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COK DEGISKENLI VARYANS ANALIZI
(Multivariate Analysis of Variance:MANOVA)

MANOVA iki veya daha fazla bagimli ve bagimsiz
gruplarda ¢ok degiskenli normal dagilimlara dayali hipotezleri
test etmek icin kullanilan bir yontemdir.

Hotelling T2 testi bagimh ve bagimsiz cok degiskenli iki
kitle parametre vektorune dayali hipotezleri test etmede
kullanilir. Grup sayisi ikiden fazla oldugunda Hotelling T2 test
kullaniimaz. Bunun yerine MANOVA testi yapilir (Ozdamar,
1999).

MANOVA testleri:
* Tek Yonlu MANOVA
* ki Yonli MANOVA
 Faktoriyel MANOVA




TEK YONLU MANOVA

Cok degiskenli normal dagilim gosteren g populasyon
(kitle) ortalama vektorlerinin hipotezlerinin test test edilmesinde
kullantlir. Tek yonlu MANOVA'da yokluk hipotezi g kitle ortalama
vektorlerinin birbirine esit oldugunu varsayar.
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TEK YONLU MANOVA TABLOSU

.. . y . . Serbestlik
Degisim Kaynagi Kareler ve Carpimlar Toplami Matrisi Derecesi
g . . /
Gruplararasi B= Zni(xi —X)(Xi —X) g-1
1=
g N _ vV g
Gruplarigi (Hata) W:Z (Xij —Xi)(xij —Xi) Z”i -9
i=1 j=1 =1
g n; _ vV g
Genel T=B+W=) (xij—x)(xij—x) Doni-1
=l j=1 i=1

B (Gruplar Arasi Kareler ve Carpimlar Toplami Matrisi):

Grup ortalama vektorunun genel ortalama vektortinden farki olup gruplar
arasindaki etki farkligini gosterir.

W (Hata Kareler ve Carpimlar Toplami Matrisi):

Her gruptaki gozlemler vektorundeki elemanlarin kendi grup ortalama
vektorunden ayrilisi olup hatalari belirtmektedir.

T (Genel Kareler ve Carpimlar Topiami Matrisi)



Cok degiskenli analizlerde ortalama vektorleri arasinda fark
olup olmadigini incelemekte kullanilan birgok test yontemi vardir. Bu
test yontemlerine coklu karsilastirma testleri denir. Bu testlere ait
istatistikleri farkli dagilimlara sahiptir. Ancak bu istatistikler F
istatistigine donustardlebilir. Bu istatistikler H=BW-! matrisinin sifirdan
buyuk ozdegerlerinden (A, yararlanilarak bulunur.

1. Wilks Lambda Istatistigi: aeL= L veya L=]]1/@+x)
B+W, i
2. Pillai iz Kriteri: T=2 A /(0+2)
i=1
3. Hotelling-Lawlay Iz HT =) A,
i=1

4. Roy'un Enbliyiik Kok Degeri 6 = Amax / (17 Amax)



Cok degiskenli varyans analizinin genel varsayimlari
varyans-kovaryans matrislerinin homojen olmasi ve her bir

grubun ¢ok degiskenli normal dagilim gostermesidir
Kovaryans matrisinin homojenligi Box M testi ile test edilir.

Eger kovaryans esitligi saglanmazsa Multivariate sonuglarina suphe
ile bakilr.

H,: Gruplar boyunca bagimli degiskenlerin kovaryans matrisleri esittir.

p>0,05 ise varsayim saglanmis olur.



Bonferroni Yaklasimi (t-Yaklagimi)

MANOVA'da ortalama vektorlerinin  farkli
olduguna karar verilirse, hangi ortalama vektorlerinin
farkli oldugunu ortaya koymak icin kullanilan
yontemlerden biridir.

Bu yontem her bir grubun ortalama vektorlerinin
genel ortalama vektorunden farklarinin sifir olup
olmadigini test eder.



Ornek.

3 farkli evrede olan 30
hastanin GSH, Nitrit,
Nitrat, Retinol ve
Karoten degerleri
verilmistir. Anaevrelere
gore belirtilen ozellikler
arasinda farkhlk var
midir?

No Anaevre |GSH Nitrit Nitrat Retinol [Karoten

1 leri 40,64 3.15 3.87 62,68 26,78
2 ler 31.68 4.08 1,93 9.5 18.41
3 ler 34 .88 5.16 1.4 51.97 19.19
4 leri 26,56 7.33 1.67 b6, 72 21.9
5 leri 34.88 6.9 227 60,86 29,65
3 leri 27,52 43 1.87 42 04 20,04
[ leri 20,48 4.3 1.8 43 58 18.22
a ler 24 96 .01 1.73 57.46 2229
9 leri 30.08 3.56 24 83,72 26,74
10 leri 28,16 b.66 2.33 h8.84 30.76
11 erken 30,72 6.9 1,67 59.08 21,12
12 erken 35,2 7.02 3 60,89 29,26
13 erken 29,76 4.3 1.53 49 77 16.28
14 erken 31.68 9.93 2.2 46 43 26,86
15 erken 17.6 4 45 3.13 57,75 27,13
16 erken 20,48 8.65 2.13 57.89 28.29
17 erken 15.04 .11 1.6 48 55 20,93
18 erken 13.44 12,28 1.8 44 22 12.6
19 erken 14,72 8.35 3.07 61,39 25,58
20 erken 15.36 9.5 1.53 63,46 15.5
21 kontrol 36.36 4.3 0.96 53.66 21,06
22 kontrol 37.09 473 0.86 59.41 22.79
23 kontrol 36,36 5.81 1.13 62,47 28.29
24 kontrol 41,82 6.25 0.93 55,16 18.91
25 kontrol 3727 6,51 0.83 70,36 27,91
26 kontrol 32.73 7.3 0.62 60,26 20,78
27 kontrol 36.18 7.55 0.67 59.76 26,05
28 kontrol 3527 4.08 1.13 h5.85 23,26
29 kantral 34 .55 .13 0.7 49,08 23,33
30 kontrol 35.64 5.6 0.63 53,31 23,95
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Descriptive Statistics

anaevre Mean Std. Deviation
nitrit erken 7,8686 245476 10
ileri 5,1258 1,48023 10
kontrol 5,9245 1,24849 10
Total 6,3063 2,09911 30
nitrat erken 2,1667 ,66239 10
ileri 2,1267 ,68885 10
kontrol ,8673 ,17668 10
Total 1,7202 ,81832 30
karoten erken 22,3566 5,95497 10
ileri 23,3977 4,71606 10
kontrol 23,6330 3,05363 10
Total 23,1291 4,59563 30
retinol erken 54,9426 6,97636 10
ileri 56,7171 8,32709 10
kontrol 57,9322 5,92447 10
Total 56,5306 7,00540 30
GSH erken 22,4000 8,45295 10
ileri 29,9840 5,78375 10
kontrol 36,5273 241278 10
Total 29,6371 8,29673 30

Box's Test of
Equality of
Covariance
Matrices®

Box's hi 52715
F 1,272
dif1 a0
if2 3308985
Sig. 148

P=0,148>0,05 oldugundan
gruplar boyunca bagimili
degiskenlerin kovaryans
matrisleri esittir
(homojendir).



Levene's Test of Equality of Error Variances?

F df1 df2 Sig.
nitrit 2,286 2 27 121
nitrat 4,131 2 27 ,027
karoten 4,102 2 27 ,028
retinol ,823 2 27 450
GSH 11,699 2 27 ,000

Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.

a. Design: Intercept + anaewvre

Levene testi ile her bir bagiml degisken igin gruplar arasi varyanslarin
homojenlik testine bakilir. Nitrit ve retinol bagimh degiskenleri icin gruplar
arasl varyans esit (homojen) ¢cikmistir (p>0,05). Nitrat, Karoten ve GSH icin
Ise homojenlik varsayimi saglanmamistir (p<0,05).



Spread vs. Level Plot of nitrit
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Spread vs. Level Plot grafikleriyle de gruplar arasi varyanslarin homojenligi
gorulebilir. Nitrit icin standart sapma 1,25 ile 2,5 arasinda degisir ve buda

homojenligin saglandigini gosterir.



Spread vs. Level Plot of nitrat
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GI'IIIL-IFISZ anaevre

Nitrat icin standart sapma 0,2 ile 0,7 arasinda degisir ve buda homojenligin
saglanmadigini gosterir.



Multivariate Tests®

Partial Eta

Effect Value F Hypothesis df Error df Sig. Squared
Intercept  Pillai's Trace ,991 495,0152 5,000 23,000 ,000 ,991
Wilks' Lambda ,009 [ 495,0152 5,000 23,000 ,000 ,991
Hotelling's Trace 107,612 | 495,015° 5,000 23,000 ,000 ,991
Roy's Largest Root 107,612 | 495,0152 5,000 23,000 ,000 ,991
anaewvre Pillai's Trace 1,065 5,463 10,000 48,000 ,000 532
Wilks' Lambda ,149 7,3012 10,000 46,000 ,000 ,613
Hotelling's Trace 4,261 9,374 10,000 44,000 ,000 ,681
Roy's Largest Root 3,893 18,687° 5,000 24,000 ,000 , 796

a. Exact statistic

b. The statistic is an upper bound on F that yields a lower bound on the significance level.

c. Design: Intercept + anaevre
Value: Pillai's Trace, Hotelling’s Trace ve Roy’'s Largest Root degerleri
arttikca faktorun etkisinin modele katkisi artar, Wilk’s Lambda ise negatif
degerli bir test oldugundan degeri kuculdikce faktorin etkisinin modele
katlisi artar. Genelde Wilk's Lambda tercih edilir.

Significance (p): p<0,05 ise faktorin (anaevre) en az iki grubu arasinda ve
bagimli degiskenlerden en az birisinde anlamli bir farkhlik var demektir.

Partial Eta Squared: Faktorun (anaevre) etki duzeyini belirler. Bu deger 1’e
yaklastikca etkinin arttigi soylenebilir.



Between-Subjects SSCP Matrix

nitrit nitrat karoten retinol GSH
Hypothesis Intercept  nitrit 1193,086 325,447 4375,776 10694,985 5607,018
nitrat 325,447 88,775 1193,616 2917,357 1529,471
karoten 4375,776 | 1193,616 | 16048,654 | 39225,068 | 20564,375
retinol 10694,985 | 2917,357 | 39225,068 | 95871,339 | 50262,096
GSH 5607,018 | 1529,471 | 20564,375 | 50262,096 | 26350,715
anaewvre nitrit 39,800 5,433 -17,163 -32,361 -143,462
nitrat 5,433 10,919 -6,655 -18,285 -89,665
karoten 17,163 6,655 9,228 19,831 a5 | SSCP
retinol -32,361 -18,285 19,831 45,210 212,144
GSH -143,462 -89,665 91,559 212,144 999,704
Error nitrit 7, -8, A7 ¥ -79,
nitrat -8,103 8,500 43,414 37,573 25,184
karoten -11,176 43,414 603,248 424,288 248,090
retinol 1,706 37,573 424,288 1377,984 207,452
GSH -79,316 25,184 248,090 207,452 996,532

Based on Type lll Sum of Squares

SSCP matrisi faktorun (anaevre) etkisinin anlamligini test
etmek icin kullantlir. Error matrisi ise faktorun etki derecesini
anlamada kullantilir.



Tests of Between-Subjects Effects

Type lll Sum Partial Eta
Source Dependent Variable of Squares df Mean Square F Sig. Squared
Corrected Model nitrit 39,8002 2 19,900 6,107 ,006 311
nitrat 10,919 2 5,460 17,341 ,000 ,562
karoten 9,228°¢ 2 4,614 ,207 ,815 ,015
retinol 45,210¢ 2 22,605 443 ,647 ,032
GSH 999,704¢ 2 499,852 13,543 ,000 ,501
Intercept nitrit 1193,086 1 1193,086 366,139 ,000 ,931
nitrat 88,775 1 88,775 281,974 ,000 913
karoten 16048,654 1 16048,654 718,301 ,000 ,964
retinol 95871,339 1 95871,339 | 1878,488 ,000 ,986
GSH 26350,715 1 26350,715 713,946 ,000 ,964
anaewre nitrit 39,800 2 19,900 6,107 ,006 311
nitrat 10,919 2 5,460 17,341 ,000 ,562
karoten 9,228 2 4,614 ,207 ,815 ,015
retinol 45,210 2 22,605 443 647 ,032
GSH 999,704 2 499,852 13,543 ,000 ,501
[ Error nitrit 87,981 27 3,259
nitrat 8,500 27 315
karoten 603,248 27 22,343
retinol 1377,984 27 51,036
GSH 996,532 27 36,909
Total nitrit 1320,867 30
nitrat 108,195 30
karoten 16661,130 30
retinol 97294,533 30
GSH 28346,951 30
Corrected Total nitrit 127,781 29
nitrat 19,420 29
karoten 612,476 29
retinol 1423,194 29
GSH 1996,236 29

a. R Squared =,311 (Adjusted R Squared =,260)

(
b. R Squared = ,562 (

o.R Squared = 015 (diusted R Squared =-058) - @ YUKSek eta dederi (0,562) ve en yuksek r

d. R Squared =,032 (
(

Adjusted R Squared =,530)

Adjusted R Squared =-,040)
e. R Squared = ,501 (Adjusted R Squared = ,464)

Nitrit, nitrat ve
GSH
degiskenlerinin
anaevreleri
anlaml (p<0,05),
nitrat karoten ve
retinol ise
anlamsiz
(p>0,05)
bulunmustur.
Partial ete
squared degeri
yuksek olan
(nitrit, nitrat ve
GSH o6nemli,
dusuk olan
karoten ve retinol
ise onemsizdir.

Anaevre de en ¢ok etkiye sahip olan degisken

squared (0,530) degerine sahip olan nitrattir.



Nitrat, karoten ve GSH varyanslar homojen c¢ikmadigindan coklu
karsilastirma icin Tamhane testine bakilir.

Multiple Comparisons

95% Confidence Interval
Mean
Difference (I-

Dependent Variable () anaewre _ (J) anaewre J) Std. Error Sig. Lower Bound | Upper Bound
nitrit Tamhane erken ileri 2,7428° 90647 ,026 ,3042 5,1813
kontrol 1,9440 ,87090 124 -,4303 4,3184

ileri erken -2,7428" ,90647 ,026 -5,1813 -,3042

kontrol -,7987 ,61236 ,505 -2,4145 ,8171

kontrol erken -1,9440 ,87090 124 -4,3184 ,4303

ileri ,7987 ,61236 ,505 -,8171 2,4145

nitrat Tamhane erken ileri ,0400 ,30221 ,999 -,7553 ,8353
kontrol 1,2993" ,21679 ,000 ,6825 1,9162

ileri erken -,0400 ,30221 ,999 -,8353 ,7553

kontrol 1,2593" ,22489 ,001 ,6183 1,9004

kontrol erken -1,2993" ,21679 ,000 -1,9162 -,6825

ileri -1,2593" ,22489 ,001 -1,9004 -,6183

retinol Tamhane erken ileri -1,7745 3,43526 ,942 -10,8411 7,2921
kontrol -2,9896 2,89429 ,680 -10,6250 4,6458

ileri erken 1,7745 3,43526 ,942 -7,2921 10,8411

kontrol -1,2151 3,23171 ,976 -9,8113 7,3811

kontrol erken 2,9896 2,89429 ,680 -4,6458 10,6250

ileri 1,2151 3,23171 ,976 -7,3811 9,8113

karoten  Tamhane erken ileri -1,0411 2,40214 ,964 -7,3950 5,3129
kontrol -1,2764 2,11628 913 -7,0423 4,4894

ileri erken 1,0411 2,40214 ,964 -5,3129 7,3950

kontrol -,2353 1,77668 ,999 -4,9903 4,5196

kontrol erken 1,2764 2,11628 913 -4,4894 7,0423

ileri ,2353 1,77668 ,999 -4,5196 4,9903

GSH Tamhane erken ileri -7,5840 3,23889 ,095 -16,2202 1,0522
kontrol -14,1273" 2,77982 ,001 -22,0112 -6,2434

ileri erken 7,5840 3,23889 ,095 -1,0522 16,2202

kontrol -6,5433" 1,98175 ,019 -12,0304 -1,0561

kontrol erken 14,1273" 2,77982 ,001 6,2434 22,0112

ileri 6,5433" 1,98175 ,019 1,0561 12,0304

Based on observed means.
The error term is Mean Square(Error) = 36,909.

*. The mean difference is significant at the ,05 level.



Nitrit ve retinol de varyanslar homojen ciktigindan coklu karsilastirma igin
Duncan testine bakilir.

Homogeneous Subsets

nitrit
Subset
ahaevre & 1 2
Flcuncana--h ileri 10 A,1268
kontrol 10 f,49245
erken 10 ¥,8636
Sin. 331 1,000

retinol
Subset
angevie 1
pcuncana--h erken 10 | 54,9426
ileri 10 a6, 7171
kontral 10 ar 8322
=i. a8k




IKI YONLU MANOVA

ki yonlii MANOVA iki bagimsiz degiskenin birden fazla
bagimli degisken uzerindeki etkisini arastiran

H,: Faktorlerdeki gruplara gore bagimli degiskenlerin hig¢ birinde
ortalamalar farkl deqildir.

Kix =u+a;+ 5 +af; +e;

u : Genel ortalama vektoru
a: Islem etkisi

B;: Birim (Blok) etkisi

apy: Birim ile islem etkilesimi
e Rasgele hata

l.islem sayisi
j: Birim (blok) sayisi
p: Degisken sayisi



IKi YONLU MANOVA TABLOSU

Degisim Kareler ve Capraz Carpimlar Toplami Matrisi Serbestlik
Kaynag! (SSCP) Derecesi
b _ N/ NV
Birim (Block) Ztn(x j—X )(X g X) t-1
j=1
- t 4
Islem VA
o et ébn(x —X)(X: - X) b-1
30Ky - X X5 4 X)Xy X - X5 +X)
Etkilesi nX|—X|—X, X Xl'—Xi.—X,' X
eationy 225" XX XG0 0 -ty
>3 (Ko XK X
Hata X — X i i — X
(Residual) ;;; MA ik J Ik K tb(n-1)
t b n _ vV
Genel (Total) ZZ (X ijk X )(X ijk X) tbn-1
o




ki yonli MANOVA'da 6nce etkilesim olup olmadigi test edilir.

Ho: a;=0 SSCPR,

ata ‘

H,: En az bir etkilesim onelidir. " |SSCPiua + SSCPyeracion]

. A ‘SSCPhata‘
Islem (Treatment) Treatment
etkisin dnemliligi testi SSCPata + SSCPeatmen|
.. |SSCPhata|
Birim (Block) A =

lock —
etkisin Gnemliligi testi: 2% |SSCPRs + SSCPyo4]

hata



Ornek. 3 hasta grubunun ameliyat dncesi ve ameliyatin bell
surelerindeki (dk.) nabiz hizi (NH), sistolik kan basinci (SKB)
ve diyastolik kan basinci (DKB) degerleri olgulmus ve
asagidaki sonuclar elde edilmistir. Hastalar (birey-blok) ve
olcum zamanlarina (islem-treatmant) gore NH, SKB ve DKB
ortalama vektorleri arasinda bir farklilik var midir?
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NH

55
58
61
63
67
72
65
68
72
77
62
65
67
70
65
69
72
76
70
72
74
77
80
65
75
79
77
78
80
79
83
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85
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79
85
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92

SKB
110
115
130
100
110
120
130
140
155
124
105
130
120
150
125
105
130
126
135
140
142
145
150
105
112
116

80

90
110
115
120
135
134
135
138
140
120
125
135
140
150
135
145
148
150

DKB
60
62
65
71
75
85
66
75
65
76
85
89
90
97
76
85
89
93
90
93
94
95
100
80
81
85
87
90
92
77
80
83
68
70
73
80
90
94
95
105
110
90
105
110
120
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Obzerved power Spread ve. level plot
Equal Yariances Not Assumed L1k P L5 .
|:| Parameter estimates |:| Residual plot
[ ] s5CP matrices [ ] Lack of it
Continue _J | Cancel | | Help [ | Residual SSCP matrix [ | zeneral estimakle function
Significance level; Confidence intervalz are 95 0%
| Continue _J | Cancel | | Help
b
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Box's Test of
Equality of
Covariance
Matrices®

Box's M 96,4958
F 1,555
iff1 ab
iffs 414,380
=i, L2

Box’s M testi ile kovaryans
Matrislerinin homojenligi
test edilir.

P<0,05 olup kovaryans
matrisleri

esit degildir.

Levene's Test of Equality of Error Variances?

F df1 df2 Sig.
NH 925 11 33 ,929
SKB 1,401 11 33 219
DKB 1,787 11 33 ,097

Tests the null hypothesis that the error variance
of the dependent variable is equal across
groups.

a. Design: Intercept + zaman + hastalar + zaman
* hastalar

Levene testi ile her bir bagimli degiskenin
bagimsiz degiskenlerdeki gruplara gore
varyanslarinin homojenligi test edilir.

3 bagimli degisken igin de varyanslar
homojendir.



Multivariate Tests®

Partial Eta

Effect Value F Hypothesis df Error df Sig. Squared
Intercept Pillai's Trace 997 | 3697,269° 3,000 31,000 ,000 ,997
Wilks' Lambda ,003 | 3697,269° 3,000 31,000 ,000 997
Hotelling's Trace 357,800 | 3697,2692 3,000 31,000 ,000 ,997
Roy's LargestRoot | 357,800 | 3697,2692 3,000 31,000 ,000 ,997
zaman Pillai's Trace 2,068 24,395 9,000 99,000 ,000 ,689
Wilks' Lambda ,020 33,177 9,000 75,596 ,000 127
Hotelling's Trace 9,547 31,469 9,000 89,000 ,000 ,761
Roy's Largest Root 6,049 66,537° 3,000 33,000 ,000 ,858
hastalar Pillai's Trace 1,100 13,047 6,000 64,000 ,000 ,550
Wilks' Lambda ,197 12,9622 6,000 62,000 ,000 ,556
Hotelling's Trace 2,572 12,860 6,000 60,000 ,000 ,563
Roy's Largest Root 1,665 17,760P 3,000 32,000 ,000 ,625
zaman * hastalar  Pillai's Trace 1,131 3,328 18,000 99,000 ,000 377
Wilks' Lambda ,108 5,859 18,000 88,167 ,000 524
Hotelling's Trace 6,108 10,066 18,000 89,000 ,000 671
Roy's Largest Root 5,747 31,610° 6,000 33,000 ,000 ,852

En sik kullanilan Multivariate test olan Wilk's Lambda testine gore
zaman, hastalar ve zaman*hastalar etkilesiminin bagimsiz degiskenler
uzerindeki etkileri anlamlidir (p<0,05).

Partial Eta Squared sutununda Wilk’s lambda degerlerine bakilirsa
zaman, hastalar ve zaman*hastalar degerleri kuvvetlidir (1'e yakin).



Tests of Between-Subjects Effects

Type Il Sum Partial Eta
Source Dependent Variable of Squares df Mean Square F Sig. Squared
Corrected Model NH 2547,7002 11 231,609 11,281 ,000 ,790
SKB 8880,550° 11 807,323 6,645 ,000 ,689
DKB 6648,978° 11 604,453 14,461 ,000 ,828
Intercept NH 238091,216 1 238091,216 | 11597,063 ,000 ,997
SKB 677171,404 1 677171,404 5573,497 ,000 ,994
DKB 307385,153 1 307385,153 7354,067 ,000 ,996
zaman NH 1999,954 3 666,651 32,472 ,000 T47
SKB 4885,703 3 1628,568 13,404 ,000 ,549
DKB 3317,244 3 1105,748 26,455 ,000 ,706
hastalar NH 614,679 2 307,340 14,970 ,000 AT6
SKB 3747,629 2 1873,815 15,423 ,000 483
DKB 1128,777 2 564,389 13,503 ,000 450
zaman * hastalar NH 70,276 6 11,713 571 , 751 ,094
SKB 532,846 6 88,808 731 ,628 17
DKB 1879,468 6 313,245 7,494 ,000 577
Error NH 677,500 33 20,530
SKB 4009,450 33 121,498
DKB 1379,333 33 41,798
Total NH 252763,000 45
SKB 738695,000 45
DKB 335879,000 45
Corrected Total NH 3225,200 44
SKB 12890,000 44
DKB 8028,311 44

a. R Squared =,790 (Adjusted R Squared =,720)
b. R Squared =,689 (Adjusted R Squared = ,585)
c. R Squared = ,828 (Adjusted R Squared =,771)




Test of Between-Subjects Effects tablosuna gore zaman ve
hastalar bagimsiz degiskenleri her bir bagimli degisken Uzerinde
anlamli bir etkiye sahiptirler. Zaman*hastalar etkilesimi ise sadece DB
bagimli degiskeni uzerinde onemli etkiye sahiptir.

Partial Eta Squared sutunundan en fazla etkinin zaman aciklayici
degiskeninin NH(0,747) ve DKB(0,706) bagimli degiskenleri uzerinde
oldugu gorulmektedir.



Zaman aciklayici degiskenine gore bagimh degiskenlerin anlamhliklari:

NH
SKB
b
TUHE'H" HEDE _UI{E"." HEDE b
sSubset Subset
Zarman 1 J Zaman ] 2 3
Since 10 F5 20 30. Dk 4 10922
15 Dk 13 7069 once 10 123,40
14. Dk 13 131,00 131,00
30. Dk d 73,00 G0. Dk 13 138,08
B0, Dk 13 82,46 Sig. 1,000 385 447
Sig. nr4 17
DKB
Tukey HEDA.P
Subset

Zaman 1 2 c

Once 10 70,00

30. Dk g g43,849

14. Dk 13 80,46 80,46

g0. Dk 13 83,08

ai. 1,000 101 el




Hastalar aciklayici degiskenine gore
bagimli degiskenlerin anlamliliklari:

NH
SKB
Tukey HSDA P
Subset Tukey HSDA:P
hastalar 1 2 Subset
1 14 69,86 hastalat [ 1 2
2 15 74,00 2 15 117,73
3 16 78,00 1 14 124,29
Sin. 1,000 REY 3 16 138,06
Sig. 244 1,000
DKB
Tukey HSD2-
Suhset
| hastalar K 1 2
1 14 Fr.a0
3 16 a8.69
2 14 HH9.13
Sig. 1,000 a1




Estimated Marginal Means of NH

a0 hastalar

o
1

Estimated Marginal Means
2 7

a0

Onece 15. Dk 30. Dk B0, Dk

Zdaman

NH bagimli degiskeni icin Zaman*hastalar etkilesimi onemsizdir. Egriler
kesigsmiyorsa etkilesim onemsizdir.



Estimated Marginal Means of SKB

150 hastalar

140

1309

1207

1107

Estimated Marginal Means

100

20

. | ]
Once 15. Dk 30. Dk 60. Dk

Zaman

SKB bagimli degiskeni icin Zaman*hastalar etkilesimi onemsizdir.
Egriler kesigsmiyor.



Estimated Marginal Means of DKB

110 hastalar
—
—_—2
—3

=
=
[}

|

a0

a0

Estimated Marginal Means

607

I
Bnce 15. Dk 30. Dk B0, Dk

Zaman

DKB bagimh degiskeni icin Zaman*hastalar etkilesimi onemlidir. Egriler
kesigsmektedir. Biri artarken digeri dugmustur.



TEKRARLI OLCUMLERDE VARYANS ANALIZi
(REPEATED MEASURES)

Ayni denekler uzerinde farkli zamanlarda 2’den fazla él¢iim yapildiginda
tekrarh 6lciim séz konusu olur. Ug¢ cesit tekrarh 6lgiim tasarimi
yapilabilir:

Ayni deneklerin belirli bir degisken agisindan zamana bagh olarak
tekrarlanan ol¢iim yapilmasi, mesela deneklerden birden fazla kan
basinci i¢in 6l¢iim alinmasi buna bir 6rnektir.
Ayni deneklerin farkh tedavi bicimlerine maruz birakilmasi, mesela
agriyi azaltmada degisik tedavi bigcimlerinin karsilastirilmasi yapilabilir.
Bu iki tasarim bicimine denekler arasi tasarim veya tek faktorlu
tasarim denir.
Hem zamana bagh hem de tedavi bi¢cimini dikkate alan karisik tasarim
veya c¢ok faktorlii tasarim kullanilabilir. Ornegin degisik tedavi
bicimlerinin, hipertansiyonun zaman icindeki durumu uzerindeki
etkilerinin incelenmesi boyle bir tasarimdur.



B SR

<

TEKRARLI OLCUMLERDE VARYANS ANALIZi VARSAYIMLARI

Rasgele Ornekleme

Tekrarlanan Olgiimler

Her Faktor Seviyesinde Bagimsiz Orneklemler

Normal anakiitlelerden orneklem elde edilmesi yani faktérun her
seviyesindeki degerler normal veya normale yakin olmalidir.

Kiiresellik Testi(Mauchly Sphericity Test):Tekrarlanan oél¢iim seviyeleri
arasinda varyanslarin esit olmasi gerekir. Bu varsayim onemlidir.
Varyanslarin esit olup olmamasina Mauchly testi ile bakilir. Eger test
sonunda P>0.05 ise varyanslar esit demektir.

Box M testi: P>0,05 ise varyans-kovaryans matrisi esittir. Yani ol¢um
degerlerinden olusan gruplarin korelasyonu aynidir. Cinkii ayni
deneklerden tekrarlanan ol¢iim alindigindan veriler arasinda bir
korelasyon mevcuttur. Bu varsayima eger faktor yada faktorler modelde
varsa bakilir.




Repeated Measures Analysis

1) Univariate results with sphericity assumed
2) MANOVA tests

3) Greenhouse-Geisser

4) Huynh-Feldt

5) Lower-Bound

Epsilon degeri 0,75'den buylikse Huynh-Feldt , 0,75'den kucukse
Greenhouse-Geisser tercih edilir. Kuresellik saglanmiyorsa ve
orneklem hacmi kliclikse Greenhouse-Geisser secilebilir.



Kiiresellik Varsayimi (Sphericity Assumption)

Kiiresellik (Sphericity) varsayimi saglanmazsa (p<0,05) multivariate
testler kullanilir. Varsayim saglanirsa univariate yaklasim
kullanilabilir.

Univariate tests :

- Greenhouse-Geisser
- Huynh-Feldt

- Lower-bound

Multivariate tests:
- Pillai’s Trace

- Wilk’s Lambda

- Hotelling’s Trace

- Roy’s Largest Root




Cok degiskenli analizlerde ortalama vektorleri arasinda fark olup
olmadigini incelemekte kullanilan bircok test yontemi vardir. Bu test
yontemlerine coklu karsilastirma testleri denir. Bu testlere ait istatistikleri
farkli dagilimlara sahiptir. Ancak bu istatistikler F istatistigine donusturulebilir.
Bu istatistikler H=BW™ matrisinin sifirdan blylk 06zdegerlerinden (A)
yararlanilarak bulunur. Pillai iz kriteri model varsayimlarinin gecerliliginde
diger istatistiklere gore daha saglam sonuclar verir (Olson, 1974).

: W 2
1. Wilks Lambda istatistigi: oMW veya L=]]1/@+x)
B+W, i
2. Pillai iz Kriteri: T= ;ki /A+1)
3. Hotelling-Lawlay Iz HT = ;7%

4. Roy’un Enbiyik K6k Degeri 6 = Amax / (I Amax)



Ornek: 9 Hastanin baslangi¢ ve tedavi sonrasi kalp atimlari veriliyor.
Gruplar arasinda kalp atimlar agisindan fark var midir?

Hasta ilac yok Propranolol Plasebo Acebutolol
1 94 67 90 67
2 57 52 69 55
3 81 74 69 73
4 82 59 71 72
5 67 65 74 72
6 78 72 80 72
7 87 75 106 74
8 82 68 76 59
9 90 74 82 80



WD || 00 || =l || S| tm | || L || R =

llag_yok
94
a7
81
82
67
78
87
82
90

proprano

67
he
74
59
65
[
75
6a
74

plasebo
90
69
69
7
74
80
106
76
82

@ Repeated Measures Define Facton(s) Iﬁ

Mumber of Levels:

Within-Subject Factor Mame:

ilag

4

Measure Mame:

(2 (Esset) (Ganca) (e

Analyze Direct Marketing Graphs  Utilities  Add-ons  Window

acebutol
67 Reports S == A‘E zz
E5 Descriptive Statistics b m Y ©
73 Tables 3
72 Compare Means b par var var
72 General Linear Model M| [ univariate...
72 Generalized Linear Models » F] muttivariate
74 i b -
LTS Repeated Measures...
59 Correlate b _
Variance Components..
&0 Rearessinn b
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Within-Subjects Variables
{ilac):

lac_yok(1)

proprano2)

plasebo(3)
acebutol(4)

Between-Subjects Factor(s):

Covariates:
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t,-'l Repeated Measures: Options [ﬁ
Estimated Marginal Means
Factor(s) and Factor Interactions: Display Means for: ;
(OVERALL) ilag #2 Repeated Measures: Profile Plots
ilag : :
Factors: Horizontal Axis:
r ilag had |
| - Separate Lines:
l&| Compare main effects |
Confidence interval adjustment: - |SEEE”E'te e
Bonferroni bt
Flots:
Display ilag
|« Descriptive statistics [ Transformation matrix
¥ ‘Estimates of effect size | Homogeneity tests
[ Observed power || Spreadvs. level plot [Cunh”ue][ Sancs ][ Help ]
|| Parameter estimates | Residual plot "
|| S5SCP matrices [ Lack offit
| Residual SSCP matrix || General estimable function
Significance level: Confidence intervals are 95,0 %
[Cun’u’nue][ Cancel ][ Help ] i
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Mauchly's Test of Sphericity®
Measure:MEASURE 1

Epsilon®
Approx. Chi- Greenhouse-
Within Subijects Effect | Mauchly's W Square df Sig. Geisser Huynh-Feldt | Lower-bound
ilac 574 3,732 5 592 77 1,000 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b. Design: Intercept
Within Subjects Design:ila¢

Mauchyl Sphericity (kiiresellik) testinde P=0.592>0.05 oldugundan

varyans—kovaryans varsayimi saglanir. Bu ylizden Sphericity Assumed
testi kullanilir.




Multivariate Tests®

|_Effect Value F Hypothesis df | Error df Sig.
ilac Pillai's Trace 754 6,1158 3,000 6,000 ,030

Wilks' Lambda 246 6,1152 3,000 6,000 ,030
Hotelling's Trace 3,058 6,115 3,000 6,000 ,030
Roy's Largest Root 3,058 6,1152 3,000 6,000 ,030

a. Exact statistic

b. Design: Intercept

Within Subjects Design:ilag

- Mauchyl Sphericity (kiiresellik) varsayimi saglanmazsa (p<0,05)

multivariate testler kullanilir. Genelde Pillai iz kriteri kullanilir.



Tests of Within-Subjects Effects

Measure: MEASLURE_1

Type Il Sum Fartial Eta
Source of Squares df Mean Square F Sig. Squared
Tal; Sphericity Assumed 1185417 3 385138 8,219 001 507
Greenhouse-Geisser 1185 417 2,332 508,250 8,214 002 A07
Huynh-Feldt 1185417 3,000 385138 8,219 001 A07
Lower-bound 1185417 1,000 1185417 8,219 021 A07
Erroriilag)  Sphericity Assumed 1153,833 24 48, 076
Greenhouse-Geisser 1153,833 18,659 f1,839
Huynh-Feldt 1153,833 24,000 48,076
Lower-bound 1153,833 8,000 144 22

Kalp atimlari arasinda anlamli farklilik vardir (P<0.05). Hangileri arasinda fark
oldugunu bulmak icin ikili karsilastirmalar yapilir.
FED (3% Squared: T'IF:E = S3effect / (95effect + SSerror!

Eta Squared: i |

" = S3effect ! Stotal
Eta kare anova’da etki boyutunun kullanimi icin bir olctidir. Coklu
rergesyondaki R kareye benzer. Bagimsiz degiskenin bagimli degisken
uzerinde ne kadar etkili oldugunu gosterir.



Pairwise Comparisons

Measure:MEASURE 1

95% Confidence Interval for
Difference?
Mean
Difference (I-

(Nilac  (J)ilac J) Std. Error Sig.? Lower Bound Upper Bound
1 2 12,444° 2,824 ,014 2,620 22,269
3 111 3,611 1,000 -12,452 12,674

4 10,444 3,279 077 -,963 21,852

2 1 -12,444° 2,824 ,014 -22,269 -2,620
3 -12,333" 3,440 ,043 -24,301 -,366

4 -2,000 2,075 1,000 -9,219 5,219

3 1 -111 3,611 1,000 -12,674 12,452
2 12,333 3,440 ,043 ,366 24,301

4 10,333 4,024 ,199 -3,666 24,333

4 1 -10,444 3,279 077 -21,852 ,963
2 2,000 2,075 1,000 -5,219 9,219

3 -10,333 4,024 ,199 -24,333 3,666

Based on estimated marginal means
*. The mean difference is significant at the ,05 level.

a. Adjustment for multiple comparisons: Bonferroni.

Kalp atimina gore 1-2, 2-3 ilag tiirleri arasinda fark vardir (p<0,05).
Diger ilag turleri arasinda fark yoktur.



TEKRARLI OLCUMLERDE TEK FAKTOR VARYANS ANALIZi

Varsayimlar:

- Rasgele ornekleme

- Tekrarlanan olg¢limler

- Bagimsiz orneklemler

- Normallik sarti

- varyans-kovaryans varsayimi
(gruplarin korelasyonu ayni olmali
ve gruplardaki varyansin esit olmasi)
- Tim anakiitle varyanslari esit olmali

l day1 day3 days day? I grup l
E } 520 160 150 0,41 1
2 12,30 1,90 1,60 047 1
3 y 6,10 1,60 1,40 0,34 1
4 | 430 1,80 1,50 0,41 1
s 12,20 2,00 2,10 0,74 1
R 10,10 1,60 1,60 047 1
7 V 6,30 1,80 1,40 0,34 1
8 | 28,20 2,00 2,00 157 1
B } 6,30 110 110 0,10 1
10 520 1,70 1,10 0,10 1
1 y 32,80 1,80 1,20 0,18 2
12 | 8,20 230 1,50 0,41 2
13 } 40,20 1,50 1,20 0,18 2
14 12,20 540 1,80 0,59 2
15 y 11,70 610 2,20 0,79 2
16 | 520 160 1,10 0,10 2
A7 j 2420 250 160 047 2
18 34 60 260 1,20 0,18 2
19 ] 17,20 1,80 1,00 0,00 2
20 | 24,20 2,50 1,20 0,18 2
2 14,00 4,50 1,40 0,34 3
22 23,60 3,20 1,20 0,18 3
23 y 20,40 2,40 1,10 0,10 3
24 | 18,20 2,30 1,30 0,26 3
25| 9.20 220 1,40 0,34 3
2% 4,80 1,60 1,20 0,18 3
27 y 24,50 1,90 1,20 0,18 3
28 | 16,20 160 110 010 3
- 32,30 1,80 1,10 0,10 3
30 22,40 1,80 1,10 0,10 3
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y
Q Repeated Measures

Within-Subjects Variahles

(day): Model... J
| [day1() Contrasts...
¥ day3(2) Plct
day5(3) ts...
day7(4) Post Hoc... J
‘« Save... J
Options... J
§etween-8ubjects Factor(s):
Caw ]
&
Covariates:
Ad
oK paste || Resst || cancel || hew |

y
Q Repeated Measures Define Factor(s)
Within-Subject Factor Name:
Mumber of Levels:
day(4)
,a.'.':,_[lcj
';:._}-l-:lrll__‘]r;
Remoye
Measure Name:
Atid
Change
Remove
Define I l Reset ] l Cancel I l Help

Prof.DrYiiksel TERZI

593



—_— (& ol Y
@ Repeated Measures: Profile Plots @ Repeated Measures: Post Hoc Multiple Comparisons for Observed ... g

——e

Factors: | Horizontal &xis: Factor(s):. Post Hoc Tests for:
grup g grup grup
day e
% Separate Lines:
— Separate Plots: '
- -Equal Variances Assumed
[]LsD [ lsnK [_| waller-Duncan
Flots: S ‘ Change } ’ Remoye ‘ || Bonferroni E] Type UType || Ervar Ratio: lI]
grup*day || sidak || Tukey's-h [ Dunnett
|| Scheffe Duncan Control Category: | L&zt w I
[ 1R-E-GW-F [ |Hochberg's 612 | 'est
Cantinie ] [ Cancel Help [ IRE-GW-Q [ | Gabriel (@) 2-sided” ()= Control () =Control ’
rEqual Variances Not Assumed
[ JTamhane's T2 | | Dunnetts T3 | | Games-Howell [ | Dunnett's C

J Continue y [ Cancel Jl Help J

,,,,,,, — e —_— !
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Y Y
@ Repeated Measures: Options &-J

rEstimated Marginal Means . .
5 Box's Test of Equality of Covariance

Factor(s) and Factor Interactions: Display Means for: ‘ Matrices?®
(OVERALL) day Boxs M 152,068
grup e
day \ . \ F 5,966
igrup*day df1 20
‘ df2 2616,788
[v| Compare main effects Sig. ,000
Confidence interval adjustment: Tests the null hypothesis that the
| Bonferroni v observed covariance matrices of

the dependent variables are equal
across groups.

Display .

. - a. Design: Intercept + grup

\v| Descriptive statistics | | Transformation matrix Within Subjects Design: day

|| Estimates of effect size | Homogenety tests

(| Observed pawer (| Spread vs. level plot P=0,00<0,05 varyans-kovaryans matrisi
|| Parameter estimates || Residual plot farkhdir.

|| SSCP matrices [ | Lack of fit

|| Residual SSCP matrix || General estimable function

Significance leyvel: {US \ Confidence intervals are 95,0%

"

| Cortinue H Cancel H Help




Mauchly's Test of Sphericity®
Measure:MEASURE 1

Epsilon?
Approx. Chi- Greenhouse-
Within Subijects Effect | Mauchly's W Square df Sig. Geisser Huynh-Feldt | Lower-bound
day ,000 271,733 5 ,000 ,339 ,365 ,333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is
proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the
Tests of Within-Subjects Effects table.

b. Design: Intercept + grup
Within Subjects Design: day

Kuresellik varsayimi p=0,00<0,05 oldugundan saglanmaz vyani

varyanslar esit degildir. Epsilon<0,75 oldugundan Greenhouse-
Geisser testi kullanilir.



Measure:MEASURE 1

Tests of Within-Subjects Effects

Type Il Sum
Source of Squares df Mean Square F Sig.
day Sphericity Assumed 5173,565 3 1724 522 77,595 ,000
Greenhouse-Geisser 5173,565 1,016 5093,815 77,595 ,000
Huynh-Feldt 5173,565 1,096 4721,923 77,595 ,000
Lower-bound 5173,565 1,000 5173,565 77,595 ,000
day* grup  Sphericity Assumed 529,813 6 88,302 3,973 ,002
Greenhouse-Geisser 529,813 2,031 260,823 3,973 030
Huynh-Feldt 529,813 2,191 241,781 3,973 ,026
Lower-bound 529,813 2,000 264,907 3,973 ,031
Error(day)  Sphericity Assumed 1800,192 81 22,225
Greenhouse-Geisser 1800,192 27,423 65,646
Huynh-Feldt 1800,192 29,582 60,853
Lower-bound 1800,192 27,000 66,674

P=0,00<0,05 olup 6l¢iim sonuglari arasinda dnemli bir farkhhk
vardir.




Multivariate Tests®

|_Effect Value F Hypothesis df Error df Sig.
day Pillai's Trace 988 | 678,674 3,000 25,000 ,000
Wilks' Lambda ,012 | 678,674% 3,000 25,000 ,000
Hotelling's Trace 81,441 678,6742 3,000 25,000 ,000
Roy's Largest Root 81,441 678,6742 3,000 25,000 ,000
day * grup Pillai's Trace 533 3,148 6,000 52,000 ,010
Wilks' Lambda 485 3,638° 6,000 50,000 ,005
Hotelling's Trace 1,028 4,111 6,000 48,000 ,002
Roy's Largest Root ,991 8,593 3,000 26,000 ,000

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.

c. Design: Intercept + grup
Within Subjects Design: day

Kiiresellik varsayimi saglanmadigindan dolayr multivariate testler de
kullanilabilir. Pillai iz testine gore de ol¢limler arasinda onemli bir
farkhilik vardir denilebilir (p=0,000<0,05).



Tests of Between-Subjects Effects

Measure:MEASURE 1

Transformed Variable:Average

Type Il Sum
Source of Squares df Mean Square F Siq.
Intercept 3121,862 1 3121,862 147,141 ,000
grup 199,825 2 99,912 4,709 ,018
Error 572,855 27 21,217

Gruplar arasinda da 6nemli bir farklilik vardir (p=0,018<0,05).

MEASURE_1

Duncan?-° ¢
Subset

arup 1 2
1 10 3,3381
3 10 5,5716
2 10 6,3919
Sig. 1,000 433

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square(Error) = 5,304.

a. Uses Harmonic Mean Sample Size = 10,000.

b. The group sizes are unequal. The harmonic mean of the
group sizes is used. Type | error levels are not guaranteed.

c. Alpha = ,05.

Grup

Duncan




4 farkh giunde yapilan ol¢limler birbirlerinden onemli olgltide farkhdir.



Estimated Marginal Means of MEASURE_1
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TEKRARLI OLCUMLERDE iKi FAKTOR VARYANS ANALIzi

Varsayimlar:

- Rasgele ornekleme

- Tekrarlanan olgumler

- Bagimsiz orneklemler

- Normallik sarti

- varyans-kovaryans varsayimi
(gruplarin korelasyonu ayni olmali
ve gruplardaki varyansin esit olmasi)
- Tum anakiutle varyanslari esit olmali

ay3 |

ayh |

haftal grup g

| 00,00 88,00 84,00 80,00 ilagla tedawvi ilag
04,00 90,00 00,00 86,00 ilagla tedawvi ilag
100,00 096,00 20,00 86,00 ilagla tedawvi ilag
106.00| 100,00 06,00 20,00 ilagla tedavi ilag
110.00| 106,00 100,00( 100,00 ilagla tedawvi ilag
11400 110,00 106,00 06,00 ilagla tedawvi ilag
12000 110,00 10600( 100,00 ilagla tedawvi ilag
112.00| 106,00 06,00 20,00 ilagla tedawvi ilag
108.00| 104,00 20,00 86,00 ilagla tedawvi ilag
104.00| 100,00 04,00 88,00 istirahat tedavi istirahat
92,00 20,00 86,00 84,00 | istirahat tedavi istirahat
94,00 92.00 20,00 20,00 | istirahat tedavi istirahat
100,00 96,00 00,00 86,00 istirahat tedavi istirahat
106.00| 100,00 06,00 88,00 | istirahat tedavi istirahat
110.00| 106,00 100,00 04,00 | istirahat tedavi istirahat
114.00| 11200 108,00 98,00 | istirahat tedavi istirahat
118.00| 11400 110,00( 100,00 istirahat tedavi istirahat
114.00| 11400 11200 110,00 istirahat tedavi istirahat
106.00| 100,00 20,00 84,00 | istirahat tedavi istirahat
108.00| 100,00 92,00 86,00 istirahat tedavi istirahat
92,00 04,00 08,00 100,00 kontrol kontrol
04,00 06,00 96,00 100,00 kontrol kontrol
08.00( 100,00 10200 10400 kontrol kontrol
10400, 10400 10600( 10800 kontrol kontrol
10800/ 11000/ 11200/ 11400 kontrol kontrol



130

120

110 o

100 o

90 9

g0 o

| BXE

70 NG

-Graphs /Boxplot/clustered/data in chart are/Summarize os separate variable /Define/Boxes
represent:haftal, ayl, ay3, ay6/category Axis (G)/Ok
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Levene's Test of Equality of Error Variancesd

F af1 ar? Sig
HAFTAT | 169 2 27 846
AYT 078 2 27 925
AY3 373 2 27 692
AY6 384 2 27 685

Tests the null hypothesis that the error variance of the

dependent variable is equal across groups.

4

Design: Intercept+GRLUP

Within Subjects Design: ZAMAN

Box's Test of Equality of Covariance Matrices?

BoxsM | 32,634
F 1,269
aft 20
df? 2456
Sig. 189

Tests the null hypothesis that the observed covariance

matrices of the dependent variables are equal across groups.

d.

Design: Intercept+GRLUP
Within Subjects Design: ZAMAN

Her bir zaman periyodu
esit varyansa sahiptir.
(P>0,05)

Box’s M varyansin
homojenligi

lle ilgili cok boyutlu bir
testtir. Eger P>0,05 ise
varyans-kovaryans
matrisi esittir demexktir.
(tedavi gruplari icin
varyans kovaryans
matrisi aynidir.)



Mauchly's Test of Sphericity?

Measure: MEASURE_1

Epsilon”
Within Subjects Approx. Greenhou
Effect Mauchy's W | Chi-Sguare af ng. se-Gejsser | Huynh-Feldt | Lower-bound
ZAMAN 149 49,005 ) 000 AT 229 XY

Tests the null hypothesis that the error covariance matrix of the othonormalized fransformed dependent variables is
proportional to an identity matrix.
4. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed
in the Tests of Within-Subjects Effects table.
b

Design: Intercept+GRLIFP
Within Subjects Design: ZAMARN



Multivariate Tesis®

Effect Value F Hypothesis df | Emor df 3ig.
Fillai's Trace 696 19,1072 3,000 25,000 ,Dﬁﬂ
ZAMAN Wilks' Lambda 304 19,1072 3,000 25,000 000
Hotelling's Trace 2,293 19,1072 3,000 25,000 000
Roy's Largest Root 2,293 19,107a 3,000 25,000 000
Pillai's Trace 855 6,474 6,000 52,000 000
e I'WJ'}EE'.LEH"]'DD'E .194 10,5902 6,000 50,000 000
Hotelling's Trace 3.903 15,613 6,000 48,000 000
Roy's Largest Root | 3,837 33,2560 3,000 26,000 000

d. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.

C.
Design: Intercept+GRLUP
Within Subjects Design: ZAMAN

4 zaman grubu birbirinden onemli duzeyde farklidir. Ayrica
tedavi gruplarinin zaman ile etkilesimleri anlamhidir (p<0,01).



ANOVA

Sum of
Squares df Mean Square F ng.
Between Groups 2,400 2 1,200 015 985
HAFTA1 | Within Groups 2192,400 27 81,200
Total 2194,800 29
Between Groups | 253,71 2 126,871 1,726 97
AY1 Within Groups 1984,125 27 73,486
Total 2237,867 29
Between Groups | 1194,558 . 597,279 8,359 001
AY3 Within Groups 1929,309 27 71,456
Total 323,867 29
Between Groups | 2863,632 z 1431,816 23,683 000
AYE Within Groups 1632,368 27 60,458
Total 4496,000 29

Tedavi gruplari arasindaki farki bulmak igin tek yonlu anova

yapllir. Burada onem seviyesi 0,10/4=0,025 alinur.




NORMAL DAGILMAYAN TEKRARLI OLCUMLERDE
UC VEYA DAHA FAZLA GRUP ICIN UYGULANAN TESTLER:

FRIEDMAN TESTI

Burada gruplar tekrari olcumlu oldugundan
bagimhlidirlar. Friedman testi iki yonlu varyans analizinin
parametrik olmayan alternatifidir. Veriler en az sirali veya
aralikh olcekle elde edilmis olmalidir. Gercek goziemler
yerine sirali puanlar kullanilhir (Karagoz, 2014).

Fridman testi i¢in agsagidaki varsayimlar gecerlidir:

1. Rasgele Ornekleme
2. Tekrarlanan Olglimler
3. Her gruptaki orneklemler kendi icinde bagimsiz olmalidir.



FRIEDMAN TESTI

* Friedman testi tekrarlanan degerlere sahip,

parametrik
parametrik o

» Ug yada da
yapmayi sag

ki yonlu varyans analizinin
mayan alternatifidir.
na fazla grup icin karsilastirma

ar (Kalayci, 2010).

* Bu testin temel ozelligi normallik ve homojen
varyans varsayimi gerektirmemesi ve olcum
degerlerine atanan buyukluk sira sayilarina
dayanmasidir (Gamgam ve Altunkaynak,

2013).



Varsayimiari :
Her biri ¢ hacimli n sayida bagimsiz bloklardan olusur.

. bloktaki |. olgum degeri X;;,i=1,2,...,n, ] =1,2,...,c lle
gosterilir ve satirlar bloklar, sutunlar da islemler olarak
Ifade edilir.

llgilenilen bagimli degisken sireklidir.
Bloklar ve islemler arasinda etkilesim yoktur.

Her blokta elde edilen olgumler en azindan siralayici
olgektedir (Gamgam ve Altunkaynak, 2013).



Model asagidaki gibi ifade edilebilir.
Xl-j=u+,81+r]+€1] i1=1,2,..,n
j=12,..,c
n : Blok sayisi
¢ :lslem sayis
X;; + i bloktaki j. islem igin bagimli degiskenin
olcum degeri
u : Bilinmeyen genel ortalama
Bi :i.blogun bagimli degiskene etkisi
T : Islem j. dlizeyinin bagimli degiskene etkisi
e;; + Hata terimi



Islemler (Sttunlar)

Bloklar (satirlar) 1 2 ... C
1 Rqq Riy ... Ryc

2 R,, Ry ... Ry

n R,1 Ryy ... Rye
Toplam R4 R, ...R,
Ortalama R, R, ... R,

I. bloktaki ¢ sayida olgcum degerine buyukluklerine gore sira sayilari
verilir. Bu durumda i. bloktaki ¢ sayida olgum degerlerinden en kuguk

degerli olana 1 sira sayisini ..., ve en buyuk degerli olan da c sira
sayisini alir (Gamgam ve Altunkaynak, 2013).

o Hipotezler :

H, : Islemlerin etkisi arasinda fark yoktur (Islemlerin belirtti§i ana
kutleler arasinda farklilik yoktur).

H, : Islemlerin etkisi arasinda farkhlik vardir.



» Test istatistigi :

FR = —= . R;2=3n(c+1)

cn(c+1)

R;:J. Isleme iliskin sira sayilari toplami
n : blok sayisi
C . islem sayisi



» Tekrarli gozlem varsa duzeltme terimi uygulanir.

n
i=1 Li

nc(c?-1)

Duzeltme terimi =1-

=YL 3 _VL
Iy =dj=1Y j=1Y

L : 1. satirda ayni degerli olgum gruplarinin sayisi
t; : Bu gruplardan j. grupta olanlarin sayisi

FR

n

" nc(c2-1)

FRD —




« Karar Kurali :

c=3,n>15;c=4, n>8vec=>5 iken ¥
tablosundan yararlanilir.

c=3,n=2,3,...,15ve c=4,n=2,3,...,8 Iken
Friedman’'in S tablosundan yararlanilir.

FR > X?,.-1) ise H, hipotezi reddedilir.
FR > S, Ise H, hipotezi reddedilir.



PARAMETRIK OLMAYAN COKLU
KARSILASTIRMA TESTLERI

* Friedman Testi
IKIDEN COK
BAGIMLI GRUPLAR y

Nemenyi Testi
Friedman Testi
Friedman Aligned Testi
Friedman Testi -2
Miller Testi

GoOzlem Sayilari Esit
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Ornek: 6 6grencinin 10 puan iizerinden uygulanan 4 sinav
sonucu asagida verilmistir. Sinav puanlari arasinda
farklilik olup olmadigini %5 onem seviyesinde teste diniz.

S1 S2 S3 54

il WM —=
g~ Oy O W
= O O ~ 0
W = = O )
W W s = O



Scale

Forecasting

Survival

Objective Fields  Seftings

) Use predefined roles

“ b I N N I

Monparametric Tests

Multiple Response

P T P e

@ Use custom field assignments

Fields:

>

A One Sample...

M Independent Samples...

A Related Samples...
Legacy Dialogs

L]
] Selectonly 2 testfields to run 2 re
i

Test Fields:

& 51
& 52
& 53
& 54
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Monparametric Tests: Two or More Belated Samples

(ovae s s

Select an item:

Choose Tests
Test Options

Lser-Missing Yalues

) Automatically choose the tests based on the data
@ Customize tests
~Testfor Change in Binary Data

& bal

McMemars test (2 samples)

Define Success...

Cochran’s Q (k samples)

Define Success...

Multiple comparisons:

|.i.ll pairwise -

~Compare Median Difference to Hypothesized

&

Sign test (2 samples)

Wilcoxon matched-pair signed-rank (2 samples)

~Estimate Confidence Interval

&

Hodges-Lehman (2 samples)

—Cluantify Associations

&

Kendall's coefficient of concordance (K samples)

o |

Multiple comparisons: |All pairwise

~Testfor Change in Multinomial Data

'

Marginal Homogeneity test (2 samples)

~Compare Distributions

&

EFriedman's 2-way ANOWA by ranks (k samplesi

=)

Multiple comparisons: [NI painwise

(» Run]  paste J[ Reset || Cancel || @ Heip)
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Hypothesis Test Summary Pairwise Comparisons

Null Hypothesis Test Sig. Decision 5
Related- el
Samples
S Friedman's Reject the
1 Eﬁeacliésmgust;nnqse of S1, 52, 53 and Two-Way 002 nufll
' Analysis of hypothesis.
“ariance hy
Ranks

Asymptotic significances are displayed. The significance level is 05

P:O y 02<O . 05 Each node shows the sample average rank.

Oldugundan HO I’Ed SamplelSample2 o oSt & Std. & St Tesle gy S adj.sig.
edilir. Sinav puanlari
arasinda fark vardir. ' —
53.52 1,300 816 1592 11 BE3
S1-S4 arasinda fark -
.o . 53-§1 2,100 816 2572 010 0E1
vardir. Digerlerinde
52-51 800 816 980 327 1,000

far k yo kt u r. Each row tests the null hypothesis that the Sample 1 and Sample 2

distributions are the same. _ o
AsEmptohc significances (2-sided tests) are displayed. The significance level
is 05,



Ornek. 5 kisi Gizerinde 4 farkl test ydbntemine gore elde dilen test
puanlari asagidaki gibidir. Testler (islemler-situnlar) arasinda fark
olup olmadigini test ediniz.

HO: Testler arasinda farklilik yoktur.
H1: Testler arasinda farklilik vardir. (islem medyanlari birbirinden
farklhidir)

10 10

o A W N -
OO H W N -
\o)

OO N B W O
\o)
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| kisi T1 T2 T3 T4
1 1 1 2 b
2 2z 2 3 4
3 3 3 9 4
4 4 4 10 [ 10
5 5 b 9 b [
Tests of Normality
Kolmogorov-Smirnoy® shapiro-Wilk
Statistic df =10, Statistic df =00.
T1 141 ] ,EIIIIII- 4a7g ] 928
2 350 5 045 750 A 030
T3 287 5 200 914 A 440
T4 186 5 200 943 A 687

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction




Scale
Monparametric Tests
Forecasting

Survival

Multiple Response

A One Sample...

M\ Independent Samples...

A Related Samples...
Legacy Dialogs

ﬂ HiEEi"g %ﬂd;;%gm' wa or More Related Sanﬂtsl - - - - -

Otiete P setings

© Use predefined roles
@ Use custom field assignments

Fields:

Q Select only 2 test fields to run 2 related sample tests.

Sort: |None

Test Fields:

&b Kisi

mirIke

§ Sals
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r — - L . -
& Monparametnc Tests: Two or More Related Samples L and - - " .

(e s s

Select an item:

Choose Tests (© Automatically choose the tests based on the data
Test Options @ Customize tests
User-Missing Values ~Test for Change in Binary Data—— rCompare Median Difference to Hypothesized
& ool <&
McMemar's test (2 samples) Sign test (2 samples)
[Dgﬂne SUEEESE...] Wilcoxon matched-pair signed-rank (2 samples)

-Estimate Confidence Interval

<l ¢

Cochran's Q (k samples)

Hodges-Lehmann (2 samples)
[Qeﬂne Success...]

. : —Quantify Associations
Multiple comparisons:

All pairwise - | diﬁ
Kendall's coefficient of concordance (k samples)
Multiple comparisons: |All pairwise - |
~Test for Change in Multinomial Data———— ¢ Compare Distributions

g

Friedman's 2-way AMOVA by ranks (kK samples)

|

Marginal Homaogeneity test (2 samples)

Multiple comparisons: lﬁ.JI pairwise ;’

(® Run](_gaste ]| Reset |{ cance ][ @ el
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Pairwise Comparisons

Hypothesis Test Summary T2 T

Null Hypothesis Test Sig. Decision 3,60 1,20

Related-
Eam les . ’
T riedman's gject the
1 Hea:{jelsttrlwlggtéﬂg of T1, T2, T3 and Two-Way 018 nufll
‘ Analysis of hypothesis.
“ariance by
Ranks

Asymptatic significances are displayed. The significance level is 05 T
a0

Each node shows the sample average rank.

Samplel-Samplez 1ot & Std. & Sl Tests g, < Adj.sig”
.13 4100 816 -1347 178 1000
T1.T4 4700 Bl6 2082 037 224
.12 2400 816 -2939 003 020
T3.T4 600 B8I16 .73 462 1000
1312 1300 816 1522 A1 668
T4.T2 700 BI6 857 391 1000

Each row tests the null hypothesis that the Sample 1 and Sample 2
distributions are the same. _ o
As;@ptntm significances (2-sided tests) are displayed. The significance level

View: |Pairwise Comparisons x Test |Friedman = Field(s) |T1,T2 T3 T4(Test1) ™ m
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