icin testin giicliniin onemli Olglide arttigi gosterilmistir. Hines ve Hines (2000), bu
diizenlenmis Levene testine yapisal sifir kaldirma metodu uygulayarak baska bir
diizenlenmis Levene testi 6nermiglerdir. Hines ve Hines (2000) tarafindan onerilen bu test
istatistigi i¢in elde edilen gii¢ performansi Lim ve Loh (1996) tarafindan onerilen testin

giic performansina benzer ¢ikmistir.

2.3. Fligner-Killeen Testi

Bu test istatistigi iki ya da daha fazla 6rnek igin varyanslarin homojenligini test etmek

amaciyla Fligner ve Killeen (1976) tarafindan 6nerilmistir. Normal dagilim varsayimi



13

saglanmadiginda varyanslarin homojenligini test etmek icin bu test istatistiginin
kullaniminin uygun oldugu ifade edilmistir. L istatistigine benzer bi¢imde bu istatistik de
I.6rnekteki gozlem degerlerinden kendi meydaninin farklarinin mutlak degerlerini kullanir.
Bu test, normal olmayan dagilimlardan gelen 6rnekler i¢in kullanilan bir test oldugundan

parametrik olmayan bir test olarak bilinmektedir.

I.ornek medyan1 X, olmak ftizere,

X; — %, ‘ i=12,...,n olarak tamimlanan mutlak farklara

biiyiikliik sira sayilar1 atansin. Bu test tiim mutlak farklarin sira sayilarina dayali olan ve

asagidaki gibi tanimlanan artan skorlar1 kullanir.

a =t %ﬂ , i=12,..n (2.13)

Buradaki @' (.) normal dagilim igin birikimli dagilim fonksiyonudur.

FK ile gosterilen Fligner-Killeen test istatistigi asagidaki gibi tanimlanir.

FK=11l — vE (2.14)
Yukaridaki formiildeki terimlerin tanimlar1 asagida verilmistir.

A==>a,, (2.15)

1
n i

a, - I.ornekteki j.gdzlem igin artan rank skoru

"=3n (2.16)
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V2 =izn“(an,i -a) (2.18)

H, hipotezi altinda, yeteri kadar bilyiik 6rnek hacimleri i¢cin FK istatistigi k-1 serbestlik

dereceli ki-kare dagilimina sahiptir. Buna gore k-1 serbestlik dereceli ki-kare dagiliminda

st « “met ytizdelik degeri z7,, olmak iizere,
FK> 22, (2.19)

ise H, hipotezi H, hipotezi lehine ret edilir.

2.4, Hartley Testi

Bu test varyanslarin homojenligini test etmek i¢cin Hartley (1950) tarafindan 6nerilmistir.
Testin kullanilabilmesi i¢in yiginlarin normal dagilimli olmasi gerekmektedir. Aksi halde
bu test I. tip hata oran1 ve testin giicii bakimindan iyi sonuglar vermemektedir.
Varyanslarin homojenligini test etmek i¢in yaygin olarak kullanilan bu test istatistigi 6rnek
hacimleri esit iken kullanilmaktadir. Bu test istatistigi, 6rnek varyans degerleri arasinda en
biiyiik olan ile en kiigiik olana dayanmaktadir. Bu test istatistiginin dagilim1 yigin sayisina
ve ornek hacmine baghdir. Bu testin uygulanmasi ¢ok basit olmasina ragmen &rnek

hacimlerinin esit olmas1 gerektiginden bir kisit icermektedir.

Yukarida bahsedilen 6rnek varyanslari i¢indeki en biiylik ve en kiigiik degerli olan 6rnek

varyanslari sirasiyla,

s> =max{s’,ss,...,S (2.20)
max 11%2 k

ve

St =Min{sf,s5,....s; | (2.21)

olarak tanimlansin.
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Buna gore, H ile gosterilen Hartley test istatistigi,

H = S (2.22)

bi¢iminde tanimlanir (Hartley,1950).

H test istatistigi i¢in kritik degerler bazi anlamlilik diizeyleri, esit 6rnek hacimleri ve k

degerleri i¢in Hartley (1950) tarafindan verilmistir. Bu tabloda bulunan kritik deger H

k,n,a
olmak tizere,

H > H (2.23)

k,n,a
ise H, hipotezi lehine H, hipotezi ret edilir.

2.5. Frvp Testi

Bootstrap yontemi, y18in olarak eldeki 6rnegi kullanan bir yeniden 6rnekleme yontemidir.
Ornekleme yontemi pahali ve zor oldugunda bu yéntem ilk olarak Efron (1979), tarafindan
tek bir Ornekten ilgilenilen istatistigin Ornekleme dagilimi hakkinda bilgi almak igin
onerilmistir. Tlgilenilen y1gmin karakteristikleri bilinmediginde bootstrap yontemi ¢ok daha
onemli bir hale gelmektedir. Bootstrap yonteminin temel amaci, eldeki 6rnekten yerine
koyarak yontemi ile secilen ¢ok sayida ornekten ilgili istatistigin dagilimin1 bulmaktir.
Boylece bu bilgi yigin parametreleri hakkinda istatistiksel ¢ikarimlar icin kullanilabilir
(Efron ve Tibshirani, 1994). Jayalath ve digerleri (2017) varyanslarin esitligi hipotezini test
etmek icin ortalama mutlak sapmalara dayali bir test istatistigi Onermislerdir. Bu test,
mutlak sapmalar i¢cin Higgins (2004) tarafindan Onerilen oran testine dayanmaktadir ve
Hartley (1950) tarafindan oOnerilen F testinin ¢oklu 6rnek durumunun genellenmis
bi¢imidir. Onerilen bu yeni yontem, tekrarli sozde &rneklerin iizerine bootstrap testinin

kullanilmas: fikrini kullanmaktadir. Olasilik yogunluk fonksiyonlar: sirasiyla f (x) ve

f,(y) olan yignlardan elde edilen n, ve n, hacimli rasgele Ornekler sirasiyla

X:(xl,xz,...,xnl) ve Y=(yl,y2,...,yn2)olsun. (uy,0y) ve (w,0,) sirasiyla f (x) ve
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f,(y) i¢in yiginlarin ortalamalari ve standart sapmalari olsun. Varyanslarin homojenligini
ifade edilen H, hipotezinin dogrulugu altinda, yani o} =o; oldugu durumda, 6rnek

varyanslarinin oranmnin, s? /s’ , 1’e yakin olmasi beklenir. Yiginlar normal dagilima sahip

oldugunda varyanslarin homojenligi i¢in klasik F testi kullanilabilir. Medyan daha direngli

bir konum 06lgiisli oldugundan medyan etrafinda ortalama mutlak sapma ( Sapma ), standart
sapma ile karsilastirildiginda saglam bir dagilis dlciistidiir. F, dagilim fonksiyonuna sahip

tek degiskenli bir X rasgele degiskeni i¢in yigin Sapma degeri asagidaki gibi tanimlanir.
Sapma = E|X —v]| (2.24)
Burada v yigmm medyanidir. Yigin Sapma degeri 6rnek verisi ile tahmin edilebilir.

X:(Xl,xz,...,xnl) ve Y :<yl,y2,...,ynz) rasgele degiskenleri i¢in medyan etrafinda

ortalama mutlak sapma ( Sapma ) istatistikleri sirasiyla,

Sapma(X) = ortalama{‘xj - medyan(xl, ) G an) , 1=12,..., nl} (2.25)
ve
Sapma(Y) = ortalamaﬂYj —medyan (Yl,Y2 o ) , 1=12,..., nz} (2.26)

olarak tanimlansin.

Normal dagilim igin E|X —v|=0' 2/7 oldugu i¢in 6rnek Sapma degeri o parametresini

tutarli bir sekilde tahmin etmek i¢in kullanilabilir (Geary, 1936).

Higgins (2004), iki y1ginin varyanslarinin homojenligini test etmek igin ortalama mutlak
sapmalara dayali bir permiitasyon testi Onermistir. u, Ve x4 konum parametreleri

biliniyorken ortalama mutlak sapmalara dayali test istatistigi (RMD) asagidaki gibi

tanimlanuir.
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_ortalamaﬂxj—ﬂx‘,j=1,2’---vn1} (2.27)

- ortaIama{‘Yj —tty|, i =12,... n2}

Higgins (2004), u, ve p, konum parametreleri bilinmiyorken Sapma tahminlerinin
kullanimin1 énermistir. Ornek Sapma orani, yigmlarin dagilislarinin orani igin saglam ve
direngli bir tahmin saglamaktadir. Iki y1§min varyanslarmin esitligi igin H, hipotezinin
dogrulugu altinda, klasik F testinde oldugu gibi Sapma(X ) / Sapma(Y) istatistiginin 1’e
yakin olmast beklenir. Sapma(X) / Sapma(Y) oraninin degerinin birden 6nemli Olgilide

farkl1 olmas1 durumunda H, hipotezi ret edilir. Iki yonlii bir test i¢in alternatif hipotez

asagidaki gibi ifade edilebilir (Higgins, 2004).

max (o, oy )

H >1 (2.28)

: min(af< ,GYQ)

Iki y1gin varyanslarmin esitligi hipotezinin test edilmesi amaciyla F,, test istatistigi

asagidaki gibi tanimlanir.

_ max {Sapma(X), Sapma(Y)}

Fruo =i {Sapma(X), Sapma(Y)} (2.29)

Faup  istatistiginin - Ornekleme dagiliminin  bulunmasi matematiksel olarak ¢ok zor

oldugundan ve ikiden fazla Ornekler igin permiitasyon testleri yogun hesaplamalar

gerektirdiginden F,,, test istatistiginin dagilimi i¢in bootstrap yontemi Onerilmistir

(Jayalath ve digerleri, 2017). Onerilen bu yaklasim Boos ve Brownie (1989) tarafindan
onerilen bootstrap yaklagimina benzerdir. kK =2 i¢in 6nerilen bu yontemin adimlari asagida

belirtilmistir.

Adim 1. n; ve n, hacimli iki ornek X, X,,...X, V€ V;,¥,,..., ¥, olsun. Bu test i¢in orijinal
orneklerin gozlemleri igin Fg,,, test istatistiginin gbzlenen degeri Fg,, ile gosterilsin.

Yigmlarin konum parametreleri bilinmiyor ve muhtemelen esit olmadigindan, iki 6rnegi de
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esit merkezi konuma sahip olacak sekilde merkezlestirmek igin gozlemlerden kendi

medyanlar ¢ikartilir. Bu amagla,

X ={xj —medyan(xl,xz,...,xnl), j =1,2,...,n1} (2.30)
ve
Vz{yj —medyan(y,,y, ... ¥y, ) i :1,2,...,n2} (2.31)

olarak tanimlanan s6zde O6rnekler olusturulur.

Admm 2. a’nin tamsay1 kismu [a] olmak iizere, yerine koyarak yontemi ile X ve Y sozde

orneklerinin her birinden [n, /2] hacimli birer 6rnek ve toplam N, hacimli 6rnek elde etmek
icin {)Z,Y~} birlestirilmis 6rneginden de n, —2[n, /2] sayida gozlem rasgele segilir. Daha

sonra bu ii¢ ornek birlestirilerek pay icin birinci bootstrap drnegi olusturulur. Bu 6rnek

BN, ile gosterilsin.

Admm 3. a’nin tamsay1 kismi [a] olmak iizere, yerine koyarak yontemi ile X ve Y sozde

rneklerinin her birinden [n,/2] hacimli birer 6rnek ve toplam n, hacimli érnek elde
etmek igin {)Z,V}birlestirilmis orneginden de n, —2[n, /2] sayida gozlem rasgele segilir.

Daha sonra bu ii¢ 6rnek birlestirilerek payda i¢in ikinci bootstrap drnegi olusturulur. Bu

ornek BD, ile gosterilsin.

Adm 4. BN, ve BD, s6zde 6rnekleri i¢in Sapma degerleri hesaplanir. Birinci bootstrap

Foup istatistigi olan F istatistigi,
F," = max{Sapma (BN, ), Sapma(BD,)} /min {Sapma (BN, ), Sapma(BD,)} (2.32)

bi¢iminde tanimlanir.
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Adim 5. 2-4 adimlar B kere tekrarlanir ve karsilik gelen bootstrap Fg,,, istatistiklerinin

degerleri F,,F,,...,F; elde edilir.

Adm 6.F = {Fl*, F ... Fy } istatistiginin bootstrap 6rnekleme dagihmi F;,,, istatistiginin

ornekleme dagilimina benzerdir. F~ istatistiginin [B(l—a):l ‘inc1 yiizdelik degeri de

*

F

TB(1-a)] olmak tizere,

0 *
Favo > F

[B(1-a)] (2'33)

ise varyanslarin homojenligi hipotezi ret edilir.

Coklu 6rnek durumu i¢in 6rnek Sapma degerleri en kiigiik ve en biiyiik olan sadece iki
ornegi dikkate alarak Hartley (1950) tarafindan onerilen F testine benzer bir yaklagim

onerilmistir (Jayalath ve digerleri, 2017). k sayida yigindan segilen n,n,,...,n, hacimli
rasgele ornekler {Z,,Z,,...,Z, } olsun. Bu érnekler arasinda en biiyiik ve en kiigiik Sapma

degerine sahip olan 6rnekler sirasiyla X ve Y olarak tanimlansin. Bu X ve Y Ornekleri

sirastyla,

X =2, ,{j :Sapma(Z; ) = max {Sapma(Z, )i =1,2,...,k}} (2.34)
ve

Y=2, ,{Z :Sapma(Z,) = min{Sapma(Z,),i =1,2,...,k}} (2.35)

olarak gosterilsin.

Jayalath ve digerleri (2017), ¢oklu 6rnek durumu igin F,,, test istatistigini,
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_ max{Sapma(Z,),i=12,...k} max{Sapma(X), Sapma(Y)}

Fewp = min{Sapma(Zi), i:1,2,...,k} B min { Sapma(X ), Sapma(Y )} (2.36)

bi¢iminde tanimlamislardir.

k sayida yiginin varyanslariin esitligi hipotezinin testi i¢in yukarida verilen 1. adimdaki

X, Xy, Xy V€Y, Yy, Y, Omekleri yerlerine, sirasiyla (2.34) ve (2.35)°de verilen

ornekleri alinarak Jayalath ve digerleri (2017) tarafindan belirtilen 1-6 adimlarinin

uygulanmasi gerekir. Sonug olarak (2.36)’daki istatistik igin gozlenen deger Fo,, Ve bu
istatistigin bootstrap dagilimi igin [B(l—a)] ‘mc1 yiizdelik degeri de F[;(lfa)] olmak

uzere,

Fawo > Frgia) (2.37)

ise H, hipotezi lehine varyanslarin homojenligi hipotezi ret edilir.
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3. SIMULASYON CALISMASI

Bu boliimde varyanslarin homojenligi hipotezini test etmek i¢in tanitilan testleri I. tip hata
orani ve giic bakimmdan karsilastirmak amaciyla Jayalath ve digerleri (2017) tarafindan
yapilan simiilasyon ¢aligmasina gore daha kapsamli bir simiilasyon caligmast yapilmistir.
Simiilasyon ¢aligmasi i¢in normal(2,2), tekdiize, gamma(1,4), gamma(4,1), gamma(2,3),
gamma(3,2), ki-kare(4 sd’li), ki-kare(10 sd’li) ve weibull(1,1) dagilmlarindan farkli 6rnek
hacimleri ve varyans kombinasyonlari ile rasgele veri {iretilmistir. Testlerin karsilagtirma
islemleri icin MATLAB programlama dili ve R programlama dili ile yazilan programlar
kullanilmustir. Ornek hacimleri n=5,7,10,15,20,25 ve &mek sayilan da k = 2,3, 4,5 olarak

almmistir. Simiilasyon ¢alismasinda, tekrar sayis1 10000 ve nominal I. tip hata oran1 da

a=0.05 ve =0.10 alinmistir. Ayrica Fg,,, testi i¢in Bootstrap tekrar sayist da 1000

alinmigtir. Kargilagtirma kriteri olarak kullamilan deneysel . tip hata oranlart H, hipotezinin

dogrulugu altinda ret sayisinin tekrar sayist olan 10000’e boliimii ile hesaplanmistir. Deneysel
glic degerleri de H, hipotezinin dogrulugu altinda ret sayismn tekrar sayisi olan 10000’e
boliimii ile elde edilmistir. Bu ¢aligmada kullanilan 6rnek sayilari, varyanslar, 6rnek hacimleri ve
dagilimlar Cizelge 3.1°de verilmistir. Testler i¢in deneysel 1. tip hata oranlar1 Cizelge 3.2-
3.9°’da, deneysel gii¢ degerleri de Cizelge 3.10-3.17’de verilmistir.
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Cizelge 3.1. Tezde kullanilan 6rnek sayilari, varyanslar, 6rnek hacimleri ve dagilimlar

Ornek say1si( k ) Varyanslar( O ? ) Orrnek hacimleri (N ) Dagilimlar
1:15 55
1:2 7,7 Normal(2,2)
1:25 10,10
1:3 15,15 Tekdiize
1:35 20,20
25,25 Gamma(l,4)
1:15:25 555
1:2:3 17,77 Gamma(4,1)
1:25:35 10,10,10
1:3:4 15,15,15 Gamma(2,3)
1:3.5:45 20,20,20
25,25,25 Gamma(3,2)
1:15:25:35 55,5,5
1:2:3:14 77,17 Ki-kare(4 sd’li)
1:25:35:4.5 10,10,10,10
1:3:4:5 15,15,15,15 Ki-kare(10 sd’li)
1:3.5:45:5.5 20,20,20,20
25,25,25,25 Weibull(1,1)
1:15:2.5:35:45 5,5,5,5,5
1:2:3:4:5 1,7,7,7,7
1:25:3.5:45:5.5 10,10,10,10,10
1:3:4:5:6 15,15,15,15,15
1:3.5:4.5:5.5:6.5 20,20,20,20,20
25,25,25,25,25

Cizelge 3.2. Nominal I. tip hata 0.05 ve k=2 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,,; (RMD) testleri igin deneysel I. tip hata

oranlar1

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
55 0.048 0.005 0.000 0.047 0.016 | 0.024 0.004 0.000 0.023 0.012 | 0.172 0.012 0.000 0.170 0.030
7,7 0.050 0.016 0.012 0.047 0.020 | 0.017 0.013 0.012 0.018 0.013 | 0.203 0.027 0.031 0.207 0.041
10,10 0.048 0.036 0.034 0.051 0.023 | 0.012 0.030 0.024 0.010 0.015 | 0.232 0.041 0.069 0.232 0.043
15,15 0.049 0.033 0.030 0.050 0.026 | 0.007 0.032 0.029 0.007 0.017 | 0.261 0.044 0.061 0.246 0.042
20,20 0.050 0.039 0.042 0.050 0.023 | 0.006 0.034 0.032 0.004 0.018 | 0.258 0.045 0.072 0.272 0.045
25,25 0.050 0.039 0.038 0.048 0.025 | 0.005 0.036 0.034 0.005 0.020 | 0.271 0.048 0.082 0.280 0.054

Gamma (4,1) Gamma (2,3) Gamma (3,2)
55 0.076 0.006 0.000 0.075 0.022 | 0.104 0.009 0.000 0.106 0.023 | 0.082 0.007 0.000 0.082 0.021
7,7 0.084 0.020 0.015 0.086 0.025 | 0.124 0.021 0.021 0.132 0.030 | 0.096 0.019 0.016 0.092 0.026
10,10 0.092 0.039 0.043 0.094 0.027 | 0.137 0.036 0.043 0.139 0.033 | 0.111 0.036 0.041 0.115 0.030
15,15 0.105 0.034 0.038 0.104 0.028 | 0.163 0.044 0.052 0.161 0.034 | 0.125 0.042 0.047 0.124 0.032
20,20 0.111 0.046 0.047 0.113 0.030 | 0.177 0.047 0.057 0.173 0.035 | 0.138 0.043 0.049 0.135 0.034
25,25 0.116 0.043 0.043 0.121 0.033 | 0.179 0.048 0.055 0.181 0.038 | 0.142 0.045 0.051 0.137 0.035

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5 0.104 0.009 0.000 0.106 0.025 | 0.069 0.006 0.000 0.070 0.018 | 0.166 0.015 0.000 0.175 0.031
7,7 0.125 0.019 0.018 0.125 0.027 | 0.076 0.017 0.017 0.075 0.023 | 0.198 0.028 0.032 0.203 0.046
10,10 0.145 0.038 0.046 0.140 0.034 | 0.088 0.038 0.039 0.085 0.025 | 0.230 0.049 0.062 0.232 0.050
15,15 0.163 0.046 0.050 0.159 0.035 | 0.095 0.039 0.041 0.096 0.026 | 0.257 0.042 0.070 0.244 0.044
20,20 0.169 0.047 0.053 0.170 0.036 | 0.098 0.041 0.046 0.099 0.030 | 0.269 0.047 0.075 0.264 0.044
25,25 0.171 0.054 0.057 0.179 0.040 | 0.104 0.046 0.043 0.108 0.033 | 0.275 0.051 0.079 0.268 0.040

Cizelge 3.2’de verilen normal dagilim i¢in simiilasyon sonuglarinda, B ve H testlerinin

deneysel L.tip hata oran1 bakimindan iyi sonuglar verdigi goriilmektedir. Diger testler ise

deneysel I. tip hata oran1 bakimindan iyi sonuglar vermemislerdir.
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Tekdiize dagilim i¢in tiim testler nominal I. tip hata oranina yakin sonuglar vermemistir.
Bu dagilima iligskin simiilasyon sonuglarinda, (5,5) ve (7,7) 6rnek hacimleri igin B ve H
testleri diger testlere gore biraz daha iyi deneysel l. tip hata oranlar1 verirken, orta
biiyiikliikteki 6rnek hacimleri igin de L ve FK testleri diger testlerden biraz daha iyi

sonuglar vermislerdir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, érnek hacmi (5,5) ve (7,7) iken F,,, testi

nominal I. tip hata oranina en yakin deneysel I. tip hata oranlarin1 vermistir. Diger yandan
Gamma(1,4) dagilimi hari¢ diger gamma dagilimlarinda, orta biiyiikliikteki ©6rnek
hacimleri igin L ve FK testleri diger testlere gore nominal I. tip hata oranina daha yakin

sonuclar vermislerdir. Gamma(1,4) dagilimda ise orta biiyiikliikteki 6rnek hacimleri igin

F-up Ve L testlerinin daha iyi deneysel I. tip hata oranlart verdigi goriilmektedir.

Ki-kare dagilimi i¢in simiilasyon sonuglari, 6rnek hacimleri (5,5) ve (7,7) iken Fg o

testinin diger testlere gore biraz daha iyi deneysel I. tip hata oranlar1 verdigini, orta
biiytikliikteki 6rnek hacimleri igin de L ve FK testlerinin iyi sonuglar verdigini ortaya

koymustur.

Bu ¢izelgede weibull dagilimi igin simiilasyon sonuglari, 6rnek hacimleri (5,5) ve (7,7)
iken Fg,,, testinin diger testlere gore daha iyi deneysel l.tip hata oranlari verdigini, orta
biiylikliikteki 6rnek hacimleri i¢in de F;,, Vve L testlerinin iyi sonuglar verdigini

gostermistir.
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Cizelge 3.3. Nominal I. tip hata 0.10 ve k=2 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri i¢in deneysel I. tip hata
oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
55 0.097 0.026 0.022 0.098 0.034 | 0.074 0.020 0.019 0.057 0.022 0.262 0.045 0.044 0.271 0.074
7,7 0.092 0.047 0.045 0.096 0.040 | 0.040 0.033 0.034 0.037 0.026 0.293 0.071 0.071 0.291 0.080
10,10 0.098 0.081 0.082 0.098 0.041 | 0.028 0.074 0.070 0.027 0.027 0.327 0.098 0.134 0.315 0.082
15,15 0.103 0.083 0.083 0.098 0.043 | 0.019 0.057 0.060 0.018 0.031 0.346 0.088 0.122 0.341 0.088
20,20 0.097 0.089 0.086 0.097 0.045 | 0.015 0.072 0.073 0.014 0.033 0.349 0.093 0.147 0.353 0.091
25,25 0.098 0.090 0.087 0.098 0.048 | 0.015 0.073 0.067 0.014 0.035 0.362 0.098 0.142 0.360 0.092

Gamma (4,1) Gamma (2,3) Gamma (3,2)
55 0.139 0.035 0.028 0.139 0.045 | 0.187 0.032 0.035 0.188 0.061 | 0.150 0.034 0.031 0.151 0.053
7,7 0.145 0.053 0.053 0.145 0.055 | 0.200 0.062 0.063 0.197 0.065 | 0.174 0.052 0.055 0.176 0.057
10,10 0.161 0.089 0.085 0.168 0.060 | 0.227 0.087 0.093 0.216 0.070 | 0.182 0.088 0.090 0.187 0.061
15,15 0.178 0.085 0.088 0.180 0.069 | 0.246 0.089 0.101 0.246 0.072 | 0.208 0.090 0.095 0.200 0.063
20,20 0.181 0.088 0.089 0.182 0.071 | 0.253 0.090 0.110 0.253 0.073 | 0.211 0.095 0.098 0.201 0.065
25,25 0.189 0.096 0.090 0.189 0.075 | 0.261 0.091 0.111 0.271 0.077 | 0.216 0.098 0.100 0.223 0.068

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5 0.172 0.037 0.032 0.178 0.050 | 0.128 0.030 0.024 0.130 0.049 | 0.262 0.046 0.046 0.263 0.071
7,7 0.207 0.058 0.061 0.214 0.063 | 0.143 0.054 0.051 0.143 0.056 | 0.300 0.071 0.074 0.291 0.079
10,10 0.228 0.085 0.095 0.232 0.066 | 0.151 0.084 0.081 0.157 0.052 | 0.313 0.089 0.123 0.315 0.080
15,15 0.241 0.088 0.104 0.242 0.070 | 0.162 0.085 0.090 0.160 0.056 | 0.337 0.094 0.134 0.345 0.081
20,20 0.244 0.097 0.106 0.257 0.072 | 0.164 0.089 0.093 0.168 0.058 | 0.357 0.095 0.136 0.348 0.082
25,25 0.268 0.099 0.108 0.258 0.076 | 0.176 0.093 0.100 0.169 0.063 | 0.362 0.101 0.140 0.356 0.083

Cizelge 3.3’de verilen normal dagilim i¢in simiilasyon sonuglarinda, B ve H testlerinin
deneysel I. tip hata oranlarinin nominal I. tip hata oranmna olduk¢a yakin olduklar
goriilmektedir. Diger testler ise nominal |. tip hata oram1 bakimindan iyi sonuglar

vermemislerdir.

Tekdiize dagilim i¢in simiilasyon sonuglarinda, tiim testler nominal |. tip hata oranina
yakin sonuglar vermemistir. Ornek hacimleri (5,5) ve (7,7) icin B ve H testleri diger
testlere gore biraz daha iyi deneysel . tip hata oranlar1 verirken, orta biiylikliikteki 6rnek
hacimleri igin de L ve FK testlerinin sonuglar1 diger testlerle karsilagtirildiginda biraz daha

iyidir.

Gamma dagilimi i¢in simiilasyon sonuglar1 incelendiginde, 6rnek hacimleri (5,5) ve (7,7)

iken Fgp testinin daha iyi deneysel I. tip hata oranlarmi verdigi goriilmiistiir. Diger

yandan Gamma(1,4) dagilimi hari¢ diger gamma dagilimlarinda, orta biiyiikliikteki 6rnek

hacimleri i¢in L ve FK testleri diger testlere gore daha iyi deneysel I. tip hata oranlari
vermektedir. Gamma (1,4) dagilimda ise orta biiyiiklilkteki 6rnek hacimleri igin Fgyp Ve L

testlerinin deneysel I. tip hata oranlar1 daha iyidir.
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Bu ¢izelgede Ki-kare dagilimi igin simiilasyon sonuglarinda, 6rnek hacimleri (5,5) ve (7,7)
iken kg, testi diger testlerle karsilagtirildiginda biraz daha iyi sonuglar verirken, orta

biiylikliikteki 6rnek hacimleri icin L ve FK testlerinin daha iyi sonuglar verdigi

goriilmektedir.

Weibull dagilimi igin simiilasyon sonuglarinda, 6rnek hacimleri (5,5) ve (7,7) iken Fg,p
testinin diger testlere gore daha iyi deneysel I. tip hata oranlar1 verdigi, orta biiyiikliikteki
ornek hacimleri i¢in de Fg,,, ve L testlerinin daha iyi deneysel I. tip hata oranlari sagladig:

goriiliir.

Cizelge 3.4. Nominal I. tip hata 0.05 ve k=3 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri i¢in deneysel I. tip hata

oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
555 0.050 0.004 0.000 0.050 0.004 | 0.019 0.002 0.000 0.024 0.003 | 0.238 0.015 0.000 0.221 0.012
7,77 0.054 0.011 0.007 0.050 0.008 | 0.011 0.006 0.004 0.013 0.004 | 0.277 0.026 0.021 0.278 0.024

10,10,10 0.047 0.029 0.028 0.051 0.012 | 0.006 0.020 0.020 0.008 0.005 | 0.322 0.040 0.061 0.316 0.029
15,15,15 0.048 0.035 0.025 0.049 0.012 | 0.003 0.026 0.023 0.004 0.006 | 0.365 0.041 0.077 0.356 0.030
20,20,20 0.048 0.036 0.036 0.050 0.013 | 0.002 0.027 0.024 0.002 0.007 | 0.386 0.047 0.085 0.379 0.033
25,25,25 0.050 0.037 0.038 0.048 0.014 | 0.001 0.029 0.026 0.001 0.010 | 0.391 0.048 0.082 0.390 0.037
Gamma (4,1) Gamma (2,3) Gamma (3,2)

55,5 0.085 0.005 0.000 0.080 0.006 0.138 0.008 0.000 0.120 0.007 | 0.106 0.006 0.000 0.094 0.005

7,1,7 0.105 0.017 0.008 0.096 0.009 0.170 0.019 0.011 0.153 0.014 | 0.125 0.018 0.009 0.111 0.012
10,10,10 0.117 0.038 0.038 0.114 0.015 0.195 0.036 0.040 0.182 0.019 | 0.145 0.034 0.035 0.138 0.016
15,15,15 0.144 0.036 0.034 0.125 0.016 0.220 0.042 0.048 0.217 0.020 | 0.156 0.038 0.042 0.155 0.017
20,20,20 0.146 0.045 0.047 0.138 0.017 0.231 0.044 0.054 0.224 0.021 | 0.175 0.043 0.047 0.173 0.020
25,25,25 0.141 0.043 0.045 0.146 0.022 0.251 0.046 0.055 0.248 0.025 | 0.179 0.044 0.049 0.169 0.024
Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)

5,55 0.134 0.008 0.000 0.123 0.007 0.146 0.005 0.000 0.079 0.004 | 0.235 0.013 0.000 0.222 0.011

7,1,7 0.169 0.020 0.013 0.156 0.012 0.087 0.015 0.010 0.083 0.009 | 0.278 0.024 0.020 0.267 0.022
10,10,10 0.194 0.036 0.043 0.183 0.020 0.101 0.034 0.032 0.095 0.013 | 0.325 0.040 0.076 0.317 0.026
15,15,15 0.214 0.042 0.045 0.213 0.023 0.112 0.040 0.039 0.115 0.015 | 0.364 0.043 0.060 0.356 0.027
20,20,20 0.229 0.043 0.052 0.235 0.025 0.125 0.041 0.041 0.117 0.017 | 0.388 0.045 0.085 0.371 0.031
25,25,25 0.251 0.045 0.053 0.238 0.028 0.127 0.042 0.041 0.125 0.022 | 0.400 0.046 0.087 0.393 0.042

Cizelge 3.4’te verilen normal dagilim i¢in simiilasyon sonuglarinda, B ve H testlerinin
nominal I. tip hata oranina yakin sonuglar verdigi goriillmektedir. Diger testler ise nominal

. tip hata oran1 bakimindan incelendiginde iyi sonuglar vermemislerdir.

Tekdiize dagilim igin tiim testler incelendiginde higbirinin iyi sonu¢ vermedigi bu
cizelgede goriilmektedir. Bu dagilima iliskin simiilasyon sonuglarinda, 6rnek hacimleri

(5,5,5) ve (7,7,7) iken B ve H testlerinin diger testlere gore deneysel I. tip hata orani
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bakimindan biraz daha iyi sonuglar verdigi, orta biiyiikliikteki 6rnek hacimleri i¢in de L ve

FK testlerinin diger testlere gore biraz daha iyi sonuglar verdigi goriiliir.

Gamma(1,4) dagilimi hari¢ diger gamma dagilimlar i¢cin Cizelge 3.4’teki simiilasyon
sonuglarinda, 6rnek hacimleri (5,5,5) ve (7,7,7) iken L testinin diger testlere kiyasla biraz
daha iyi deneysel I. tip hata oranlar1 verdigi, orta biiyiikliikteki 6rnek hacimleri igin de L ve

FK testlerinin daha iyi sonuglar verdikleri anlasilir. Gamma (1,4) dagilimda ise tiim 6rnek

hacimleri igin F,,, ve L testleri daha iyi deneysel . tip hata oranlar1 vermektedir.

Ki-kare dagilimi i¢in, drnek hacimleri (5,5,5) ve (7,7,7) iken L testinin diger testlere gore
biraz daha iyi deneysel I. tip hata oranlar1 verdigi, orta biiyiikliikteki 6rnek hacimleri igin
de L ve FK testlerinin daha iyi deneysel I. tip hata oranlari verdikleri goriiliir.

Bu c¢izelgedeki verilen weibull dagilimi i¢in simiilasyon sonugclari, dikkate alinan tim
ornek hacimleri i¢in F;,, ve L testlerinin diger testlere gore daha iyi sonuglar verdigini

ortaya koymaktadir.

Cizelge 3.5’teki normal dagilim icin simiilasyon sonuglarinda, B ve H testlerinin deneysel
|. tip hata oranlarinin nominal I. tip hata oranina oldukg¢a yakin oldugu goriilmiistiir. Ancak

diger testler 1. tip hata oran1 bakimindan iyi sonuglar vermemistir.

Bu ¢izelgede tekdiize dagilimi i¢in simiilasyon sonuglarinda, tiim testler ig¢in deneysel 1. tip
hata oranlarinin nominal 1. tip hata oranina yakin olmadig1 gériiliir. Ornek hacimleri (5,5,5)
ve (7,7,7) i¢in B ve H testlerinin diger testlere gore biraz daha iyi deneysel I. tip hata
oranlar1 verdigi, orta biiylikliikteki 6rnek hacimleri i¢in de L ve FK testlerinin daha iyi

deneysel I. tip hata oranlar1 verdikleri goriliir.

Gamma(1,4) dagilimi hari¢ diger gamma dagilimlan ig¢in Cizelge 3.5’teki sonuclarda,
ornek hacimleri (5,5,5) ve (7,7,7) iken L testinin diger testlere gore biraz daha iyi deneysel
I. tip hata oranlar1 verdigi, orta biiyiikliikteki 6rnek hacimleri i¢in L ve FK testlerinin daha
iyl sonuglar verdigi goriiliir. Gamma (1,4) dagilimda ise biitiin 6rnek hacimleri i¢in L

testinin daha iyi deneysel L. tip hata oranlar1 verdigi goriilmektedir.
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Cizelge 3.5. Nominal I. tip hata 0.10 ve k=3 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri i¢in deneysel I. tip hata

oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
55,5 0.097 0.017 0.009 0.094 0.014 | 0.045 0.009 0.006 0.050 0.007 | 0.344 0.037 0.021 0.332 0.030
7,17 0.098 0.035 0.031 0.099 0.020 | 0.029 0.021 0.017 0.032 0.013 | 0.385 0.063 0.050 0.369 0.056

10,10,10 0.099 0.067 0.069 0.099 0.026 | 0.017 0.045 0.045 0.020 0.015 | 0.428 0.083 0.125 0.427 0.051
15,15,15 0.100 0.070 0.074 0.100 0.028 | 0.013 0.059 0.053 0.014 0.016 | 0.462 0.091 0.147 0.449 0.052
20,20,20 0.101 0.074 0.078 0.102 0.029 | 0.008 0.060 0.059 0.008 0.016 | 0.471 0.095 0.157 0.474 0.054
25,25,25 0.101 0.082 0.083 0.103 0.030 | 0.007 0.066 0.061 0.007 0.017 | 0.487 0.096 0.158 0.482 0.057

Gamma (4,1) Gamma (2,3) Gamma (3,2)
55,5 0.160 0.022 0.013 0.148 0.017 | 0.217 0.030 0.015 0.205 0.021 | 0.177 0.026 0.013 0.171 0.023
7,17 0.170 0.043 0.038 0.173 0.021 | 0.248 0.052 0.045 0.248 0.030 | 0.209 0.045 0.042 0.191 0.029

10,10,10 0.190 0.082 0.082 0.196 0.028 | 0.290 0.080 0.092 0.282 0.041 | 0.224 0.080 0.084 0.218 0.032
15,15,15 0.214 0.078 0.083 0.212 0.031 | 0.311 0.086 0.100 0.312 0.043 | 0.242 0.081 0.092 0.245 0.034
20,20,20 0.226 0.084 0.088 0.228 0.033 | 0.333 0.088 0.104 0.326 0.044 | 0.265 0.085 0.098 0.263 0.035
25,25,25 0.231 0.091 0.092 0.232 0.040 | 0.344 0.090 0.108 0.338 0.048 | 0.274 0.086 0.101 0.267 0.038

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
55,5 0.218 0.029 0.015 0.212 0.026 | 0.138 0.019 0.012 0.141 0.017 | 0.335 0.037 0.022 0.324 0.039
7,17 0.258 0.049 0.045 0.247 0.032 | 0.161 0.041 0.034 0.162 0.025 | 0.399 0.062 0.043 0.385 0.050

10,10,10 0.286 0.084 0.091 0.280 0.034 | 0.176 0.078 0.070 0.173 0.035 | 0.427 0.086 0.122 0.428 0.058
15,15,15 0.308 0.088 0.103 0.307 0.035 | 0.192 0.081 0.086 0.192 0.036 | 0.458 0.089 0.142 0.457 0.061
20,20,20 0.336 0.092 0.110 0.329 0.036 | 0.194 0.084 0.091 0.201 0.039 | 0.481 0.092 0.150 0.481 0.064
25,25,25 0.340 0.093 0.113 0.342 0.038 | 0.207 0.085 0.095 0.202 0.041 | 0.496 0.093 0.161 0.493 0.066

Ki-kare dagilimi i¢in simiilasyon sonuglarinda, 6rnek hacimleri (5,5,5) ve (7,7,7) iken L
testinin diger testlere gore biraz daha iyi sonuglar verdigi, orta biyiikliikteki 6rnek
hacimleri i¢in de L ve FK testlerinin daha iyi deneysel I. tip hata oranlar verdigi

goriilmektedir.

Bu cizelgede weibull dagilimi i¢in simiilasyon sonuclarinda, dikkate alinan tiim 6rnek

hacimleri i¢in L testinin sonuglarinin diger testlere gore daha iyi oldugu anlasilir.

Cizelge 3.6’da verilen normal dagilim i¢in simiilasyon sonuglarinda, B ve H testlerinin nominal
|. tip hata oranina oldukga yakin sonuglar verdigi goriilmektedir. Diger testlerin deneysel 1. tip

hata oranlart nominal L. tip hata oranina yakin ¢ikmamastir.

Bu cizelgede tekdiize dagilim i¢in tiim testler nominal I. tip hata orammna yakin sonuglar
vermemistir. Bu dagilima iligkin simiilasyon sonuglarinda, 6rnek hacimleri (5,5,5,5) ve (7,7,7,7)
icin B ve H testleri diger testlere gore biraz daha iyi deneysel 1. tip hata oranlar1 verirken, orta
biiytikliikteki 6rnek hacimleri icin de L ve FK testleri diger testlerle kiyaslandiginda biraz daha

1yl sonuglar vermislerdir.
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Cizelge 3.6. Nominal I. tip hata 0.05 ve k=4 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri i¢in deneysel I. tip hata

oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
5,5,5,5 0.047 0.005 0.000 0.046 0.005 | 0.019 0.002 0.000 0.023 0.002 | 0.299 0.014 0.001 0.264 0.012
7,11,7 0.049 0.012 0.007 0.048 0.006 | 0.009 0.005 0.003 0.014 0.004 | 0.363 0.025 0.017 0.330 0.023
10,10,10,10 | 0.050 0.027 0.023 0.049 0.007 | 0.005 0.021 0.015 0.008 0.005 | 0.402 0.044 0.063 0.385 0.024
15,15,15,15 | 0.051 0.028 0.030 0.050 0.010 | 0.003 0.022 0.017 0.003 0.006 | 0.449 0.046 0.078 0.431 0.030
20,20,20,20 | 0.054 0.034 0.032 0.053 0.011 | 0.002 0.023 0.019 0.002 0.008 | 0.473 0.048 0.093 0.454 0.032
25,25,25,25 | 0.054 0.036 0.034 0.054 0.012 | 0.001 0.025 0.022 0.001 0.010 | 0.487 0.049 0.095 0.481 0.035

Gamma (4,1) Gamma (2,3) Gamma (3,2)
5,5,5,5 0.104 0.006 0.000 0.088 0.003 | 0.161 0.010 0.000 0.134 0.008 | 0.117 0.006 0.000 0.099 0.003
7,777 0.121 0.014 0.009 0.102 0.005 | 0.199 0.020 0.010 0.174 0.010 | 0.138 0.015 0.010 0.130 0.008
10,10,10,10 | 0.133 0.030 0.033 0.127 0.007 | 0.227 0.037 0.042 0.211 0.015 | 0.169 0.031 0.034 0.160 0.013
15,15,15,15 | 0.156 0.040 0.038 0.145 0.012 | 0.266 0.044 0.049 0.259 0.017 | 0.198 0.038 0.038 0.192 0.016
20,20,20,20 | 0.172 0.039 0.043 0.154 0.014 | 0.298 0.045 0.054 0.280 0.020 | 0.210 0.041 0.049 0.200 0.017
25,25,25,25 | 0.177 0.040 0.044 0.166 0.017 | 0.302 0.046 0.056 0.285 0.021 | 0.217 0.043 0.050 0.211 0.020

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5,5,5 0.160 0.008 0.000 0.138 0.005 | 0.160 0.008 0.000 0.138 0.005 | 0.292 0.013 0.000 0.261 0.013
7,7,7,7 0.195 0.019 0.010 0.183 0.010 | 0.195 0.019 0.010 0.183 0.010 | 0.353 0.024 0.016 0.325 0.020
10,10,10,10 | 0.234 0.037 0.037 0.213 0.012 | 0.234 0.037 0.037 0.213 0.012 | 0.411 0.041 0.062 0.377 0.022
15,15,15,15 | 0.268 0.041 0.045 0.249 0.015 | 0.268 0.041 0.045 0.249 0.015 | 0.453 0.042 0.079 0.437 0.024
20,20,20,20 | 0.291 0.042 0.055 0.276 0.018 | 0.291 0.042 0.055 0.276 0.018 | 0.475 0.044 0.089 0.468 0.028
25,25,25,25 | 0.302 0.045 0.056 0.295 0.020 | 0.302 0.045 0.056 0.295 0.020 | 0.494 0.045 0.096 0.480 0.032

Gamma(1,4) dagilimi hari¢ diger gamma dagilimlar igin, 6rnek hacimleri (5,5,5,5) ve (7,7,7,7)
iken L testi diger testlere gore biraz daha iyi deneysel I. tip hata oranlar1 verirken, orta

biiyiikliikteki 6rmek hacimleri igin de L ve FK testleri daha iyi sonuglar vermislerdir.
Gamma(1,4) dagilimda ise tim &mek hacimleri icin F,,, ve L testleri daha iyi deneysel I. tip

hata oranlar vermislerdir.

Ki-kare dagilimi i¢in, 6rnek hacimleri (5,5,5,5) ve (7,7,7,7) iken L testi diger testlere gore biraz
daha iyi sonuglar verirken, orta biiyiikliikteki 6rnek hacimleri i¢in L ve FK testleri daha iyi

deneysel I. tip hata oranlari vermislerdir.

Bu ¢izelgede weibull dagilimi igin, dikkate alinan tim 6rnek hacimleri i¢in F;,,, Ve L testlerinin

deneysel I. tip hata oranlar1 diger testlerinkilerden daha iyidir.
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Cizelge 3.7. Nominal I. tip hata 0.10 ve k=4 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve F,,, (RMD) testleri i¢in deneysel I. tip hata

oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
5,5,5,5 0.097 0.014 0.005 0.098 0.012 | 0.039 0.002 0.002 0.047 0.005 | 0.408 0.036 0.014 0.383 0.025
7,777 0.098 0.028 0.020 0.099 0.017 | 0.020 0.012 0.010 0.030 0.007 | 0.465 0.059 0.020 0.444 0.030
10,10,10,10 | 0.099 0.064 0.060 0.100 0.020 | 0.013 0.041 0.040 0.018 0.008 | 0.513 0.089 0.133 0.487 0.035
15,15,15,15 | 0.100 0.070 0.063 0.101 0.021 | 0.008 0.051 0.041 0.009 0.011 | 0.541 0.090 0.141 0.551 0.042
20,20,20,20 | 0.101 0.072 0.080 0.102 0.022 | 0.005 0.054 0.054 0.008 0.014 | 0.572 0.094 0.165 0.566 0.047
25,25,25,25 | 0.102 0.077 0.081 0.106 0.025 | 0.004 0.058 0.056 0.004 0.015 | 0.588 0.096 0.170 0.580 0.050

Gamma (4,1) Gamma (2,3) Gamma (3,2)
5,5,5,5 0.177 0.019 0.007 0.158 0.008 | 0.249 0.023 0.009 0.238 0.012 | 0.200 0.022 0.009 0.185 0.010
7,777 0.200 0.040 0.025 0.186 0.012 | 0.294 0.047 0.037 0.278 0.019 | 0.228 0.037 0.031 0.219 0.015
10,10,10,10 | 0.223 0.072 0.070 0.213 0.024 | 0.335 0.081 0.090 0.318 0.032 | 0.274 0.069 0.074 0.250 0.020
15,15,15,15 | 0.247 0.075 0.084 0.235 0.028 | 0.376 0.083 0.102 0.360 0.037 | 0.293 0.083 0.092 0.275 0.023
20,20,20,20 | 0.263 0.084 0.090 0.250 0.030 | 0.386 0.087 0.103 0.391 0.038 | 0.298 0.083 0.095 0.292 0.025
25,25,25,25 | 0.268 0.085 0.092 0.256 0.033 | 0.408 0.091 0.113 0.396 0.040 | 0.323 0.086 0.100 0.302 0.032

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5,5,5 0.248 0.028 0.010 0.240 0.020 | 0.155 0.021 0.008 0.150 0.009 | 0.400 0.037 0.015 0.383 0.025
7,717 0.297 0.048 0.033 0.272 0.022 | 0.180 0.035 0.027 0.168 0.013 | 0.467 0.058 0.025 0.440 0.030
10,10,10,10 | 0.338 0.076 0.091 0.313 0.025 | 0.190 0.070 0.071 0.186 0.022 | 0.516 0.081 0.123 0.496 0.041
15,15,15,15 | 0.366 0.082 0.096 0.356 0.033 | 0.225 0.073 0.081 0.207 0.025 | 0.550 0.091 0.149 0.544 0.044
20,20,20,20 | 0.395 0.088 0.111 0.381 0.035 | 0.230 0.080 0.088 0.220 0.027 | 0.567 0.092 0.163 0.564 0.050
25,25,25,25 | 0.401 0.091 0.113 0.399 0.037 | 0.240 0.086 0.090 0.225 0.028 | 0.591 0.093 0.166 0.574 0.052

Cizelge 3.7’deki normal dagilim i¢in simiilasyon sonuglarinda, B ve H testlerinin deneysel I. tip
hata oranlariin nominal 1. tip hata oranina oldukc¢a yakin olduklar goriilmektedir. Diger testler

ise nominal . tip hata oran1 bakimindan iyi sonuglar vermemislerdir.

Tekdiize dagilim igin, tiim testler nominal 1. tip hata oranma yakin sonuglar vermemistir. Ornek
hacimleri (5,5,5,5) ve (7,7,7,7) iken B ve H testleri diger testlere gore biraz daha iyi deneysel .
tip hata oranlari verirken, orta biiyiikliikteki 6rnek hacimleri igin de L ve FK testlerinin sonuglart

diger testlerden biraz daha iyi ¢ikmistir.

Gamma(1,4) dagilimi hari¢ diger gamma dagilimlarinda, 6rnek hacimleri (5,5,5,5) ve (7,7,7,7)
icin L testi diger testlere gore biraz daha iyi sonuglar verirken, orta biiytiklitkteki 6rnek hacimleri
icin de L ve FK testlerinin daha iyi sonuglar verdigi goriilmektedir. Gamma (1,4) dagilimda ise
dikkate alinan tiim 6rnek hacimleri i¢in L testinin diger testlere gore daha iyi deneysel I. tip hata

oranlar verdigi goriilmektedir.

Ki-kare dagilminda 6rnek hacimleri (5,5,5,5) ve (7,7,7,7) iken L testi diger testlere gore biraz
daha iyi deneysel I. tip hata oranlar1 verirken, orta biiyiikliikteki 6rnek hacimleri i¢in de L ve FK

testleri daha iyi sonuglar vermislerdir.
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Weibull dagihminda dikkate alinan tiim 6rnek hacimleri i¢in L testinin diger testlere gore

daha iyi sonuglar verdigi goriilmektedir.

Cizelge 3.8. Nominal 1. tip hata 0.05 ve k=5 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri i¢in deneysel I. tip hata

oranlari

B L FK H RMD B L FK H RMD B L F K H RMD

n Normal Tekdiize Gamma (1,4)
5,5,5,5,5 0.044 0.003 0.000 0.049 0.004 | 0.014 0.002 0.000 0.020 0.002 | 0.350 0.016 0.000 0.282 0.008
77,777 0.049 0.009 0.006 0.050 0.006 | 0.009 0.003 0.002 0.013 0.003 | 0.417 0.024 0.015 0.377 0.013
10,10,10,10,10 | 0.050 0.030 0.021 0.050 0.008 | 0.004 0.015 0.013 0.006 0.005 | 0.469 0.039 0.065 0.438 0.020
15,15,15,15,15 | 0.051 0.031 0.027 0.052 0.010 | 0.003 0.021 0.016 0.003 0.006 | 0.533 0.044 0.082 0.498 0.022
20,20,20,20,20 | 0.052 0.036 0.033 0.053 0.011 | 0.002 0.023 0.017 0.002 0.006 | 0.554 0.045 0.096 0.526 0.025
25,25,25,25,25 | 0.052 0.040 0.035 0.055 0.013 | 0.001 0.024 0.020 0.001 0.008 | 0.571 0.047 0.097 0.547 0.028

Gamma (4,1) Gamma (2,3) Gamma (3,2)
5,5,5,5,5 0.105 0.005 0.000 0.089 0.003 | 0.183 0.007 0.000 0.142 0.005 | 0.138 0.006 0.000 0.107 0.003
771,77 0.131 0.015 0.006 0.103 0.006 | 0.231 0.018 0.009 0.198 0.008 | 0.160 0.014 0.008 0.136 0.006
10,10,10,10,10 | 0.153 0.031 0.033 0.132 0.007 | 0.269 0.033 0.043 0.240 0.013 | 0.191 0.031 0.033 0.165 0.010
15,15,15,15,15 | 0.177 0.036 0.037 0.142 0.011 | 0.316 0.042 0.049 0.284 0.015 | 0.221 0.037 0.039 0.196 0.013
20,20,20,20,20 | 0.187 0.038 0.042 0.156 0.013 | 0.340 0.043 0.057 0.307 0.018 | 0.234 0.040 0.045 0.220 0.017
25,25,25,25,25 | 0.204 0.041 0.046 0.167 0.018 | 0.348 0.045 0.058 0.329 0.020 | 0.257 0.044 0.049 0.235 0.020

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5,5,5,5 0.188 0.008 0.000 0.150 0.006 | 0.095 0.005 0.000 0.076 0.005 | 0.353 0.012 0.000 0.296 0.014
771,77 0.226 0.019 0.010 0.189 0.010 | 0.113 0.013 0.009 0.100 0.007 | 0.414 0.024 0.018 0.370 0.020
10,10,10,10,10 | 0.283 0.038 0.040 0.239 0.011 | 0.128 0.031 0.034 0.116 0.010 | 0.485 0.041 0.061 0.436 0.021
15,15,15,15,15 | 0.319 0.040 0.047 0.289 0.015 | 0.148 0.036 0.040 0.136 0.012 | 0.528 0.043 0.080 0.497 0.025
20,20,20,20,20 | 0.340 0.043 0.056 0.306 0.017 | 0.162 0.037 0.041 0.143 0.015 | 0.555 0.043 0.088 0.518 0.027
25,25,25,25,25 | 0.358 0.045 0.057 0.328 0.020 | 0.172 0.042 0.044 0.152 0.018 | 0.560 0.045 0.098 0.546 0.033

Cizelge 3.8’deki normal dagilim igin simiilasyon sonuglarinda, B ve H testlerinin deneysel 1. tip
hata oranlarinin nominal I. tip hata oranina oldukga yakin ¢iktig1 gériilmektedir. Diger testler I.

tip hata oran1 bakimindan iy1 sonuglar vermemislerdir.

Bu ¢izelgedeki tekdiize dagilimu igin, tiim testlerin nominal 1. tip hata oranmna yakin sonuglar
vermedigi goriilmektedir. Ancak 6rek hacimleri (5,5,5,5,5) ve (7,7,7,7,7) iken B ve H testleri
diger testlere gore biraz daha iyi deneysel I. tip hata oranlari verirken, orta biiyiikliikteki 6rnek

hacimleri igin de L ve FK testleri diger testlerden biraz daha iyi sonuglar vermislerdir.

Gamma(1,4) dagilmu hari¢ diger gamma dagilimlarinda, 6rmek hacimleri (5,5,5,5,5) ve
(7,7,7,7,7) i¢in L testinin diger testlerden biraz daha iyi deneysel I. tip hata oranlar1 verdigi, orta
biiyiikliikteki 6rnek hacimleri igin de L ve FK testlerinin nominal I. tip hata oranma yakin
sonuglar verdigi goriilmektedir. Gamma (1,4) dagilimda ise 6rnek hacimleri (7,7,7,7) hari¢ Fqy\o
ve L testleri deneysel I. tip hata oran1 bakimindan diger testlere gore daha iyi deneysel I. tip hata

oranlar verirken, drnek hacimleri (7,7,7,7) i¢in L testinin sonuglart daha iyi ¢ikmustir.
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Bu gizelgede ki-kare dagilimi i¢in, 6rnek hacimleri (5,5,5,5,5) ve (7,7,7,7,7) igin L testinin diger
testlere gore deneysel I. tip hata oran1 bakimindan biraz daha iyi sonuglar verdigi, orta
biiyiikliikteki 6rnek hacimleri i¢in de L ve FK testlerinin nominal 1. tip hata oranina daha yakin

sonuglar verdigi goriilmektedir.

Weibull dagilim i¢in, dikkate alinan tiim dmek hacimleri i¢in F,,, Ve L testlerinin deneysel

|. tip hata oranlar1 diger testlerin deneysel 1. tip hata oranlarindan daha iyi ¢ikmustir.

Cizelge 3.9. Nominal I. tip hata 0.10 ve k=5 iken Bartlett(B), Levene(L), Fligner-
Killeen(FK), Hartley(H) ve Fg,, (RMD) testleri igin deneysel ltip hata
oranlari

B L FK H RMD B L FK H RMD B L FK H RMD

n Normal Tekdiize Gamma (1,4)
5,5,5,5,5 0.098 0.013 0.006 0.098 0.013 | 0.031 0.004 0.002 0.045 0.006 | 0.467 0.035 0.015 0.420 0.026
71,777 0.098 0.028 0.020 0.099 0.018 | 0.019 0.010 0.010 0.032 0.007 | 0.535 0.059 0.051 0.494 0.027
10,10,10,10,10 | 0.099 0.062 0.062 0.100 0.020 | 0.014 0.040 0.042 0.020 0.009 | 0.588 0.090 0.134 0.552 0.034
15,15,15,15,15 | 0.100 0.070 0.064 0.100 0.022 | 0.008 0.052 0.043 0.009 0.011 | 0.627 0.091 0.141 0.603 0.041
20,20,20,20,20 | 0.100 0.073 0.080 0.101 0.023 | 0.006 0.054 0.055 0.007 0.013 | 0.648 0.095 0.166 0.628 0.048
25,25,25,25,25 | 0.101 0.078 0.082 0.103 0.025 | 0.004 0.059 0.056 0.004 0.015 | 0.673 0.096 0.172 0.643 0.050

Gamma (4,1) Gamma (2,3) Gamma (3,2)
5,5,5,5,5 0.189 0.015 0.006 0.167 0.009 | 0.279 0.023 0.008 0.245 0.013 | 0.219 0.020 0.008 0.191 0.011
71,777 0.216 0.033 0.022 0.201 0.013 | 0.341 0.048 0.036 0.298 0.018 | 0.260 0.037 0.030 0.229 0.016
10,10,10,10,10 | 0.247 0.066 0.064 0.223 0.022 | 0.386 0.083 0.091 0.346 0.033 | 0.290 0.070 0.075 0.267 0.020
15,15,15,15,15 | 0.266 0.076 0.075 0.255 0.027 | 0.411 0.085 0.101 0.417 0.038 | 0.330 0.082 0.093 0.305 0.022
20,20,20,20,20 | 0.286 0.080 0.087 0.264 0.032 | 0.452 0.087 0.102 0.423 0.039 | 0.341 0.084 0.096 0.323 0.025
25,25,25,25,25 | 0.289 0.083 0.090 0.280 0.034 | 0.463 0.092 0.114 0.438 0.040 | 0.362 0.087 0.100 0.343 0.033

Ki-kare (4 sd) Ki-kare (10 sd) Weibull (1,1)
5,5,5,5,5 0.288 0.024 0.010 0.241 0.021 | 0.166 0.018 0.009 0.153 0.010 | 0.470 0.032 0.016 0.422 0.023
7,771,177 0.329 0.047 0.034 0.306 0.022 | 0.191 0.034 0.026 0.167 0.014 | 0.533 0.053 0.050 0.503 0.032
10,10,10,10,10 | 0.377 0.077 0.092 0.356 0.024 | 0.206 0.070 0.072 0.188 0.020 | 0.588 0.090 0.128 0.553 0.040
15,15,15,15,15 | 0.422 0.083 0.097 0.409 0.032 | 0.238 0.074 0.083 0.209 0.024 | 0.629 0.092 0.150 0.604 0.043
20,20,20,20,20 | 0.444 0.089 0.110 0.430 0.036 | 0.248 0.080 0.089 0.222 0.028 | 0.649 0.094 0.172 0.628 0.051
25,25,25,25,25 | 0.460 0.092 0.112 0.442 0.038 | 0.256 0.083 0.092 0.224 0.029 | 0.672 0.095 0.175 0.644 0.053

Cizelge 3.9’daki normal dagilim i¢in simiilasyon sonuglarinda, goriildiigii gibi B ve H testlerinin
deneysel I. tip hata oranlar1 nominal I. tip hata oranina olduk¢a yakin ¢ikmistir. Diger testlerin

deneysel I. tip hata oranlar ise nominal I. tip hata oram bakimindan iyi ¢tkmamustir.

Bu ¢izelgede tekdiize dagilimi i¢in simiilasyon sonuglarinda, tiim testlerin nominal 1. tip hata
orani bakimindan iyi sonuclar vermedigi goriilmiistiir. Ornek hacimleri (5,5,5,5,5) ve (7,7,7,7,7)
iken B ve H testleri diger testlere gore biraz daha iyi sonuglar verirken, orta biiyiikliikteki 6rnek
hacimleri i¢in de L ve FK testleri diger testlere gore biraz daha iyi deneysel I. tip hata oranlari

vermislerdir.
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Gamma(1,4) dagilmu hari¢ diger gamma dagilmlar1 igin simiilasyon sonuglarinda, 6rnek
hacimleri (5,5,5,5,5) ve (7,7,7,7,7) iken L testinin diger testlere gore biraz daha i1yi sonuglar
verdigi, orta biiytikliikteki 6rnek hacimleri i¢in de L ve FK testlerinin daha iyi deneysel I. tip hata
oranlar verdigi gorilmektedir. Diger yandan gamma (1,4) dagilimi igin tiim 6rnek hacimlerinde

L testi diger testlere gore daha iyi deneysel I. tip hata oranlar1 vermislerdir.

Ki-kare dagilminda 6rnek hacimleri (5,5,5,5,5) ve (7,7,7,7,7) i¢in L testi diger testlere gore
deneysel . tip hata oranlar1 bakimindan biraz daha iyi sonuglar verirken, orta biiyiikliikteki 6rnek

hacimleri i¢in de L ve FK testleri nominal I. tip hata oranina daha yakin sonuglar vermislerdir.

Bu cizelgede weibull dagilim i¢in dikkate alinan tiim 6rnek hacimleri icin L testi diger testlere

gore daha iyi deneysel I. tip hata oranlar1 vermislerdir.
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Cizelge 3.10. Nominal I. tip hata 0.05 ve k=2 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F;,p (RMD) testleri icin

deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o’ n Normal Tekdiize Gamma (1,4)

55 0.060 0.009 0.000 0.065 0.020 0.025 0.006 0.000 0.025 0.011 0.179 0.016 0.000 0.187 0.040

7,7 0.070 0.026 0.018 0.071 0.023 0.027 0.018 0.017 0.027 0.015 0.222 0.033 0.033 0.219 0.047

1:1.5 10,10 0.085 0.065 0.056 0.085 0.036 0.032 0.066 0.052 0.030 0.028 0.257 0.060 0.084 0.257 0.057
15,15 0.113 0.070 0.066 0.103 0.050 0.035 0.072 0.081 0.037 0.036 0.284 0.065 0.088 0.300 0.062

20,20 0.138 0.105 0.096 0.135 0.065 0.050 0.116 0.131 0.048 0.056 0.323 0.078 0.111 0.316 0.065

25,25 0.153 0.120 0.116 0.163 0.072 0.063 0.154 0.175 0.063 0.073 0.340 0.092 0.133 0.335 0.070

55 0.084 0.011 0.000 0.087 0.022 0.050 0.009 0.000 0.050 0.018 0.205 0.017 0.000 0.214 0.042

7,7 0.116 0.036 0.029 0.114 0.034 0.056 0.035 0.027 0.055 0.030 0.258 0.048 0.044 0.264 0.060

1:2 10,10 0.162 0.103 0.094 0.158 0.066 0.074 0.124 0.115 0.080 0.056 0.304 0.084 0.116 0.309 0.086
15,15 0.237 0.147 0.132 0.240 0.103 0.139 0.189 0.193 0.145 0.102 0.364 0.107 0.130 0.368 0.093

20,20 0.313 0.227 0.208 0.298 0.138 0.226 0.322 0.338 0.227 0.166 0.413 0.131 0.184 0.411 0.114

25,25 0.386 0.286 0.271 0.376 0.184 0.316 0.407 0.448 0.323 0.230 0.450 0.160 0.215 0.453 0.125

55 0.106 0.015 0.000 0.114 0.027 0.067 0.012 0.000 0.068 0.025 0.234 0.021 0.000 0.227 0.046

7,7 0.166 0.053 0.038 0.161 0.052 0.089 0.055 0.047 0.098 0.044 0.297 0.052 0.057 0.300 0.076

1:25 10,10 0.250 0.145 0.139 0.247 0.102 0.166 0.192 0.191 0.156 0.100 0.362 0.108 0.147 0.360 0.112
15,15 0.378 0.255 0.221 0.385 0.160 0.314 0.327 0.323 0.321 0.196 0.443 0.142 0.185 0.448 0.142

20,20 0.486 0.380 0.342 0.495 0.238 0.493 0.523 0.525 0.484 0.313 0.512 0.195 0.267 0.508 0.172

25,25 0.597 0.468 0.440 0.588 0.308 0.643 0.646 0.664 0.639 0.424 0.561 0.260 0.327 0.563 0.205

55 0.144 0.020 0.000 0.146 0.040 0.093 0.018 0.000 0.098 0.030 0.264 0.025 0.000 0.260 0.051

7,7 0.219 0.075 0.058 0.224 0.070 0.144 0.081 0.065 0.148 0.058 0.342 0.068 0.068 0.323 0.090

1:3 10,10 0.335 0.218 0.193 0.342 0.135 0.272 0.266 0.250 0.270 0.140 0.420 0.127 0.178 0.423 0.137
15,15 0.511 0.336 0.311 0.510 0.237 0.511 0.464 0.450 0.520 0.280 0.511 0.195 0.239 0.513 0.172

20,20 0.646 0.509 0.469 0.644 0.340 0.725 0.677 0.659 0.708 0.434 0.582 0.274 0.345 0.590 0.230

25,25 0.754 0.630 0.588 0.746 0.435 0.853 0.799 0.795 0.844 0.575 0.648 0.347 0.433 0.655 0.263

55 | 0.175 0.027 0.000 0.177 0.045 | 0.117 0.023 0.000 0.120 0.036 | 0.284 0.026 0.000 0.291 0.055

7.7 | 0.272 0.094 0.064 0.273 0.087 | 0.201 0.104 0.081 0.198 0.080 | 0.364 0.075 0.079 0.373 0.102

1:35 10,10 0.415 0.257 0.243 0.432 0.180 0.381 0.347 0.309 0.383 0.192 0.462 0.167 0.217 0.459 0.160
1515 | 0.625 0.427 0.402 0.605 0.307 | 0.672 0.466 0.541 0.679 0.375 | 0.570 0.238 0.295 0.572 0.215

20,20 | 0.763 0.624 0.567 0.760 0.426 | 0.860 0.786 0.760 0.860 0.555 | 0.649 0.341 0.425 0.657 0.278

25,25 0.854 0.734 0.694 0.847 0.540 0.945 0.891 0.878 0.946 0.700 0.726 0.418 0.498 0.727 0.330

ol n Gamma (4,1) Gamma (2,3) Gamma (3,2)

55 0.085 0.007 0.000 0.089 0.025 0.118 0.011 0.000 0.117 0.030 0.093 0.009 0.000 0.096 0.024

7,7 0.106 0.025 0.022 0.110 0.030 0.142 0.027 0.025 0.146 0.051 0.119 0.028 0.024 0.119 0.035

1:1.5 10,10 0.137 0.062 0.062 0.134 0.044 0.173 0.059 0.071 0.179 0.055 0.150 0.055 0.069 0.151 0.047
15,15 0.173 0.073 0.070 0.168 0.054 0.220 0.075 0.075 0.216 0.060 0.184 0.072 0.089 0.189 0.060

20,20 0.196 0.096 0.096 0.203 0.067 0.245 0.088 0.106 0.251 0.066 0.215 0.092 0.103 0.220 0.065

25,25 0.226 0.112 0.110 0.224 0.076 0.260 0.101 0.117 0.269 0.080 0.237 0.107 0.113 0.242 0.073

55 0.111 0.012 0.000 0.115 0.032 0.143 0.014 0.000 0.144 0.032 0.127 0.012 0.000 0.121 0.030

7,7 0.153 0.038 0.033 0.157 0.045 0.199 0.044 0.033 0.194 0.040 0.166 0.042 0.034 0.161 0.052

1:2 10,10 0.203 0.099 0.095 0.202 0.074 0.239 0.096 0.102 0.240 0.078 0.224 0.095 0.099 0.212 0.078
15,15 0.275 0.132 0.134 0.278 0.100 0.312 0.123 0.134 0.317 0.102 0.294 0.125 0.133 0.290 0.102

20,20 0.337 0.202 0.194 0.341 0.134 0.363 0.170 0.197 0.385 0.134 0.358 0.187 0.196 0.368 0.131

25,25 0.403 0.241 0.245 0.405 0.172 0.424 0.207 0.240 0.423 0.160 0.417 0.227 0.235 0.412 0.160

55 0.147 0.017 0.000 0.145 0.036 0.177 0.020 0.000 0.184 0.040 0.159 0.020 0.000 0.155 0.040

7,7 0.200 0.054 0.044 0.209 0.060 0.242 0.052 0.049 0.249 0.050 0.217 0.052 0.047 0.226 0.065

1:25 10,10 0.289 0.134 0.140 0.284 0.103 0.307 0.125 0.139 0.317 0.118 0.297 0.129 0.145 0.299 0.102
15,15 0.406 0.206 0.211 0.405 0.156 0.409 0.183 0.190 0.411 0.145 0.412 0.201 0.210 0.412 0.160

20,20 0.494 0.312 0.301 0.489 0.220 0.502 0.270 0.291 0.493 0.198 0.496 0.292 0.307 0.492 0.230

25,25 0.577 0.391 0.387 0.572 0.270 0.568 0.338 0.367 0.563 0.250 0.569 0.368 0.377 0.576 0.271

55 0.173 0.020 0.000 0.185 0.043 0.209 0.022 0.000 0.211 0.050 0.188 0.024 0.000 0.187 0.045

7,7 0.260 0.070 0.055 0.253 0.084 0.289 0.067 0.063 0.287 0.085 0.273 0.070 0.057 0.274 0.082

1:3 10,10 0.366 0.177 0.181 0.353 0.141 0.387 0.162 0.181 0.383 0.150 0.376 0.172 0.187 0.371 0.138
15,15 0.508 0.302 0.285 0.497 0.215 0.507 0.257 0.263 0.499 0.203 0.496 0.282 0.280 0.513 0.213

20,20 0.623 0.430 0.430 0.613 0.313 0.597 0.363 0.397 0.598 0.270 0.607 0.404 0.416 0.612 0.289

25,25 0.700 0.525 0.515 0.710 0.395 0.674 0.450 0.472 0.675 0.350 0.700 0.507 0.507 0.699 0.370

55 0.210 0.027 0.000 0.208 0.048 0.232 0.025 0.000 0.242 0.054 0.214 0.027 0.000 0.219 0.060

7,7 0.308 0.087 0.073 0.306 0.093 0.336 0.084 0.077 0.335 0.098 0.312 0.096 0.073 0.315 0.100

1:35 10,10 0.431 0.229 0.230 0.428 0.184 0.454 0.193 0.224 0.447 0.170 0.436 0.215 0.221 0.430 0.175
15,15 0.591 0.368 0.356 0.592 0.276 0.590 0.316 0.332 0.583 0.255 0.593 0.350 0.356 0.583 0.266

20,20 0.706 0.531 0.521 0.706 0.385 0.695 0.459 0.482 0.682 0.352 0.701 0.507 0.500 0.697 0.382

25,25 0.792 0.644 0.630 0.794 0.480 0.761 0.554 0.578 0.762 0.430 0.781 0.618 0.615 0.789 0.465
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Cizelge 3.10. (devam) Nominal 1. tip hata 0.05 ve k=2 iken Bartlett testi(B), Levene
testi(L), Fligner-Killeen testi(FK), Hartley testi(H) ve Fg,,, (RMD) testleri

icin deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o N Ki-kare(4 sd'li) Ki-kare(10 sd’li) Weibull(1,1)
55 | 0.416 0.033 0.000 0.419 0.080 | 0.417 0.032 0.000 0.410 0.081 | 0.193 0.014 0.000 0.179 0.032
77 | 0438 0.048 0.086 0.451 0.113 | 0.454 0.052 0.086 0.444 0.107 | 0.217 0.032 0.034 0.221 0.043
1:15 10,10 | 0.469 0.078 0.218 0.476 0.120 | 0.472 0.077 0.215 0.472 0.124 | 0.258 0.061 0.087 0.261 0.052
1515 | 0.501 0.080 0.221 0506 0.130 | 0.506 0.078 0.219 0.493 0.128 | 0.301 0.064 0.088 0.297 0.056
20,20 | 0,514 0.097 0.318 0.510 0.136 | 0.524 0.094 0.323 0.517 0.130 | 0.327 0.078 0.115 0.322 0.063
2525 | 0527 0.109 0.351 0.534 0.140 | 0.525 0.104 0.349 0.524 0.135 | 0.348 0.088 0.130 0.341 0.065
55 | 0.430 0.047 0.000 0.434 0.091 | 0.427 0.050 0.000 0.417 0.087 | 0.205 0.018 0.000 0.210 0.035
77 | 0460 0.085 0.119 0.461 0.142 | 0.464 0.082 0.114 0.470 0.146 | 0.255 0.041 0.049 0.261 0.047
12 10,10 | 0.490 0.126 0.294 0.492 0.186 | 0.489 0.127 0.298 0.491 0.184 | 0.315 0.085 0.117 0.314 0.069
1515 | 0533 0.162 0.341 0535 0.190 | 0.532 0.162 0.333 0.531 0.188 | 0.368 0.097 0.139 0.368 0.080
20,20 | 0.552 0.197 0.489 0.558 0.208 | 0.567 0.200 0.487 0.563 0.200 | 0.413 0.136 0.184 0.410 0.102
2525 | 0.582 0.238 0.564 0.581 0.215 | 0.573 0.244 0.553 0573 0.216 | 0.452 0.172 0.212 0.453 0.110
55 | 0.446 0.065 0.000 0.440 0.104 | 0.446 0.056 0.000 0.439 0.098 | 0.234 0.024 0.000 0.233 0.037
77 | 0491 0.110 0.151 0.480 0.168 | 0.486 0.113 0.158 0.490 0.177 | 0.282 0.056 0.055 0.301 0.057
1:25 10,10 | 0.521 0.189 0.367 0.527 0.239 | 0.535 0.185 0.370 0.533 0.238 | 0.367 0.111 0.153 0.374 0.083
1515 | 0.575 0.248 0.456 0.574 0.266 | 0.567 0.244 0.457 0.573 0.270 | 0.457 0.148 0.192 0.444 0.108
20,20 | 0.608 0.319 0.621 0.613 0.309 | 0.612 0.329 0.623 0.616 0.300 | 0.511 0.196 0.267 0.510 0.140
2525 | 0.631 0.388 0.707 0.634 0.340 | 0.633 0.389 0.708 0.650 0.340 | 0.565 0.248 0.324 0.560 0.170
55 | 0.466 0.074 0.000 0.463 0.115 | 0.466 0.080 0.000 0.461 0.120 | 0.253 0.024 0.000 0.233 0.039
77 | 0512 0.150 0.180 0.514 0.205 | 0.525 0.148 0.188 0.516 0.200 | 0.336 0.064 0.068 0.335 0.067
13 10,10 | 0.560 0.245 0.446 0.563 0.291 | 0.567 0.249 0.435 0.575 0.295 | 0.415 0.132 0.180 0.417 0.104
15,15 | 0.620 0.335 0.540 0.620 0.339 | 0.618 0.339 0.554 0.624 0.350 | 0.508 0.192 0.246 0.510 0.150
20,20 | 0.657 0.436 0.729 0.661 0.403 | 0.660 0.431 0.720 0.656 0.400 | 0.589 0.280 0.351 0.592 0.193
2525 | 0.698 0.515 0.817 0.700 0.446 | 0.691 0.514 0.805 0.701 0.460 | 0.647 0.335 0.416 0.654 0.232
55 | 0.488 0.092 0.000 0.490 0.123 | 0.485 0.084 0.000 0.483 0.127 | 0.286 0.030 0.000 0.284 0.041
7,7 | 0538 0.177 0.217 0543 0.236 | 0.534 0.175 0.218 0.548 0.230 | 0.374 0.077 0.078 0.366 0.074
1:35 10,10 | 0.591 0.302 0.502 0.588 0.303 | 0.599 0.302 0.502 0.600 0.332 | 0.463 0.160 0.217 0.459 0.132
1515 | 0.657 0.420 0.619 0.657 0.405 | 0.663 0.419 0.632 0.663 0.415 | 0.577 0.240 0.299 0.578 0.183
20,20 | 0.705 0.540 0.791 0.706 0.491 | 0.709 0.535 0.799 0.705 0.478 | 0.656 0.339 0.413 0.663 0.243
2525 | 0.745 0.621 0.871 0.744 0.555 | 0.743 0.627 0.872 0.741 0.560 | 0.717 0.427 0.517 0.720 0.300

Cizelge 3.10°daki normal dagilim i¢in verilen simiilasyon sonuglarinda, dikkate alinan tiim
varyans degerleri ve ornek hacimleri i¢cin B ve H testlerinin diger testlere gore deneysel

giic bakimindan daha iyi sonuglar verdigi gortilmektedir.

Ancak tekdiize dagilim i¢in sonuglar oldukc¢a farklidir. Varyanslar (1:1.5), (1:2) ve (1:2.5)
ve ornek hacimleri (5,5) ve (7,7) iken B ve H testleri diger testlere gore deneysel gii¢
bakimindan daha iyi sonuglar vermistir. Diger yandan bu varyans durumlar i¢in 6rnek
hacimleri orta biiyiikliikte iken L ve FK testleri daha biiyiikk deneysel giic degerleri
vermistir. Bu dagilimda varyanslar (1:3) ve (1:3.5) iken normal dagilimda oldugu gibi B ve

H testleri deneysel gii¢ bakimindan diger testlere gore daha iyi sonuglar vermislerdir.

Gamma dagiliminda tiim varyans degerleri ve 6rnek hacimleri i¢in B ve H testlerinin

deneysel glic bakimindan diger testlere gore daha iyi sonuglar verdigi goriilmektedir.
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Ki-kare dagiliminda varyanslarin (1:1.5) ve (1:2) oldugu durumda tiim 6rnek hacimleri i¢in
B ve H testleri deneysel gii¢ bakimindan daha iyi sonuglar vermistir. Varyanslar (1:2.5),
(1:3), (1:3.5) ve ornek hacimleri (5,5), (7,7), (10,10) ve (15,15) icin B ve H testlerinin
diger testlere gore daha iyi sonuglar verdigi, 6rnek hacimleri (20,20) ve (25,25) i¢in de FK

testinin deneysel gii¢ bakimindan daha iyi sonuglar verdigi goriilmektedir.

Bu cizelgede weibull dagilimi i¢in simiilasyon sonuclarinda, tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan diger testlere gére daha

iyi sonuglar verdigi goriilmektedir.
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Cizelge 3.11. Nominal I. tip hata 0.10 ve k=2 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F;,p (RMD) testleri icin

deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o n Normal Tekdiize Gamma (1,4)

55 0.117 0.030 0.026 0.123 0.041 | 0.062 0.025 0.027 0.065 0.031 | 0.278 0.046 0.051 0.278 0.078
1,7 0.135 0.062 0.062 0.128 0.062 0.066 0.051 0.052 0.066 0.033 0.322 0.080 0.084 0.316 0.088
1:15 10,10 | 0.153 0.118 0.112 0.153 0.067 | 0.072 0.117 0.121 0.070 0.060 | 0.341 0.120 0.151 0.350 0.102
15,15 | 0.184 0.143 0.134 0.187 0.078 | 0.089 0.145 0.160 0.091 0.067 | 0.383 0.121 0.158 0.375 0.105
20,20 0.223 0.182 0.177 0.218 0.109 0.113 0.206 0.234 0.119 0.109 0.418 0.144 0.195 0.402 0.107
25,25 | 0.249 0.211 0.191 0.253 0.131 | 0.151 0.244 0.287 0.153 0.155 | 0.421 0.155 0.204 0.423 0.110
55 0.166 0.044 0.035 0.151 0.066 0.101 0.034 0.037 0.101 0.050 0.292 0.057 0.053 0.297 0.089
1,7 0.193 0.092 0.089 0.200 0.084 0.117 0.086 0.084 0.119 0.056 0.351 0.104 0.101 0.360 0.109
1:2 10,10 | 0.260 0.188 0.178 0.259 0.119 | 0.165 0.213 0.216 0.164 0.116 | 0.406 0.151 0.195 0.397 0.155
15,15 0.340 0.263 0.248 0.349 0.167 0.280 0.310 0.331 0.274 0.186 0.452 0.187 0.219 0.464 0.169
20,20 0.423 0.345 0.335 0.432 0.237 0.398 0.456 0.480 0.390 0.269 0.497 0.230 0.282 0.501 0.177
25,25 | 0.506 0.417 0.384 0.509 0.258 | 0.503 0.559 0.584 0.506 0.373 | 0.538 0.270 0.326 0.529 0.200
55 0.205 0.063 0.046 0.202 0.067 | 0.140 0.053 0.042 0.137 0.055 | 0.338 0.068 0.066 0.329 0.107
7,7 0.273 0.135 0.121 0.269 0.128 | 0.189 0.133 0.129 0.186 0.083 | 0.399 0.120 0.128 0.398 0.138
1:25 10,10 0.367 0.259 0.253 0.361 0.177 0.308 0.312 0.317 0.302 0.179 0.447 0.195 0.241 0.466 0.153
15,15 | 0.501 0.393 0.354 0.502 0.263 | 0.508 0.488 0.491 0.503 0.319 | 0.531 0.254 0.293 0.526 0.204
20,20 | 0.626 0.520 0.484 0.621 0.341 | 0.683 0.670 0.662 0.680 0.443 | 0.587 0.319 0.391 0.590 0.269
25,25 | 0.708 0.615 0.584 0.721 0.440 | 0.768 0.785 0.781 0.775 0.559 | 0.642 0.378 0.442 0.641 0.300
55 0.249 0.074 0.055 0.247 0.097 | 0.189 0.063 0.056 0.188 0.071 | 0.364 0.078 0.074 0.357 0.105
7,7 0.338 0.175 0.152 0.339 0.146 | 0.275 0.183 0.172 0.281 0.150 | 0.427 0.143 0.148 0.426 0.129
1:3 10,10 | 0.463 0.348 0.323 0.475 0.248 | 0.450 0.416 0.397 0.448 0.246 | 0.517 0.236 0.284 0.511 0.201
15,15 | 0.632 0.507 0.460 0.633 0.366 | 0.692 0.622 0.612 0.701 0.402 | 0.587 0.312 0.361 0.594 0.226
20,20 | 0.766 0.643 0.607 0.753 0.457 | 0.853 0.798 0.789 0.855 0.610 | 0.664 0.408 0.473 0.667 0.302
25,25 | 0.841 0.753 0.719 0.842 0.565 | 0.927 0.889 0.885 0.928 0.707 | 0.727 0.480 0.5400.714 0.375
55 0.290 0.084 0.069 0.291 0.098 | 0.231 0.085 0.073 0.235 0.088 | 0.388 0.090 0.085 0.384 0.115
7,7 0.406 0.209 0.181 0.405 0.188 | 0.367 0.235 0.213 0.372 0.159 | 0.470 0.161 0.163 0.466 0.168
1:35 10,10 | 0.550 0.415 0.383 0.556 0.284 | 0.581 0.502 0.470 0.582 0.303 | 0.554 0.272 0.322 0.554 0.258
15,15 | 0.732 0.596 0.550 0.732 0.403 | 0.828 0.730 0.694 0.829 0.507 | 0.653 0.381 0.426 0.647 0.294
20,20 | 0.837 0.752 0.712 0.843 0.567 | 0.939 0.874 0.858 0.935 0.673 | 0.725 0.492 0.545 0.725 0.378
25,25 | 0.915 0.846 0.808 0.916 0.645 | 0.979 0.950 0.935 0.979 0.805 | 0.781 0.581 0.633 0.787 0.468
o n Gamma (4,1) Gamma (2,3) Gamma (3,2)

55 | 0.155 0.040 0.032 0.156 0.053 | 0.207 0.039 0.037 0.199 0.054 | 0.171 0.039 0.035 0.171 0.055
77 | 0.183 0.069 0.064 0.191 0.055 | 0.233 0.077 0.079 0.228 0.071 | 0.189 0.070 0.070 0.198 0.061
115 10,10 | 0.211 0.117 0.122 0.212 0.078 | 0.273 0.117 0.136 0.267 0.077 | 0.238 0.112 0.123 0.230 0.095
1515 | 0.256 0.135 0.137 0.250 0.100 | 0.303 0.131 0.143 0.302 0.103 | 0.272 0.133 0.134 0.267 0.103
20,20 | 0.284 0.166 0.177 0.282 0.110 | 0.329 0.163 0.182 0.343 0.116 | 0.307 0.161 0.178 0.301 0.110
2525 | 0.319 0.199 0.198 0.321 0.138 | 0.366 0.179 0.196 0.358 0.129 | 0.329 0.188 0.197 0.333 0.115
55 | 0.193 0.051 0.040 0.199 0.068 | 0.230 0.054 0.046 0.235 0.075 | 0.218 0.050 0.044 0.206 0.069
7.7 | 0.246 0.102 0.097 0.241 0.091 | 0.282 0.096 0.098 0.284 0.089 | 0.259 0.099 0.099 0.253 0.088
12 10,10 | 0.300 0.175 0.186 0.306 0.148 | 0.339 0.166 0.189 0.339 0.144 | 0.308 0.175 0.184 0.317 0.116
1515 | 0.383 0.238 0.234 0.381 0.160 | 0.399 0.217 0.222 0.414 0.175 | 0.393 0.238 0.226 0.388 0.149
20,20 | 0.445 0.313 0.311 0.459 0.211 | 0.473 0.278 0.300 0.474 0.197 | 0.458 0.300 0.305 0.457 0.221
2525 | 0511 0.376 0.369 0.504 0.259 | 0.510 0.326 0.340 0.516 0.224 | 0.514 0.356 0.354 0.512 0.259
55 | 0.238 0.059 0.054 0.237 0.084 | 0.278 0.065 0.056 0.274 0.082 | 0.248 0.062 0.050 0.253 0.085
77 | 0311 0.128 0.119 0.305 0.113 | 0.336 0.128 0.125 0.336 0.117 | 0.325 0.133 0.120 0.320 0.135
1:25 10,10 | 0.393 0.236 0.239 0.392 0.190 | 0.418 0.224 0.240 0.409 0.177 | 0.396 0.228 0.247 0.407 0.184
1515 | 0503 0.341 0.332 0.513 0.254 | 0.516 0.303 0.319 0.517 0.231 | 0.506 0.332 0.323 0.507 0.229
20,20 | 0597 0.453 0.440 0.597 0.316 | 0.593 0.396 0.426 0.587 0.312 | 0.601 0.432 0.444 0.595 0.300
2525 | 0.677 0.541 0.536 0.674 0.416 | 0.653 0.480 0.489 0.655 0.331 | 0.669 0.515 0.509 0.664 0.387
55 | 0.271 0.072 0.061 0.285 0.085 | 0.317 0.080 0.068 0.308 0.091 | 0.294 0.078 0.063 0.286 0.103
77 | 0.366 0.167 0.162 0.371 0.135 | 0.397 0.158 0.152 0.391 0.148 | 0.370 0.162 0.153 0.372 0.130
13 10,10 | 0.479 0.301 0.311 0.477 0.209 | 0.484 0.271 0.297 0.479 0.192 | 0.482 0.295 0.310 0.484 0.216
1515 | 0.613 0.437 0.433 0.614 0.319 | 0.602 0.391 0.403 0.604 0.278 | 0.609 0.424 0.423 0.612 0.328
20,20 | 0.700 0.571 0.569 0.706 0.441 | 0.691 0.513 0.523 0.687 0.413 | 0.702 0.559 0.542 0.703 0.383
2525 | 0.792 0.678 0.660 0.782 0.480 | 0.752 0.599 0.607 0.756 0.445 | 0.773 0.653 0.644 0.770 0.495
55 | 0.321 0.089 0.074 0.321 0.107 | 0.350 0.089 0.077 0.336 0.102 | 0.326 0.091 0.075 0.337 0.110
77 | 0.432 0203 0.182 0.428 0.161 | 0.449 0.184 0.183 0.443 0.174 | 0.434 0.184 0.179 0.436 0.184
1:35 10,10 | 0.544 0.370 0.357 0.557 0.276 | 0.547 0.336 0.341 0.547 0.278 | 0.539 0.355 0.356 0.551 0.246
1515 | 0.695 0.532 0.518 0.693 0.373 | 0.680 0.476 0.472 0.674 0.350 | 0.689 0.513 0.490 0.692 0.381
20,20 | 0.791 0.665 0.653 0.795 0.505 | 0.755 0.606 0.618 0.766 0.462 | 0.787 0.645 0.637 0.782 0.479
2525 | 0.856 0.771 0.754 0.862 0.623 | 0.823 0.710 0.703 0.829 0.553 | 0.843 0.749 0.739 0.851 0.604
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Cizelge 3.11. (devam) Nominal I. tip hata 0.10 ve k =2 iken Bartlett testi(B), Levene
testi(L), Fligner-Killeen testi(FK), Hartley testi(H) ve Fg,,; (RMD) testleri

icin deneysel gii¢ degerleri

o2 N Ki-kare(d sdl) Ki-kare(10 sd’li) Weibuli(1,1)

55 | 0.504 0.087 0.104 0.507 0.137 | 0.503 0.076 0.100 0.511 0.153 | 0.278 0.047 0.049 0.284 0.065
77 | 0533 0.105 0.147 0.537 0.149 | 0.534 0.114 0.155 0.535 0.158 | 0.319 0.086 0.086 0.309 0.078
115 10,10 | 0.554 0.141 0.325 0.560 0.160 | 0.555 0.142 0.328 0.549 0.162 | 0.354 0.121 0.153 0.350 0.103
1515 | 0.580 0.153 0.330 0.573 0.165 | 0.582 0.152 0.334 0.575 0.165 | 0.383 0.128 0.163 0.386 0.110
20,20 | 0590 0.177 0.430 0.599 0.173 | 0.590 0.171 0.431 0.587 0.170 | 0.406 0.144 0.197 0.405 0.115
2525 | 0595 0.204 0.467 0.605 0.181 | 0.596 0.191 0.476 0.608 0.174 | 0.433 0.156 0.210 0.430 0.119
55 | 0.508 0.109 0.126 0.514 0.169 | 0.510 0.114 0.126 0.509 0.168 | 0.301 0.061 0.057 0.305 0.075
77 | 0546 0.152 0.195 0.547 0.215 | 0.548 0.161 0.202 0.543 0.210 | 0.347 0.097 0.102 0.359 0.082
12 10,10 | 0571 0.215 0.411 0.570 0.244 | 0570 0.220 0.415 0.569 0.220 | 0.403 0.155 0.201 0.405 0.105
1515 | 0.610 0.263 0.466 0.601 0.255 | 0.611 0.259 0.471 0.602 0.228 | 0.459 0.196 0.226 0.460 0.122
20,20 | 0.627 0.314 0.606 0.624 0.270 | 0.628 0.314 0.602 0.618 0.265 | 0.506 0.235 0.286 0.514 0.154
2525 | 0.642 0.348 0.670 0.638 0.306 | 0.643 0.354 0.676 0.647 0.281 | 0.542 0.263 0.337 0.543 0.172
55 | 0524 0.141 0.145 0.520 0.161 | 0.519 0.139 0.146 0.528 0.168 | 0.338 0.067 0.065 0.326 0.073
77 | 0567 0.208 0.249 0.562 0.249 | 0.570 0.211 0.252 0.564 0.216 | 0.388 0.125 0.126 0.392 0.117
1:25 10,10 | 0.604 0.302 0.500 0.608 0.306 | 0.606 0.305 0.501 0.601 0.323 | 0.461 0.199 0.249 0.456 0.143
1515 | 0.643 0.374 0.589 0.646 0.316 | 0.635 0.373 0591 0.645 0.357 | 0.538 0.249 0.302 0.539 0.171
20,20 | 0.668 0.457 0.733 0.678 0.382 | 0.670 0.454 0.731 0.665 0.408 | 0.588 0.327 0.385 0.594 0.221
2525 | 0.700 0.506 0.801 0.696 0.435 | 0.696 0.505 0.801 0.694 0.433 | 0.635 0.382 0.441 0.635 0.272
55 | 0548 0.161 0.173 0.535 0.199 | 0.542 0.163 0.173 0.546 0.216 | 0.362 0.076 0.078 0.358 0.080
77 | 0591 0.262 0.297 0.585 0.325 | 0.599 0.254 0.303 0.593 0.288 | 0.440 0.136 0.150 0.436 0.122
13 10,10 | 0.627 0.371 0571 0.628 0.385 | 0.638 0.366 0.565 0.631 0.370 | 0.507 0.236 0.286 0.512 0.167
1515 | 0.684 0.471 0.681 0.686 0.447 | 0.677 0.485 0.680 0.677 0.429 | 0.598 0.326 0.359 0.589 0.214
20,20 | 0.718 0.572 0.824 0.719 0.479 | 0.721 0.576 0.816 0.721 0.497 | 0.669 0.410 0.468 0.660 0.277
2525 | 0.755 0.640 0.881 0.750 0.555 | 0.742 0.644 0.880 0.732 0.531 | 0.718 0.480 0.550 0.716 0.345
55 | 0.565 0.187 0.187 0.570 0.235 | 0.570 0.193 0.185 0.566 0.231 | 0.389 0.091 0.083 0.388 0.093
7,7 | 0.619 0.305 0.349 0.611 0.329 | 0.613 0.309 0.340 0.615 0.336 | 0.468 0.159 0.162 0.468 0.133
1:35 10,10 | 0.663 0.434 0.627 0.669 0.417 | 0.663 0.437 0.622 0.673 0.439 | 0.559 0.275 0.327 0.549 0.191
1515 | 0.713 0.559 0.751 0.726 0.497 | 0.716 0.562 0.750 0.709 0.510 | 0.655 0.382 0.418 0.652 0.263
20,20 | 0.760 0.667 0.874 0.758 0.584 | 0.759 0.672 0.878 0.761 0.610 | 0.728 0.488 0.544 0.721 0.347
2525 | 0.786 0.739 0.928 0.787 0.690 | 0.791 0.737 0.926 0.802 0.628 | 0.782 0.573 0.630 0.784 0.433

Cizelge 3.11°de normal dagilim i¢in verilen simiilasyon sonuglarinda, dikkate alinan tiim
varyans degerleri ve 6rnek hacimleri i¢in B ve H testlerinin deneysel giic bakimindan diger

testlere gore daha iyi sonuclar verdikleri goriilmektedir.

Bu cizelgede tekdiize dagilim icin simiilasyon sonuglarinda, varyanslar (1:1.5), (1:2) ve
ornek hacimleri (5,5) ve (7,7) iken B ve H testleri deneysel gii¢ degerleri bakimindan diger
testlere gore daha iyi sonuglar vermistir. Diger yandan ayni varyans durumlari i¢in 6rnek
hacimleri orta biiyiikliikte iken L ve FK testleri daha iyi deneysel gii¢ degerleri vermistir.
Bu dagilimda varyanslar (1:2.5) ve 6rnek hacimleri (5,5), (7,7), (15,15), (20,20) iken B ve
H testleri diger testlere gore daha i1yi deneysel giic degerleri verirken, 6rnek hacimleri
(10,10), (25,25) iken L ve FK testleri daha iyi sonuglar vermistir. Varyanslar (1:3), (1:3.5)
oldugunda ise dikkate alinan tiim 6rnek hacimleri i¢in B ve H testleri daha iyi sonuglar

vermiglerdir.
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Gamma dagilimi i¢in dikkate alinan tiim varyans degerleri ve 6rnek hacimleri i¢in B ve H

testlerinin deneysel gii¢ degerleri diger testlere gore daha iyi ¢ikmustir.

Ki-kare dagilimi ig¢in varyanslar (1:1.5) oldugu durumda dikkate alinan tiim Ornek
hacimleri i¢in B ve H testleri diger testlere gore deneysel giic bakimindan daha iyi sonuglar
vermiglerdir. Varyanslar (1:2) oldugunda 6rnek hacimleri (5,5), (7,7), (10,10), (15,15),
(20,20) i¢in B ve H testlerinin sonuglar1 diger testlerden daha iyi ¢ikarken, 6rnek hacimleri
(25,25) i¢in de FK testi deneysel giic bakimindan daha iyi sonuglar vermistir. Varyanslar
(2:2.5) ve (1:3) oldugunda 6rnek hacimleri (5,5), (7,7), (10,10) ve (15,15) iken B ve H
testleri daha iyi sonuglar verirken, 6rnek hacimleri (20,20) ve (25,25) iken FK testi
deneysel gii¢ bakimindan daha iyi sonuglar vermektedir. Diger yandan varyanslar (1:3.5)
ve oOrnek hacimleri (5,5), (7,7), (10,10) iken B ve H testleri deneysel gii¢ degerleri
bakimindan diger testlere gore daha iyi sonuglar verirken, ayni varyans durumlart igin

ornek hacimleri (15,15), (20,20), (25,25) iken FK testi daha iyi sonuglar vermektedir.

Weibull dagilimi i¢gin simiilasyon sonug¢larinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan diger testlere gére daha

iyi sonuglar verdigi goriilmektedir.
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Cizelge 3.12. Nominal 1. tip hata 0.05 ve k=3 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F;,p (RMD) testleri icin

deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o n Normal Tekdiize Gamma (1,4)

555  [0.097 0.012 0.000 0.092 0.008 [0.047 0.007 0.000 0.048 0.005 [0.282 0.024 0.000 0.277 0.016
777  [0.138 0.038 0.021 0.126 0.016 [0.055 0.031 0.023 0.051 0.014 [0.361 0.043 0.032 0.347 0.040
1:15:25 10,10,10 {0.199 0.118 0.096 0.181 0.045 [0.083 0.148 0.126 0.075 0.037 [0.436 0.090 0.130 0.419 0.059
15,1515 {0.293 0.182 0.156 0.284 0.083 [0.163 0.230 0.234 0.153 0.085 [0.511 0.110 0.151 0.509 0.073
20,20,20 [0.404 0.285 0.255 0.390 0.125 [0.296 0.403 0.424 0.329 0.160 [0.572 0.160 0.229 0.565 0.090
252525 (0.493 0.369 0.342 0.487 0.180 [0.428 0.530 0.556 0.420 0.240 [0.626 0.187 0.274 0.617 0.111

555  [0.115 0.012 0.000 0.111 0.010 [0.054 0.008 0.000 0.057 0.007 [0.319 0.024 0.001 0.293 0.012

777  [0.165 0.046 0.028 0.167 0.027 (0.072 0.033 0.027 0.076 0.020 [0.392 0.048 0.038 0.381 0.043
1:2:3 10,10,10 {0.253 0.140 0.128 0.243 0.065 [0.117 0.187 0.166 0.135 0.055 [0.478 0.100 0.160 0.472 0.074
15,1515 [0.405 0.236 0.206 0.401 0.125 [0.276 0.323 0.313 0.291 0.140 [0.572 0.140 0.192 0.570 0.102
20,20,20 {0.535 0.382 0.356 0.533 0.196 (0.479 0.545 0.546 0.504 0.247 [0.633 0.194 0.297 0.634 0.125
252525 [0.654 0.500 0.459 0.658 0.275 [0.662 0.685 0.708 0.680 0.390 [0.695 0.253 0.362 0.687 0.160

555  [0.138 0.014 0.000 0.133 0.012 [0.073 0.011 0.000 0.073 0.008 [0.337 0.025 0.000 0.323 0.020

777  [0.203 0.057 0.027 0.214 0.037 (0.101 0.048 0.031 0.106 0.025 [0.430 0.057 0.042 0.415 0.053
1:25:35 10,10,10 {0.323 0.176 0.169 0.332 0.076 [0.194 0.228 0.203 0.210 0.080 [0.525 0.118 0.179 0.525 0.092
151515 [0.520 0.310 0.278 0.531 0.170 [0.430 0.424 0.412 0.472 0.212 [0.623 0.161 0.239 0.622 0.134
20,20,20 [0.678 0.492 0.473 0.675 0.275 (0.687 0.679 0.668 0.712 0.381 [0.705 0.234 0.371 0.700 0.170
252525 (0.790 0.622 0.587 0.800 0.400 (0.855 0.824 0.832 0.865 0.532 [0.766 0.321 0.448 0.757 0.212

555  [0.162 0.017 0.000 0.157 0.015 [0.084 0.010 0.000 0.093 0.009 [0.366 0.027 0.001 0.347 0.023

777  |0.255 0.058 0.035 0.256 0.046 [0.132 0.056 0.035 0.150 0.032 [0.452 0.064 0.050 0.453 0.064
1:3:4 10,10,10 {0.404 0.212 0.198 0.413 0.107 [0.290 0.284 0.256 0.300 0.107 [0.568 0.135 0.209 0.563 0.110
15,1515 [0.623 0.390 0.350 0.644 0.222 [0.599 0.528 0.506 0.631 0.277 [0.683 0.189 0.282 0.683 0.165
20,20,20 [0.789 0.596 0.562 0.795 0.365 (0.843 0.786 0.784 0.862 0.477 [0.756 0.295 0.434 0.759 0.220
252525 (0.886 0.739 0.712 0.893 0.500 [0.952 0.909 0.899 0.957 0.660 [0.815 0.375 0.530 0.820 0.275

555  [0.189 0.020 0.000 0.181 0.014 [0.102 0.012 0.000 0.114 0.012 [0.386 0.031 0.002 0.363 0.027

777  [0.296 0.071 0.041 0.316 0.051 (0.177 0.072 0.042 0.193 0.046 [0.496 0.071 0.056 0.484 0.067
1:35:4.5 10,10,10 [0.480 0.243 0.233 0.496 0.137 [0.376 0.336 0.316 0.412 0.144 [0.600 0.147 0.242 0.607 0.127
151515 [0.719 0.457 0.416 0.737 0.290 [0.752 0.623 0.587 0.775 0.367 [0.732 0.225 0.333 0.724 0.205
20,20,20 [0.869 0.681 0.655 0.878 0.440 [0.935 0.868 0.850 0.940 0.585 [0.804 0.334 0.494 0.809 0.265
252525 (0.940 0.822 0.797 0.945 0.580 [0.988 0.957 0.947 0.988 0.750 [0.859 0.451 0.615 0.869 0.330

B L FK H RMD B L FK H RMD B L FK H RMD

o2 n Gamma (4,1) Gamma (2,3) Gamma (3,2)
55,5 0.138 0.013 0.000 0.132 0.009 [0.192 0.016 0.000 0.174 0.015 [0.156 0.013 0.000 0.141 0.010
7,17 0.195 0.039 0.027 0.180 0.025 [0.262 0.043 0.028 0.240 0.030 [0.215 0.041 0.027 0.209 0.027
1:1.5:25 10,10,10 {0.271 0.109 0.105 0.206 0.045 [0.331 0.104 0.116 0.323 0.056 [0.292 0.106 0.110 0.285 0.050
15,15,15 |0.374 0.157 0.152 0.367 0.082 [0.436 0.145 0.151 0.415 0.084 [0.393 0.150 0.144 0.374 0.078
20,20,20 (0.458 0.246 0.232 0.455 0.120 [0.514 0.202 0.236 0.498 0.105 [0.474 0.228 0.237 0.480 0.116
25,2525 |0.533 0.303 0.307 0.527 0.150 [0.567 0.253 0.285 0.575 0.140 [0.549 0.286 0.289 0.532 0.150
55,5 0.165 0.015 0.000 0.150 0.010 [0.212 0.017 0.000 0.205 0.016 [0.182 0.017 0.000 0.171 0.012
7,17 0.228 0.051 0.029 0.225 0.035 [0.289 0.052 0.032 0.276 0.036 [0.260 0.049 0.029 0.245 0.033
1:2:3 10,10,10 {0.331 0.130 0.135 0.329 0.065 [0.388 0.125 0.135 0.379 0.070 [0.344 0.128 0.141 0.352 0.068
15,15,15 [0.462 0.200 0.197 0.460 0.115 [0.509 0.176 0.186 0.500 0.108 [0.477 0.192 0.206 0.473 0.110
20,20,20 [0.578 0.311 0.322 0.572 0.174 |0.592 0.256 0.300 0.591 0.155 [0.585 0.303 0.318 0.581 0.170
25,2525 [0.665 0.405 0.410 0.653 0.240 [0.674 0.341 0.382 0.668 0.205 [0.672 0.380 0.406 0.660 0.231
55,5 0.187 0.016 0.000 0.178 0.014 [0.237 0.020 0.000 0.225 0.018 [0.205 0.018 0.000 0.197 0.015
7,17 0.276 0.055 0.036 0.272 0.037 [0.329 0.056 0.039 0.327 0.050 [0.292 0.057 0.035 0.284 0.045
1:25:35 10,10,10 [0.404 0.152 0.169 0.390 0.085 [0.449 0.139 0.165 0.448 0.086 [0.415 0.149 0.172 0.410 0.085
15,15,15 [0.565 0.256 0.262 0.557 0.160 [0.575 0.218 0.254 0.583 0.151 [0.561 0.239 0.257 0.574 0.164
20,20,20 (0.674 0.394 0.419 0.679 0.240 [0.681 0.330 0.393 0.686 0.220 [0.680 0.370 0.404 0.685 0.235
25,2525 [0.769 0.517 0.531 0.781 0.320 [0.756 0.437 0.493 0.763 0.282 [0.770 0.487 0.509 0.770 0.310

555 0.218 0.019 0.000 0.209 0.015 [0.266 0.020 0.000 0.264 0.020 (0.232 0.021 0.000 0.222 0.015
7,17 0.327 0.065 0.038 0.325 0.050 [0.378 0.064 0.043 0.381 0.055 |0.338 0.066 0.041 0.345 0.054
1:3:4 10,10,10 |0.465 0.182 0.198 0.477 0.111 [0.498 0.168 0.201 0.509 0.112 [0.487 0.174 0.199 0.478 0.115
15,15,15 0.643 0.314 0.335 0.656 0.207 [0.664 0.260 0.311 0.660 0.195 [0.642 0.293 0.313 0.650 0.205
20,20,20 [0.770 0.488 0.511 0.767 0.312 [0.761 0.409 0.486 0.758 0.275 |0.761 0.464 0.505 0.769 0.300
25,2525 (0.846 0.625 0.647 0.855 0.422 |0.829 0.524 0.600 0.832 0.365 [0.840 0.584 0.624 0.846 0.405

555 0.240 0.021 0.000 0.246 0.021 [0.292 0.025 0.001 0.283 0.025 |0.264 0.020 0.000 0.256 0.020
7,17 0.374 0.074 0.041 0.371 0.058 [0.416 0.076 0.046 0.411 0.066 0.389 0.070 0.042 0.386 0.060
1:3.5:45 10,10,10 |0.524 0.217 0.242 0.529 0.137 [0.556 0.193 0.230 0.560 0.135 [0.540 0.205 0.238 0.538 0.140
15,1515 [0.714 0.376 0.381 0.723 0.254 [0.720 0.308 0.373 0.716 0.234 [0.717 0.353 0.381 0.717 0.250
20,20,20 [0.826 0.576 0.587 0.836 0.375 [0.815 0.472 0.558 0.821 0.340 |0.822 0.535 0.588 0.829 0.365
25,2525 [0.904 0.719 0.737 0.911 0.510 (0.882 0.615 0.688 0.884 0.435 [0.895 0.677 0.710 0.897 0.490
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Cizelge 3.12. (devam) Nominal I. tip hata 0.05 ve k =3 iken Bartlett testi(B), Levene
testi(L), Fligner-Killeen testi(FK), Hartley testi(H) ve F;,, (RMD) testleri

icin deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD

o2 n Ki-kare (4 sd’li) Ki-kare (10 sd’li) Weibull(1,1)

555 0.565 0.047 0.004 0.562 0.053 [0.567 0.047 0.004 0.562 0.052 |0.293 0.020 0.000 0.278 0.012
7,17 0.621 0.084 0.099 0.606 0.117 [0.610 0.078 0.102 0.612 0.117 |0.365 0.046 0.036 0.346 0.025
1:1.5:25 10,10,10 |0.673 0.131 0.356 0.656 0.167 [0.663 0.131 0.352 0.657 0.163 [0.434 0.089 0.130 0.426 0.044
15,1515 [0.711 0.180 0.407 0.700 0.183 [0.707 0.175 0.413 0.702 0.185 [0.515 0.112 0.147 0.511 0.055
20,20,20 [0.739 0.234 0.608 0.734 0.200 [0.746 0.235 0.602 0.734 0.194 [0.579 0.157 0.231 0.571 0.074
25,25,25 [0.760 0.287 0.679 0.753 0.220 [0.755 0.294 0.682 0.761 0.221 [0.628 0.184 0.276 0.624 0.090

555 0.554 0.047 0.004 0.543 0.060 [0.550 0.049 0.004 0.544 0.057 |0.309 0.023 0.001 0.292 0.013

7,17 0.610 0.091 0.114 0.601 0.143 [0.606 0.091 0.112 0.606 0.135 |0.393 0.047 0.036 0.381 0.031
1:2:3 10,10,10 |0.669 0.170 0.393 0.660 0.216 [0.652 0.158 0.404 0.654 0.202 [0.467 0.098 0.156 0.471 0.053
15,15,15 0.712 0.230 0.496 0.711 0.247 (0.712 0.226 0.481 0.711 0.245 |0.569 0.134 0.196 0.567 0.075
20,20,20 [0.758 0.316 0.696 0.752 0.290 [0.752 0.318 0.690 0.749 0.286 |0.642 0.193 0.282 0.636 0.105
25,2525 [0.775 0.391 0.770 0.773 0.330 [0.774 0.384 0.772 0.777 0.330 [0.698 0.251 0.355 0.699 0.140

555 0.566 0.048 0.005 0.540 0.060 [0.557 0.048 0.006 0.549 0.062 0.343 0.024 0.001 0.321 0.015

7,17 0.625 0.108 0.131 0.618 0.162 [0.615 0.106 0.128 0.611 0.166 |0.430 0.063 0.044 0.411 0.033
1:25:35 10,10,10 |0.670 0.207 0.453 0.662 0.260 [0.688 0.209 0.449 0.669 0.264 [0.529 0.115 0.185 0.519 0.061
15,15,15 0.724 0.301 0.564 0.728 0.323 0.732 0.302 0.565 0.732 0.315 |0.626 0.169 0.245 0.629 0.103
20,20,20 [0.768 0.418 0.780 0.772 0.382 [0.774 0.412 0.778 0.765 0.390 [0.706 0.245 0.364 0.702 0.142
25,2525 |0.796 0.499 0.846 0.800 0.445 |0.806 0.509 0.845 0.799 0.445 [0.766 0.312 0.445 0.764 0.180

555 0.561 0.052 0.007 0.555 0.071 [0.564 0.055 0.005 0.556 0.072 |0.355 0.026 0.002 0.345 0.016

7,17 0.636 0.127 0.146 0.621 0.185 [0.623 0.121 0.152 0.631 0.191 |0.452 0.067 0.049 0.456 0.035
1:3:4 10,10,10 |0.694 0.249 0.488 0.703 0.298 [0.682 0.246 0.498 0.686 0.310 [0.568 0.134 0.209 0.554 0.078
15,15,15 0.759 0.360 0.628 0.756 0.387 [0.756 0.366 0.630 0.750 0.386 [0.686 0.191 0.276 0.685 0.125
20,20,20 [0.793 0.510 0.814 0.794 0.476 (0.797 0.512 0.816 0.797 0.480 [0.755 0.295 0.431 0.758 0.173
25,25,25 |0.838 0.612 0.893 0.824 0.545 |0.831 0.609 0.889 0.833 0.550 [0.811 0.376 0.532 0.821 0.240

555 0.568 0.057 0.007 0.555 0.076 [0.577 0.060 0.005 0.562 0.073 |0.375 0.025 0.002 0.356 0.016

7,17 0.645 0.144 0.166 0.642 0.212 [0.647 0.141 0.163 0.640 0.211 |0.490 0.073 0.058 0.492 0.050
1:3.5:45 10,10,10 |0.703 0.285 0.546 0.709 0.347 [0.707 0.291 0.538 0.703 0.345 [0.606 0.147 0.240 0.611 0.090
15,15,15 0.777 0.434 0.689 0.776 0.452 (0.774 0.435 0.685 0.766 0.445 |0.726 0.222 0.329 0.737 0.150
20,20,20 [0.821 0.583 0.867 0.824 0.540 (0.826 0.591 0.859 0.823 0.550 (0.809 0.336 0.502 0.805 0.215
25,25,25 |0.852 0.708 0.929 0.860 0.635 |0.857 0.696 0.930 0.852 0.633 [0.859 0.449 0.609 0.860 0.300

Cizelge 3.12° de verilen normal dagilim i¢in simiilasyon sonuglarinda, dikkate alinan tiim
varyans degerleri ve ornek hacimleri i¢cin B ve H testlerinin diger testlere gore deneysel

giic bakimindan daha iyi sonuglar verdigi anlagilmaktadir.

Bu ¢izelgede tekdiize dagilim i¢in simiilasyon sonuglarmmin oldukca farkli oldugu
goriilmektedir. Varyanslar (1:1.5:2.5) ve (1:2:3) ve 6rnek hacimleri (5,5,5) ve (7,7,7) iken
B ve H testlerinin deneysel gii¢ degerleri diger testlerinkilerden daha iyi ¢ikmistir. Diger
yandan bu varyans durumlarinda orta biiytikliikteki 6rnek hacimleri i¢in L ve FK testlerinin
daha iyi deneysel giic degerleri verdigi goriilmektedir. Varyanslar (1:2.5:3.5) iken 6rnek
hacimleri (10,10,10) hari¢ diger tiim 6rnek hacimleri i¢in B ve H testleri deneysel gii¢
bakimindan diger testlere gore daha iyi sonuglar verirken, 6rnek hacimleri (10,10,10) iken
L testinin sonuglar1 daha iyi ¢ikmistir. Bu dagilim i¢in varyanslar (1:3:4) ve (1:3.5:4.5)
iken tim Ornek hacimleri i¢in B ve H testleri deneysel giic bakimindan diger testlerden

daha 1yi ¢ikmustir.
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Gamma dagilimi i¢in simiilasyon sonuclarinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gii¢ degerlerinin diger testlerinkilerden

daha 1yi oldugu anlasilmaktadir.

Bu g¢izelgede ki-kare dagilimi i¢in verilen simiilasyon sonuglarinda, varyanslar (1:1.5:2.5),
(1:2:3) iken tiim 6rnek hacimleri i¢in B ve H testlerinin deneysel giic bakimindan diger
testlere gore daha iyi sonuglar verdigi goriilmektedir. Varyanslar (1:2.5:3.5), (1:3:4),
(1:3.5:4.5) ve ornek hacimleri (5,5,5), (7,7,7), (10,10,10) ve (15,15,15) i¢in B ve H testleri
daha iyi deneysel gii¢ degerleri verirken, 6rnek hacimleri (20,20,20) ve (25,25,25) icin de
FK testi gli¢ bakimindan daha iyi sonuglar vermektedir.

Weibull dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gli¢ bakimindan daha iyi sonuglar verdigi

anlasilmaktadir.
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Cizelge 3.13. Nominal I. tip hata 0.10 ve k =3 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F,,, (RMD) testleri i¢in
deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o n Normal Tekdiize Gamma (1,4)

555  [0.176 0.039 0.017 0.160 0.035 [0.099 0.024 0.016 0.090 0.018 [0.391 0.047 0.031 0.388 0.038
777  [0.232 0.087 0.075 0.215 0.049 [0.117 0.078 0.067 0.109 0.024 [0.465 0.096 0.088 0.455 0.084
1:15:25 10,10,10 [0.298 0.202 0.186 0.286 0.079 [0.169 0.239 0.223 0.160 0.063 [0.534 0.162 0.222 0.522 0.116
151515 [0.419 0.290 0.274 0.412 0.135 [0.309 0.360 0.364 0.302 0.175 [0.602 0.200 0.247 0.604 0.171
20,2020 {0.529 0.416 0.388 0.522 0.205 [0.451 0.544 0.565 0.464 0.258 [0.659 0.260 0.351 0.658 0.140
252525 (0.615 0.516 0.484 0.615 0.275 [0.614 0.654 0.697 0.610 0.344 [0.696 0.310 0.397 0.694 0.198

555  [0.200 0.045 0.023 0.205 0.032 [0.115 0.029 0.019 0.117 0.025 [0.421 0.059 0.034 0.408 0.043

777  [0.270 0.112 0.080 0.267 0.071 [0.145 0.097 0.078 0.157 0.063 [0.504 0.102 0.100 0.498 0.084
1:2:3 10,10,10 [0.389 0.250 0.239 0.384 0.117 [0.253 0.300 0.288 0.251 0.113 [0.572 0.185 0.250 0.574 0.134
15,1515 [0.536 0.384 0.351 0.539 0.211 [0.467 0.476 0.475 0.483 0.225 [0.659 0.244 0.302 0.661 0.154
20,2020 {0.671 0.541 0.503 0.672 0.303 [0.676 0.686 0.693 0.681 0.367 [0.710 0.314 0.420 0.723 0.218
252525 0.768 0.639 0.617 0.764 0.389 0.814 0.837 0.830 0.826 0.529 [0.762 0.382 0.484 0.765 0.229

555  [0.231 0.048 0.024 0.232 0.028 [0.145 0.034 0.020 0.150 0.025 [0.448 0.063 0.034 0.441 0.049

777  [0.333 0.127 0.098 0.335 0.084 [0.195 0.120 0.098 0.206 0.065 [0.544 0.117 0.117 0.524 0.104
1:25:35 10,10,10 [0.463 0.309 0.286 0.466 0.144 [0.359 0.367 0.366 0.378 0.184 [0.620 0.206 0.293 0.616 0.156
151515 (0.659 0.468 0.435 0.664 0.294 [0.655 0.591 0.594 0.667 0.328 [0.715 0.283 0.368 0.717 0.214
20,20,20 {0.792 0.644 0.621 0.798 0.399 [0.838 0.808 0.812 0.855 0515 [0.776 0.379 0.497 0.778 0.265
252525 {0.873 0.768 0.742 0.883 0.523 [0.945 0.910 0.914 0.947 0.664 [0.821 0.453 0.578 0.819 0.302

555  [0.274 0.058 0.025 0.280 0.042 [0.174 0.041 0.021 0.182 0.036 [0.475 0.066 0.041 0.470 0.061
77,7 0392 0.150 0.118 0.397 0.091 [0.263 0.137 0.116 0.278 0.094 [0.566 0.128 0.134 0.553 0.120
1:3:4 10,10,10 [0.552 0.354 0.343 0.560 0.190 [0.469 0.448 0.418 0.505 0.213 [0.663 0.236 0.327 0.657 0.183
15,15,15 {0.749 0.557 0.518 0.759 0.335 [0.790 0.699 0.684 0.813 0.427 [0.757 0.327 0.424 0.757 0.237
20,2020 0.876 0.745 0.728 0.882 0.508 [0.940 0.890 0.885 0.943 0.632 [0.822 0.444 0.555 0.827 0.327
252525 {0.942 0.852 0.835 0.945 0.667 [0.987 0.959 0.959 0.986 0.784 [0.867 0.547 0.658 0.865 0.379

555  [0.307 0.060 0.029 0.306 0.041 [0.204 0.045 0.024 0.212 0.038 [0.492 0.072 0.038 0.490 0.078

777  [0.451 0.170 0.130 0.460 0.117 [0.332 0.172 0.138 0.353 0.093 [0.596 0.148 0.148 0.600 0.139
1:35:4.5 10,10,10 {0.626 0.405 0.396 0.635 0.260 [0.599 0.501 0.481 0.617 0.272 [0.699 0.259 0.360 0.690 0.199
15,1515 [0.834 0.633 0.602 0.840 0.395 [0.890 0.789 0.761 0.901 0.517 [0.792 0.373 0.474 0.793 0.293
20,20,20 {0.931 0.820 0.794 0.931 0.582 [0.981 0.940 0.928 0.981 0.706 [0.861 0.509 0.641 0.857 0.369
252525 0.973 0.911 0.891 0.974 0.725 [0.999 0.986 0.981 0.998 0.840 [0.897 0.602 0.727 0.901 0.447

o’ n Gamma (4,1) Gamma (2,3) Gamma (3,2)

555 0.232 0.042 0.023 0.220 0.030 |0.291 0.046 0.023 0.282 0.025 [0.254 0.037 0.021 0.243 0.034
7,17 0.298 0.092 0.075 0.288 0.069 [0.356 0.090 0.081 0.352 0.079 {0.320 0.092 0.077 0.307 0.053
1:1.5:25 10,10,10 [0.382 0.185 0.207 0.364 0.078 (0.436 0.173 0.197 0.425 0.098 [0.402 0.180 0.189 0.390 0.083
15,15,15 0.483 0.261 0.251 0.477 0.131 |0.525 0.239 0.249 0.527 0.115 (0.509 0.257 0.247 0.494 0.142
20,20,20 0.566 0.361 0.354 0.575 0.192 [0.601 0.322 0.344 0.602 0.159 [0.592 0.342 0.364 0.581 0.150
25,2525 (0.641 0.443 0.431 0.630 0.241 [0.666 0.386 0.410 0.657 0.198 (0.647 0.424 0.419 0.643 0.235

555 0.251 0.046 0.024 0.255 0.035 [0.321 0.050 0.028 0.306 0.032 {0.281 0.049 0.022 0.280 0.036

7,17 0.338 0.111 0.085 0.343 0.064 |0.401 0.102 0.092 0.403 0.084 [0.368 0.104 0.088 0.359 0.063
1:2:3 10,10,10 |0.448 0.223 0.239 0.440 0.118 |0.495 0.212 0.241 0.491 0.132 |0.460 0.224 0.234 0.468 0.130
15,1515 [0.566 0.333 0.326 0.566 0.191 (0.613 0.288 0.313 0.612 0.178 [0.577 0.305 0.327 0.590 0.196
20,20,20 [0.680 0.461 0.461 0.672 0.262 0.690 0.401 0.430 0.697 0.231 [0.685 0.437 0.454 0.687 0.256
25,2525 [0.755 0.551 0.566 0.752 0.326 |0.748 0.485 0.529 0.759 0.272 [0.756 0.530 0.547 0.748 0.300

555 0.300 0.050 0.026 0.288 0.032 [0.349 0.054 0.030 0.348 0.050 (0.318 0.055 0.029 0.311 0.045

7,17 0.393 0.127 0.102 0.400 0.084 [0.448 0.125 0.111 0.450 0.087 (0.413 0.122 0.109 0.424 0.065
1:2.5:3.5 10,10,10 |0.520 0.267 0.281 0.510 0.157 |0.574 0.245 0.287 0.557 0.157 [0.529 0.264 0.285 0.530 0.133
15,15,15 [0.668 0.399 0.400 0.672 0.236 [0.677 0.353 0.386 0.680 0.246 [0.671 0.394 0.401 0.678 0.238
20,20,20 [0.776 0.568 0.564 0.775 0.376 [0.768 0.492 0.536 0.774 0.304 [0.772 0.532 0.564 0.769 0.352
25,25,25 0.842 0.667 0.684 0.850 0.451 |0.831 0.588 0.635 0.831 0.372 [0.838 0.645 0.666 0.843 0.425

55,5 0.337 0.060 0.032 0.323 0.046 [0.385 0.062 0.035 0.379 0.033 (0.349 0.058 0.030 0.349 0.047

7,17 0.447 0.149 0.116 0.453 0.102 [0.498 0.133 0.125 0.491 0.112 (0.468 0.142 0.124 0.465 0.111
1:3:4 10,10,10 [0.591 0.312 0.334 0.596 0.185 [0.618 0.286 0.332 0.616 0.196 |0.597 0.301 0.338 0.599 0.190
15,15,15 |0.750 0.476 0.484 0.756 0.327 |0.746 0.418 0.457 0.750 0.325 [0.743 0.464 0.472 0.744 0.333
20,20,20 0.842 0.652 0.668 0.846 0.433 |0.828 0.568 0.621 0.835 0.408 [0.837 0.632 0.644 0.836 0.421
25,25,25 (0.910 0.771 0.775 0.911 0.536 [0.890 0.680 0.732 0.885 0.480 |0.900 0.740 0.758 0.897 0.524

55,5 0.365 0.068 0.033 0.361 0.048 [0.415 0.070 0.036 0.408 0.042 (0.386 0.069 0.034 0.385 0.051

7,17 0.496 0.162 0.136 0.498 0.112 |0.533 0.155 0.145 0.544 0.137 (0.522 0.165 0.138 0.509 0.121
1:3.5:4.5 10,10,10 |0.648 0.359 0.388 0.656 0.242 |0.661 0.325 0.378 0.666 0.221 [0.650 0.347 0.374 0.656 0.212
15,15,15 |0.811 0.550 0.563 0.812 0.371 |0.794 0.476 0.522 0.797 0.345 [0.808 0.535 0.548 0.813 0.347
20,20,20 [0.892 0.724 0.748 0.896 0.532 [0.877 0.642 0.701 0.876 0.454 |0.886 0.708 0.725 0.888 0.465
25,2525 0.942 0.842 0.845 0.944 0.641 [0.922 0.763 0.801 0.924 0.585 [0.930 0.813 0.832 0.937 0.606




43

Cizelge 3.13. (devam) Nominal I. tip hata 0.10 ve k =3 iken Bartlett testi(B), Levene testi
(L), Fligner-Killeen testi(FK), Hartley testi(H) ve kg, (RMD) testleri igin

deneysel gii¢ degerleri

o2 0 Ki-kare (4 sdl) Ki-kare(10 sd’li) Weibull(1,1)

555 0.389 0.061 0.034 0.387 0.106 [0.381 0.064 0.034 0.396 0.109 [0.399 0.054 0.033 0.380 0.022
7,17 0.510 0.161 0.133 0.508 0.184 [0.516 0.155 0.135 0.516 0.193 [0.473 0.091 0.087 0.457 0.053
1:1.5:25 10,10,10 |0.658 0.343 0.387 0.660 0.219 [0.655 0.347 0.381 0.656 0.238 [0.536 0.158 0.218 0.521 0.101
15,1515 [0.798 0.519 0.544 0.808 0.225 (0.807 0.528 0.547 0.806 0.244 |0.607 0.198 0.254 0.598 0.111
20,20,20 0.886 0.699 0.730 0.894 0.271 (0.893 0.695 0.729 0.891 0.274 [0.652 0.261 0.348 0.662 0.115
25,25,25 0.932 0.813 0.830 0.939 0.288 [0.934 0.815 0.824 0.934 0.308 |0.693 0.300 0.402 0.688 0.172

55,5 0.383 0.065 0.036 0.383 0.140 [0.392 0.064 0.035 0.374 0.129 [0.423 0.056 0.033 0.405 0.031

7,17 0.514 0.157 0.136 0.513 0.188 [0.520 0.154 0.141 0.513 0.207 [0.497 0.108 0.106 0.479 0.055
1:2:3 10,10,10 0.654 0.346 0.376 0.663 0.280 [0.662 0.353 0.377 0.659 0.287 [0.569 0.188 0.253 0.561 0.087
15,15,15 |0.808 0.518 0.546 0.805 0.337 (0.805 0.523 0.548 0.802 0.319 [0.661 0.234 0.308 0.655 0.119
20,20,20 0.888 0.706 0.735 0.887 0.353 (0.886 0.701 0.734 0.893 0.362 (0.722 0.323 0.425 0.710 0.171
25,25,25 0.937 0.816 0.826 0.937 0.402 (0.935 0.818 0.830 0.938 0.416 (0.763 0.381 0.493 0.769 0.200

555 0.388 0.065 0.034 0.384 0.138 [0.381 0.072 0.034 0.384 0.146 [0.444 0.066 0.032 0.435 0.035

7,17 0.513 0.155 0.140 0.515 0.218 [0.513 0.163 0.143 0.516 0.241 [0.534 0.119 0.113 0.529 0.084
1:25:3.5 10,10,10 [0.655 0.343 0.375 0.660 0.337 0.655 0.344 0.380 0.659 0.352 |0.624 0.217 0.294 0.614 0.108
15,15,15 |0.804 0.528 0.544 0.797 0.416 (0.807 0.533 0.544 0.809 0.424 (0.716 0.287 0.358 0.704 0.171
20,20,20 [0.890 0.703 0.722 0.887 0.476 0.889 0.704 0.727 0.890 0.466 |0.781 0.377 0.496 0.775 0.212
25,25,25 (0.934 0.808 0.839 0.936 0.533 0.938 0.816 0.833 0.938 0.552 |0.826 0.465 0.571 0.829 0.295

555 0.392 0.066 0.035 0.385 0.171 [0.385 0.065 0.036 0.381 0.144 [0.468 0.069 0.037 0.473 0.031

7,17 0.522 0.167 0.139 0.515 0.286 [0.519 0.165 0.145 0.516 0.270 [0.572 0.132 0.128 0.563 0.085
1:3:4 10,10,10 0.662 0.345 0.380 0.656 0.378 [0.664 0.341 0.378 0.662 0.367 [0.669 0.231 0.328 0.657 0.131
15,15,15 [0.808 0.529 0.552 0.806 0.457 0.803 0.525 0.544 0.805 0.485 |0.750 0.333 0.437 0.754 0.191
20,20,20 [0.882 0.703 0.730 0.884 0.544 0.887 0.700 0.729 0.890 0.584 |0.816 0.434 0.567 0.819 0.278
25,25,25 0.935 0.817 0.832 0.931 0.642 (0.938 0.811 0.833 0.942 0.648 [0.864 0.550 0.668 0.866 0.358

55,5 0.385 0.063 0.034 0.383 0.156 [0.385 0.065 0.036 0.379 0.160 [0.495 0.069 0.040 0.482 0.038

7,17 0.506 0.155 0.140 0.516 0.328 [0.515 0.160 0.140 0.507 0.298 [0.595 0.145 0.150 0.590 0.103
1:3.5:4.5 10,10,10 [0.655 0.352 0.377 0.657 0.467 0.652 0.351 0.385 0.657 0.456 |0.695 0.261 0.369 0.697 0.162
15,15,15 |0.804 0.524 0.543 0.811 0.584 (0.810 0.530 0.546 0.810 0.555 [0.791 0.368 0.486 0.794 0.229
20,20,20 0.885 0.695 0.735 0.887 0.640 (0.888 0.696 0.726 0.887 0.621 [0.860 0.504 0.645 0.859 0.355
25,25,25 [0.936 0.818 0.827 0.937 0.730 |0.938 0.808 0.831 0.936 0.708 |0.905 0.608 0.732 0.902 0.403

Cizelgede 3.13’te verilen normal dagilim i¢in simiilasyon sonuglari, dikkate alinan tiim
varyans degerleri ve drnek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan diger

testlere gore daha 1yi sonuclar verdigini gostermektedir.

Bu cizelgede tekdiize dagilim icin simiilasyon sonuglarinda, varyanslar (1:1.5:2.5) ve
ornek hacimleri (5,5,5) ve (7,7,7) i¢cin B ve H testlerinin diger testlere gore deneysel gii¢
bakimindan daha 1yi sonuglar verdigi, orta biiytikliikteki 6rnek hacimleri i¢in de L ve FK
testlerinin daha iy1 deneysel giic sonuglart verdigi goriilmektedir. Varyanslar (1:2:3) ve
ornek hacimleri (5,5,5) ve (7,7,7) iken B ve H testleri daha iyi deneysel gii¢ degerleri
vermislerdir. Diger yandan 6rnek hacimleri (10,10,10), (20,20,20) ve (25,25,25) i¢in L ve
FK testleri diger testlere gore deneysel giic bakimindan daha iyi sonuglar verirken, 6rnek
hacimleri (15,15,15) icin de H testi daha iyi deneysel gii¢ sonuglar1 vermistir. Varyanslar
(1:2.5:3.5) iken O0rnek hacimleri (10,10,10) hari¢ diger tiim 6rnek hacimleri i¢in B ve H
testleri deneysel gili¢ bakimindan diger testlere gore daha iyi sonuglar verirken, 6rnek

hacimleri (10,10,10) iken H testinin sonuglar1 daha iyi ¢ikmustir. Varyanslar (1:3:4) ve
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(1:3.5:4.5) i¢in dikkate alinan tiim Ornek hacimleri icin B ve H testleri deneysel giic

bakimindan daha iyi sonuglar vermislerdir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gii¢c bakimindan diger testlere gore daha

iyi sonuglar verdigi goriilmektedir.

Ki-kare dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans degerleri ve

ornek hacimleri i¢in B ve H testleri daha iyi deneysel gii¢ sonuclar1 vermislerdir.

Bu cizelgede verilen weibull dagilimi i¢in simiilasyon sonuclarinda, dikkate alinan tiim
varyans degerleri ve 6rnek hacimleri icin B ve H testleri daha iyi deneysel gii¢ sonuglari

vermislerdir.
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Cizelge 3.14. Nominal I. tip hata 0.05 ve k=4 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F;,p (RMD) testleri icin

deneysel gii¢ degerleri

FK H

RMD

B

L

FK

H

RMD

B

L

FK

H

RMD

n

Normal

Tekdiize

Gamma (1,4)

1:1.5:2.5:35

5555
7,117
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.144
0.209
0.326
0.506
0.673
0.789

0.015
0.052
0.183
0.306
0.491
0.629

0.000 0.117
0.023 0.186
0.165 0.299
0.268 0.474
0.457 0.626
0.588 0.751

0.008
0.015
0.042
0.105
0.201
0.285

0.063
0.089
0.166
0.399
0.636
0.815

0.008
0.044
0.236
0.411
0.687
0.820

0.000
0.032
0.213
0.417
0.687
0.838

0.062
0.080
0.143
0.343
0.579
0.783

0.005
0.008
0.036
0.133
0.281
0.400

0.390
0.498
0.588
0.690
0.754
0.806

0.026
0.059
0.120
0.167
0.251
0.314

0.002
0.040
0.188
0.238
0.363
0.451

0.357
0.451
0.567
0.675
0.752
0.805

0.020
0.027
0.062
0.066
0.103
0.146

1:2:3:4

5555
7,117
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.153
0.240
0.360
0.577
0.741
0.850

0.016
0.058
0.187
0.339
0.542
0.684

0.000 0.136
0.029 0.217
0.171 0.354
0.301 0.561
0.507 0.727
0.646 0.846

0.009
0.017
0.053
0.126
0.246
0.360

0.068
0.098
0.230
0.463
0.740
0.894

0.009
0.045
0.222
0.457
0.737
0.868

0.000
0.029
0.211
0.448
0.737
0.875

0.073
0.104
0.235
0.491
0.754
0.902

0.006
0.010
0.055
0.163
0.327
0.506

0.398
0.507
0.608
0.727
0.790
0.847

0.023
0.058
0.132
0.181
0.262
0.338

0.002
0.041
0.192
0.262
0.404
0.494

0.365
0.484
0.588
0.707
0.780
0.834

0.021
0.027
0.080
0.113
0.153
0.186

1:2.5:3.5:4.5

5555
7,117
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.157
0.259
0.414
0.645
0.807
0.907

0.017
0.058
0.208
0.381
0.596
0.759

0.000 0.154
0.030 0.245
0.191 0.418
0.344 0.656
0.579 0.821
0.724 0.918

0.010
0.020
0.070
0.172
0.345
0.455

0.074
0.113
0.272
0.581
0.830
0.954

0.010
0.045
0.245
0.521
0.807
0.922

0.000
0.030
0.244
0.499
0.800
0.923

0.083
0.121
0.276
0.636
0.875
0.971

0.007
0.012
0.074
0.223
0.467
0.650

0.424
0.539
0.644
0.758
0.834
0.882

0.026
0.062
0.133
0.189
0.292
0.369

0.003
0.044
0.208
0.290
0.456
0.561

0.387
0.510
0.628
0.754
0.828
0.868

0.025
0.028
0.084
0.119
0.160
0.238

1:3:4:5

55,55
71,17
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.173
0.293
0.472
0.719
0.873
0.950

0.018
0.063
0.231
0.431
0.661
0.826

0.000 0.171
0.031 0.297
0.212 0.492
0.393 0.743
0.650 0.886
0.792 0.959

0.011
0.023
0.093
0.222
0.405
0.564

0.088
0.143
0.300
0.699
0.922
0.988

0.011
0.053
0.294
0.588
0.861
0.960

0.000
0.028
0.276
0.552
0.855
0.953

0.090
0.159
0.366
0.763
0.945
0.992

0.008
0.015
0.092
0.311
0.564
0.720

0.442
0.563
0.674
0.792
0.858
0.908

0.027
0.065
0.142
0.203
0.319
0.414

0.001
0.044
0.232
0.320
0.515
0.623

0.405
0.544
0.661
0.786
0.860
0.905

0.026
0.037
0.103
0.165
0.220
0.267

1:3.5:4.5:55

5555
17,7,1,7
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.199
0.329
0.523
0.782
0.926
0.974

0.017
0.072
0.256
0.479
0.738
0.870

0.000 0.189
0.030 0.343
0.243 0.558
0.446 0.812
0.709 0.933
0.857 0.978

0.013
0.033
0.124
0.260
0.465
0.624

0.101
0.181
0.397
0.812
0.968
0.998

0.012
0.059
0.354
0.667
0.917
0.983

0.000
0.035
0.312
0.620
0.904
0.975

0.118
0.208
0.469
0.873
0.981
0.998

0.010
0.025
0.124
0.361
0.646
0.800

0.466
0.587
0.708
0.820
0.883
0.927

0.029
0.067
0.154
0.216
0.350
0.456

0.002
0.048
0.261
0.362
0.559
0.690

0.432
0.571
0.698
0.818
0.880
0.924

0.028
0.045
0.113
0.170
0.228
0.335

n

Gamma (4,1)

Gamma (2,3)

Gamma (3,2)

1:1.5:2.5:35

5555
7,7,1,7
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.205
0.300
0.422
0.567
0.697
0.786

0.018
0.059
0.157
0.263
0.404
0.519

0.001 0.175
0.030 0.253
0.159 0.377
0.244 0.549
0.410 0.673
0.518 0.776

0.007
0.011
0.040
0.101
0.187
0.227

0.266
0.373
0.488
0.617
0.718
0.787

0.020
0.057
0.144
0.216
0.340
0.433

0.000
0.035
0.166
0.243
0.384
0.476

0.234
0.341
0.456
0.604
0.704
0.778

0.011
0.018
0.057
0.087
0.140
0.200

0.225
0.322
0.442
0.595
0.704
0.796

0.018
0.056
0.153
0.255
0.388
0.493

0.000
0.030
0.167
0.241
0.407
0.507

0.196
0.294
0.414
0.574
0.688
0.768

0.008
0.012
0.055
0.101
0.165
0.190

1:2:3:4

5555
17,7,1,7
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.217
0.316
0.448
0.623
0.742
0.834

0.019
0.052
0.167
0.279
0.433
0.567

0.001 0.192
0.031 0.293
0.171 0.424
0.278 0.615
0.454 0.749
0.584 0.824

0.010
0.018
0.050
0.135
0.240
0.305

0.281
0.395
0.525
0.664
0.767
0.838

0.020
0.056
0.147
0.235
0.365
0.470

0.002
0.036
0.184
0.276
0.424
0.544

0.252
0.371
0.499
0.654
0.757
0.827

0.012
0.018
0.058
0.126
0.192
0.244

0.242
0.347
0.468
0.628
0.752
0.838

0.019
0.060
0.161
0.262
0.414
0.536

0.000
0.033
0.172
0.273
0.448
0.570

0.208
0.321
0.458
0.637
0.742
0.822

0.009
0.018
0.056
0.145
0.203
0.288

1:2.5:3.5:4.5

5555
7,117
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.230
0.349
0.498
0.685
0.810
0.891

0.019
0.057
0.180
0.308
0.482
0.629

0.001 0.205
0.034 0.333
0.202 0.500
0.308 0.687
0.526 0.810
0.664 0.881

0.012
0.019
0.072
0.151
0.265
0.390

0.304
0.422
0.555
0.719
0.809
0.878

0.022
0.061
0.160
0.255
0.404
0.528

0.000
0.038
0.202
0.297
0.489
0.611

0.275
0.395
0.551
0.707
0.819
0.878

0.013
0.025
0.082
0.153
0.240
0.330

0.265
0.377
0.521
0.701
0.812
0.880

0.018
0.059
0.175
0.292
0.463
0.595

0.001
0.037
0.201
0.319
0.513
0.647

0.228
0.355
0.506
0.688
0.801
0.878

0.010
0.019
0.060
0.151
0.275
0.363

1:3:4:5

5555
71,17
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.251
0.387
0.540
0.742
0.861
0.924

0.019
0.065
0.195
0.343
0.547
0.701

0.001 0.230
0.038 0.368
0.216 0.558
0.364 0.749
0.595 0.861
0.738 0.928

0.015
0.020
0.101
0.220
0.347
0.463

0.321
0.455
0.604
0.760
0.855
0.913

0.024
0.067
0.180
0.281
0.456
0.590

0.000
0.040
0.223
0.349
0.554
0.680

0.292
0.433
0.588
0.757
0.858
0.912

0.015
0.030
0.091
0.160
0.286
0.395

0.273
0.405
0.569
0.748
0.856
0.923

0.021
0.063
0.200
0.329
0.515
0.661

0.000
0.040
0.219
0.356
0.576
0.721

0.256
0.396
0.574
0.746
0.862
0.924

0.014
0.035
0.092
0.201
0.340
0.440

1:3.5:4.5:5.5

55,55
77,77
10,10,10,10
15,15,15,15
20,20,20,20
25,25,25,25

0.264
0.414
0.598
0.799
0.900
0.949

0.021
0.064
0.217
0.393
0.605
0.765

0.001 0.261
0.037 0.413
0.248 0.602
0.413 0.802
0.663 0.903
0.794 0.953

0.017
0.030
0.110
0.240
0.412
0.550

0.342
0.493
0.648
0.806
0.893
0.938

0.023
0.066
0.184
0.328
0.502
0.643

0.001
0.042
0.247
0.384
0.625
0.756

0.319
0.474
0.637
0.802
0.893
0.939

0.016
0.035
0.120
0.212
0.366
0.465

0.298
0.445
0.614
0.801
0.893
0.945

0.023
0.069
0.205
0.364
0.571
0.721

0.002
0.041
0.246
0.408
0.646
0.782

0.278
0.433
0.625
0.807
0.898
0.946

0.015
0.028
0.108
0.226
0.383
0.515
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Cizelge 3.14. (devam) Nominal I. tip hata 0.05 ve k =4 iken Bartlett testi(B), Levene testi
(L), Fligner-Killeen testi(FK), Hartley testi(H) ve F,, (RMD) testleri i¢in

deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD

o2 0 Ki-kare(4 sd'li) Ki-kare(10 sd’li) Weibull(1,1)

5555 |0.663 0.049 0.006 0.643 0.055 [0.665 0.053 0.005 0.644 0.051 |0.388 0.023 0.000 0.346 0.010
7,7,7,7  |0.722 0.107 0.110 0.701 0.103 [0.724 0.105 0.112 0.705 0.105 |0.490 0.054 0.038 0.453 0.015
1:1.5:2.5:3.5 10,10,10,10 |0.782 0.199 0.465 0.766 0.179 [0.775 0.194 0.484 0.766 0.182 (0.594 0.118 0.181 0.570 0.034
15,15,15,15 [0.822 0.294 0.581 0.821 0.230 [0.826 0.286 0.584 0.815 0.237 [0.688 0.167 0.235 0.678 0.062
20,20,20,20 |0.856 0.396 0.786 0.850 0.301 |0.863 0.397 0.786 0.854 0.288 [0.769 0.254 0.365 0.744 0.083
25,25,25,25 0.881 0.488 0.869 0.882 0.372 |0.883 0.494 0.845 0.879 0.345 (0.817 0.320 0.447 0.797 0.130

5555 [0.638 0.052 0.006 0.609 0.060 [0.640 0.049 0.006 0.607 0.061 [0.417 0.023 0.000 0.373 0.010
7,7,7,7 [0.707 0.106 0.107 0.689 0.130 [0.708 0.103 0.114 0.685 0.120 [0.511 0.060 0.043 0.483 0.016
1:2:3:4 10,10,10,10 [0.766 0.217 0.477 0.755 0.228 (0.767 0.218 0.477 0.756 0.236 (0.606 0.124 0.196 0.604 0.041
15,15,15,15 (0.830 0.314 0.599 0.813 0.320 (0.824 0.324 0.593 0.808 0.302 (0.715 0.177 0.253 0.707 0.062
20,20,20,20 (0.862 0.437 0.813 0.851 0.379 (0.856 0.441 0.812 0.852 0.370 (0.792 0.268 0.406 0.780 0.145
25,25,25,25 |0.883 0.545 0.876 0.880 0.432 |0.868 0.546 0.856 0.876 0.454 (0.842 0.343 0.498 0.846 0.153

5555 |0.625 0.048 0.005 0.606 0.063 (0.618 0.049 0.005 0.609 0.070 [0.425 0.028 0.002 0.391 0.012
7,7,7,7 [0.706 0.110 0.110 0.675 0.143 [0.695 0.116 0.106 0.676 0.151 [0.540 0.060 0.046 0.505 0.018
1:2.5:3.5:4.5 | 10,10,10,10 [0.766 0.245 0.503 0.760 0.275 [0.764 0.236 0.506 0.751 0.257 (0.646 0.131 0.208 0.621 0.064
15,15,15,15 [0.828 0.351 0.630 0.827 0.334 |0.824 0.361 0.639 0.814 0.370 [0.751 0.194 0.282 0.749 0.098
20,20,20,20 (0.859 0.504 0.863 0.859 0.473 (0.870 0.508 0.889 0.860 0.451 (0.830 0.288 0.448 0.813 0.150
25,25,25,25 (0.891 0.615 0.915 0.889 0.560 (0.893 0.624 0.916 0.889 0.517 (0.879 0.378 0.556 0.875 0.223

5555 |0.620 0.049 0.005 0.606 0.066 [0.614 0.051 0.005 0.613 0.076 [0.442 0.027 0.001 0.410 0.013
7,7,7,7 10.703 0.120 0.111 0.691 0.150 [0.706 0.118 0.122 0.690 0.143 |0.560 0.063 0.046 0.533 0.021
1:3:4:5 10,10,10,10 (0.763 0.263 0.541 0.754 0.294 (0.767 0.262 0.535 0.764 0.303 (0.674 0.140 0.232 0.659 0.051
15,15,15,15 [0.828 0.399 0.675 0.821 0.427 |0.833 0.398 0.680 0.827 0.402 (0.793 0.200 0.318 0.787 0.116
20,20,20,20 [0.872 0.576 0.879 0.873 0.541 |0.875 0.575 0.895 0.864 0.531 [0.867 0.316 0.515 0.855 0.187
25,25,25,25 (0.905 0.692 0.942 0.895 0.664 [0.903 0.684 0.941 0.895 0.624 (0.905 0.420 0.624 0.905 0.248

5555 [0.620 0.047 0.005 0.611 0.088 [0.621 0.051 0.006 0.625 0.078 [0.472 0.028 0.002 0.428 0.014
7,7,7,7 |0.706 0.125 0.117 0.687 0.178 (0.702 0.126 0.115 0.687 0.166 [0.583 0.066 0.050 0.560 0.023
1:3.5:45:55 | 10,10,10,10 [0.777 0.296 0.569 0.768 0.345 |0.782 0.289 0.565 0.770 0.365 [0.703 0.149 0.250 0.691 0.073
15,15,15,15 (0.834 0.451 0.713 0.839 0.474 (0.841 0.454 0.704 0.831 0.488 (0.824 0.226 0.360 0.815 0.124
20,20,20,20 [0.886 0.642 0.898 0.884 0.625 |0.888 0.635 0.950 0.877 0.650 [0.888 0.344 0.559 0.889 0.236
25,25,25,25 [0.915 0.749 0.955 0.908 0.700 [0.919 0.745 0.956 0.908 0.674 [0.927 0.456 0.679 0.921 0.296

Cizelge 3.14°de verilen normal dagilim i¢in simiilasyon sonuglari, dikkate alinan tiim
varyans degerleri ve drnek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan diger

testlere gore daha iyi sonuglar verdigini gostermektedir.

Tekdiize dagilim icin simiilasyon sonuglari, varyanslar (1:1.5:2.5:3.5) ve 6rnek hacimleri
(5,5,5,5) ve (7,7,7,7) iken B ve H testlerinin daha iyi deneysel gii¢ sonuclar1 verdigini
ortaya koymustur. Ayn1 varyans durumlari i¢in 6rnek hacimleri orta biiyiikliikte iken L ve
FK testlerinin deneysel glic bakimindan diger testlere gore daha iyi sonuglar verdigi
goriilmektedir. Diger yandan varyanslar (1:2:3:4), (1:2.5:3.5:4.5), (1:3:4:5) ve
(1:3.5:4.5:5.5) iken B ve H testlerinin deneysel gii¢c degerleri diger testlerinkilerden daha
iyi ¢ikmustir.
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Bu cizelgede verilen gamma dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tim
varyans degerleri ve 6rnek hacimleri i¢in B ve H testlerinin deneysel gli¢ bakimindan diger

testlere gore daha iyi sonuglar verdigi goriilmektedir.

Ki-kare dagilimi i¢in simiilasyon sonuglarinda, varyanslar (1:1.5:2.5:3.5), (1:2:3:4) iken
dikkate alinan tiim 6rnek hacimleri i¢in B ve H testlerinin deneysel giic bakimindan daha
iyl sonuclar verdigi goriilmektedir. Varyanslar (1:2.5:3.5:4.5), (1:3:4:5), (1:3.5:4.5:5.5) ve
ornek hacimleri de (5,5,5,5), (7,7,7,7), (10,10,10,10) ve (15,15,15,15) iken B ve H testleri
daha iyi sonuglar verirken, 6rnek hacimleri (20,20,20,20) ve (25,25,25,25) iken FK testi

giic bakimindan daha iyi sonuglar vermektedir.

Bu ¢izelgede weibull dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans
degerleri ve ornek hacimleri icin B ve H testlerinin deneysel giic bakimindan diger testlere

gore daha iyi sonuglar verdigi goriilmektedir.
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Cizelge 3.15. Nominal 1. tip hata 0.10 ve k=4 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F,,, (RMD) testleri i¢in
deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD
o n Normal Tekdiize Gamma (1,4)

5555 [0.238 0.045 0.017 0.216 0.020 [0.125 0.028 0.016 0.125 0.015 [0.505 0.065 0.029 0.477 0.031
7777 [0.329 0.125 0.086 0.304 0.032 [0.181 0.109 0.085 0.159 0.025 [0.600 0.114 0.100 0.587 0.064
1:15:2.5:35 | 10,10,10,10 [0.463 0.301 0.272 0.426 0.105 [0.306 0.359 0.340 0.273 0.083 [0.689 0.209 0.294 0.667 0.086
15,15,15,15 [0.647 0.466 0.409 0.623 0.171 [0.554 0.576 0.572 0.533 0.204 [0.762 0.284 0.351 0.755 0.160
20,20,20,20 0.776 0.643 0.604 0.757 0.295 [0.799 0.806 0.803 0.767 0.389 [0.829 0.368 0.490 0.817 0.200
25,25,25,25 (0.864 0.757 0.727 0.854 0.420 [0.895 0.907 0.908 0.897 0.558 [0.866 0.453 0.578 0.855 0.251

5555 [0.257 0.048 0.015 0.232 0.023 [0.135 0.030 0.013 0.137 0.016 [0.525 0.060 0.026 0.498 0.036

7777  [0.352 0.127 0.082 0.347 0.046 [0.201 0.113 0.084 0.191 0.036 (0.615 0.118 0.108 0.606 0.093
1:2:3:4 | 10,10,10,10 0.498 0.312 0.294 0.507 0.112 [0.369 0.335 0.362 0.368 0.121 [0.709 0.215 0.305 0.695 0.118
15,15,15,15 [0.694 0.506 0.462 0.697 0.222 [0.662 0.633 0.630 0.681 0.279 [0.793 0.295 0.372 0.786 0.177
20,20,20,20 0.829 0.688 0.656 0.833 0.384 [0.868 0.847 0.851 0.885 0.504 [0.847 0.394 0.545 0.840 0.223
25,25,2525 (0.911 0.807 0.783 0.914 0.506 [0.961 0.938 0.941 0.962 0.661 [0.888 0.484 0.631 0.882 0.285

5555 [0.270 0.047 0.017 0.269 0.025 [0.159 0.029 0.012 0.159 0.021 [0.548 0.063 0.027 0.523 0.057

7777  [0.396 0.135 0.090 0.389 0.052 [0.237 0.119 0.089 0.241 0.038 [0.644 0.123 0.114 0.617 0.070
1:25:35:4.5 | 10,10,10,10 [0.553 0.343 0.329 0.569 0.149 [0.428 0.418 0.403 0.467 0.119 [0.727 0.232 0.343 0.720 0.145
15,15,15,15 (0.771 0.553 0.522 0.788 0.284 [0.768 0.699 0.682 0.813 0.382 [0.824 0.312 0.426 0.818 0.215
20,20,20,20 0.895 0.750 0.733 0.899 0.460 [0.942 0.903 0.897 0.950 0.585 [0.881 0.430 0.593 0.875 0.274
25,25,25,25 [0.953 0.856 0.846 0.956 0.602 [0.988 0.970 0.970 0.992 0.778 [0.919 0.531 0.694 0.914 0.350

5555 |0.306 0.051 0.016 0.298 0.022 [0.173 0.031 0.015 0.189 0.023 [0.554 0.066 0.028 0.534 0.042
7,7,7,7  |0.433 0.149 0.098 0.442 0.067 [0.276 0.129 0.093 0.308 0.048 (0.664 0.127 0.115 0.640 0.087
1:3:4:5 10,10,10,10 (0.618 0.380 0.364 0.642 0.174 [0.522 0.463 0.438 0.580 0.195 [0.757 0.247 0.366 0.748 0.155
15,15,15,15 [0.836 0.615 0.576 0.851 0.381 [0.866 0.764 0.740 0.891 0.409 [0.850 0.352 0.466 0.839 0.222
20,20,20,20 [0.937 0.818 0.792 0.946 0.547 (0.976 0.942 0.936 0.983 0.691 [0.906 0.476 0.651 0.902 0.316
25,25,25,25 10.977 0.910 0.896 0.982 0.683 [0.997 0.986 0.986 0.997 0.870 {0.935 0.593 0.745 0.935 0.405

5555 [0.321 0.056 0.019 0.332 0.035 |0.193 0.031 0.012 0.205 0.030 [0.577 0.067 0.029 0.555 0.047

7,7,7,7 |0.475 0.158 0.107 0.485 0.065 |0.317 0.143 0.098 0.368 0.054 0.689 0.134 0.126 0.681 0.093
1:3.5:45:55 | 10,10,10,10 [0.681 0.420 0.417 0.716 0.217 |0.604 0.515 0.483 0.677 0.223 |0.782 0.266 0.391 0.776 0.180
15,15,15,15 (0.883 0.661 0.639 0.900 0.414 [0.922 0.815 0.787 0.944 0.515 |0.875 0.368 0.511 0.875 0.280
20,20,20,20 (0.965 0.865 0.845 0.968 0.620 [0.993 0.964 0.960 0.996 0.780 {0.920 0.512 0.696 0.919 0.363
25,25,25,25 10.989 0.940 0.929 0.991 0.760 [0.999 0.995 0.992 1.000 0.900 [0.954 0.635 0.792 0.953 0.445

o’ n Gamma (4,1) Gamma (2,3) Gamma (3,2)

5555 {0.319 0.052 0.017 0.288 0.021 [0.392 0.050 0.022 0.366 0.028 (0.337 0.050 0.021 0.309 0.016
7,7,7,7 0405 0.119 0.087 0.394 0.035 |0.490 0.116 0.093 0.460 0.054 0.440 0.118 0.092 0.411 0.051
1:1.5:25:3.5 | 10,10,10,10 [0.539 0.264 0.271 0.521 0.095 [0.592 0.249 0.277 0.576 0.108 [0.557 0.263 0.267 0.534 0.098
15,15,15,15 [0.681 0.410 0.393 0.664 0.162 [0.718 0.354 0.364 0.704 0.180 [0.694 0.371 0.367 0.675 0.174
20,20,20,20 (0.777 0.553 0.553 0.768 0.238 [0.797 0.480 0.523 0.792 0.224 [0.785 0.531 0.529 0.774 0.240
25,25,25,25 (0.857 0.659 0.659 0.843 0.345 [0.854 0.582 0.620 0.841 0.294 [0.844 0.630 0.642 0.844 0.325

5555 [0.322 0.048 0.018 0.308 0.023 |0.402 0.058 0.021 0.369 0.037 0.359 0.050 0.022 0.332 0.027

7,7,7,7  |0.433 0.125 0.092 0.426 0.045 [0.520 0.121 0.095 0.487 0.055 [0.461 0.125 0.088 0.446 0.055
1:2:3:4 10,10,10,10 [0.565 0.288 0.304 0.566 0.134 [0.633 0.251 0.294 0.612 0.129 |0.588 0.267 0.298 0.577 0.104
15,15,15,15 (0.724 0.422 0.426 0.722 0.224 (0.755 0.377 0.392 0.739 0.221 (0.742 0.412 0.412 0.733 0.208
20,20,20,20 [0.829 0.594 0.616 0.826 0.331 [0.834 0.515 0.564 0.833 0.320 [0.824 0.560 0.597 0.824 0.310
25,25,25,25 10.899 0.720 0.728 0.892 0.415 |0.888 0.632 0.678 0.883 0.367 |0.897 0.682 0.704 0.886 0.434

55,55 |0.356 0.055 0.023 0.330 0.030 0.421 0.061 0.023 0.399 0.041 [0.371 0.058 0.020 0.357 0.030

7,7,7,7 10489 0.132 0.097 0.467 0.057 [0.549 0.127 0.100 0.529 0.058 [0.503 0.129 0.100 0.487 0.070
1:25:3.5:45 | 10,10,10,10 0.632 0.301 0.322 0.616 0.146 [0.653 0.269 0.327 0.658 0.139 [0.636 0.300 0.322 0.635 0.154
15,15,15,15 0.772 0.464 0.475 0.790 0.250 [0.797 0.402 0.453 0.794 0.248 [0.785 0.436 0.461 0.790 0.277
20,20,20,20 |0.877 0.660 0.670 0.879 0.412 [0.874 0.567 0.639 0.871 0.347 [0.876 0.622 0.663 0.870 0.375
25,25,25,25 |0.931 0.770 0.788 0.933 0.520 |0.917 0.685 0.741 0.924 0.433 |0.930 0.745 0.768 0.925 0.500

5555 |0.381 0.054 0.022 0.360 0.033 [0.450 0.066 0.024 0.428 0.035 [0.401 0.058 0.022 0.384 0.036

7,7,7,7 10528 0.136 0.097 0.518 0.064 [0.583 0.132 0.114 0.569 0.074 [0.541 0.145 0.106 0.528 0.076
1:3:45 10,10,10,10 [0.663 0.332 0.358 0.675 0.173 [0.703 0.297 0.357 0.696 0.171 |0.689 0.323 0.359 0.680 0.158
15,15,15,15 (0.826 0.521 0.535 0.831 0.294 [0.836 0.447 0.508 0.831 0.270 [0.837 0.493 0.529 0.834 0.310
20,20,20,20 |0.911 0.710 0.738 0.916 0.457 [0.906 0.621 0.706 0.909 0.396 [0.903 0.682 0.733 0.910 0.435
25,25,25,25 |0.956 0.833 0.849 0.960 0.598 |0.948 0.744 0.811 0.944 0.539 |0.950 0.807 0.833 0.951 0.570

55,55 |0.405 0.058 0.020 0.397 0.035 [0.475 0.065 0.026 0.462 0.045 [0.428 0.058 0.023 0.416 0.042

7,7,7,7 0552 0.155 0.119 0.552 0.078 [0.618 0.143 0.118 0.608 0.090 [0.579 0.151 0.115 0.575 0.080
1:3.5:45:5,5 | 10,10,10,10 (0.723 0.362 0.397 0.728 0.221 [0.741 0.320 0.394 0.740 0.178 [0.728 0.336 0.397 0.729 0.188
15,15,15,15 0.869 0.559 0.593 0.864 0.363 [0.867 0.484 0.566 0.868 0.327 [0.873 0.536 0.583 0.870 0.321
20,20,20,20 |0.940 0.764 0.793 0.943 0.540 (0.932 0.673 0.746 0.931 0.483 [0.936 0.737 0.776 0.941 0.513
25,25,25,25 |0.973 0.881 0.891 0.978 0.661 [0.965 0.798 0.852 0.967 0.578 |0.970 0.857 0.887 0.966 0.665
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Cizelge 3.15. (devam) Nominal I. tip hata 0.10 ve k=4 iken Bartlett testi(B), Levene
testi(L), Fligner-Killeen testi(FK), Hartley testi(H) ve Fg,,, (RMD) testleri

i¢cin deneysel glic degerleri

o2 . Ki-kare-(4 sd’li) Ki-kare(10 sd’li) Weibull(1,1)

5555 [0.745 0.111 0.058 0.732 0.124 [0.742 0.106 0.059 0.727 0.132 [0.509 0.060 0.026 0.479 0.026
7,7,7,7  0.797 0.188 0.237 0.780 0.167 [0.791 0.191 0.244 0.784 0.176 [0.594 0.110 0.101 0.579 0.032
1:1.5:2.5:3.5 | 10,10,10,10 [0.840 0.301 0.593 0.824 0.273 (0.832 0.303 0.604 0.827 0.280 [0.685 0.212 0.281 0.668 0.061
15,15,15,15 (0.870 0.412 0.716 0.869 0.328 [0.874 0.423 0.710 0.866 0.324 [0.764 0.268 0.350 0.762 0.137
20,20,20,20 [0.900 0.532 0.865 0.892 0.376 [0.901 0.527 0.874 0.896 0.415 [0.825 0.370 0.496 0.818 0.138
25,25,25,25 [0.909 0.621 0.927 0.913 0.445 [0.910 0.625 0.927 0.914 0.445 [0.860 0.458 0.581 0.849 0.221

5555 [0.718 0.109 0.053 0.715 0.123 [0.720 0.109 0.055 0.718 0.111 [0.521 0.066 0.025 0.494 0.025

7,7,7,7  0.776 0.195 0.242 0.775 0.207 [0.775 0.194 0.243 0.770 0.176 [0.623 0.119 0.110 0.583 0.033
1:2:3:4 10,10,10,10 0.823 0.340 0.619 0.812 0.310 [0.822 0.329 0.621 0.815 0.313 [0.708 0.220 0.305 0.686 0.083
15,15,15,15 0.865 0.464 0.731 0.865 0.367 [0.866 0.459 0.734 0.861 0.387 [0.796 0.291 0.384 0.786 0.116
20,20,20,20 (0.893 0.597 0.880 0.892 0.464 [0.899 0.590 0.882 0.884 0.486 [0.847 0.406 0.541 0.840 0.198
25,25,25,25 0.914 0.683 0.939 0.911 0.507 [0.914 0.680 0.937 0.913 0.541 |0.886 0.489 0.622 0.884 0.270

5555 [0.704 0.108 0.052 0.694 0.116 [0.708 0.114 0.050 0.691 0.115 |0.532 0.067 0.028 0.514 0.030

7,7,7,7  0.776 0.207 0.258 0.763 0.212 [0.769 0.207 0.261 0.769 0.237 [0.640 0.127 0.114 0.624 0.033
1:25:3.5:45 | 10,10,10,10 (0.823 0.365 0.646 0.810 0.367 (0.821 0.359 0.631 0.823 0.346 [0.736 0.224 0.334 0.722 0.083
15,15,15,15 (0.871 0.512 0.759 0.863 0.457 [0.868 0.507 0.763 0.864 0.453 [0.824 0.316 0.425 0.815 0.157
20,20,20,20 (0.899 0.651 0.909 0.895 0.535 [0.905 0.652 0.907 0.898 0.564 [0.880 0.427 0.596 0.874 0.220
25,25,25,25 [0.919 0.747 0.956 0.915 0.640 [0.920 0.743 0.956 0.918 0.646 [0.916 0.527 0.684 0.914 0.345

5555 (0.703 0.116 0.050 0.697 0.143 (0.704 0.110 0.053 0.699 0.147 |0.551 0.068 0.028 0.534 0.034

7,7,7,7  0.772 0.229 0.275 0.758 0.265 [0.767 0.222 0.271 0.767 0.255 [0.664 0.129 0.118 0.639 0.054
1:3:4:5 10,10,10,10 (0.824 0.393 0.670 0.816 0.377 (0.820 0.391 0.679 0.824 0.415 [0.759 0.239 0.366 0.756 0.100
15,15,15,15 0.881 0.558 0.796 0.896 0.527 [0.875 0.555 0.799 0.876 0.521 [0.849 0.339 0.469 0.851 0.192
20,20,20,20 (0.904 0.714 0.927 0.903 0.634 (0.909 0.705 0.932 0.903 0.636 [0.904 0.487 0.640 0.896 0.281
25,25,25,25 (0.928 0.806 0.965 0.926 0.740 [0.936 0.803 0.969 0.926 0.705 [0.940 0.584 0.739 0.933 0.367

5555 [0.710 0.116 0.051 0.697 0.158 (0.706 0.116 0.049 0.705 0.165 [0.577 0.070 0.030 0.552 0.040

7,7,7,7  0.773 0.237 0.292 0.778 0.282 [0.774 0.240 0.284 0.766 0.310 [0.686 0.142 0.134 0.672 0.065
1:3.5:45:55 | 10,10,10,10 0.829 0.425 0.706 0.828 0.467 (0.836 0.437 0.697 0.823 0.434 [0.788 0.264 0.393 0.781 0.120
15,15,15,15 (0.887 0.613 0.827 0.883 0.562 (0.883 0.606 0.825 0.879 0.615 |0.871 0.376 0.508 0.872 0.206
20,20,20,20 0.916 0.770 0.951 0.912 0.707 (0.915 0.770 0.947 0.911 0.673 |0.919 0.507 0.695 0.923 0.325
25,25,25,25 [0.937 0.859 0.979 0.938 0.770 [0.941 0.851 0.979 0.939 0.777 |0.950 0.629 0.798 0.952 0.450

Cizelge 3.15’deki normal dagilim i¢in verilen simiilasyon sonuglarinda, dikkate alinan tiim
varyans degerleri ve 6rnek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan daha

1yi sonuglar verdigi goriilmektedir.

Bu ¢izelgedeki tekdiize dagilim i¢in verilen simiilasyon sonuglarinda, varyanslar
(1:1.5:2.5:3.5) ve oOrnek hacimleri (5,5,5,5) ve (7,7,7,7) iken B ve H testlerinin diger
testlere gore deneysel gii¢ bakimindan daha iyi sonuglar verdigi goriilmektedir. Diger
yandan bu varyans durumlari i¢in 6rnek hacimleri orta biiytikliikte iken L ve FK testleri
daha iyi deneysel gii¢c sonuglar1 vermistir. Varyanslar (1:2:3:4), (1:2.5:3.5:4.5), (1:3:4:5)
ve (1:3.5:4.5:5.5) iken tiim 6rnek hacimleri i¢in B ve H testleri deneysel glic bakimindan

diger testlere gore daha iyi sonuglar vermistir.

Bu cizelgedeki gamma dagilimi i¢in simiilasyon sonuglari, dikkate alinan tiim varyans
degerleri ve Ornek hacimleri i¢cin B ve H testlerinin daha iyi deneysel gii¢ degerleri

verdigini gostermektedir.
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Ki-kare dagilimi i¢in simiilasyon sonuglari, varyanslar (1:1.5:2.5:3.5), (1:2:3:4) iken 6rnek
hacimleri (5,5,5,5), (7,7,7,7), (10,10,10,10), (15,15,15,15) ve (20,20,20,20) i¢in B ve H
testlerinin deneysel giic bakimindan daha iyi sonuglar verdigini, 6rnek hacimleri
(25,25,25,25) i¢in de FK testinin daha iyi sonuglar verdigini gostermektedir. Varyanslar
(1:2.5:3.5:4.5), (1:3:4:5), (1:3.5:4.5:5.5) ve oOrnek hacimleri de (5,5,5,5), (7,7,7,7),
(10,10,10,10) ve (15,15,15,15) iken B ve H testleri diger testlere gore daha iyi deneysel
giic degerleri verirken, 6rnek hacimleri (20,20,20,20) ve (25,25,25,25) iken FK testi daha

1yi sonuglar verdi.

Bu cizelgedeki weibull dagilimi i¢in, dikkate aliman tiim varyans degerleri ve Ornek
hacimleri i¢cin B ve H testlerinin deneysel giic bakimindan diger testlere gore daha iyi

sonuclar verdigi goriilmektedir.
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Cizelge 3.16. Nominal I. tip hata 0.05 ve k=5 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F;,, (RMD) testleri i¢in
deneysel gii¢ degerleri

B

L

FK H

RMD

B

L

FK H RMD

B

L FK H

RMD

n

Normal

Tekdiize

Gamma (1,4)

1:1.5:2.5:3.5:4.5

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.187
0.294
0.470
0.701
0.855
0.931

0.016
0.077
0.253
0.456
0.672
0.821

0.000 0.146
0.034 0.245
0.226 0.406
0.392 0.648
0.639 0.811
0.780 0.907

0.006
0.009
0.061
0.147
0.252
0.356

0.082
0.134
0.292
0.639
0.886
0.970

0.008
0.059
0.341
0.607
0.865
0.955

0.000 0.080
0.037 0.113
0.297 0.229
0.591 0.554
0.852 0.821
0.951 0.950

0.007
0.009
0.055
0.193
0.361
0.565

0.502
0.611
0.715
0.817
0.877
0.919

0.029 0.002 0.424
0.067 0.045 0.554
0.152 0.229 0.676
0.225 0.314 0.792
0.339 0.499 0.863
0.450 0.601 0.905

0.013
0.025
0.075
0.118
0.140
0.184

1:2:3:4:5

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.189
0.291
0.470
0.725
0.869
0.949

0.018
0.072
0.243
0.447
0.680
0.825

0.000 0.154
0.034 0.265
0.215 0.450
0.392 0.670
0.655 0.866
0.790 0.942

0.009
0.019
0.063
0.165
0.332
0.470

0.081
0.136
0.299
0.657
0.897
0.980

0.008
0.054
0.316
0.602
0.867
0.958

0.001 0.078
0.028 0.127
0.286 0.279
0.580 0.664
0.869 0.907
0.964 0.982

0.007
0.014
0.062
0.245
0.463
0.695

0.472
0.593
0.696
0.804
0.857
0.895

0.026 0.002 0.399
0.057 0.035 0.543
0.128 0.214 0.655
0.176 0.276 0.774
0.273 0.447 0.842
0.353 0.545 0.894

0.015
0.032
0.073
0.110
0.180
0.235

1:2.5:3.5:4.5:55

555,55
7,0,1,7,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.196
0.320
0.495
0.764
0.900
0.963

0.014
0.065
0.248
0.460
0.709
0.851

0.001 0.168
0.031 0.300
0.224 0.502
0.409 0.767
0.685 0.908
0.836 0.970

0.012
0.020
0.074
0.218
0.400
0.568

0.083
0.142
0.327
0.719
0.937
0.989

0.008
0.054
0.316
0.629
0.890
0.971

0.000 0.089
0.024 0.153
0.290 0.357
0.592 0.779
0.883 0.960
0.971 0.994

0.008
0.015
0.094
0.273
0.567
0.747

0.507
0.624
0.747
0.841
0.900
0.935

0.030 0.001 0.435
0.070 0.043 0.582
0.144 0.249 0.707
0.222 0.339 0.830
0.339 0.547 0.895
0.440 0.650 0.934

0.021
0.020
0.086
0.138
0.205
0.265

1:3:4:5:6

555,55
7,0,1,7,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.209
0.334
0.543
0.802
0.932
0.981

0.017
0.070
0.262
0.485
0.743
0.886

0.001 0.182
0.029 0.329
0.234 0.562
0.437 0.830
0.723 0.944
0.865 0.985

0.015
0.021
0.100
0.261
0.438
0.640

0.088
0.153
0.353
0.786
0.965
0.997

0.008
0.054
0.335
0.655
0.915
0.984

0.000 0.104
0.031 0.187
0.306 0.447
0.622 0.858
0.910 0.984
0.983 0.998

0.009
0.016
0.111
0.333
0.610
0.800

0.517
0.642
0.761
0.859
0.920
0.954

0.025 0.003 0.457
0.070 0.050 0.616
0.155 0.264 0.733
0.227 0.364 0.853
0.353 0.579 0.911
0.462 0.697 0.943

0.022
0.031
0.086
0.145
0.252
0.305

1:3.5:4.5:5.5:6.5

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.216
0.360
0.586
0.846
0.960
0.988

0.017
0.068
0.269
0.509
0.779
0.914

0.001 0.200
0.028 0.367
0.254 0.622
0.465 0.877
0.765 0.965
0.903 0.993

0.016
0.022
0.109
0.294
0.531
0.675

0.099
0.177
0.413
0.844
0.985
0.999

0.007
0.056
0.364
0.698
0.939
0.990

0.000 0.112
0.025 0.219
0.315 0.534
0.658 0.919
0.930 0.995
0.991 1.000

0.010
0.018
0.135
0.388
0.666
0.865

0.528
0.671
0.775
0.883
0.937
0.960

0.029 0.002 0.477
0.064 0.053 0.631
0.157 0.281 0.760
0.232 0.391 0.877
0.374 0.624 0.930
0.491 0.743 0.962

0.027
0.033
0.107
0.160
0.265
0.365

n

Gamma (4,1)

Gamma (2,3)

Gamma (3,2)

1:1.5:2.5:3.5:4.5

55555
17,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.267
0.385
0.552
0.730
0.847
0.917

0.023
0.073
0.212
0.372
0.573
0.711

0.002 0.212
0.038 0.335
0.211 0.500
0.362 0.701
0.568 0.829
0.711 0.899

0.007
0.018
0.044
0.132
0.221
0.315

0.347
0.470
0.613
0.761
0.859
0.913

0.024
0.069
0.191
0.307
0.465
0.598

0.002 0.279 0.007
0.043 0.428 0.020
0.222 0.580 0.054
0.335 0.741 0.110
0.538 0.837 0.181
0.659 0.905 0.273

0.300
0.426
0.578
0.751
0.861
0.916

0.021 0.001 0.233
0.069 0.039 0.371
0.213 0.224 0.523
0.345 0.345 0.716
0.530 0.565 0.831
0.678 0.689 0.902

0.011
0.020
0.057
0.151
0.226
0.316

1:2:3:4:5

55555
17,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.275
0.397
0.572
0.754
0.863
0.925

0.021
0.069
0.207
0.353
0.568
0.709

0.001 0.221
0.034 0.354
0.219 0.542
0.361 0.730
0.578 0.858
0.728 0.920

0.010
0.022
0.057
0.150
0.281
0.370

0.355
0.483
0.622
0.785
0.867
0.919

0.022
0.065
0.181
0.301
0.475
0.594

0.001 0.296 0.013
0.038 0.438 0.022
0.220 0.598 0.072
0.336 0.758 0.120
0.546 0.863 0.231
0.682 0.916 0.320

0.305
0.434
0.595
0.767
0.870
0.929

0.022 0.002 0.243
0.069 0.035 0.392
0.203 0.220 0.562
0.340 0.359 0.748
0.528 0.586 0.855
0.669 0.711 0.919

0.012
0.022
0.070
0.137
0.252
0.375

1:2.5:3.5:4.5:5.5

55555
7,1,7,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.282
0.418
0.595
0.781
0.891
0.948

0.020
0.065
0.213
0.371
0.579
0.740

0.000 0.237
0.034 0.386
0.236 0.582
0.381 0.778
0.621 0.895
0.766 0.947

0.013
0.024
0.096
0.184
0.320
0.458

0.368
0.506
0.653
0.816
0.895
0.941

0.026
0.059
0.184
0.304
0.486
0.619

0.002 0.316 0.016
0.040 0.464 0.024
0.230 0.632 0.080
0.373 0.801 0.178
0.576 0.889 0.295
0.725 0.934 0.373

0.307
0.452
0.616
0.790
0.898
0.945

0.024 0.002 0.254
0.069 0.038 0.411
0.202 0.225 0.599
0.349 0.375 0.783
0.548 0.610 0.891
0.686 0.749 0.942

0.014
0.024
0.087
0.165
0.302
0.455

1:3:4:5:6

55555
7,1,7,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.288
0.439
0.629
0.821
0.919
0.964

0.019
0.067
0.217
0.382
0.617
0.762

0.001 0.255
0.036 0.420
0.241 0.627
0.409 0.829
0.673 0.926
0.814 0.963

0.015
0.027
0.090
0.232
0.362
0.532

0.393
0.528
0.683
0.837
0.914
0.957

0.022
0.069
0.187
0.322
0.502
0.640

0.001 0.330 0.017
0.037 0.496 0.027
0.239 0.673 0.096
0.391 0.834 0.180
0.634 0.913 0.315
0.764 0.956 0.470

0.315
0.473
0.642
0.830
0.914
0.959

0.023 0.002 0.275
0.071 0.037 0.446
0.202 0.249 0.644
0.363 0.407 0.830
0.579 0.659 0.918
0.731 0.792 0.963

0.015
0.037
0.102
0.210
0.325
0.527

1:3.5:4.5:5.5:6.5

55555
7,1,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.307
0.470
0.656
0.847
0.940

0.975

0.021
0.070
0.226
0.410
0.651
0.806

0.001 0.282
0.035 0.457
0.261 0.671 0.112
0.448 0.857 0.246
0.715 0.944 0.428
0.851 0.976 0.600

0.016
0.032

0.397
0.547
0.711
0.857
0.934
0.966

0.027
0.070
0.195
0.324
0.541
0.679

0.002 0.345 0.019
0.038 0.527 0.038
0.265 0.710 0.116
0.416 0.865 0.220
0.672 0.932 0.368
0.803 0.969 0.520

0.332
0.497
0.677
0.854
0.940

0.975

0.020 0.001 0.302
0.073 0.039 0.490
0.215 0.255 0.687
0.378 0.435 0.866
0.616 0.705 0.940
0.763 0.831 0.976

0.020
0.040
0.112
0.265
0.405
0.575
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Cizelge 3.16. (devam) Nominal I. tip hata 0.05 ve k =5 iken Bartlett testi(B), Levene testi
(L), Fligner-Killeen testi(FK), Hartley testi(H) ve F,, (RMD) testleri igin
deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD

o2 0 Ki-kare-(4 sd’li) Ki-kare(10 sd’li) Weibull(1,1)

55555 [0.735 0.059 0.006 0.684 0.065 [0.723 0.055 0.005 0.692 0.070 [0.498 0.028 0.002 0.412 0.008
77777 0793 0.129 0.132 0.769 0.121 [0.799 0.124 0.126 0.767 0.113 0.605 0.068 0.043 0.559 0.010
1:1.5:2.5:3.5:4.5/10,10,10,10,100.850 0.258 0.568 0.832 0.260 [0.850 0.267 0.563 0.826 0.241 [0.708 0.153 0.237 0.682 0.022
15,15,15,15,15/0.897 0.397 0.710 0.885 0.326 [0.901 0.398 0.707 0.888 0.315 0.811 0.220 0.318 0.796 0.071
20,20,20,20,20/0.925 0.556 0.896 0.921 0.415 [0.922 0.558 0.900 0.916 0.400 0.879 0.338 0.495 0.858 0.115
25,25,25,25,25[0.944 0.666 0.954 0.935 0.480 [0.946 0.671 0.948 0.937 0.488 [0.917 0.438 0.599 0.904 0.180

55555 [0.698 0.051 0.005 0.661 0.067 [0.702 0.054 0.004 0.662 0.072 [0.490 0.028 0.002 0.426 0.009

77777 [0.768 0.124 0.114 0.746 0.152 [0.765 0.124 0.116 0.742 0.115 [0.611 0.065 0.044 0.568 0.013
1:2:3:4:5  |10,10,10,10,10{0.832 0.255 0.540 0.816 0.268 (0.832 0.264 0.548 0.812 0.300 0.722 0.146 0.239 0.691 0.046
15,15,15,15,15/0.887 0.407 0.692 0.879 0.390 [0.889 0.394 0.691 0.871 0.332 0.826 0.218 0.318 0.803 0.078
20,20,20,20,20/0.920 0.562 0.888 0.911 0.481 [0.918 0.567 0.892 0.909 0.476 [0.888 0.333 0.514 0.875 0.131
25,25,25,25,25[0.941 0.692 0.946 0.931 0.570 [0.939 0.690 0.951 0.937 0.546 [0.933 0.430 0.613 0.921 0.220

55555 [0.676 0.052 0.006 0.648 0.068 [0.672 0.047 0.005 0.648 0.075 [0.500 0.028 0.002 0.441 0.010

77777 [0.763 0.122 0.109 0.732 0.162 [0.760 0.123 0.111 0.731 0.155 [0.624 0.067 0.046 0.585 0.017
1:2.5:3.5:4.5:5.5/10,10,10,10,100.824 0.272 0.553 0.811 0.300 [0.825 0.269 0.553 0.807 0.310 (0.741 0.141 0.243 0.711 0.050
15,15,15,15,15/0.883 0.422 0.711 0.876 0.410 [0.881 0.422 0.707 0.871 0.427 [0.846 0.219 0.340 0.824 0.100
20,20,20,20,20/0.916 0.593 0.898 0.910 0.525 (0.918 0.603 0.902 0.910 0.556 [0.907 0.334 0.539 0.898 0.170
25,25,25,25,25[0.939 0.728 0.956 0.927 0.605 [0.941 0.722 0.957 0.933 0.645 [0.941 0.444 0.656 0.930 0.234

555,55 [0.663 0.046 0.005 0.634 0.070 |0.664 0.045 0.004 0.632 0.081 [0.507 0.030 0.002 0.462 0.012
7,7,7,7,7 0.746 0.121 0.112 0.722 0.174 [0.754 0.123 0.101 0.726 0.160 [0.649 0.065 0.049 0.602 0.019
1:3:4:5:6  |10,10,10,10,10/0.812 0.284 0.577 0.803 0.320 [0.823 0.290 0.570 0.805 0.360 [0.760 0.145 0.262 0.746 0.062
15,15,15,15,15/0.883 0.456 0.728 0.881 0.445 |0.882 0.453 0.721 0.877 0.473 (0.867 0.224 0.373 0.852 0.125
20,20,20,20,20/0.917 0.639 0.910 0.913 0.603 |0.918 0.635 0.911 0.915 0.600 [0.924 0.356 0.582 0.911 0.205
25,25,25,25,25/0.944 0.767 0.962 0.941 0.690 |0.942 0.767 0.966 0.936 0.700 [0.953 0.472 0.704 0.953 0.306

55555 [0.651 0.047 0.005 0.642 0.082 [0.666 0.046 0.004 0.633 0.085 [0.532 0.028 0.002 0.476 0.018

7,7,7,7,7 0.748 0.124 0.104 0.732 0.190 [0.750 0.128 0.106 0.731 0.203 [0.668 0.071 0.051 0.623 0.023
1:3.5:4.5:5.5:6.5/10,10,10,10,10{0.829 0.298 0.575 0.807 0.368 (0.817 0.305 0.583 0.813 0.370 0.773 0.152 0.277 0.767 0.072
15,15,15,15,15(0.884 0.483 0.751 0.883 0.518 |0.882 0.486 0.742 0.880 0.516 (0.891 0.233 0.388 0.876 0.130
20,20,20,20,20/0.929 0.679 0.918 0.924 0.650 |0.930 0.689 0.920 0.926 0.660 [0.932 0.373 0.618 0.928 0.250
25,25,25,25,25(0.945 0.807 0.968 0.942 0.755 [0.947 0.805 0.969 0.944 0.750 [0.962 0.496 0.744 0.960 0.340

Cizelge 3.16°daki normal dagilim icin simiilasyon sonuglarinda, dikkate alinan tiim
varyans degerleri ve drnek hacimleri i¢in B ve H testlerinin deneysel giic degerlerinin

digerlerininkilerden daha iyi oldugu goriilmektedir.

Bu cizelgedeki tekdiize dagilimi i¢in simiilasyon sonuclarinda, varyanslar
(1:1.5:2.5:3.5:4.5) ve o6rnek hacimleri (5,5,5,5,5) ve (7,7,7,7,7) iken B ve H testlerinin
deneysel gii¢ degerlerinin diger testlere gore daha iyi oldugu goriilmektedir. Diger yandan
ayni varyans oranlar1 dikkate alindiginda 6rnek hacimleri (10,10,10,10,10) i¢in L ve FK
testleri daha 1yi deneysel giic degerleri verirken, ornek hacimleri (15,15,15,15,15),
(20,20,20,20,20) ve (25,25,25,25,25) iken B ve L testleri deneysel gii¢ degerleri
bakimindan daha iyi sonuclar vermislerdir. Varyanslar (1:2:3:4:5) ve o6rnek hacimleri
(5,5,5,5,5) ve (7,7,7,7,7) iken B ve H testleri diger testlere gore daha iyi deneysel giic
degerleri verirken, 6rnek hacimleri (10,10,10,10,10) iken B ve L testlerinin sonuglar1 daha

iyi  ¢ikmustir.  Ayrica, ornek hacimleri  (15,15,15,15,15), (20,20,20,20,20) ve
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(25,25,25,25,25) icin B ve H testlerinin deneysel gii¢ degerleri diger testlere gore daha iyi
cikmistir. Varyanslar (1:2.5:3.5:4.5:5.5), (1:3:4:5:6) ve (1:3.5:4.5:5.5:6.5) iken dikkate
alman tiim 6rnek hacimleri i¢in B ve H testleri diger testlere goére daha iyi deneysel gii¢

degerleri vermislerdir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin daha iyi deneysel gii¢ degerleri verdigi

goriilmektedir.

Ki-kare dagilimi i¢in simiilasyon sonuglari, dikkate alinan tiim varyans degerleri i¢in 6rnek
hacimleri (5,5,5,5,5), (7,7,7,7,7), (10,10,10,10,10), (15,15,15,15,15) ve (20,20,20,20,20)
icin B ve H testlerinin diger testlere gore daha iyi deneysel gii¢ degerleri verdigini, 6rnek

hacimleri (25,25,25,25,25) i¢in de FK testinin daha iyi sonuglar verdigini gostermektedir.

Bu cizelgedeki weibull dagilimi i¢in simiilasyon sonuglari, dikkate alinan tiim varyans
degerleri ve 6rnek hacimleri i¢in B ve H testlerinin deneysel gii¢c bakimindan diger testlere

gore daha iyi oldugunu gostermektedir.
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Cizelge 3.17. Nominal Ltip hata 0.10 ve k=5 iken Bartlett testi(B), Levene testi(L),
Fligner-Killeen testi(FK), Hartley testi(H) ve F,,, (RMD) testleri igin

deneysel gii¢ degerleri

L

FK

H

RMD

B

L FK H

RMD

B

L FK H

RMD

n

Normal

Tekdiize

Gamma (1,4)

1:1.5:2.5:3.5:4.5|

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.302
0.423
0.605
0.807
0.911
0.967

0.049 0.014 0.255

0.154
0.396
0.606
0.800
0.902

0.098
0.348
0.565
0.762
0.888

0.382
0.561
0.772
0.893
0.953

0.025
0.040
0.115
0.271
0.380
0.555

0.163
0.250
0.464
0.797
0.949
0.991

0.029
0.136
0.479
0.750
0.930
0.981

0.011 0.150
0.092 0.211
0.449 0.403
0.740 0.744
0.930 0.918
0.982 0.985

0.015
0.036
0.126
0.305
0.546
0.720

0.600
0.704
0.795
0.874
0.919
0.947

0.065 0.019 0.554
0.127 0.116 0.671
0.253 0.352 0.766
0.350 0.459 0.861
0.483 0.628 0.905
0.585 0.725 0.937

0.040
0.057
0.125
0.166
0.235
0.310

1:2:3:4:5

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.302
0.432
0.618
0.823
0.932
0.978

0.050
0.143
0.387
0.608
0.817
0.910

0.015
0.094
0.354
0.563
0.790
0.897

0.269
0.404
0.589
0.815
0.929
0.972

0.026
0.044
0.133
0.303
0.466
0.650

0.157
0.246
0.475
0.824
0.964
0.996

0.027
0.129
0.472
0.753
0.935
0.984

0.012 0.156
0.100 0.248
0.450 0.480
0.732 0.828
0.935 0.966
0.986 0.995

0.016
0.040
0.142
0.370
0.625
0.805

0.606
0.707
0.801
0.879
0.928
0.952

0.061 0.020 0.550
0.132 0.112 0.683
0.247 0.363 0.778
0.354 0.457 0.863
0.477 0.650 0.919
0.590 0.742 0.946

0.045
0.062
0.130
0.170
0.290
0.310

1:2.5:3.5:4.5:5.5|

555,55
7,0,1,7,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.316
0.456
0.638
0.857
0.949
0.985

0.052
0.151
0.388
0.637
0.841
0.929

0.016
0.099
0.369
0.603
0.813
0.914

0.289
0.443
0.650
0.864
0.957
0.989

0.030
0.050
0.165
0.336
0.532
0.690

0.162
0.265
0.518
0.866
0.980
0.998

0.025
0.126
0.476
0.775
0.955
0.991

0.089 0.167
0.091 0.285
0.464 0.564
0.767 0.904
0.953 0.988
0.989 0.999

0.017
0.042
0.182
0.460
0.710
0.845

0.625
0.726
0.816
0.896
0.933
0.957

0.070 0.021 0.581
0.126 0.112 0.692
0.251 0.375 0.794
0.356 0.483 0.881
0.496 0.677 0.934
0.604 0.773 0.956

0.056
0.065
0.133
0.210
0.290
0.385

1:3:4:5:6

555,55
7,0,1,7,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.331
0.477
0.685
0.893
0.970
0.993

0.051
0.150
0.401
0.662
0.867
0.948

0.014
0.096
0.388
0.629
0.853
0.940

0.316
0.491
0.708
0.903
0.975
0.995

0.032
0.052
0.170
0.380
0.610
0.746

0.176
0.293
0.562
0.911
0.993
0.999

0.025
0.125
0.504
0.811
0.969
0.997

0.010 0.189
0.091 0.343
0.485 0.667
0.793 0.954
0.964 0.996
0.995 0.999

0.021
0.045
0.193
0.500
0.760
0.895

0.636
0.746
0.835
0.906
0.945
0.971

0.062 0.025 0.591
0.131 0.113 0.706
0.252 0.403 0.822
0.365 0.513 0.903
0.516 0.713 0.943
0.633 0.812 0.967

0.058
0.077
0.160
0.250
0.335
0.432

1:3.5:4.5:5.5:6.5|

55555
7,7,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.350
0.518
0.726
0.919
0.982
0.996

0.052
0.156
0.432
0.698
0.896
0.964

0.013
0.101
0.425
0.670
0.884
0.960

0.345
0.529
0.756
0.937
0.987
0.998

0.035
0.071
0.222
0.430
0.665
0.800

0.193
0.326
0.639
0.951
0.998
1.000

0.028
0.130
0.535
0.842

0.010 0.212
0.092 0.397
0.505 0.743
0.831 0.975
0.980 0.974 0.998
0.998 0.997 1.000

0.023
0.047
0.235
0.560
0.810
0.920

0.640
0.746
0.853
0.919
0.959
0.977

0.069 0.023 0.613
0.131 0.120 0.736
0.263 0.408 0.836
0.381 0.554 0.919
0.538 0.746 0.954
0.664 0.847 0.976

0.060
0.082
0.195
0.265
0.395
0.500

n

Gamma (4,1)

Gamma (2,3)

Gamma (3,2)

1:1.5:2.5:3.5:4.5

55555
7,7,1,17
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.388
0.534
0.661
0.824
0.909
0.951

0.058
0.146
0.339
0.507
0.710
0.829

0.016
0.099
0.346
0.514
0.709
0.818

0.335
0.477
0.637
0.800
0.892
0.946

0.027
0.051
0.105
0.220
0.326
0.447

0.471
0.599
0.720
0.837
0.906
0.945

0.057 0.018 0.420
0.142 0.105 0.553
0.300 0.338 0.701
0.447 0.480 0.825
0.625 0.667 0.890
0.733 0.770 0.942

0.029
0.050
0.115
0.195
0.278
0.370

0.414
0.551
0.693
0.834
0.901
0.948

0.055 0.016 0.365
0.138 0.103 0.497
0.323 0.345 0.661
0.489 0.498 0.799
0.682 0.692 0.892
0.798 0.811 0.942

0.023
0.044
0.122
0.221
0.340
0.432

1:2:3:4:5

55555
7,7,1,17
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.394
0.537
0.683
0.836
0.919
0.960

0.055
0.137
0.332
0.509
0.716
0.828

0.017
0.098
0.354
0.525
0.726
0.833

0.349
0.502
0.659
0.821
0.917
0.956

0.027
0.053
0.121
0.258
0.385
0.521

0.481
0.610
0.730
0.851
0.916
0.953

0.065 0.019 0.431
0.136 0.103 0.567
0.302 0.352 0.711
0.453 0.496 0.838
0.615 0.691 0.908
0.743 0.800 0.947

0.033
0.055
0.130
0.222
0.331
0.436

0.427
0.555
0.698
0.843
0.914
0.959

0.056 0.018 0.378
0.139 0.097 0.533
0.323 0.351 0.684
0.490 0.511 0.830
0.675 0.717 0.912
0.796 0.823 0.956

0.025
0.053
0.133
0.240
0.387
0.500

1:2.5:3.5:4.5:5.5

55555
7,1,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.406
0.547
0.708
0.862
0.938
0.973

0.055
0.142
0.348
0.532
0.733
0.850

0.015
0.100
0.368
0.550
0.770
0.872

0.383
0.525
0.707
0.855
0.936
0.973

0.044
0.056
0.160
0.295
0.460
0.585

0.495
0.628
0.754
0.873
0.932
0.964

0.059 0.020 0.446
0.135 0.102 0.596
0.304 0.369 0.741
0.462 0.516 0.867
0.643 0.731 0.929
0.759 0.823 0.960

0.040
0.057
0.151
0.262
0.371
0.488

0.432
0.585
0.723
0.862
0.932
0.973

0.057 0.020 0.403
0.137 0.096 0.551
0.325 0.367 0.709
0.506 0.536 0.868
0.700 0.746 0.933
0.821 0.852 0.971

0.030
0.060
0.162
0.275
0.414
0.546

1:3:4:5:6

55555
7,1,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.425
0.589
0.748
0.885
0.951
0.984

0.052
0.146
0.367
0.552
0.767
0.880

0.016
0.101
0.393
0.580
0.800
0.902

0.393
0.568
0.740
0.892
0.954
0.982

0.040
0.060
0.175
0.355
0.510
0.672

0.500
0.643
0.776
0.896
0.950
0.976

0.062 0.021 0.472
0.134 0.104 0.628
0.318 0.386 0.765
0.481 0.556 0.894
0.670 0.767 0.947
0.802 0.863 0.976

0.041
0.063
0.160
0.312
0.464
0.570

0.457
0.601
0.748
0.887
0.950
0.978

0.060 0.021 0.424
0.146 0.101 0.589
0.340 0.377 0.746
0.534 0.561 0.888
0.737 0.786 0.950
0.859 0.883 0.976

0.032
0.065
0.173
0.332
0.505
0.635

1:3.5:4.5:5.5:6.5

55555
7,1,1,1,7
10,10,10,10,10
15,15,15,15,15
20,20,20,20,20
25,25,25,25,25

0.438
0.602
0.766
0.915
0.970
0.988

0.057
0.150
0.371
0.588
0.798
0.906

0.018
0.106
0.409
0.621
0.837
0.927

0.429
0.600
0.781
0.920
0.972
0.990

0.046
0.072
0.193
0.382
0.567
0.727

0.531
0.667
0.794
0.913
0.962
0.980

0.063 0.023 0.490
0.140 0.111 0.659
0.325 0.402 0.798
0.501 0.597 0.914
0.701 0.803 0.963
0.831 0.900 0.985

0.043
0.071
0.192
0.343
0.487
0.630

0.472
0.628
0.786
0.909
0.965
0.986

0.061 0.023 0.463
0.140 0.108 0.619
0.354 0.413 0.778
0.550 0.616 0.916
0.776 0.827 0.967
0.879 0.915 0.986

0.035
0.083
0.200
0.381
0.550
0.726
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Cizelge 3.17. (devam) Nominal L.tip hata 0.10 ve k =5 iken Bartlett testi(B), Levene testi
(L), Fligner-Killeen testi(FK), Hartley testi(H) ve F,, (RMD) testleri i¢in
deneysel gii¢ degerleri

B L FK H RMD B L FK H RMD B L FK H RMD

ol n Ki-kare-(4 sd'li) Ki-kare(10 sd’l) Weibull(L,1)
55555 ]0.805 0.120 0.050 0.774 0.144] 0.801 0.117 0.053 0.768 0.140|0.600 0.064 0.021 0.557 0.028
777,77 |0.850 0.219 0.270 0.842 0.202| 0.854 0.228 0.262 0.841 0.183|0.697 0.126 0.114 0.667 0.032
1:15:2.5:35:4.5/10,10,10,10,10|0.894 0.392 0.696 0.887 0.347| 0.892 0.384 0.696 0.887 0.320|0.792 0.251 0.360 0.762 0.082
15,15,15,15,15/0.926 0.539 0.812 0.922 0.430| 0.927 0.549 0.817 0.928 0.417|0.866 0.348 0.451 0.856 0.143
20,20,20,20,20|0.948 0.688 0.942 0.943 0.521| 0.951 0.686 0.947 0.948 0.520|0.917 0.487 0.623 0.903 0.195
25,25,25,25,25/0.964 0.783 0.973 0.958 0.595| 0.962 0.792 0.975 0.962 0.595|0.947 0.589 0.724 0.936 0.260
55555 |0.774 0.116 0.047 0.758 0.145] 0.776 0.113 0.049 0.753 0.144|0.611 0.064 0.022 0.565 0.030
777,77 |0.832 0.215 0.251 0.810 0.230| 0.837 0.222 0.252 0.825 0.215(0.711 0.129 0.112 0.680 0.036
1:2:3:4:5  [10,10,10,10,10/0.882 0.387 0.683 0.872 0.355| 0.881 0.385 0.677 0.872 0.350|0.795 0.242 0.357 0.789 0.085
15,15,15,15,15/0.923 0.554 0.812 0.914 0.488| 0.924 0.545 0.816 0.914 0.461|0.874 0.340 0.470 0.869 0.148
20,20,20,20,20|0.946 0.700 0.938 0.939 0.564| 0.944 0.698 0.938 0.939 0.564|0.929 0.482 0.641 0.918 0.201
25,25,25,25,25/0.957 0.793 0.976 0.957 0.660| 0.960 0.799 0.976 0.956 0.626|0.954 0.586 0.747 0.948 0.315
55555 |0.762 0.106 0.040 0.745 0.150] 0.760 0.117 0.042 0.739 0.145|0.612 0.066 0.023 0.573 0.032
77777 |0.818 0.222 0.251 0.806 0.231| 0.829 0.216 0.246 0.806 0.217|0.729 0.127 0.114 0.691 0.040
1:2.5:3.5:4.5:5.5/10,10,10,10,10| 0.873 0.398 0.688 0.865 0.390| 0.870 0.398 0.685 0.864 0.373|0.817 0.249 0.372 0.793 0.094
15,15,15,15,15/0.918 0.573 0.818 0.906 0.520| 0.910 0.572 0.825 0.912 0.538|0.899 0.352 0.486 0.886 0.160
20,20,20,20,20|0.938 0.728 0.947 0.933 0.601| 0.938 0.726 0.946 0.937 0.605|0.939 0.489 0.673 0.936 0.265
25,25,25,25,25/0.956 0.831 0.978 0.953 0.686| 0.963 0.835 0.978 0.960 0.708]0.960 0.608 0.774 0.959 0.358
55555 |0.747 0.106 0.038 0.730 0.152] 0.756 0.107 0.041 0.731 0.153|0.636 0.066 0.023 0.590 0.034
77777 |0.818 0.221 0.242 0.809 0.272| 0.820 0.223 0.249 0.799 0.243[0.745 0.126 0.114 0.717 0.042
1:3:4:5:6  [10,10,10,10,10/0.870 0.431 0.713 0.862 0.420| 0.875 0.427 0.707 0.855 0.435|0.829 0.259 0.405 0.820 0.117
15,15,15,15,15/0.916 0.615 0.839 0.916 0.540| 0.913 0.610 0.836 0.911 0.550|0.908 0.361 0.514 0.904 0.206
20,20,20,20,200.949 0.771 0.955 0.938 0.700| 0.945 0.781 0.954 0.941 0.688|0.946 0.517 0.715 0.942 0.305
25,25,25,25,25/0.958 0.866 0.982 0.959 0.766| 0.961 0.864 0.983 0.959 0.757|0.972 0.629 0.806 0.964 0.410
55555 |0.740 0.108 0.037 0.727 0.165| 0.741 0.106 0.037 0.730 0.156|0.646 0.066 0.024 0.605 0.037
77,777 |0.809 0.226 0.251 0.807 0.272| 0.816 0.227 0.256 0.808 0.280|0.753 0.132 0.118 0.737 0.046
1:3.5:4.5:5.5:6.5/10,10,10,10,10| 0.877 0.449 0.725 0.864 0.464| 0.873 0.444 0.720 0.851 0.461|0.845 0.257 0.413 0.835 0.120
15,15,15,15,15/0.919 0.649 0.852 0.915 0.630| 0.922 0.639 0.849 0.914 0.657|0.918 0.380 0.552 0.914 0.230
20,20,20,20,20|0.943 0.809 0.962 0.942 0.728| 0.944 0.807 0.962 0.944 0.740|0.955 0.540 0.745 0.956 0.346
25,25,25,25,25/0.962 0.894 0.988 0.965 0.815| 0.964 0.897 0.987 0.960 0.820]0.976 0.667 0.842 0.973 0.460

Cizelge 3.17°deki normal dagilim i¢in simiilasyon sonuglarinda, Cizelge 3.10-3.16’daki
simiilasyon sonuglar1 gibi, dikkate alinan tiim varyans degerleri ve 6rnek hacimleri i¢cin B
ve H testlerinin diger testlere gore daha 1yi deneysel gilic degerleri verdiklerini

gostermektedir.

Bu cizelgede tekdiize dagilim i¢in simiilasyon sonuglari, varyanslar (1:1.5:2.5:3.5:4.5),
ornek hacimleri (5,5,5,5,5) ve (7,7,7,7,7) icin B ve H testlerinin diger testlere gére daha iy1
deneysel gii¢c degerleri verdigini, 6rnek hacimleri (10,10,10,10,10) ve (15,15,15,15,15) i¢in
de B ve L testlerinin diger testlere gore biraz daha iyi deneysel gii¢ degerleri verdiklerini
ortaya koymaktadir. Diger yandan ayni varyans degerleri i¢in Ornek hacimleri
(20,20,20,20,20) i¢cin B, L ve FK testleri deneysel gii¢ degerleri bakimindan diger testlere
gore biraz daha iyi sonuglar verirken, 6rnek hacimleri (25,25,25,25,25) i¢in de B ve H
testleri biraz daha iyi deneysel gili¢ degerleri vermislerdir. Varyanslar (1:2:3:4:5),
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(1:2.5:3.5:4.5:5.5), (1:3:4:5:6) ve (1:3.5:4.5:5.5:6.5) ve dikkate alinan tiim 6rnek hacimleri
icin B ve H testleri deneysel giic bakimindan diger testlere gore daha iyi sonuglar

vermislerdir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, dikkate alinan tiim varyans degerleri ve
ornek hacimleri i¢in B ve H testlerinin deneysel gii¢ bakimindan diger testlere gore daha

1yi sonuglar verdigi goriilmektedir.

Ki-kare dagilimi i¢in simiilasyon sonuglari, varyanslar (1:1.5:2.5:3.5:4.5), (1:2:3:4:5) ve
srnek hacimleri (5,5,5,5), (7,7,7,7), (10,10,10,10), (15,15,15,15) ve (20,20,20,20) icin B ve
H testlerinin deneysel giic bakimindan daha iyi sonuglar verdigini, 6rnek hacimleri
(25,25,25,25) i¢in de FK testinin daha iyi sonuglar verdigini gostermektedir. Diger yandan
varyanslar (1:2.5:3.5:4.5:5.5), (1:3:4:5:6), (1:3.5:4.5:5.5:6.5) ve Ornek hacimleri de
(5,5,5,5), (7,7,7,7), (10,10,10,10) ve (15,15,15,15) i¢in B ve H testleri diger testlere gore
daha iyi sonuglar verirken, 6rnek hacimleri (20,20,20,20) ve (25,25,25,25) igin de FK testi

deneysel gii¢ bakimindan daha iyi sonuclar vermektedir.

Bu ¢izelgedeki weibull dagilimi igin simiilasyon sonuglarinda, dikkate alinan tiim varyans
degerleri ve ornek hacimleri icin B ve H testlerinin diger testlere gore daha iyi sonuglar

verdigi goriilmektedir.



4. GERCEK VERI UYGULAMASI
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Bu boliimde ikinci boliimde tanitilan testlerin gergcek veri seti iizerinde uygulamasi

verilmistir. Bu veri Bishop ve Dudewicz (1978) tarafindan derlenen dort farkli ¢6ziiciiniin

bakteri Oldiirme yetenegi degerleri lizerinedir. Bu dort ¢oziicliye ait bakteri Oldiirme

yetenegi degerleri Cizelge 4.1°de verilmistir.

Cizelge 4.1. Coziictiler i¢in bakteri 6ldliirme yetenegi degerleri

Coziiciiler
Coziiciil Coziici2 Coziicii3 Coziicii4
96.44 93.63 93.58 97.18
96.87 93.99 93.02 97.42
97.24 94.61 93.86 97.65
95.41 91.69 92.90 95.90
95.29 93.00 91.43 96.35
95.61 94.17 92.68 97.13
95.28 92.62 91.57 96.06
94.63 93.41 92.87 96.33
95.58 94.67 92.65 96.71
98.20 95.28 95.31 98.11
98.29 95.13 95.33 98.38
98.30 95.68 95.17 98.35
98.65 97.52 98.59 98.05
98.43 97.52 98.00 98.25
98.41 97.37 98.79 98.12

Cizelge 4.1°deki gergek veri seti igin ¢oziiciilerin bakteri 6ldiirme yetenegi degerlerine

iligkin tanimlayic1 istatistikler Cizelge 4.2 ve c¢oziiclilerin bakteri oldiirme yetenegi

degerlerine iliskin kutu grafigi Sekil 4.1” de verilmistir.

Cizelge 4.2. Coziicliler i¢in bakteri Oldlirme yetenegi degerine iliskin tanimlayici

istatistikler
Coziiciiler
Coziciil Cozicii2 Coziicii3 Cozicid

Ornek Hacmi 15 15 15 15

Ortalama 96.84 94.69 94.38 97.33
Standart Sapma 1.452 1.781 2.426 0.883
Medyan 96.87 94.61 93.58 97.42
Carpiklik -0.075 0.320 0.816 -0.345
Birinci Ceyreklik 95.41 93.41 92.68 96.35
Ucgiincii Ceyreklik 98.30 95.68 95.33 98.12
En Kiigiik 94.63 91.69 91.43 95.90
En Biiyiik 98.65 97.52 98.79 98.38




58

100,00

98,007

96,007

94,007

Bakteri Oldiirme Yetenegi

92,007

90,007

T T T
Cozici Coziciu2 Coziciu3

Cozuciler

T
Cozicu4

Sekil 4.1. Coziiciiler i¢in bakteri dldiirme yetenegi degerlerine iliskin kutu grafigi

Sekil 4.1°deki kutu grafigine gore bakteri Oldiirme yetene§ine sahip ¢dziiciilerin

varyanslarinin homojen olmadig1 kanaati olugmaktadir.

Bu orneklerin geldikleri yigmlarin dagilimlariin normal dagilima uygun olup olmadigini

belirlemek i¢in kullanilan Shapiro-Wilk testi sonuglar1 Cizelge 4.3°de verilmistir.

Cizelge 4.3. Normal dagilima uygunluk i¢in Shapiro-Wilk uyum iyiligi testi sonuglari

Coziciiler Shapiro-Wilk Test Istatistigi Degeri p-degeri
Coziiciil 0.868 0.031
Coziicii2 0.947 0.480
Coziicii3 0.879 0.046
Coziicii4 0.901 0.100

Bu ¢izelgedeki ¢oziiciil ve ¢oziicii3 i¢in p-degerleri o =0.05 degerinden daha kiiglik

oldugundan %95 giiven diizeyinde bu Orneklerin geldikleri yiginlarin dagilimlarinin

normal olmadig1 sdylenir. Diger yandan ¢oziicii2 ve ¢oziicii4 i¢in p-degerleri o =0.05

degerinden daha biiyiik oldugundan %95 giiven diizeyinde bu orneklerin geldikleri

yiginlarin dagilimlarinin normal oldugu sdylenir.
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Bu veri ile varyanslarin homojenligi hipotezinin testi i¢in kullanilan Bartlett, Levene,

Fligner-Killeen, Hartley ve F,,, testlerine iligkin sonuglar Cizelge 4.4’de verilmistir.

Cizelge 4.4. Test sonuglari

Test Test Istatistigi Degeri Kritik Deger
Bartlett Testi 12.942 7.82
Levene Testi 4.6440 2.78
Fligner-Killeen Testi 7.6162 7.82
Hartley Testi 7.5469 2.52
Foyp Testi 2.4827 4.46

Cizelge 4.4°deki sonuglarda varyanslarin homojenliginin testi i¢in kullanilan Bartlett,
Levene ve Hartley test istatistiklerinin degerlerinin sirasiyla 12.942, 4.6440 ve 7.5469
oldugu goriilmektedir. o =0.05 iken kritik degerler de sirasiyla 7.82, 2.78 ve 2.52’dir. Bu
testler icin test istatistiginin degeri kritik degerden biiyiik oldugundan %095 giiven
diizeyinde varyanslarin homojenligi hipotezi ret edilir. Diger yandan bu ¢izelgede Fligner-
Killeen ve Fg,, test istatistiklerinin degerlerinin sirasiyla 7.6162 ve 2.4827 oldugu
goriilmektedir. Bu testler igin o =0.05 iken kritik degerler de sirasiyla 7.82 ve 4.46’dur.
Bu testler icin test istatistiginin degeri kritik degerden daha kiiciik oldugundan varyanslarin

homojen oldugu %95 giiven diizeyinde sdylenir.

Bu sonuglar simiilasyon bulgularini desteklemektedir. Hatirlanacagi gibi kutu grafigi
varyanslarin homojen olmadig1 kanaatini olusturmustu. Simiilasyon caligmasinda genel
olarak daha gii¢lii bulunan Bartlett, Levene ve Hartley testleri bu kanaati dogrulamiglardir.

Diger yandan simiilasyon ¢alismasinda giigleri genel olarak dusiik ¢ikan Fg,,, ve Fligner-

Killeen testleri ise bu kanaati desteklememislerdir.
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5. SONUC

Simiilasyon bulgularina goére normal dagilim i¢in I. tip hata orani bakimindan B ve H
testleri en iyi sonuglari vermislerdir. Bu dagilim igin diger testlerin deneysel L. tip hata

oranlar1 nominal I. tip hata oranina yakin ¢ikmamaiglardir.

Tekdiize dagilim igin simiilasyon sonuglari, kiiglik 6rnek hacimleri ig¢in B ve H testlerinin
deneysel I. tip hata oran: bakimindan diger testlere gore biraz daha iyi sonuglar verdigini,
orta biiytikliikteki 6rnek hacimleri i¢in de L ve FK testlerinin biraz daha iyi sonuglar

verdigini géstermektedir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, genel olarak kii¢iik 6rnek hacimleri igin
Faup Ve L testleri diger testlere gore daha iyi deneysel I. tip hata oranlar1 verirken, orta
biiyiikliikteki 6rnek hacimleri icin de L, FK ve F;,, testlerinin sonuglari diger

testlerinkilere gore daha iyi ¢ikmustir.

Ki-kare dagilimi i¢in simiilasyon sonuglari, genel olarak kii¢iik 6rnek hacimleri i¢in Fgy,5

ve L testlerinin deneysel I. tip hata oran1 bakimindan diger testlere gore biraz daha iyi
sonuglar verdigini, orta biiyiikliikteki 6rnek hacimleri i¢in de L ve FK testlerinin daha iyi

sonuclar verdigini ortaya koymustur.

Weibull dagilimi igin, genel olarak F,,, ve L testlerinin deneysel I. tip hata oranlar diger

testlere gore daha iyi ¢ikmistir.

Simiilasyon sonuglarina gore, normal dagilim igin en iyi gii¢ sonuglarini I. tip hata
oraninda oldugu gibi B ve H testleri vermistir. Bu dagilm i¢in Fg,,, testinin giic

degerlerinin oldukga diisiik oldugu anlasilmaktadir.

Tekdiize dagilimi igin simiilasyon sonuglari, genel olarak varyanslar arasindaki fark ve
ornek hacimleri kiigiik iken B ve H testlerinin diger testlere gore daha iyi deneysel gii¢
degerleri verdigini, orta biyiikliikteki 6rnek hacimleri igin de L ve FK testlerinin daha iyi

deneysel gii¢ degerleri verdigini ortaya koymustur. Diger yandan varyanslar arasindaki
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fark arttiginda dikkate alinan tiim 6rnek hacimleri igin B ve H testleri diger testlere gore

daha iyi deneysel gii¢ degerleri vermislerdir.

Gamma dagilimi i¢in simiilasyon sonuglarinda, tipki normal dagilimda oldugu gibi dikkate
alinan tiim varyanslar, 6rnek hacimleri ve 6rnek sayilart icin B ve H testlerinin diger

testlere gore daha iyi deneysel gii¢ degerleri verdigi goriilmektedir.

Ki-kare dagilimu igin, genel olarak kii¢iik 6rnek hacimleri i¢in B ve H testleri deneysel gii¢
bakimindan diger testlere gore daha iyi sonuglar verirken, orta biiylkliikteki 6rnek

hacimleri i¢in de FK testinin deneysel gii¢ degerleri daha iyi ¢ikmustir.

Weibull dagilimi i¢in, normal ve gamma dagilimlarinda oldugu gibi dikkate alinan tim
varyanslar, 6rnek hacimleri ve 6rnek sayilari i¢in B ve H testleri diger testlere gore daha iyi

sonuglar vermistir.

Sonug olarak, normal dagilim i¢in deneysel 1. tip hata oran1 bakimindan B ve H testleri

daha iyi sonuglar verirken, tekdiize dagilimi i¢in testlerin higbiri iyi sonuglar vermemistir.
Gamma, ki-kare ve weibull dagilimlarinda ise, genel olarak F,,, L ve FK testlerinin

deneysel 1. tip hata oranlar1 diger testlere gore daha iyi ¢ikmistir. Diger yandan normal
dagilim igin deneysel gii¢ bakimindan B ve H testlerinin sonuglar1 diger testlerden daha
iyidir. Buna karsin, tekdiize, gamma, Ki-kare ve weibull dagilimlarinda ise, genel olarak

B,H ve L testlerinin deneysel gii¢ degerleri diger testlere gore daha iyi ¢ikmistir.
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