ANOVA with binary variables -
The F-test and some Alternatives

Appendix B 9
Tables and Graphs of the Type I Error Rate
for selected GEE methods
for fixed n; (5,10,..,50) in mixed designs

All tables and graphs refer to 0=0.05. Reported are the proportions of rejections of the corres-
ponding null hypothesis.
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9. 1. 1.Main effect A - null model

9.1. Main effect A - null model
9.1.1. equal correlations on B (r=0.3)
9.1.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 0.2| 3.1 3.6| 42| 52| e6.1| 64| 26| 1.1 22| 3.1| 34| 39| 56
Fan & Zhang 0.2 3.5| 3.6/ 42| 52| 6.1| 64| 26| 09| 34| 44| 48| 45| 57
Morel et al. Wald 0.0 0.1 1.9 19| 20| 39| 3.6/ 13| 0.1f 0.1 04 09| 23| 32
Fan & Zhang 0.0 0.1 19| 19| 20| 39| 36/ 13| 0.1f 03| 14| 18 28| 39
Pan & Wall Wald 0.0 3.5 3.6/ 42| 52| 6.1 64| 13| 12| 23| 3.1| 34| 39| 5.6
Fan & Zhang 0.0/ 3.5| 3.6 42| 52| 6.1| 64| 13| 0.8| 34| 44| 48| 45| 57
Pan 0.4| 3.5| 3.6 42| 52| 6.1| 64| 13| 1.2 23| 31| 34| 39| 56
Gosho et al. Wald 0.0 0.1 19| 24| 21| 4.0 3.6 0.1 0.1 0.5 12| 26| 3.6
Fan & Zhang 0.0/ 0.1 19| 24| 2.1 4.0/ 3.6 0.1{ 0.5 L7 22| 3.1 4.0
Pan 0.5| 09| 3.6/ 42| 52| 54| 48 0.4/ 0.8 20f 25| 36| 46
Wang & Long ||Wald 0.0f 09 3.6 42 52| 42| 41, 13| 04| 08| 19| 25| 3.6| 4.6
Fan & Zhang 0.0/ 09| 3.6 42| 52| 42| 41| 13| 02| 22| 34| 34| 41| 49
Pan 03| 3.5 3.6 42| 52| e6.1| 64| 13| 08 L7/ 25| 33| 37| 5.1
equal n unequal n
10.0 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
* Pan & Wall / Pan

type | error rate

10

20 30

40

cell counts n

20 30

40

cell counts n

50

- Gosho et al./ Wald

—&— Gosho et al./ F&Z

Gosho et al./ Pan

- Wang & Long / Wald
Wang & Long / F&Z
- Wang & Long / Pan




9. 1. 1.Main effect A - null model 2

9.1.1.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 1.8 1.5 1.1} 2.1 3.1| 3.6/ 39| 0.1 1.8 33| 23| 32| 23| 43
Fan & Zhang 1.7] 16| 1.1} 23| 3.1| 3.6| 39| 29| 12| 19| 15| 21| 26| 4.0
Morel et al. Wald 0.0/ 0.0{ 0.1} 0.5 12| 20| 32| 29/ 06| 02| 0.1 0.8/ 1.0/ 29
Fan & Zhang 0.0/ 0.0 0.1 0.5 12| 20| 32 29/ 06/ 02| 03] 03| 10| 23
Pan & Wall Wald 0.0 1.1} 0.8 22| 3.1| 3.6] 39| 29| 1.8 29| 25/ 294 23| 43
Fan & Zhang 0.0/ 1.1} 0.8] 22| 3.1| 3.6| 39| 29| 06| 08 14| 1.8/ 26| 4.0
Pan 09| 2.0 1.1} 24| 32| 3.6| 39| 29| 12| 29| 24| 3.1| 23| 43
Gosho et al. ‘Wald 0.0 0.0/ 0.1 06| 16| 27| 3.2 0.6/ 02| 0.2 12| 10| 33
Fan & Zhang 0.0/ 0.0 0.1 0.6/ 16| 27| 3.2 0.6/ 04| 0.5 06| 13| 24
Pan 09| 08| 1.1} 19| 28| 33| 39 0.6/ 1.7/ 13| 21| 21| 4.0
Wang & Long ||Wald 0.0 0.1} 0.8 06| 23| 33| 3.8/ 29| 06| 1.7/ 13| 18 21| 4.1
Fan & Zhang 0.0/ 0.1 0.8] 0.6/ 23| 33| 3.8/ 29| 06| 06| 06/ 14| 18] 35
Pan 1.3] 2.0{ 1.1} 19| 29| 33| 39| 29| 12| 25| 20| 26| 22| 42
equal n unequal n
10.07 100 legend

--A-- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z

—=®-- Nborel / Wald
25 -5 —&— \prel / F&Z
: : --H-- Pan & Wall/ Wald

—%f— Pan & Wall/ F&Z
@ Pan &Wall/ Pan
--B-- Gosho et al./ Wald
—&— Goshoetal/F&
@ Gosho et al./ Pan
—-—#%-- Wang & Long / Wald
—— Wang &Long/ F&
---O--- Wang & Long/ Pan

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n



9. 1. 1.Main effect A - null model 3

9.1.1.3 p=09

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 477 1.7) 13| 0.6] 0.8 02| 29 2.1 51| 28] 1.8 26| 20
Fan & Zhang || 11.8| 2.6/ 12| 0.6 0.8/ 02| 29| 43| 21| 51| 19| 05| 1.6 2.0
Morel et al. ‘Wald 0.0 0.0/ 0.0/ 0.0| 0.0 0.0f 1.2 21| 21| 17/ 09/ 094 10| 0.5
Fan & Zhang 0.0/ 0.0f 0.0f 0.0/ 00| 0.0 12 21| 21| 17| 09/ 0.0 05| 13
Pan & Wall Wald 0.0f 0.0/ 0.2 00| 07| 02 29| 21| 21| 34| 3.7 23| 23| 20
Fan & Zhang 0.0/ 0.0{ 0.2 0.0 07| 02| 29| 21| 21| 17/ 09| 0.5 13| 20
Pan 364 3.5 17| 2.0 09| 02| 29| 21| 21| 34| 28| 27| 23| 20
Gosho et al. ‘Wald 0.0 0.0 0.0/ 0.0| 03| 0.1} 25 2.1 17] 09| 09 1.0/ 0.8
Fan & Zhang 0.0/ 0.0 0.0 0.0f 03| 0.1] 25 2.1 17| 09| 0.0 05| 13
Pan 20.5| 3.5| 1.5 2.0 0.5/ 02| 25 2.1 17] 09| 23| 1.8 17
Wang & Long ||Wald 0.0 0.0/ 0.2/ 0.0| 03| 02 25/ 21| 21| 17, 09/ 1.8 1.8 13
Fan & Zhang 0.0/ 0.0f 0.2 0.0 03| 02| 25| 21| 21| 17] 09| 05| 10| 1.8
Pan 409 29| 1.7\ 2.0 0.7 02| 25| 43| 21| 34| 19| 27| 21| 15
equal n unequal n

legend

--A-- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
=%~ Nbrel / Wald
+—E§ I\/breé/ F&Z/
--H-- Pan & Wall/ Wald
—%F— Pan & Wall/ F&Z
=@ Pan &Wall/ Pan
-A-- Gosho et al./ Wald
—&— Goshoetal/F&Z
@ Goshoetal/Pan

- —# -- Wang & Long / Wald
—#— Wang &Long/F&Z
---©--- Wang &Long/ Pan

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n



9. 1. 2.Main effect A - null model 4

9.1.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.1.2.1 p=05

equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 47.71 1.7/ 13| 06| 0.8] 0.2 2.9 04| 02 03| 0.1 0.0/ 0.1
Fan & Zhang || 11.8| 2.6/ 12| 06| 08| 02| 29| 0.0{ 08| 02| 03| 03| 0.0{ 0.1
Morel et al. Wald 0.0/ 0.0 0.0/ 0.0f 0.0f 0.0/ 1.2/ 00| 0.0f 02| 0.1, 04| 03| 1.9
Fan & Zhang 0.0/ 0.0/ 0.0/ 0.0f 0.0f 0.0/ 1.2{ 0.0/ 0.0f 00| 0.0f 04| 07| 1.9
Pan & Wall ‘Wald 0.00 0.0f 0.2| 0.0 0.7, 0.2 29| 0.0/ 04| 18| 1.5 26| 23| 3.7
Fan & Zhang 0.0/ 0.0f 0.2 0.0f 0.7 0.2 29| 0.0f 04| 08/ 0.7, 17| 3.0/ 33
Pan 36.4| 3.5 1.7 2.0 09| 02 29| 0.0/ 00/ 0.2 0.1 0.0/ 0.2 0.1
Gosho et al. ‘Wald 0.0/ 0.0f 0.0/ 0.0f 03| 0.1 25 0.0 02| 0.1 09| 124 24
Fan & Zhang 0.0/ 0.0/ 0.0/ 0.0/ 03] 0.1 25 0.0 0.0f 0.1 0.8] 12 23
Pan 20.5| 3.5 1.5 2.0/ 05| 02 25 0.0/ 0.2 0.0 0.0f 0.1} 0.1
Wang & Long ||Wald 0.0y 0.0f 0.2] 0.0f 03| 0.2 25/ 0.0 0.0 095 05| 17| 1.8 29
Fan & Zhang 0.0/ 0.0 0.2 0.0f 03| 0.2| 25| 00| 0.0f 05| 0.6 14| 23| 26
Pan 409 29| 1.7\ 20f 0.7, 0.2 25/ 0.0 00f 02§ 0.0f 00f 0.1] 0.2
equal n unequal n
1007 | 100 legend
i
! --A-- Liang & Zeger / Wald
1 —©— Liang & Zeger / F&Z
L ~ =%~ Morel / Wald
25 r .5 A Morel/F8Z
. i : -+~ Pan &Wall/ Wald
© 3 —%%— Pan & Wall/ F8&Z
S 3 @ Pan &Wall/ Pan
= 1 -8-- Goshoetal/Wald
- t
o t —8— Goshoetal/F&Z
o 50 ! 50 T ®" Goshoetal/Pan
— ! --®-- Wang & Long/ Wald
) [ —#— Wang & Long/ F&Z
o ---O--- Wang & Long/ Pan

N
o

0.0

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n



9. 1. 2.Main effect A - null model 5

9.1.2.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 57/ 03| 00| 0.1 0.0/ 0.1] 0.3 0.4, 0.2 03] 0.1] 0.0/ 0.1
Fan & Zhang 6.3 03| 0.0 0.1 0.0, 0.1f 03| 0.0/ 08| 02 03] 03| 0.0 0.1
Morel et al. ‘Wald 0.0{ 0.0f 0.1 0.2 13} 23| 35| 00/ 00| 02| 0.1, 04 03] 1.9
Fan & Zhang 0.0{ 0.0 0.1 0.2 13} 23| 3.5/ 0.0/ 0.0 0.0f 0.0 04 07| 1.9
Pan & Wall 'Wald 0.0, 0.1 06| 1.7 3.1| 3.8/ 4.6 0.0/ 04| 18| 1.5 2.6 23| 3.7
Fan & Zhang 0.0f 0.1 0.6| 1.8/ 3.1 3.8/ 4.6/ 0.0 04| 08| 0.7, 1.7 3.0 3.3
Pan 3.7/ 03| 02| 0.2 04 07/ 1.0{ 0.0/ 00/ 02 0.1] 0.0/ 0.2} 0.1
Gosho et al. ‘Wald 0.0/ 0.0f 0.1f 0.8] 1.9/ 29| 3.8 0.0/ 0.2] 0.1 09| 12 24
Fan & Zhang 0.0f 0.0{ 0.1 0.8 19| 29| 38 0.0, 0.0f 0.1y 0.8] 1.2 23
Pan 46( 02| 02| 01 02| 0.7 0.8 0.0/ 0.2y 0.0 0.0 0.1 0.1
Wang & Long ||Wald 0.0, 0.1 0.6] 0.8 2.2 3.5 45| 0.0/ 0.0/ 09| 0.5 1.7 1.8 29
Fan & Zhang 0.0{ 0.1 0.6] 0.8 2.2 3.5 4.5| 0.0 00| 0.5 0.6 14| 23| 26
Pan 43| 0.2 0.2 0.2{ 03| 0.7/ 09| 0.0 0.0f 0.2 0.0f 00| 0.1] 0.2
equal n unequal n
10.01 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
75 Morel / F&Z
' - Pan &Wall / Wald
o Pan & Wall / F&Z
© ~ Pan &Wall/ Pan
. - Gosho et al./ Wald
o Gosho et al./ F&Z
o 50 Gosho et al./ Pan
—_ - Wang & Long / Wald
) Wang & Long / F&Z
g: - Wang & Long / Pan
251

0.0l

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n



9. 1. 2.Main effect A - null model

9.1.2.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 48.3] 6.5/ 2.0f 06| 03| 0.0f 0.0 0.2 1.1 04| 03] 0.0 05
Fan & Zhang || 24.7| 6.7 2.1| 0.6| 03| 0.0/ 0.0 0.2 22 09| 0.0 0.0f 05
Morel et al. Wald 0.0/ 0.0f 0.0/ o0.0f 0.1{ 0.1 1.0f 0.0/ 0.0f 0.0 0.0/ 03| 06| 0.8
Fan & Zhang 0.0/ 0.0f 0.0, 0.0f 0.1f 0.1 1.0f 0.00 0.0f 00 0.0f 03] 1.1 05
Pan & Wall ‘Wald 0.0y 03| 0.0/ 0.1f 04| 0.2 22 0.0f 02 1.1 1.3} 2.0 34| 23
Fan & Zhang 0.0/ 0.2y 0.0/ 0.1f 04 02| 22| 00| 0.0f 00| 04, 1.7\ 19| 0.6
Pan 21.3] 5.1 12| 0.7{ 03| 0.0f 00l 1.6| 0.2 0.0 0.0f 00f 0.0 0.0
Gosho et al. ‘Wald 0.0y 0.0f 0.0f 00f 0.1 02| 14 0.0f 0.0f 04| 07| 21| 1.1
Fan & Zhang 0.0/ 0.0/ 0.0/ 0.0f 0.1f 02| 14 0.2| 00| 04| 0.7, 1.1 0.6
Pan 30.0f 3.4| 15| 0.6 0.3 00 0.0 0.2| 0.0 0.0/ 0.0y 0.0f 0.0
Wang & Long ||Wald 0.0y 0.0f 0.0f 0.0f 0.1} 0.2 14 0.0f 02| 0.0 04| 1.7 2.8| 1.8
Fan & Zhang 0.0/ 0.0f 0.0/ 0.0f 0.1f 0.2 14| 0.0 0.2 00| 04, 1.7\ 19| 0.6
Pan 324 42| 1.7 06| 03| 00l 0.0 1.6/ 02 0.0f 00f 0.0/ 0.0f 0.0
equal n unequal n
100] | 100 legend
i - Liang & Zeger / Wald
] Liang & Zeger / F&Z
~ Morel / Wald
NMorel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
* Pan &Wall / Pan

type | error rate

cell counts n

cell counts n

- Gosho et al./ Wald

Gosho et al./ F&Z
Gosho et al./ Pan

- Wang & Long / Wald

Wang & Long / F&Z

- Wang & Long / Pan



9. 1. 3.Main effect A - null model

9. 1. 3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.1.3.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 0.1 2.6 43| 34| 57| 62| 53 04| 1.7} 27| 52| 31| 47
Fan & Zhang 0.1 3.4| 45| 35| 57| 62| 53| 3.0/ 14| 34| 4.0 51| 42| 45
Morel et al. Wald 0.0/ 0.2 1.6 1.4 26| 35| 33| 00/ 0.0{ 0.1} 05| 20| 14 32
Fan & Zhang 0.0/ 0.2 1.6 1.4 26| 3.5 33| 00/ 0.0 02 1.0f 3.1 25| 33
Pan & Wall ‘Wald 0.0 34| 45| 3.5 57, 6.2 53| 0.0 L1} 21| 28| 52| 3.1| 4.7
Fan & Zhang 0.0 3.4| 45| 35| 57| 62| 53] 00| 1.4 34| 4.0 51| 42| 45
Pan 0.1 3.4 45| 35| 57/ 62| 53| 00 1.0 2.1} 28| 52| 3.1| 47
Gosho et al. ‘Wald 0.0/ 02 1.6| 18] 26| 3.5 33 0.0/ 0.1 0.5 2.1 19| 3.6
Fan & Zhang 0.0/ 0.2] 1.6 1.8 26| 3.5 33 0.0 03| 12| 34| 28| 35
Pan 0.1 0.7 4.5 3.5 57| 5.0| 42 02| 1.1} 1.6 3.9 27| 42
Wang & Long ||Wald 0.0 0.7 4.5| 3.5 57, 3.8 34 0.0| 02 1.1| 1.6| 3.7 2.6| 42
Fan & Zhang 0.0/ 0.7 4.5 3.5| 57| 3.8 34| 00| 05| 15| 29 47| 3.5 4.1
Pan 0.1 3.4| 45| 35| 57| 62| 53] 00 0.6 16/ 24| 48| 3.0/ 43
equal n unegual n
10,0 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
" Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
© Pan & Wall / F&Z
IS ~ Pan&Wall/ Pan
= * Gosho et al./ Wald
o Gosho et al./ F&Z
o " Goshoetal./Pan
— - Wang & Long / Wald
10} Wang & Long / F&Z
& - Wang &Long/ Pan

10

20 30

40

cell counts n

20

30

40

cell counts n

50




9. 1. 3.Main effect A - null model 8

9.1.3.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 7.00 04| 0.7 17| 3.1| 3.8 4.6 22| 04| 12| 17| 27| 23| 37
Fan & Zhang 6.7/ 04| 0.7/ 18| 3.1| 3.8| 4.6 00| 11| 1.1} 1.1} 2.0/ 3.0/ 33
Morel et al. Wald 0.0/ 0.0 o0.1f 0.7 17| 24| 3.8/ 0.0, 00| 02| 0.1] 0.7 08| 22
Fan & Zhang 0.0/ 0.0 0.1f 0.7 17| 24| 3.8/ 0.0/ 00| 00| 0.0 04 11| 22
Pan & Wall Wald 0.0f 0.1f 0.6/ 1.8 3.1| 3.8/ 4.6/ 0.0| 04| 18] 1.5/ 26| 23| 3.7
Fan & Zhang 0.0/ 0.1 0.6| 1.8 3.1| 3.8 4.6/ 0.0, 04| 08 0.7/ 1.7 3.0/ 33
Pan 59| 03] 0.8 1.8 3.1| 3.8/ 46/ 00| 00| 1.7} 1.5/ 26| 23| 37
Gosho et al. ‘Wald 0.0 0.0 0.1 0.8 19| 29| 338 0.0 02| 0.1 09| 12| 24
Fan & Zhang 0.0/ 0.0 0.1 0.8 19| 29| 338 0.0 0.0/ 0.1 0.8 12| 23
Pan 34| 04| 09| 1.6/ 29| 35| 45 0.0 09| 04 17| 18] 29
Wang & Long ||Wald 0.0{ 0.1 0.6/ 0.8 22| 3.5/ 45/ 00| 00| 09| 0.5/ 17| 18 29
Fan & Zhang 0.0/ 0.1 0.6| 0.8 22| 35| 45| 0.0/ 00| 05| 06| 14| 23| 26
Pan 59| 04| 09| 1.6| 29| 35| 45| 00| 00| 1.5 09/ 2.1, 21| 33
equd n unequd n

1001 100 legerd

-A-- Liang &Zeger / WAd
—60— Liang &Zeger | RRZ
-=% - NMorel/ Wad
—E— Norel / F8Z

--H-- Pn&Wal/Wad
—%F— Pan&Wall/FR8Z
=@ Pn&Wl/Pn
--- Goshoetd/Wad
—8— CGoshoetd/RZ
=9 Goshoetd/Pan

type | error rate

--#-- \\ang & Long/W\ald
—i— Wang&Long/ F8Z
-~ Wang &Long/ Pan




9. 1. 3.Main effect A - null model

9.1.3.3 p=09
equal cell counts unequal cell counts
method Anova-type || 5 | 10 | 15 | 20 | 30 | 40 | 50 || 5 | 10 | 15 [ 20 | 30 | 40 | 50
Liang & Zeger ||Wald 58.0 7.9| 26| 09| 05 02 22 00| 21| 13| 20| 32| 26
Fan & Zhang || 24.9| 7.4 28| 09| 08 02| 22 0.0/ 32| 17/ 20 19| 1.1
Morel etal.  |[Wald 0.0/ 0.0/ 0.1 00| 01| 0.1| 1.0/ 0.0 00| 00| 00 03 1.7/ 14
Fan & Zhang || 0.0| 0.0| 0.1| 0.0 0.1/ 0.1| 1.0 00| 0.0/ 0.0 00| 07| 11| 0.8
Pan & Wall  |[Wald 0.0 03| 0.0 0.1 04| 02| 22| 00| 00| 11| 13| 20 34| 23
Fan & Zhang || 0.0| 02| 00| 0.1| 04| 02| 22| 00| 00/ 0.0 04| 17| 19| 0.6
Pan 4200 59| 16| 0.7/ 08 02| 22| 00| 00| 1.1| 09| 20| 32| 23
Gosho etal.  ||Wald 0.0 0.0 0.0 00| 01| 02| 14 0.0/ 00| 04| 07 21| 12
Fan & Zhang || 0.0| 0.0| 00| 0.0 0.1/ 02 14 0.0/ 00| 04| 07| 11| 06
Pan 22.7| 48| 20| 0.8 05| 02| 14 0.0 00| 04| 1.7 26| 2.1
Wang & Long ||Wald 0.0 0.0 0.0/ 0.0 01| 02| 14| 0.0/ 00| 00| 04| 1.7/ 2.8 2.0
Fan & Zhang || 0.0| 0.0| 00| 0.0| 0.1| 02| 14| 00| 00/ 0.0 04| 17| 19| 0.6
Pan 382 54| 25| 08| 0.5 02| 14| 16| 00| 00| 09| 1.7 3.0 23
unequd n
100 100 legerd
--A-- Liang &Zeger /A
—O— Liang &Zeger / R&Z
~~%-" Morel/W\ad
751 —A— \ord /R8Z
: -H-- Pan&Wal/Wad
o —&— Pn&WAl/F8Z
© =@ Pan&WAl/Pan
- -B-- Goshoetd/Wad
o —&— Goshoetd/F8Z
o 507 @ Goshoeta/Pan
— --®-- Wang &Long/W\ald
Q —i— Wang&Long/ R8Z
> - O--- Wang &Long/ Pan
257




9. 2. 1.Main effect A - B significant (effects b; = 0.4*s)

10

9.2. Main effect A - B significant (effects b; = 0.4%s)

9.2.1. equal correlations on B (r=0.3)

9.2.1.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 0.4| 3.5 42| 44| 54 57| 54| 63| 1.0 24| 29| 39| 39| 48
Fan & Zhang 04| 3.5| 42| 44| 54| 57| 54| 48| 12| 29| 3.0, 47| 39| 54
Morel et al. Wald 0.1 0.3} 17, L7 3.1 39| 29| 32 02| 0.1 054 12| 17/ 3.0
Fan & Zhang 0.1} 0.3 1.7, L7 3.1 39| 29| 32| 02| 02| 08| 25| 26| 35
Pan & Wall ‘Wald 0.1 3.5 42| 44| 54|, 57| 54 32| 10| 24, 29| 39| 39| 48
Fan & Zhang 0.1| 3.5| 42| 44| 54| 57| 54| 32| 1.0/ 29| 3.0, 47| 39| 54
Pan 0.6| 3.6| 42| 44| 54 57| 54| 32 1.0 24 28| 39| 39| 48
Gosho et al. ‘Wald 0.1y 03 17| 27| 37| 47| 34 0.2 0.1 0.6 1.6 18| 3.6
Fan & Zhang 0.1 03| 1.7\ 27| 3.7 47| 34 02| 04| 09| 26| 2.7 4.0
Pan 0.6/ 0.8] 42| 38| 54| 56| 52 0.2 1.2y 2.0 3.0f 33| 47
Wang & Long ||Wald 0.1 0.7 4.2| 3.7 53| 52| 47| 32| 02| 12| 19| 3.0/ 33| 45
Fan & Zhang 0.1 0.7 4.2 3.7\ 53| 52| 47| 3.2 07| 15| 25/ 39| 36| 5.1
Pan 0.5| 3.6| 42| 3.8| 54| 56| 54| 32 0.6 19| 26| 34| 3.6/ 48
equal n unequal n
10.01 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
© Pan & Wall / Wald
o Pan & Wall / F&
® ** Pan &Wall / Pan
= - Gosho et al./ Wald
o Gosho et al./ F&Z
@ Gosho et al./ Pan
—_ - Wang & Long / Wald
() Wang & Long / F&Z
& - Wang &Long/ Pan

20
cell counts n

30

40

20

30

40

cell counts n
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9.2.1.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 || 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 6.5 |15 (09 (1.0 |13 |[1.8 |3.2 3.6 |37 |23 |[l1.6 |22 |34
Fan & Zhang |[5.3 (2.1 |09 (1.1 |13 |1.8 |32 |3.0 |43 |24 |23 (09 |l.1 |23
Morel et al. Wald 08 (02 (0.1 (0.1 |03 (0.8 (1.3 (3.0 (14 |0.7 |03 (0.2 |1.7 |19
Fan & Zhang (/0.7 (0.2 (0.1 |0.1 |03 0.8 |13 |3.0 |14 0.7 |03 0.0 |03 |14
Pan & Wall ‘Wald 08 (02 (0.1 (0.5 (1.1 |1.8 (3.2 |3.0 (14 |24 |14 (12 (2.0 (33
Fan & Zhang (/0.7 (0.2 (0.1 |0.5 (1.1 |1.8 |32 |3.0 |22 0.7 |14 0.7 |0.8 2.0
Pan 57 128 (1.0 |13 |13 (1.8 |32 (3.0 |14 |24 (14 |12 |21 |33
Gosho et al. Wald 0.8 (0.2 (0.1 (0.3 |09 |1.8 (2.2 1.4 0.7 (0.6 (0.5 |1.8 (2.1
Fan & Zhang (/0.7 (0.2 (0.1 |03 |09 |1.8 |22 1.4 0.7 |05 (0.0 |03 |15
Pan 33 (2.8 (1.2 (1.3 |1.1 |[1.8 |24 14 |14 (08 (1.2 |2.1 |29
Wang & Long ||Wald 0.8 102 (0.1 |03 (09 (1.8 |24 (3.0 |14 |14 (0.8 |1.2 |2.0 |28
Fan & Zhang (/0.7 (0.2 (0.1 |03 |09 |1.8 |24 |3.0 |14 0.7 |09 |04 |05 |1.8
Pan 49 (3.0 (1.1 |13 (1.1 |1.8 (24 (3.0 |14 (2.0 |09 |12 (2.1 |3.0
equal n unequal n
10.01 -100  legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
751 Morel / F&Z
: - Pan & Wall / Wald
o Pan & Wall / F&Z
b *" Pan &Wall/ Pan
- - Gosho et al./ Wald
o Gosho et al./ F&Z
& 5.07 Gosho et al./ Pan
— - Wang & Long / Wald
) Wang & Long / F&Z
% - Wang & Long / Pan
251
0.01

20

30
cell counts n

40

50

20

30

cell counts n

40




9. 2. 1.Main effect A - B significant (effects b; = 0.4*s) 12
9.2.1.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 27.11 2.0f 24| 1.5 09| 0.5] 0.7 4.5 3.8| 43| 3.5 20| 20
Fan & Zhang 10.5| 3.7 2.4 15| 09| 0.5 0.7 4.5 26| 43| 3.5 18] 2.0
Morel et al. 'Wald 2.1 0.5 02| 05 02| 0.0 0.2 3.0, 26| 12| 04| 03| 04
Fan & Zhang 0.8 0.5 0.2 05| 02| 0.0f 0.2 3.0 26| 12| 04| 03| 1.1
Pan & Wall ‘Wald 2.1 05| 04| 04 03] 04| 03 3.0, 26/ 12| 1.6/ 08| 1.3
Fan & Zhang 0.8 05| 04| 04 03] 04| 03 3.0 26/ 12| 1.2 05| 1.5
Pan 25.00 4.5 34| 25| 1.1 06| 09 3.0/ 26/ 12| 0.8] 0.8 1.1
Gosho et al. ‘Wald 2.1 05| 0.2 04 00| 02| 0.2 3.0/ 26/ 12| 04| 0.0f 0.5
Fan & Zhang 0.8 0.5 0.2 04 00| 02| 02 3.0 26| 12| 04| 0.0/ 1.1
Pan 14.6| 4.5 4.1 27| 0.8| 0.6/ 0.7 3.0 26| 12| 04| 05 1.1
Wang & Long ||Wald 2.1 05| 02| 04 00| 04| 02 3.0 26| 12| 04| 05 1.1
Fan & Zhang 0.8 05| 0.2 04 00| 04| 02 3.0, 26/ 12| 04| 03| 13
Pan 27.11 4.0f 3.6 22| 0.8 06| 0.8 3.0 26| 12| 04| 0.8 1.1
equal n unequal n
100]T7 1100 legend
ik
i --A-- Liang & Zeger / Wald
"t —6— Liang & Zeger / F&Z
T - =%~ Morel / Wald
3 —A— Morel/ F8&Z
751 |* 75 e
: r : --H-- Pan & Wall/ Wald
o : —%%F— Pan & Wall/ F&Z
® L @ Pan&Wall/ Pan
= ¢ --8-- Gosho etal./ Wald
o t —8&— Goshoetal/F&Z
o 501 L @ Goshoetal/Pan
— - & -- Wang &Long/Wald
[0) —B— Wang & Long/ F&Z
S --@--- Wang &Long/ Pan

20 30
cell counts n

40

10

30
cell counts n

40
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9.2.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.2.2.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 0.2 0.0/ 0.2 03] 06| 02 0.7 0.8 03| 0.0 0.1f{ 0.1 0.1f 0.2
Fan & Zhang 0.2 0.0/ 0.2{ 03] 06| 02 0.7 0.8 03| 00| 02 03| 01y 03
Morel et al. ‘Wald 0.0 0.1 0.7 1.4 26| 3.0f 3.8/ 0.0 00l 00| 02 104 14 22
Fan & Zhang 0.0 0.1y 0.7{ 14| 26| 3.0/ 3.8/ 0.0 00 0.1 03| 20f 20 29
Pan & Wall ‘Wald 0.0f 29 3.8 39| 56| 54 51| 00| 06| 20 28] 50| 37| 52
Fan & Zhang 0.0 3.0/ 3.8{ 40| 56| 54 51| 00 1.1 29| 28| 49| 49| 45
Pan 0.6/ 02| 12| 14} 10| L1} 12} 0.0 0.0f 0.0 02 0.I| 04 0.6
Gosho et al. ‘Wald 0.0 o0.1f 13| 23| 28| 37/ 39 0.0 0.1 0.6 20 26| 3.1
Fan & Zhang 0.0 0.1 L3] 23] 28| 3.7/ 39 0.0 0.5/ 09 27 3.0f 3.7
Pan 0.5| 0.1 0.6 0.6] 1.0 09| 1.2 0.0f 0.0f O.1f{ 0.1 03| 0.5
Wang & Long |[Wald 0.0{ 0.6 3.7 33| 56| 42 44, 00| 0.1 07| 16| 3.0/ 33| 42
Fan & Zhang 0.0/ 0.6| 3.8/ 33| 56| 42| 44| 00| 0.1 1.8] 21| 42| 44| 44
Pan 04| o0.1f 0.6 0.8 1.0f 1.0f 12f 00 00| 00| 0.1/ 01| 035 05
equal n unequal n
10.0 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
* Pan &Wall/ Pan

type | error rate

20
cell counts n

30

40

20

30

40

cell counts n

- Gosho et al./ Wald

Gosho et al./ F&Z

** Gosho et al./ Pan
- Wang & Long / Wald

Wang & Long / F&Z

- Wang & Long / Pan
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9.2.2.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 7.2 07 00| 0.2 0.1, 0.0f 03] 0.0] 1.5/ 06| 0.5 0.7, 0.0f 0.2
Fan & Zhang 7.8 0.7 0.0 0.2 0.1 0.0f 0.3 1.5/ 1.1 03| 04| 0.7 00| 0.3
Morel et al. ‘Wald 0.0f 00| 0.0/ 0.1 03} 1.0f 2.0/ 0.0f 0.0 0.0f 0.0 07/ 06| 1.2
Fan & Zhang 0.0{ 0.0f 0.0/ 0.1 0.3 1.0{ 2.0/ 0.0f 00| 0.2 0.1, 03| 02| 09
Pan & Wall 'Wald 0.0, 0.2( o0.1f 0.7 1.8 2.7 4.1 0.0/ 0.0/ 0.8/ 1.0/ 2.0/ 21| 29
Fan & Zhang 0.0f 0.2 0.1 0.7 1.8 2.7 4.1 0.0/ 04| 0.5 0.7 13| 13| 1.5
Pan 46| 1.0/ 0.1 03} 03| 0.0/ 0.6/ 0.0 0.0f 0.0, 0.0f 03] 02| 03
Gosho et al. ‘Wald 0.0, 0.0f 0.0 0.3| 1.3 20| 3.5 0.0/ 0.0/ 0.0 0.8] 1.2 2.2
Fan & Zhang 0.0/ 0.0 0.0 03| 13| 20| 35 0.0/ 0.2y 02 0.3] 0.5 1.1
Pan 6.6| 0.8 0.1f 03| 03| 00| 0.6 0.0/ 0.0 0.0{ 0.1 0.1f 0.2
Wang & Long ||Wald 0.0, 0.1 0.1f 0.3| 1.4, 27 3.8 0.0/ 0.0 0.5 0.6 1.5/ 1.7 2.6
Fan & Zhang 0.0{ 0.1 0.1 0.3 1.4} 27| 3.8/ 00/ 00| 02| 04, 08| 1.1| 14
Pan 6.1/ 0.8 0.2 03| 03| 0.0f 06| 0.0/ 0.0 0.0 0.0 0.1 02 0.2
equal n unequal n
10.01 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
- Morel / Wald
751 Morel / F&Z
: - Pan & Wall / Wald
© Pan & Wall / F&Z
© ~ Pan&Wall/ Pan
= - Gosho et al./ Wald
o Gosho et al./ F&Z
o 50 ** Gosho et al./ Pan
— - Wang & Long / Wald
0} Wang & Long/ F&Z
_,% - Wang & Long / Pan
25
0.0 1l

20
cell counts n

30 40 &0

20

40

cell counts n
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9.2.2.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 333 2.1 13| 04 02| 0.0 00 39| 1.6/ 1.5 12| 03| 0.7
Fan & Zhang || 25.3| 24| 14| 04| 02| 00| 00| 19| 39| 16| 13| 1.6| 03| 0.7
Morel et al. ‘Wald 0.0f 0.0| 0.0/ 0.0/ 0.0f 0.1 04| 19/ 08| 04| 03, 05 1.0{ 0.8
Fan & Zhang 0.0{ 0.0 0.0/ 0.00 0.0f 0.1 04| 19/ 08| 04| 03, 05 03] 0.8
Pan & Wall 'Wald 0.0, 0.0f 0.0f 0.0f 0.5, 09 1.7 1.9 08| 12| 13| 21| 23| 20
Fan & Zhang 0.0{ 0.0 0.0/ 0.00 0.5{ 09| 1.7 19| 16| 04| 03| 05 10| 1.7
Pan 20.5| 1.5 1.6 04| 04, 00f 0.0, 1.9/ 08 04 03| 0.0 02f 0.0
Gosho et al. ‘Wald 0.0/ 0.0f 0.0 0.0/ 0.0f 0.5] 1.2 0.8 04 05| 09| 15| 1.2
Fan & Zhang 0.0f 0.0f 0.0/ 0.0f 00| 0.5 1.2 0.8 04| 03] 0.2 03| 1.1
Pan 2531 1.9f 1.6 0.5 0.2 00| 0.0 0.8 04| 03| 0.0 02 0.0
Wang & Long ||Wald 0.0/ 0.0f{ 0.0f 0.0/ 0.0f 09| 12| 19, 08/ 08| 05| 194 20| 13
Fan & Zhang 0.0{ 0.0f 0.0/ 0.00 0.0f 09| 1.2 19/ 08| 04| 03, 02 07| 1.7
Pan 26.5| 23| 13| 0.5 04, 00f 0.0, 1.9, 08 04 03| 0.0 02f 0.0
equal n unequal n
1001 100 legend
Nl
: --A-- Liang & Zeger / Wald
: —6— Liang & Zeger / F&Z
i) ~~%~" Morel/ Wald
751 ; 75 —A— \orel/ F8&Z
: ' -+H-- Pan & Wall / Wald
o —¥%¥— Pan &Wall/ F&Z
ol @ Pan&Wall/ Pan
= --8-- Goshoetal./ Wald
o —&— Goshoetal/F8&Z
© 501 50 " Goshoetal/Pan
— —-—%-- Wang &Long/Wald
Q —B— Wang&Long/F8Z
= --O--- Wang &Long/Pan

10

20

30 40

cell counts n

20
cell counts n

30

40
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9.2.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.2.3.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 0.3 24| 3.7 39| 56| 54| 51| 08| 03| 17| 27| 50l 37| 52
Fan & Zhang 0.3| 3.0 3.8 4.0{ 56| 54| 51| 17/ 14| 3.0/ 28| 49| 49| 45
Morel et al. Wald 0.0/ 0.1 13| 1.5 26| 3.0/ 39| 08 0.1 0.1] 0.5 [L5| 25 2.7
Fan & Zhang 0.0/ 0.1 13| 15| 26| 3.0/ 39| 08 0.1] 04| 08| 26| 27| 3.1
Pan & Wall ‘Wald 0.00 29 3.7| 40| 5.6 54| 5.1 08| 0.7[ 2.0 28| 50f 37| 52
Fan & Zhang 0.0/ 3.0/ 3.8/ 4.0{ 5.6 54| 51| 08 1.2 3.0/ 2.8 49| 49| 45
Pan 0.3| 29| 3.7/ 4.0{ 56| 54| 51| 08 0.6 20| 2.8 50| 37| 52
Gosho et al. ‘Wald 0.0 0.1 1.2 23| 28| 3.7/ 3.9 0.1 02 0.6 20| 26| 3.1
Fan & Zhang 0.0/ 0.1 13| 23| 28| 3.7, 3.9 0.1 0.5 1.0/ 2.7 3.0/ 3.7
Pan 0.7 0.6] 3.7 3.6 5.6/ 4.8| 48 02| 09| 1.7 3.1 33| 44
Wang & Long ||Wald 0.00 0.6 3.8] 33| 56| 42| 44 08| 02| 08| 1.7 3.0 33| 42
Fan & Zhang 0.0/ 0.6] 3.8 33| 56| 42| 44| 08| 02| 1.8] 21| 42| 44| 44
Pan 0.5| 29| 3.8 3.6/ 56| 53| 51| 08| 04| 17| 2.6, 42| 3.5/ 50
equal n unequal n
10.0 -100  legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
751 Morel / F&Z
' - Pan & Wall / Wald
o Pan & Wall / F&Z
© *° Pan & Wall/ Pan
. - Gosho et al./ Wald
o Gosho et al./ F&Z
& 507 Gosho et al./ Pan
— - Wang & Long / Wald
0} Wang & Long / F&Z
_,% - Wang & Long / Pan
251
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9.2.3.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 9.0/ 0.8 0.1 1.0 1.9 27| 41| 1.5/ 1.8 1.7 12| 27| 22| 3.1
Fan & Zhang 82| 1.1 02| 10| 1.9 27| 41| 3.1| 1.8 1.0 14| 2.0| 1.4 1.7
Morel et al. ‘Wald 0.0f 00| 0.0f 0.3 09| 1.1 26| 1.5 04 02| 0.1, 08| 09| 1.7
Fan & Zhang 0.0{ 0.0 0.0/ 0.3 09| 1.1 26| 1.5/ 04 03| 03, 03| 05| 09
Pan & Wall 'Wald 0.0, 0.2y 0.1 0.7 1.8 2.7( 4.1 1.5/ 04| 10| 1.1 2.0/ 2.1 29
Fan & Zhang 0.0f 0.2 0.1 0.7 1.8 2.7 4.1| 1.5/ 07/ 0.6 0.8 13| 13| 1.5
Pan 721 1.4 06| 12| 2.0 27| 4.1 15| 04 1.0f 1.1 2.0/ 2.1 29
Gosho et al. ‘Wald 0.0, 0.0f 0.0 0.3| 1.3 20| 3.5 0.4 0.2) 0.1 0.8] 1.2 2.2
Fan & Zhang 0.0/ 0.0 0.0 03| 13| 20| 35 0.4 03] 03] 0.3] 0.5 1.1
Pan 43| 14| 0.8 1.1 17| 2.7 3.8 0.4 06| 08| 1.5 1.7 2.6
Wang & Long ||Wald 0.0, 0.1 0.1f 0.3| 1.4, 27 3.8/ 1.5/ 04 08| 0.7 1.5/ 1.7 2.6
Fan & Zhang 0.0{ 0.1 0.1] 0.3 1.4} 27| 3.8 1.5/ 04| 03| 05| 08| 1.1| 14
Pan 721 1.5 07 11| 17, 27| 3.8/ 15| 04| 08| 1.0 2.0/ 1.8 2.8
equal n unequal n
10,0 100 legend
--AA-- Liang & Zeger / Wald
—6— Liang & Zeger / R&Z
~ =%~ Morel / Wald
+—E§ Morel / F&Z
-~ - Pan &Wall/ Wald
o —%¥— Pan &Wall/ F&Z
ol <@ Pan&Wall/ Pan
= -8-- Goshoetal/Wald
o —8— Goshoetal/F&Z
= @ Goshoetal/Pan
— —-#-- Wang &Long/ Wald
() —&— Wang &Long/ F&
N ---@--- Wang &Long/ Pan
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9.2.3.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 38.2| 2.1 13| 06| 0.7 09 1.7 19| 3.1 20| 23| 3.5 2.6 28
Fan & Zhang || 249 2.6 1.6 06| 0.7/ 09| 17| 19| 46| 24| 18| 23| 18| 2.7
Morel et al. ‘Wald 0.0f 00| 0.0/ 0.0/ 0.0f 0.1 04| 19/ 08| 04| 055 07 13| 12
Fan & Zhang 0.0{ 0.0 0.0/ 0.00 0.0f 0.1 04| 19/ 08| 04| 03, 05 03] 09
Pan & Wall 'Wald 0.0, 0.0 0.0 0.0 0.5, 09 1.7, 19| 08| 16| 13| 21| 23| 20
Fan & Zhang 0.0{ 0.0 0.0/ 0.00 0.5{ 09| 1.7 19| 15| 04| 03| 05 10| 1.7
Pan 29.5| 3.6 22| 0.7 1.00 09 1.7, 19| 08| 08| 1.5/ 1.9 23| 19
Gosho et al. ‘Wald 0.0/ 0.0f 0.0 0.0/ 0.0f 0.5] 1.2 0.8 04| 05| 09| 13| 1.2
Fan & Zhang 0.0f 0.0f 0.0/ 0.0f 00| 0.5 1.2 0.8 04| 03] 0.2 03| 1.1
Pan 159 3.4 22 07| 04| 09| 1.2 0.8 0.8] 1.0 1.9 20 13
Wang & Long ||Wald 0.0/ 0.0f{ 0.0f 0.0/ 0.0f 09| 12| 19, 08/ 08| 05| 194 20| 13
Fan & Zhang 0.0{ 0.0f 0.0/ 0.00 0.0f 09| 1.2 19/ 08| 04| 03, 02 07| 1.7
Pan 299 2.7 22| 0.8 0.6/ 09 12| 19 08 08| 1.0/ 1.9 21| 1.7
equal n unegual n
1001 i - 10.0 Iegend
i --A-- Liang & Zeger / Wald
: —6— Liang & Zeger / F&Z
~ =%~ Morel/ Wald
751 75 —A— \brel/ F8&Z
: : - - Pan &Wall/ Wald
o —%F— Pan &Wall/ F&Z
® =@ Pan&Wall/ Pan
= -8-- Goshoetal/Wald
o —&— Goshoetal/ F&Z
& 507 @ Goshoetal/Pan
— - -%-- Wang &Long/Wald
Q —B— Wang &Long/ F&Z
> --O--- Wang &Long/ Pan
251
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cell counts n

10

20

30

cell counts n



9. 3. 1.Main effect A - Interaction significant (effects b; = 0.4*s)

19

9.3. Main effect A - Interaction significant (effects b; = 0.4*s)

9.3.1. equal correlations on B (r=0.3)

9.3.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 0.5 10.3| 18.1| 21.2| 36.6| 43.7| 54.7| 0.0/ 5.0| 15.7| 24.5| 37.7| 52.9] 66.9
Fan & Zhang 0.5| 10.6] 18.1] 21.2| 36.6| 43.7| 54.7| 2.8 3.2| 9.0 14.2| 23.1| 31.7| 40.7
Morel et al. ‘Wald 0.0 1.1| 89| 13.2| 27.4| 348 473 0.0 0.1| 1.1} 83| 22.2| 42.2| 57.1
Fan & Zhang 0.0 1.1| 89| 13.2] 27.4| 34.8| 47.3| 0.0 0.1| 0.6 4.0 13.4| 229| 34.2
Pan & Wall Wald 0.0] 10.6] 18.1] 21.2| 36.6| 43.7| 54.7| 0.0 5.3| 15.7| 24.4| 37.7| 52.9| 66.9
Fan & Zhang 0.0| 10.6] 18.1] 21.2] 36.6| 43.7| 54.7| 0.0 3.2 9.0 14.1| 23.1| 31.7| 40.7
Pan 0.9 10.6] 18.1] 21.2| 36.6| 43.7| 54.7| 0.0 5.3| 15.6| 24.4| 37.6| 52.9| 66.9
Gosho et al. ‘Wald 0.0 1.1| 8.9| 14.6] 27.4| 35.2| 475 0.1 22| 10.6| 253| 45.4| 59.9
Fan & Zhang 0.0 1.1| 8.9 14.6] 27.4| 35.2| 475 0.0 1.2| 5.5| 15.7| 24.5| 35.7
Pan 0.8] 4.1] 18.1] 21.1| 36.6| 40.0 50.8 0.8] 9.9 19.3] 34.0| 49.8| 64.9
Wang & Long |[Wald 0.0 4.1 18.1] 21.0|] 36.6| 35.8| 48.3| 0.0 1.0 9.9| 18.7| 33.2| 49.6| 64.4
Fan & Zhang 0.0 4.1] 18.1] 21.0|] 36.6| 35.8| 48.3| 0.0 0.2 53| 11.0| 19.9| 28.8| 38.9
Pan 0.9] 10.6] 18.1| 21.1| 36.6| 43.7| 54.7| 0.0f 3.4| 13.0| 22.6| 36.4| 51.8| 66.1
equal n
legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
- Morel / Wald
Morel / F&Z
 Pan & Wall / Wald
Pan & Wall / F&Z
* Pan & Wall / Pan

type | error rate
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20 30
cell counts n

40

50 10
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cell counts n

40

50

- Gosho et al./ Wald

Gosho et al./ F&Z
Gosho et al./ Pan

© Wang & Long / Wald

Wang & Long / F&Z

- Wang & Long / Pan
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—8— \\ang &Long/ F8Z

...O....

9.3.1.2 p=038
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 56 (1.8 |53 |13.1 (299 |40.9 |50.0 0.0 (62 (145 |31.0 |48.2 [63.2
Fan & Zhang ||5.1 2.0 |5.5 |13.3 [29.8 [40.9 |50.0 0.0 (09 (32 |85 |18.0 [28.8
Morel et al. Wald 0.0 (0.0 |[1.5 |41 |19.5 (339 |459 0.0 (0.0 (1.2 |15.1 |34.8 |52.1
Fan & Zhang (0.0 (0.0 |1.5 |4.1 [19.5 (33.9 |45.9 0.0 (0.0 (0.0 |1.6 |95 204
Pan & Wall Wald 0.0 (1.3 |52 |13.0 |29.8 [40.9 |50.0 0.0 (6.2 (139 |31.0 |48.2 |63.1
Fan & Zhang (0.0 (1.3 |52 |13.0 (29.7 |40.9 |50.0 0.0 (09 (2.0 |83 |18.0 [28.8
Pan 6.3 (2.5 |5.8 |13.3 |29.9 [40.9 |50.0 0.0 (62 (129 |31.0 |48.0 [62.5
Gosho et al. Wald 0.0 (0.0 |1.6 |54 |23.0 (369 (459 0.0 (0.0 (3.0 |19.4 |37.3 [54.2
Fan & Zhang (0.0 (0.0 |1.6 |54 [23.0 (369 |45.9 0.0 (0.0 (0.0 |2.7 |11.4 |2255
Pan 3.5 (1.3 |59 |12.0 |29.0 [40.6 [49.5 0.0 (3.1 (94 |26.0 |444 |59.5
Wang & Long ||Wald 0.0 (02 |52 |55 |26.1 [40.6 [49.1 0.0 (3.5 [10.2 |25.6 |44.9 |59.3
Fan & Zhang (0.0 (0.2 |52 |54 [26.1 |40.6 |49.1 0.0 (0.0 (0.8 |58 [154 |259
Pan 4.9 123 |59 [12.0 |29.0 |40.6 [49.5 0.0 (4.8 [11.8 |28.5 |46.3 [60.5
legend
--A-- Liang &Zeger / Walc
—6— Liang & Zeger / F8&Z
~~% - Morel/ Wald
A— \Mbrel/ F8Z
--H-- Pan &Wall/ Wald
) %— Pan &Wall/ F&Z
= =@ Pan &Wall/ Pan
- -8 -- Goshoetal/Wald
5 —8— Goshoetal/ FRZ
o - Goshoetal/Pan
e --#-- \Wang & Long/ Wald
()
o
>
)

20 30 40 50
cell counts n

2

30 40 50
cell counts n

Wang & Long / Pan
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9.3.1.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 27.1 29| 2.5 3.0| 14.2| 20.0| 31.8 4| 3.6| 10.8| 22.9| 334
Fan & Zhang || 12.1| 2.7| 2.7\ 3.1| 14.1| 20.0| 31.9 2| 0.0 21| 33| 65
Morel et al. Wald 0.0 0.0 02| 13| 5.5| 12.6| 232 0| 0.9 21| 13.1| 24.0
Fan & Zhang 0.0 0.0 02| 1.2 55| 12.6| 232 0| 0.0/ 00| 1.0/ 23
Pan & Wall Wald 0.0 0.0 12| 25| 14.0| 19.9| 31.8 2| 3.6] 9.8 22.7| 339
Fan & Zhang 0.0 0.0/ 1.1| 2.5| 14.0{ 19.9| 31.7 0| 0.0/ 05| 33| 6.2
Pan 28.8| 29| 3.3| 3.4| 14.6| 20.0| 31.9 2| 3.6| 8.8| 22.4| 332
Gosho et al. Wald 0.0 0.0 02| 13| 9.1 17.5| 282 0| 09| 3.6| 15.6| 254
Fan & Zhang 0.0 0.0/ 02| 1.2 9.1| 17.5| 282 0| 0.0/ 00| 1.5/ 27
Pan 119/ 3.3 31| 3.5/ 9.9| 20.0| 29.1 0| 27| 77| 18.4| 31.6
Wang & Long ||Wald 0.0 0.0 12| 13| 9.5 19.9| 29.0 0| 3.6| 72| 194| 31.8
Fan & Zhang 0.0 0.0/ 1.1| 1.2 9.5 19.9| 28.9 0| 0.0/ 00| 2.8 42
Pan 32.21 33| 3.1| 3.4 99| 20.0| 29.1 21 27| 82| 204 323
equal n unequal n
401 40 legend
--A-- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
—=®-= Morel / Wald
—A— Morel/ F&Z
- ~EH-- Pan & Wall/ Wald
—X%%— Pan & Wall/ F&Z
@ Pan &Wall/ Pan
© - -B-- Gosho et al./ Wald
© —®&— Goshoetal/F&Z
S ~—@®-- Gosho et al./ Pan
o --#-- Wang & Long / Wald
© —#— Wang & Long / F&Z
& ----©--- Wang & Long / Pan
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20 30
cell counts n
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9. 3.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)

arl-structure assumed

9.3.2.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 03 0.1 12 33| 12.6| 13.9| 198 0.1f 0.2 1.0f 27 95| 16.1
Fan & Zhang 0.3] 0.1 L.3] 3.3] 12.6] 13.9] 19.8 0.1{ 0.1 06| 24 69| 83
Morel et al. ‘Wald 0.0 0.5 52| 12.5| 27.8| 34.1| 46.6 0.0 0.1 2.5| 14.3| 34.6| 509
Fan & Zhang 0.0] 0.5| 5.2| 12.5] 27.8] 34.1| 46.6 0.0 0.0 1.7 9.6] 19.2] 28.8
Pan & Wall ‘Wald 0.0] 10.4| 18.0] 20.3| 36.6| 43.6| 53.8 5.5| 15.4| 22.6| 369 53.1| 654
Fan & Zhang 0.0| 10.8] 18.0] 20.3| 36.6| 43.6| 53.8 2.8] 9.7\ 15.0{ 22.0| 29.9| 41.0
Pan 0.2] L.5] 9.1} 12.5| 18.6] 20.1| 29.3 0.2| 1.6| 3.7 9.5| 21.1] 30.9
Gosho et al. ‘Wald 0.0 0.8] 9.0] 13.9] 28.0| 34.4| 46.6 0.1 2.7| 8.8| 25.6| 44.6| 58.6
Fan & Zhang 0.0 0.8] 9.1] 13.9] 28.0| 34.4| 46.6 0.0 1.5| 6.2 14.3| 24.2| 35.6
Pan 0.3] 0.8] 3.9 6.5| 18.6] 19.1| 293 0.0 04| 23| 6.8] 17.9] 28.6
Wang & Long |[Wald 0.0] 3.4| 18.0] 20.0| 36.6| 36.3| 47.5 1.8] 9.1] 17.1| 32.4| 49.6| 624
Fan & Zhang 0.0] 3.6 18.0] 20.0| 36.6| 36.3| 47.5 0.3| 5.5| 11.6| 18.4| 27.8| 38.6
Pan 0.3] 0.8] 39| 7.0| 18.6] 19.3| 293 0.1 1.3] 34| 8.9| 20.0] 30.2
equal n unequal n
o P Mlao legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
- Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
© Pan & Wall / Pan

type | error rate
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cell counts n

40 50

- Gosho et al./ Wald
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- Wang & Long / Pan
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9.3.2.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 10.4| 0.8] 03| 04| 19| 34| 9.6 0.0l 0.2] 03] 1.8] 5.0
Fan & Zhang 9.8 0.8 03| 04| 19| 34| 9.7 0.3 03] 00| 0.3] 0.2
Morel et al. 'Wald 0.0/ 0.0/ 03| 1.9| 154| 264| 35.6 0.0 0.0] 4.5| 18.1] 33.2
Fan & Zhang 0.0 0.0] 0.3| 1.9| 153| 264| 35.6 0.0/ 0.0 0.0 29| 11.3
Pan & Wall ‘Wald 0.0 2.9 39| 11.9] 25.5| 33.9| 422 3.4 79| 24.5| 35.3| 46.8
Fan & Zhang 0.0 29| 3.9| 11.9| 25.5| 33.9| 42.2 0.7 13| 6.9| 14.0| 22.9
Pan 6.5 1.1 0.8| 1.6] 8.4| 129] 21.8 0.0 0.2) 22| 59| 142
Gosho et al. 'Wald 0.0 0.0 1.0 5.2| 19.9| 29.6] 38.0 0.0 1.3] 13.8] 27.8| 40.8
Fan & Zhang 0.0 0.0 1.0 5.1 19.9| 29.6| 38.0 0.0 0.0 24| 8.1| 17.7
Pan 8.8 1.1 05| 0.8] 5.6 11.8] 19.2 0.0 0.0] 1.7 5.2| 12.6
Wang & Long ||Wald 0.0 0.6] 3.9| 5.2| 23.2| 33.5| 41.5 1.4 42| 19.3| 32.5| 43.7
Fan & Zhang 0.0 0.6] 3.9| 5.1| 23.2| 33.5| 41.5 0.0 0.5] 52| 11.4| 21.2
Pan 7.8 1.1 0.6] 1.3| 6.6/ 12.9| 20.1 0.0/ 0.2 19| 6.2| 145
equal n
401 legend
--A-- Liang & Zeger / Wald
—O— Liang &Zeger / F&Z
~=*-- Morel/ Wald
30- —A— \brel/ F8&Z
-H-- Pan&Wall/ Wald
0] —¥%F— Pan&Wall/ F&Z
® @ Pan&Wall/ Pan
= -8-- Goshoetal/Wald
o —&— Goshoetal/F&Z
5 20 . & Coshoetal/Pan
o & - ~®-- \Wang &Long/ Wald
() M —— Wang &Long/ F&
_,% - @+~ Wang &Long/ Pan
107 8
. 0.0
9:\ 2
O.
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cell counts n cell counts n
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9.3.2.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 36.9| 2.4 03| 02| 04| 07 2.7 0.0/ 0.0 0.6 04| 02 1.2
Fan & Zhang || 26.6| 23| 03| 02 04| 07| 2.7 0.0/ 0.0/ 0.6 04| 0.0 0.2
Morel et al. ‘Wald 0.0, 0.0 03| 04| 42| 13.7] 23.0 0.0/ 0.0/ 0.0 1.3] 6.6 183
Fan & Zhang 0.0 0.0| 0.3| 04| 4.1 13.7| 23.0 0.0/ 0.0/ 0.0f 0.0 05| 14
Pan & Wall ‘Wald 0.0 0.0 12| 3.6] 14.4| 21.3] 30.9 0.0 1.4 4.5| 12.8| 21.2| 30.7
Fan & Zhang 0.0 03] 1.2] 3.6| 14.4| 21.3| 30.9 0.0/ 0.0 0.6 1.3 27/ 9.0
Pan 2411 1.9 09| 0.5 1.2 34 9.1 0.0/ 0.0/ 0.0{ 0.0 1.1| 5.8
Gosho et al. 'Wald 0.0/ 0.0f 03] 1.0/ 9.0 18.5] 27.5 0.0/ 0.0/ 0.6] 3.8] 11.6| 23.1
Fan & Zhang 0.0/ 0.0 0.3] 1.0/ 9.0| 18.5| 27.5 0.0/ 0.0/ 0.0f 04| 1.1 3.6
Pan 30.8| 24| 06| 02| 1.0 34 79 0.0/ 0.0/ 0.0 0.0 1.4 438
Wang & Long ||Wald 0.0f 0.0| 1.2] 1.0/ 9.6] 21.3| 27.9 0.0/ 1.4} 32| 7.7] 18.0| 28.5
Fan & Zhang 0.0f 0.0| 1.2] 1.0/ 9.5] 21.3] 27.9 0.0/ 0.0/ 06| 1.3] 1.8 8.1
Pan 277 2.4 08| 03| 1.0/ 34| 79 0.0/ 0.0/ 0.0f 0.0 09| 5.6
equal n unequal n
401 40 legend
Z'} --A-- Liang & Zeger / Wald
|| —©— Liang & Zeger / F&Z
~=®-- Morel/ Wald
o —A— Morel/ F&Z
/30 —-E-- Pan & Wall/ Wald
/ —X%%— Pan & Wall/ F&Z
= @ Pan & Wall/ Pan
) i - -B-- Gosho et al./ Wald
© /) ¢ B —X8— Gosho etal./F&Z
S |, /) @ Gosho et al./ Pan
) A Zﬂ/ r 20 --#-- Wang & Long / Wald
2 P e —— Wang & Long / F&Z
B /E/ Sl ----©---  Wang & Long / Pan
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9. 3. 3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.3.3.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 0.1] 8.0] 14.5| 17.0] 30.0| 35.7| 45.0f 1.6/ 3.0| 10.3| 17.7| 29.9| 43.6| 55.1
Fan & Zhang 0.1 9.3] 15.0] 17.2] 30.0| 35.7| 45.0f 1.6/ 2.8/ 83| 12.8| 17.6| 24.9| 34.1
Morel et al. ‘Wald 0.0 0.7 73| 99| 21.9| 27.5| 36.8| 0.0/ 0.0/ 1.0 5.2| 15.5] 33.9| 45.7
Fan & Zhang 0.0 0.7 7.3] 99| 21.9| 27.5| 36.8] 0.0 0.0 0.7 3.8 11.2| 18.8| 28.2
Pan & Wall ‘Wald 0.0 89| 15.0f 17.2| 30.0| 35.7| 45.0/ 0.0/ 49| 11.6| 183| 30.0| 43.6| 55.1
Fan & Zhang 0.0 9.3] 15.0] 17.2] 30.0| 35.7| 45.0f 0.0f 2.7 83| 12.8| 17.6| 24.9| 34.1
Pan 0.2| 8.9| 15.0] 17.2] 30.0| 35.7| 45.0f 0.0f 4.8| 11.6] 18.3| 30.0| 43.6| 55.1
Gosho et al. ‘Wald 0.0 0.7 7.2| 11.1| 22.0| 27.7| 36.8 0.0 1.8 63| 17.8| 36.5| 47.5
Fan & Zhang 0.0 0.7 7.3] I1.1] 22.0] 27.7| 36.8 0.0 1.2| 52| 11.9| 19.5| 29.0
Pan 0.3] 2.7| 15.0] 17.0] 30.0| 32.7| 40.9 1.0| 7.1] 13.3] 25.0| 41.2| 52.1
Wang & Long |[Wald 0.0 2.7| 15.0f 17.0] 30.0| 28.9| 37.5| 0.0 1.3| 7.0 12.6| 24.7| 41.2| 51.8
Fan & Zhang 0.0 2.8| 15.0f 17.0] 30.0| 28.9| 37.5| 0.0 0.3| 4.8| 99| 154| 22.5| 33.1
Pan 0.3] 9.0] 15.0f 17.0] 30.0| 35.7| 45.0f{ 0.0/ 3.1| 92| 17.0| 28.2| 43.0| 54.5
equal n unequal n
’ legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
© Pan & Wall / Pan

type | error rate
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9.3.3.2 p=0.38
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 11.0{ 3.1| 4.1| 11.0| 25.3| 33.8| 42.2 1.0 3.4 69| 23.9| 35.1| 46.7
Fan & Zhang 9.7\ 3.8| 4.2| 12.0| 25.5| 33.9| 42.2 0.0 1.0 1.7 6.9| 14.0| 229
Morel et al. 'Wald 0.0 0.0/ 1.0 4.6| 18.5| 27.1| 38.0 0.0 0.0 0.5| 11.9] 26.0| 394
Fan & Zhang 0.0 0.0 1.0 4.6| 18.5| 27.1| 38.0 0.0/ 0.0 0.0 1.2| 6.6 16.0
Pan & Wall ‘Wald 0.0/ 2.8] 39| 11.9] 25.4| 33.9| 422 0.0 3.4] 8.0| 24.4| 35.3| 46.8
Fan & Zhang 0.0 29| 3.9| 11.9| 25.5| 33.9| 42.2 0.0 0.7 1.3 6.9 14.0| 22.9
Pan 8.1 39| 42| 12.1] 25.4| 33.9| 422 0.0 3.1| 7.5| 23.9| 34.7| 46.6
Gosho et al. 'Wald 0.0 0.0/ 1.0 5.2] 19.9| 29.6] 38.0 0.0 0.0] 1.3] 13.8] 27.8| 40.8
Fan & Zhang 0.0 0.0 1.0 5.1 19.9| 29.6| 38.0 0.0/ 0.0 0.0 24| 8.1| 17.7
Pan 45| 1.6| 4.2| 11.0f 24.6| 33.5| 41.9 0.0 1.0] 4.2| 18.9| 32.8| 43.8
Wang & Long ||Wald 0.0 0.6] 3.9| 5.2| 23.2| 33.5| 41.5 0.0 1.4 4.0| 19.3] 32.5| 43.7
Fan & Zhang 0.0 0.6] 3.9| 5.1| 23.2| 33.5| 41.5 0.0 0.0] 0.5| 5.2| 11.4| 21.2
Pan 7.8] 4.0 43| 11.0] 24.6| 33.5| 41.9 0.0 2.7 6.9| 21.9| 34.6| 44.7
equal n unegual n
401 legend
--A-- Liang & Zeger / \Wald
—6— Liang & Zeger / F&Z
~ =%~ Morel/ Wald
301 —A— \borel/ F&Z
--H-- Pan & Wall/ Wald
o . —%F— Pan &Wall/ F&Z
- ' =@ Pan&Wall/ Pan
= -B-- Goshoetal/Wald
o ; —&— Goshoetal/F&Z
& 207 @ Goshoetal/Pan
—_ —--%-- Wang &Long/ Wald
() —B— Wang &Long/F&Z
N ---®--- Wang & Long/ Pan
)
A
101
\
o
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10 20 30 40 5 10 20 30 40 50
cell counts n cell counts n
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9.3.3.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 10 15 20 30 | 40 50
Liang & Zeger ||Wald 45.21 3.8] 1.5| 3.3| 14.2| 21.0] 30.8 0.0 1.4 64| 13.1| 20.3| 30.2
Fan & Zhang || 27.6| 3.5| 1.6 3.8| 14.6| 21.3| 31.0 0.0/ 0.0 19| 21| 27| 9.2
Morel et al. ‘Wald 0.0/ 0.0 03| 1.0/ 7.9| 13.8] 23.9 0.0/ 0.0 0.6| 3.0| 10.7| 21.8
Fan & Zhang 0.0f 0.0| 0.3] 1.0/ 79| 13.8] 23.9 0.0/ 0.0 0.0 04| 0.7 2.7
Pan & Wall ‘Wald 0.0 03| 12| 3.6] 14.4| 21.3] 30.9 2.1 14| 45| 13.1| 21.2] 30.8
Fan & Zhang 0.0 03] 1.2] 3.6 14.3| 21.3| 30.9 0.0/ 0.0 0.6 1.3 2.7/ 9.0
Pan 33.5| 3.2 2.7 45| 14.7] 21.3| 31.0 0.0 14| 45| 127 21.0|] 30.0
Gosho et al. ‘Wald 0.0/ 0.0 03] 1.0/ 9.0 18.5] 27.5 0.0/ 0.0/ 0.6| 4.2 11.6| 23.3
Fan & Zhang 0.0/ 0.0 0.3] 1.0/ 9.0| 18.5| 27.5 0.0/ 0.0/ 0.0 04| 1.1 34
Pan 19.3| 3.0 2.7| 43| 10.1| 21.3| 28.1 0.0 14| 32| 7.6| 185| 274
Wang & Long ||Wald 0.0 0.0| 1.2 1.0 9.5] 21.3] 27.9 0.0 1.4 32| 7.6| 18.0| 28.6
Fan & Zhang 0.0f 0.0 1.2] 1.0 9.5] 21.3] 27.9 0.0/ 0.0 0.6 1.3] 1.8 8.0
Pan 36.5| 3.00 2.7 4.4 10.1| 21.3| 28.1 0.0 14| 4.5| 10.2f 20.1] 29.0
equal n unequal n
[}
401, - 40 Iegend
[}
|
Q -Zx- Liang & Zeger / Wald
O —©— Liang & Zeger / F&Z
M -~ Morel / Wald
|& —A— Morel / F&Z
3015 -t~ Pan & Wall/ Wald
3 —%A— Pan & Wall / F&Z
© ] ~--@ - Pan & Wall / Pan
© i - % - Gosho et al./ Wald
5 3 —®— Gosho et al./ F&Z
= 20 - *-®-- Gosho et al./ Pan
o - % - Wang & Long / Wald
) —#— Wang & Long / F&Z
g --©-- Wang & Long / Pan
10 1

10

20

30

40

cell counts n

50

20

30

40

cell counts n
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9.3.4. equal correlations on B (r=0.3)

arl-structure assumed

9.3.4.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 04 03| 14| 3.1| 12.0| 149| 21.5 0.1 0.1 0.8 3.8 11.3| 19.9
Fan & Zhang 04| 03| 14| 3.1| 12.0] 149 21.5 0.0 0.0/ 09| 24| 6.5 9.7
Morel et al. Wald 0.0 03| 3.8 11.6| 269| 34.8| 47.2 0.0 0.1 22| 14.1| 35.0| 50.9
Fan & Zhang 0.0 0.3] 3.8 11.6] 26.9| 34.8| 47.2 0.0/ 0.0 12| 8.5| 16.8] 29.3
Pan & Wall Wald 0.0| 10.6| 18.1| 21.2| 36.6| 43.7| 54.7 53| 15.7| 24.4| 37.7| 52.9| 66.9
Fan & Zhang 0.0| 10.6| 18.1| 21.2| 36.6| 43.7| 54.7 3.2 9.1| 14.1| 23.1| 31.7| 40.7
Pan 0.6| 24| 8.8| 13.1] 18.3| 20.8| 33.5 0.1 1.2| 4.1] 10.3] 21.7| 31.3
Gosho et al. Wald 0.0 1.1| 8.9| 14.6| 27.4| 35.2| 47.5 0.1 22| 10.6| 25.3| 45.4| 59.9
Fan & Zhang 0.0 1.1| 8.9 14.6| 27.4| 35.2| 47.5 0.0 12| 5.5| 15.7| 24.5| 35.7
Pan 0.6| 1.1] 3.8] 6.3] 18.3] 20.1| 334 0.1 04| 25| 8.7| 19.6] 29.8
Wang & Long |[Wald 0.0 4.1] 18.1] 21.0| 36.6| 35.8| 48.3 1.0 9.9| 18.7| 33.2| 49.6| 64.4
Fan & Zhang 0.0 4.1] 18.1] 21.0| 36.6| 35.8| 48.3 02| 5.3] 11.0] 19.9| 28.8| 38.9
Pan 0.6| 1.1| 3.8] 6.8] 18.3] 20.3| 334 0.1 1.0 3.6| 10.0{ 21.0| 30.5
legend
--AA- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
- ~® - Morel/ Wald
—&A— Morel / F&Z
-fH- Pan & Wall/ Wald
—%%— Pan & Wall/ F&Z
@ Pan & Wall/ Pan
% -&- Gosho etal/Wald
= —X&— Gosho etal./F&Z
g @ Gosho et al./ Pan
[0} -—& - Wang & Long / Wald
© —— Wang & Long / F&Z
S ---®-- Wang & Long / Pan
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40

cell counts n
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40
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9.3.4.2 p=038
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 3.6/ 05 0.2 0.7 25| 6.1] 159 0| 0.0 0.8 0.2 3.5| 102
Fan & Zhang 32| 05 02 0.7 25| 6.1} 159 0| 0.0 08| 0.0/ 03| 0.8
Morel et al. ‘Wald 0.0 0.0/ 0.3| 1.6| 16.0| 30.5| 42.2 0] 0.0 0.0] 5.8| 25.7| 44.6
Fan & Zhang 0.0/ 0.0 0.3| 1.6/ 16.0| 30.5| 42.2 0] 0.0 0.0 0.6 50| 144
Pan & Wall Wald 0.0 13| 5.2| 13.0| 29.8| 40.9| 50.0 0] 6.2 14.0] 31.2| 48.2| 63.1
Fan & Zhang 0.0 13| 5.2| 13.0| 29.8| 40.9| 50.0 0] 09| 2.0 8.3| 18.0| 28.8
Pan 2.1 0.8 1.1} 2.5/ 10.2| 17.0] 28.3 0| 0.0 0.0/ 3.7| 12.9| 23.8
Gosho et al. ‘Wald 0.0 0.0 1.6 5.4| 23.0| 36.9| 459 0] 0.0] 2.8] 19.2| 37.3| 54.2
Fan & Zhang 0.0| 0.0 1.6| 5.4| 23.0| 36.9| 459 0| 0.0] 0.0/ 2.7 11.4| 225
Pan 29| 08| 0.8 1.1| 81| 15.4| 26.0 0] 0.0 0.0f 2.5| 11.4| 22.1
Wang & Long ||Wald 0.0| 0.2 5.2| 5.5 26.2| 40.6| 49.1 0| 3.1] 10.2] 25.8| 44.9| 59.3
Fan & Zhang 0.0| 0.2 5.2| 5.5 26.1| 40.6| 49.1 0] 0.0| 0.8] 5.8| 154| 259
Pan 43| 08| 09| 1.6] 9.2| 17.0| 26.7 0| 0.0 0.0/ 29| 11.7| 23.2
unequal n
T 71 7
legend
-4~ Liang & Zeger / Wald

type | error rate

10

20

30

40

cell counts n

50

20

30

40

cell counts n

Liang & Zeger / F&Z
Morel / Wald

Morel / F&Z

Pan & Wall / Wald
Pan & Wall/ F&Z
Pan & Wall / Pan
Gosho et al./ Wald
Gosho et al./ F&Z
Gosho et al./ Pan
Wang & Long / Wald
Wang & Long / F&Z
Wang & Long / Pan
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9.3.4.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 || 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 245 22| 1.8] 06| 0.2 09| 3.6 20| 1.4} 00| 13| 23
Fan & Zhang 11.1] 2.5 1.7/ 0.6| 02 09| 3.6 2.0/ 1.4 0.0 03] 02
Morel et al. ‘Wald 0.0{ 0.0 0.0 03] 44| 15.2| 27.1 2.0 14 0.7 11.1] 24.8
Fan & Zhang 0.0/ 0.0 0.0/ 0.3| 44| 15.2] 27.1 2.0/ 1.4 00 03] 0.8
Pan & Wall ‘Wald 0.0 0.5 1.5| 3.4| 159 23.7| 389 2.0/ 6.9 14.0 29.3]| 40.2
Fan & Zhang 0.0/ 0.5] 1.5/ 3.4| 159 23.6| 38.9 201 1.4 20l 3.8 94
Pan 15.1 1.6 20| 1.1| 2.0 4.6 13.1 2.0/ 14} 0.0 35| 7.1
Gosho et al. ‘Wald 0.0/ 0.0f 04| 1.1] 10.8| 21.5| 35.2 2.0 2.8] 73| 20.7| 33.5
Fan & Zhang 0.0/ 0.0 04| 1.1] 10.7f 21.4| 35.1 2.0/ 14| 00 22| 48
Pan 20.8] 2.2 2.0/ 09 09| 4.6] 109 201 14| 00l 29| 6.0
Wang & Long ||Wald 0.0/ 0.0 1.5 1.1] 10.9| 23.7| 359 2.01 5.6| 10.7| 24.5| 373
Fan & Zhang 0.0/ 0.0 1.5/ 1.1| 10.9| 23.6| 359 201 1.4 13| 25| 7.7
Pan 22.6| 2.7 20| 1.0f 1.1| 4.6] 109 2.0/ 14| 00 29| 6.7
equal n unequal n
F 40 legend
- ,’! -A- Liang & Zeger / Wald
1/ i
‘% —©— Liang & Zeger / F&Z
S ~~® - Morel / Wald
[ —A— Morel / F&Z
m F 30 -+~ Pan & Wall/Wald
a ! ¥%— Pan & Wall/ F&Z
R~ @~ Pan & Wall/ Pan
/
2 g A/ ¢ -~ Gosho et al./ Wald
= - —X&— Gosho et al./ F&Z
o I ~®°- Gosho et al./ Pan
ju / |
5 VA 20 --#- Wang & Long/Wald
—_ /
p L / —#— Wang & Long / F&Z
g /! ,’m/ /.’ ---®-- Wang & Long / Pan
=y

20

30
cell counts n

40

20 30
cell counts n

40
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9.3.5. equal correlations on B (r=0)
9.3.5.1 p=05

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 0.1 10.1] 14.7| 16.7| 30.4| 37.3| 46.1] 0.0/ 3.9| 11.9| 18.9| 31.7| 43.0| 56.4
Fan & Zhang 0.2] 10.1| 14.7| 16.7| 30.4| 37.3] 46.1| 2.9| 24| 7.2| 11.5] 19.1] 23.2| 32.5
Morel et al. Wald 0.0 05| 7.1] 10.2| 21.8| 29.2 37.7| 0.0 0.0 0.9| 42| 17.7| 32.2| 46.3
Fan & Zhang 0.0/ 0.5 7.1] 10.2| 21.8| 29.2| 37.7| 0.0/ 0.1| 0.4| 3.1] 11.4| 17.1]| 248
Pan & Wall Wald 0.0| 10.0| 14.7| 16.7| 30.4| 37.3| 46.1| 0.0 3.7| 11.9] 18.9| 31.7| 43.0| 56.4
Fan & Zhang 0.0| 10.0| 14.7| 16.7| 30.4| 37.3| 46.1| 0.0 2.2| 7.1| 11.5] 19.1] 23.2| 32.5
Pan 0.4| 10.1| 14.7| 16.7| 30.4| 37.3| 46.1| 0.0 3.5/ 11.7| 18.8| 31.7| 43.0| 56.4
Gosho et al. Wald 0.0 0.5 7.4| 11.2| 22.0| 29.3| 37.7 0.0/ 1.8] 6.8] 21.5| 35.7| 49.8
Fan & Zhang 0.0/ 05| 7.4| 11.2| 22.0| 29.3| 37.7 0.0] 1.1] 4.5| 13.0| 18.9| 275
Pan 0.5| 32| 14.7| 16.6| 30.4| 34.5| 423 08| 6.9| 14.3| 28.9| 40.7| 53.9
Wang & Long |[Wald 0.0| 3.1| 14.7| 16.6| 30.4| 30.6| 39.1| 0.0/ 0.9| 6.8 14.0| 28.4| 40.2| 53.7
Fan & Zhang 0.0| 3.1 14.7| 16.6| 30.4| 30.6| 39.1| 0.0 1.0/ 4.2| 87| 162| 21.2| 30.3
Pan 0.4| 10.1| 14.7| 16.6| 30.4| 37.3| 46.1| 0.0 2.5/ 9.5 17.4] 30.8| 42.5| 552
equal n unequal n

A

5;4!,’ legend

--A- Liang & Zeger / Wald
/ —©— Liang & Zeger / F&Z
2 - -4 - Morel/ Wald
—A— Morel/ F&Z
-+ - Pan & Wall/ Wald
—%%¥— Pan & Wall / F&Z
---@®-- Pan & Wall/ Pan
-4 - Gosho et al./ Wald
—X— Goshoetal/F&Z
@~ Gosho et al./ Pan
--#- \Wang & Long / Wald
—M®— Wang & Long / F&Z
---O-- Wang & Long / Pan

/I /
s 4
Iy /

/

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.3.5.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 3.7/ 2.4 3.6| 10.7] 23.1| 32.0] 43.2 0.0 3.2] 7.4| 23.2| 34.7| 50.8
Fan & Zhang 34| 2.5 3.7| 10.7] 23.1| 32.0] 43.2 0.0 0.6] 1.1 5.4| 13.5| 229
Morel et al. ‘Wald 1.9] 02 0.7 2.1| 14.1| 26.5| 39.0 0.0/ 0.0/ 14| 7.9| 22.3| 39.5
Fan & Zhang 1.7 0.2 0.7 2.1| 14.1| 26.4| 39.0 0.0/ 0.0/ 0.0 1.0] 5.5| 15.5
Pan & Wall 'Wald 1.9] 1.5 3.4| 10.7| 23.0| 32.0| 43.2 0.0 3.8] 6.8 22.6| 34.7| 50.8
Fan & Zhang 1.7 1.4 3.4| 10.7| 23.0| 32.0| 43.2 0.0/ 0.6] 09| 4.8| 13.5| 229
Pan 3.7/ 2.7 3.8 10.8] 23.1| 32.0| 43.2 0.0 3.8] 6.5| 21.6| 34.4| 50.7
Gosho et al. ‘Wald 1.9 0.2 09| 4.5| 18.0| 28.9| 394 0.0 0.6] 1.6| 11.0| 25.4| 42.7
Fan & Zhang 1.7/ 0.2] 0.9| 4.5| 18.0f 28.9| 394 0.0/ 0.0/ 00| 1.4| 8.1| 18.1
Pan 3.7/ 1.5| 3.8 10.3] 22.3| 31.9| 429 0.0 19| 4.3]| 17.0 31.2| 47.5
Wang & Long ||Wald 1.9/ 02| 34| 4.5| 20.1| 31.9| 422 0.0 19| 43| 17.0| 31.1| 47.6
Fan & Zhang 1.7 0.2] 34| 4.5| 20.1| 31.9| 422 0.0/ 0.0 02| 3.7 11.3| 214
Pan 3.7/ 29| 3.8 10.3] 22.3| 31.9| 429 0.0 3.2| 5.2| 20.3| 33.1| 494
equal n unequal n
legend
-4A- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
-—4 - Morel/ Wald
—A— Morel / F&Z
- - Pan&Wall/Wald
—X— Pan & Wall/ F&Z
o =@ Pan &Wall/ Pan
© -4 - Gosho et al./ Wald
5 —X— Gosho et al./ F&Z
£ =@ Goshoetal/Pan
o --#&- Wang & Long / Wald
o) —— Wang & Long / F&Z
N O Wang &Long/Pan

20 30

40

cell counts n

5 10 20
cell counts n
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9.3.5.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 16.7| 2.6 1.8 3.2| 12.2] 19.7| 31.7 0.0 6.8] 6.8 20.8| 32.3
Fan & Zhang 3.7/ 2.4 1.8] 3.3 12.2| 19.7] 31.7 0.0 2.7 12| 4.2| 10.1
Morel et al. ‘Wald 0.0 0.0 0.0f 0.3] 29| 11.1] 21.8 0.0 0.0] 2.5 9.0| 22.1
Fan & Zhang 0.0f 0.0 0.0/ 03| 29| 11.1] 21.8 0.0/ 0.0/ 0.0 0.0 03| 43
Pan & Wall ‘Wald 0.0 0.0 03] 23| 11.4| 19.6] 31.6 0.0/ 0.0f 2.7 6.2] 20.2| 32.5
Fan & Zhang 0.0 0.0 0.3] 23| 11.3] 19.6] 31.6 0.0/ 0.0 0.0f 0.6] 3.7| 10.1
Pan 16.7| 3.5 2.1 3.5| 12.2] 19.8| 31.7 0.0/ 0.0/ 14| 6.2] 19.9| 31.5
Gosho et al. 'Wald 0.0/ 0.0 03] 0.5| 6.8 16.6] 26.2 0.0 0.0 0.0 2.5| 10.7| 259
Fan & Zhang 0.0/ 0.0 0.3] 0.5 6.8] 16.6] 26.2 0.0/ 0.0/ 0.0f 0.0 1.1 5.0
Pan 16.7| 3.5| 2.4| 33| 84| 19.7| 274 0.0/ 0.0 0.0 4.3| 14.6] 30.2
Wang & Long ||Wald 0.0/ 0.0| 0.3| 0.5 74| 19.6] 27.3 0.0l 0.0 0.0 4.3]| 15.2| 30.2
Fan & Zhang 0.0/ 0.0 0.3] 0.5 74| 19.6] 27.3 0.0/ 0.0 0.0 0.6 25| 7.7
Pan 16.7| 3.5| 2.4| 3.5| 84| 19.7| 274 0.0/ 0.0| 1.4| 5.6/ 16.9| 30.8
equal n unequal n
40 40 Iegend
-~ Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
- -4 - Morel / Wald
—A— Morel/ F&Z
-t~ Pan &Wall/ Wald
—%X— Pan & Wall/ F&Z
© ~-@®- Pan &Wall/Pan
© -4 - Gosho et al./ Wald
5 —X®— Gosho et al./ F&Z
E *-~®-- Gosho et al./ Pan
o --#- Wang & Long / Wald
() —B— Wang & Long / F&Z
N --@-- Wang & Long / Pan
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cell counts n

50
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9.4. Main effect B - null model
9.4.1. equal correlations on B (r=0.3)
9.4.1.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 18.5| 9.8] 9.0 89| 64| 6.6/ 6.7[ 9.7\ 21.6| 14.5| 12.9| 10.1] 93| 7.5
Fan & Zhang 1.9/ 57| 5.6| 58| 4.4 55| 54| 26| 4.1 6.2 504 37| 47| 50
Morel et al. Wald 0.2| 0.1 0.7 2.0 25| 39| 33| 13| 02| 03] 13, 21| 45| 4.0
Fan & Zhang 0.0/ 0.6| 1.5 26| 24| 34| 29| 13| 04| 05| 1.6/ 1.8 33| 3.6
Pan & Wall Wald 8.6/ 7.1 6.5 65| 48| 55| 54| 2.6 39| 49| 56| 52| 6.0 4.7
Fan & Zhang 34| 5.1 47| 55| 47| 6.0 50f 13| 40| 56| 50| 48| 50| 48
Pan 7.0 7.0 6.1 63| 49| 56| 53| 13| 3.5 46| 57, 42| 50| 53
Gosho et al. Wald 0.2 0.8 1.7 22| 3.0/ 4.1| 3.7 0.2 0.5 1.8] 22| 29| 33
Fan & Zhang 0.0/ 0.8] 1.9 2.7 29| 43| 3.6 0.2 13} 22| 20| 3.0 33
Pan 1.4 3.1] 43| 48| 44| 48| 4.6 1.0| 2.0 4.0, 3.5 42| 48
Wang & Long ||Wald 27 3.0 3.7 4.6| 4.0 44| 45| 26| 1.1 26| 3.8 3.5 44| 4.1
Fan & Zhang 0.5| 2.5 33| 4.0 39| 48| 44| 13| 1.8 3.6] 3.7, 3.3| 39| 42
Pan 52| 5.0 53| 54| 45| 51| 50 13| 26| 3.6 53| 39| 47| 5.1
equal n unequal n
10071 A A 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
NMorel / F&
- Pan & Wall / Wald
Pan & Wall / F&Z
* Pan & Wall/ Pan

type | error rate

20 30
cell counts n

40

50

10

20 30
cell counts n

40

50

- Gosho et al./ Wald

Gosho et al./ F&Z

=~ Gosho et al./ Pan
- Wang & Long / Wald

Wang & Long/ F&Z

- Wang &Long / Pan
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9.4.1.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 19.4| 143 9.7 7.5| 5.8| 52| 56| 0.1] 27.9| 23.7| 159| 100 7.8 7.2
Fan & Zhang 04 1.7 3.0 4.0 39| 3.7\ 6.2 29| 24| 3.1| 24|, 36| 42| 59
Morel et al. ‘Wald 0.0f 00| 0.1 1.3 19| 29| 32| 29| 06/ 02| 1.0 2.1 21| 3.5
Fan & Zhang 0.0{ 0.0| 0.1] 1.3 15| 26| 44| 29| 06| 02| 0.6 1.2 19| 4.0
Pan & Wall ‘Wald 11.4) 57| 47| 45| 26| 4.6| 4.7, 59| 3.5 2.7, 28| 28| 22| 35
Fan & Zhang 3.7/ 2.0 28| 3.5 41| 35| 62| 29| 1.8 21| 28| 33| 4.0 49
Pan 11.4] 59| 44| 42 33| 45| 4.6 59| 12| 29| 26| 3.1| 29| 33
Gosho et al. ‘Wald 0.0/ 0.8 1.6] 19| 1.8/ 3.0/ 3.1 0.6/ 06/ 05| 1.1] 1.4 13
Fan & Zhang 0.0f 02| 0.7) 1.7, 21| 28| 5.1 0.6/ 04| 1.1} 1.1 2.1| 33
Pan 2.0 3.5| 32| 33| 24 37| 4.0 0.6 1.7 1.8 22| 22 24
Wang & Long ||Wald 46| 28| 32| 3.0/ 23| 33| 38| 294 06| 1.7 1.3 22 1.7 23
Fan & Zhang 04 07| 15| 2.6 29| 32| 56| 29| 06| 12| 1.7\ 24| 32| 4.1
Pan 9.6 5.1 3.8] 3.8/ 29| 41| 4.1| 29| 12| 25| 22| 29| 27| 3.0
equal n unequal n
legend
--A-- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
~~®~" Norel/ Wald
+—E§ NMorel / F&Z
- -- Pan &Wall/ Wald
0] —¥%¥— Pan & Wall / F&Z
® @ Pan & Wall/ Pan
= -48-- Gosho et al./ Wald
o —&— Goshoetal/ F&
= @ Goshoetal/Pan
— - —%-- Wang &Long/ Wald
[0) —— Wang & Long/ F&Z
o =@ --- Wang & Long/ Pan

20
cell counts n

30

40

20 30
cell counts n

40
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9.4.1.3 p=09

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 1.2] 20.0f 18.5| 9.7 6.1 59| 59| 22| 21| 15.5] 11.3| 11.0f 93| 7.6
Fan & Zhang 0.0 1.0 1.5 0.8 19| 26| 3.0 2.1 21| 34| 3.7, 14 26| 28
Morel et al. ‘Wald 0.0f 00| 0.2| 04 13| 26| 3.1 21| 21| 17| 09 0.0 31| 22
Fan & Zhang 0.0f 00| 0.2 0.0, 03| 12| 17| 21| 2.1} 1.7 09| 05| 13| 1.5
Pan & Wall ‘Wald 0.6| 49| 55| 26| 24 27| 32| 21| 21| 1.7 1.9 05| 13| 15
Fan & Zhang 0.0{ 1.0{ 0.8 0.7 13| 23| 3.5 21| 21| 17| 2.8 18| 21| 28
Pan 23| 82| 6.6 3.2 29| 27| 34| 21| 21| 34| 1.9 05/ 13| 1.7
Gosho et al. ‘Wald 0.0 1.6/ 25| 09| 1.7, 13| 2.1 2.1 1.7 09| 0.0 0.5 0.7
Fan & Zhang 0.0f 0.0 04| 0.2 05| 1.7 2.1 2.1 1.7 09| 14 08| 2.0
Pan 0.6 49| 5.1| 2.0 25| 18| 29 2.1 34| 09| 05 13| 13
Wang & Long ||Wald 0.0 33| 44| 1.6 2.0/ 2.1 25| 21| 21| 1.7} 09| 0.5 08| 1.2
Fan & Zhang 0.6 00| 04| 0.5 1.1} 22| 26| 21| 21| 1.7 1.9 14 18| 28
Pan 0.0 6.5| 5.5 27| 29| 26| 3.1| 43| 21| 34| 19| 05| 13| 15
equal n unequal n
201 A 20 legend
1N
! & --A-- Liang & Zeger / Wald
| \ —6— Liang & Zeger / F&Z
| = =%~ Morel / Wald
I ! rel / Wa
5 1 4 A |5 A Moel/F8z
A Ny A -8~ Pan & Wall/ Wald
o I ! AR —%%F— Pan & Wall/ F&Z
= ! \ AN A @ Pan &Wall/ Pan
= K LK Vo --8-- Gosho et al./ Wald
o | '\ | \ —&— Goshoetal/F&Z
S o101 ! \ - 10 @ Gosho et al/ Pan
et ! A"A | A --#-- \Wang & Long / Wald
0y ' @ \ ! ‘A —#— Wang &Long/ F&Z
N e | i ---O--- Wang & Long / Pan
b 0. !
AN )
i

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.4.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.4.2.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 1.2] 20.0] 18.5| 9.7 6.1 59| 59| 00| 8.6/ 98| 7.8 1.2 08 0.0
Fan & Zhang 0.0/ 1.0{ 15/ 0.8 19| 26| 3.0/ 00f 04| 03] 04 0.0 02 0.0
Morel et al. Wald 0.0/ 0.0 0.2 04| 13} 26| 3.1 00l 0.0f 00| 05 05| 23| 1.9
Fan & Zhang 0.0/ 0.0f 0.2 0.0f 03} 12| 17 0.0f 0.0f 00| 0.1, 0.7 17| 1.6
Pan & Wall ‘Wald 0.6| 49| 55| 26| 24, 27| 32| 0.0/ 42| 26| 33| 25| 53| 38
Fan & Zhang 0.0/ 1.0{ 0.8 0.7 13} 23| 3.5 00| 23| 23| 34| 3.6| S5.1| 46
Pan 23| 82| 6.6 32| 29| 27| 34| 00| 04| 02| 05/ 0.1 02 0.1
Gosho et al. ‘Wald 0.0 1.6/ 25| 09| 1.7, L13] 2.1 0.0 03| 1.8 1.0/ 29| 23
Fan & Zhang 0.0/ 0.0 04| 0.2 05 17| 2.1 0.00 0.0 1.1 L7} 3.5 2.7
Pan 0.6/ 49| 5.1 20| 25| 18] 29 04| 02 03| 0.1} 0.1f 0.0
Wang & Long ||Wald 0.0 33| 4.4| 1.6/ 2.0 21| 25| 0.0 L5 14 26| 13| 45| 3.0
Fan & Zhang 0.6/ 0.0 04| 05| 1.1{ 22| 26| 00 1.1 14} 24| 3.1| 41| 39
Pan 0.0/ 6.5| 5.5 27| 29| 26| 3.1 00| 04| 02| 054 0.1 0.1 0.0
equal n unequal n
1001 | A A 100 legend
--A-- Liang & Zeger / Wald
—O— Liang & Zeger / F&Z
- =%~ Morel/ Wald
—A— \prel/ F8Z
--H-- Pan &Wall/ Wald
° —%%— Pan & Wall / F8&Z
b <@ Pan &Wall/ Pan
= -8 -- Gosho et al./ Wald
o —8&— Goshoetal./ F&Z
o "~®-- Gosho et al./ Pan
— —-—#-- Wang & Long / Wald
) —— Wang & Long/ F&8&Z
o ---@--- Wang & Long/ Pan

20
cell counts n

30

40

20

30

40

cell counts n
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9.4.2.2 p=08

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 9.1 57| 3.5| 14| 03| 02 00| 0.0 86| 98| 7.8 12| 08| 0.0
Fan & Zhang 0.2 0.2 0.0/ 0.1f 0.1f 0.2 0.2 0.0f 04| 0.3| 04, 0.0f 02| 0.0
Morel et al. ‘Wald 0.2 03] 0.1 0.4 15| 22| 26| 0.0/ 00| 0.0/ 055 05/ 23| 1.9
Fan & Zhang 0.0{ 0.0 0.0] 0.2 0.6 23| 25| 0.0/ 00| 0.0/ 01, 07| 17| 1.6
Pan & Wall 'Wald 5.5 58| 59| 39| 45| 55| 54| 0.0 42| 26| 33| 25| 53| 3.8
Fan & Zhang 23| 1.6| 3.1 3.4 33| 49| 52| 0.0 23| 23| 34, 36| 51| 4.6
Pan 44| 24| 09 03] 03| 04| 05/ 00| 04| 0.2 05/ 0.1] 0.2 0.1
Gosho et al. ‘Wald 0.0 2.0f{ 20| 13| 25| 34| 3.7 0.0/ 03] 1.8 1.0 29| 23
Fan & Zhang 0.0 0.1 09| 1.4 16| 39| 42 0.0 0.0f 1.1} 1.7} 3.5 2.7
Pan 1.9/ 2.1 09| 0.1 02 04| 04 0.4, 0.2; 03] 0.1 0.1f 0.0
Wang & Long ||Wald 42 33| 4.0 2.2 33| 43| 4.1| 0.0 1.5 14| 26| 13| 45| 3.0
Fan & Zhang 0.0 08| 1.7 23| 26| 4.1| 45| 0.0 1.1 14| 24|, 3.1 41| 39
Pan 39, 2.6/ 08| 02| 02 04 05| 0.0/ 04 0.2 05| 0.1, 0.1f 0.0
equal n unequal n
10.0 1 A 100  legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
- Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
o Pan & Wall / F&Z
© ~ Pan&Wall/ Pan
= - Gosho et al./ Wald
o Gosho et al./ F&Z
o == Goshoetal./ Pan
- - Wang & Long / Wald
() Wang & Long / F&Z
& - Wang & Long / Pan

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.4.2.3 p=09

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 55| 55| 9.6/ 7.0/ 31| 16| 0.6/ 1.6/ 0.1| 10.3] 10.8| 7.8 6.7 4.0
Fan & Zhang 04| 05| 04| 0.1 00| 0.0 0.0 0.0f 26| 22| 18| 13| 0.0 0.0
Morel et al. Wald 0.0/ 0.0f 0.0f 03| 14| 16| 12 0.0, 00| 0.0 0.0 27| 15| 35
Fan & Zhang 0.0/ 0.0{ 0.0f 0.1 0.1 09| 13| 0.0/ 0.0/ 00| 0.0f 0.0f 02| 0.0
Pan & Wall Wald 02| 45| 58| 44| 44| 35| 32 00| 00| 22| 26 10| 15 1.7
Fan & Zhang 0.0/ 12| 0.8 1.2/ 19| 23| 26/ 0.0/ 00| 1.1} 09 17| 19| 29
Pan 02| 3.6| 32| 22| 1.1 04| 0.1} 0.0f 0.0| 22| 13| 03| 02 0.0
Gosho et al. ‘Wald 0.0 09 23| 24| 31| 21| 19 0.0 1.1} 1.8 03| 09| 09
Fan & Zhang 0.0/ 0.0 0.0f 03| 08| 14| 19 0.0 0.0/ 04 07| 11| 14
Pan 0.0 32| 2.0 19/ 08| 02| 0.1 0.0 22| 13| 03| 0.0 0.0
Wang & Long ||Wald 0.0 29| 3.5/ 35| 39| 3.0f 27/ 00| 00| 22| 1.8 03] 15 12
Fan & Zhang 0.0/ 05| 0.0f 09| 11| 1.8 23| 0.0/ 0.0/ 00| 09| 1.0 13| 26
Pan 0.0/ 26| 23| 18 1.0/ 02| 0.1} 1.6/ 00| 11| 13| 0.3 0.0 0.0
equal n unequal n
100" 7oA 1100 legend
--A-- Liang & Zeger / Walc
—©— Liang & Zeger / F&Z
—i— \ord/FiF

N
(6

--H-- Pan & Wall/ Wald
—%F— Pan & Wall/ F&Z
@ Pan&Wall/ Pan
--A-- Gosho et al./ Wald
—&— Gosho et al./ F&Z
@ Goshoetal/Pan

- -%-- Wang & Long / Wald
—— Wang & Long/ F&Z
=--O--- Wang &Long/ Pan

type | error rate
(€)1}
o

N
&)

0.0 }

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.4.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable structure assumed

9.4.3.1 p=05

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 10.7| 5.0/ 6.0 58| 58| 58 59| 14| 104| 10.1| 92| 98| 72| 7.7
Fan & Zhang 04| 25| 4.1| 45| 51| 41| 56| 1.8 23| 37| 47| 49| 42| 48
Morel et al. Wald 0.0 00| 0.1| 04| 13| 29| 3.1| 0.0/ 0.0/ 0.0 03] 12| 1.8 3.7
Fan & Zhang 0.0/ 0.0 03| 0.5 19/ 17[ 32| 00| 0.0/ 01| 05/ 17| 21| 23
Pan & Wall Wald 7.5 75| 7.6| 57| 57| 56| 66| 93| 6.0| 58 62 72| 66| 59
Fan & Zhang 4.1| 4.6/ 55| 45| 52| 49| 58| 12| 48| 64| 58| 56| 44| 44
Pan 6.6 58| 58| 56| 53| 49| 65| 12| 41| 3.8 50 59| 56/ 59
Gosho et al. Wald 0.1 07| 20| 2.8 34| 3.6/ 5.0 02| 12| 19| 39| 35| 42
Fan & Zhang 0.0/ 05| 24| 22| 3.0/ 31| 49 02| L.1| 19| 3.5 29| 3.6
Pan 34| 24| 40| 40| 43| 45| 54 1.4] 19| 3.0 51| 43| 5.6
Wang & Long |[Wald 3.1y 32| 45| 3.8 43| 47| 57| 25| 33| 3.1| 41| 56| 52| 52
Fan & Zhang 03] 19| 4.1 3.1 42 39| 52| 0.0| 23| 38| 46| 49| 42| 40
Pan 59 47| 48| 47| 48| 46| 6.0/ 06| 3.1| 33| 4.0 56| 50 57
equal n unequal n
10,0 A A 100 legend

- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
NMorel / F&Z
 Pan &Wall / Wald
Pan & Wall / F&Z
" Pan&Wall/ Pan
- Gosho et al./ Wald

Gosho et al./ F&Z
" Goshoetal/Pan

- Wang & Long / Wald
Wang & Long / F&Z
- Wang &Long / Pan

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.4.3.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 8.4| 10.8| 89| 5.1| 4.6] 48| 55 9.0\ 13.7| 13.5 79| 7.5 59
Fan & Zhang 04| 06| 15| 2.7 35| 46| 47| 0.0 1.1| 05| 2.6 3.5 49| 3.6
Morel et al. Wald 0.0/ 0.0{ 0.0 0.1/ 1.1} 17 22| 0.0/ 0.0/ 00| 03| 0.8 28 19
Fan & Zhang 0.0/ 0.0{ 0.0 03| 06| 23| 25| 0.0/ 00| 00| 03| 0.8 208 20
Pan & Wall Wald 53| 59| 59| 39| 45| 55| 54| 22| 41| 26| 33| 25| 53| 3.8
Fan & Zhang 23| 1.6| 3.1] 34| 33| 49| 52| 0.0 22| 23| 34| 3.6 51| 46
Pan 7.8 62| 56| 34| 45| 47| 55/ 00| 22| 21| 2.8 25| 49| 3.6
Gosho et al. ‘Wald 0.0 19| 2.0 13| 25| 34| 37 0.0 03] 1.8 1.0/ 29| 23
Fan & Zhang 0.0| 0.1 09| 14| 16| 39| 42 0.0 0.0 1.1 17| 3.5| 27
Pan 6.0 5.0| 3.6| 22| 42| 41| 47 1.5 09| 22| 14| 39| 29
Wang & Long ||Wald 44| 33| 4.0 22| 33| 43| 41| 23| 15| 14| 26| 13| 45 3.0
Fan & Zhang 0.6/ 08| 17| 23| 26| 4.1| 45| 0.0 1.1| 14| 24| 3.1| 41| 39
Pan 6.0 52| 45| 28| 44| 45| 49| 00| 19| 1.8 27| 204 46| 33
equd n unequd n

1001 100 legerd

--A-- Liang & Zeger / \Hd
—0— Liang &Zeger / R8Z
--%-- Mord/W\4d
—E— Mord / RRZ
--H-- Pn&WAI/Wd
—F— Pn&WAI/RZ
@ Pn&WAl/Pn
-B-- Gshoetd/W\dd
—8— Gshoetd/RZ
% Gshoetd/Pn

~
a

--#-- \\ang &Long/ W\
—i— Wang&Long/ RZ
-~ Wang &Long/ Pan

type | error rate
[
o

251

001%
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9.4.3.3 p=09

equal cell counts unequal cell counts

method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50

Liang & Zeger ||Wald 0.7 92| 139| 105 7.1 57| 4.0 00| 0.0 9.6| 11.9| 10.0] 11.0] 9.6
Fan & Zhang 1.0| 1.7 0.7{ 0.7 09| 15 23| 00| 26| 21| 22 23| 17/ 18
Morel et al. Wald 0.0/ 0.0/ 0.0/ 03] 12| 1.9/ 15/ 0.0f 0.0f 0.0 0.0 23| 21| 34
Fan & Zhang 0.0 0.0f o0.0f 0.1f o0.rf 09 134 0.0 00| 00| 00f 07/ 02y 03
Pan & Wall Wald 02| 48| 63| 45| 44 354 32 00| 00| 21| 26| 1.0 15| 1.7

Fan & Zhang 0.0 20| 0.8] 12| 19| 23| 26/ 00 00 11| 09| 17/ 19| 29

Pan 44| 63| 69| 55| 47| 29| 3.1| 00| 27| 1.1 1.7 13| 1.3] 1.1
Gosho et al. ‘Wald 0.0/ 09 25| 24| 3.1 2.1 1.9 0.0 1.1 1.7{ 03] 09 0.9
Fan & Zhang 0.0{ 00| 00| 03] 08| 14| 19 0.0/ 0.0 04| 0.7} 1.1 1.4
Pan 07| 46| 54| 49| 44| 24| 2.7 0.0 2.1 1.3] 1.0 09| 0.8
Wang & Long ||Wald 0.2 3.0/ 3.7 3.5 39| 3.0 27{ 0.0f 0.0f 2.1 1.7 03| 1.5 1.2
Fan & Zhang 1.0| 0.5| 0.1 09| 1.1 1.8 23| 0.0f 0.0f 0.0f 09| 1.0/ 13| 26
Pan 02| 69| 64| 50| 47| 3.0 27| 16| 00| 1.1 1.7 13| 1.3] 1.1
equa n unequal n

7
100] | \ A VA oo legend

-A-- Liang & Zeger / Wal
—6— Liang & Zeger / F8Z
-=%-- Morel/WAd
fEr-wu%ﬂ%%
-H-- Pan&WAl/Wad
—%F— Pan&Wal/F8Z
@ Pan&WAl/Pan
-8-- Goshoetal/Wad
—8— Goshoetal/F&Z
- ®--- Goshoetal/Pan
-—®-- Wang &Long/Walc
—— Wang &Long/ F&Z
@ Wang&Long/ Pan

~
a

type | error rate
(&)
o

N
a

0.018

10 20 30 40 50 10 20 30 40 50
cell counts n cdl counts n
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9.5. Main effect B - A significant (effects b; = 0.4%s)

9.5.1. equal correlations on B (r=0.3)

9.5.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 21.1] 10.1| 8.5| 7.6 59| 7.0/ 63| 2.6| 22.6] 149| 12.1] 9.5| 83| 6.8
Fan & Zhang 1.8 44| 50| 5.1 49| 6.6 4.7 2.8 34| 50| 51| 6.0 46| 5.1
Morel et al. 'Wald 0.0/ 0.0 0.7 1.6 24 49| 3.7 14 02| 0.1} 1.5 29| 33| 35
Fan & Zhang 0.0 02| 12| 1.9/ 33| 40| 3.8/ 1.4 0.1 04| 14| 27| 24| 33
Pan & Wall ‘Wald 83| 6.7 6.1 S5.1| 55| 58| 49| 43| 3.7/ 5.0| 50| 52| 43| 4.0
Fan & Zhang 1.9/ 40| 4.6| 5.1| 48| 55| 45| 1.4 34| 45| 47| 53| 43| 48
Pan 82| 6.2 62| 47| 57| 59| 50| 43| 44| 47| 51| 43| 42| 4.1
Gosho et al. ‘Wald 0.2 05| 20| 2.1| 32| 48| 34 0.1] 04 14| 2.0| 22| 2.1
Fan & Zhang 0.0 05| 17| 22| 35| 44| 3.8 0.1 09 19| 29| 22 3.7
Pan 1.3 3.2| 43| 3.5| 48| 56| 4.6 1.3] 23| 3.8 3.5| 3.7| 35
Wang & Long ||Wald 2.5 3.0 3.9 32| 48| 52| 43| 29 1.1 22| 34| 3.8| 33| 35
Fan & Zhang 03| 16| 34| 3.5 4.1| 48| 4.1| 14| 16| 26| 34| 4.0 36| 45
Pan 5.5| 47| 54| 40| 52| 58| 49| 57| 29| 3.6 4.6 38| 41| 4.1
equal n unequal n
10.0' ' 100 legend
-A-- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
~~%® =" Morel / Wald
25 —A— Norel/ F&Z
: --H-- Pan & Wall/ Wald
o —%%— Pan & Wall/ F&Z
e @ Pan &Wall/ Pan
= --B-- Gosho et al./ Wald
—
o —&— Gosho et al./ F&Z
o 507 @ Gosho et al./ Pan
— —-—%-- Wang & Long / Wald
o —— Wang &Long / F&Z
o ------ Wang &Long / Pan
25
0.0 18

20

30

40

cell counts n

50

10

20

30

40

cell counts n

50
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9.5.1.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 12.9| 21.3| 14.4] 8.7 69| 54| 43 16.9| 23.4| 22.6| 12.7| 7.6 8.2
Fan & Zhang 22| 07| 1.1} 17/ 19| 39| 33| 22| 10| 14| 22| 25| 19| 37
Morel et al. Wald 0.5| 0.1 0.2 0.8 21| 28| 21| 22| 1.0/ 03| 0.8 18 26| 35
Fan & Zhang 0.5] 0.1} 0.2 02| 1.0/ 23| 25| 22 1.0/ 03| 03| 04 07, 20
Pan & Wall Wald 56| 27| 2.8 16| 23| 38| 23| 22| 10| 05| 0.8 14| 13| 19
Fan & Zhang 0.5] 03| 12 12| 13| 39| 29| 22 1.0/ 08| 1.1} 15/ 21| 35
Pan 11.9| 5.1} 34| 22| 23| 38| 26 22| 1.0/ 05| 1.0/ 14| 18] 2.1
Gosho et al. ‘Wald 1.9 07; 09| 08| 14| 24| 15 1.0| 03] 03| 08| 07| 1.2
Fan & Zhang 0.5| 0.1 0.1 04| 05| 25| 2.1 1.0| 03] 0.1 03| 1.0f 22
Pan 89| 3.3 25 12| 21| 33| 21 1.0| 0.5 0.8 11| 13| 19
Wang & Long ||Wald 26| 18] 1.5 12 1.8 29| 19| 22| 10| 03| 05| 1.1| 10| 15
Fan & Zhang 0.5] 0.1 0.6| 0.7 09| 29| 25| 22| 10| 08| 05| 12| 1.8 29
Pan 11.0| 4.4| 3.0 1.6 23| 37| 25| 22| 1.0{ 08| 0.8 11| 13| 2.1
equal n unequal n
1001 f g 100 legend
' |
- Liang & Zeger / Wald
Liang & Zeger / F&Z
" Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
o Pan & Wall / F8&Z
= ~ Pan &Wall/ Pan
- - Gosho et al./ Wald
S Goshoet al/ F&Z
o -~ Coshoetal/Pan
— # - Wang &Long/ Wald
() Wang & Long/ F&Z
g - Wang &Long/ Pan
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9.5.1.3 p=0.9
equal cell counts unequal cell counts
method Anova-type || 5 | 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||[Wald 33| 19.1| 16.0| 153 9.0| 6.0| 5.1 24| 13.9| 18.0 18.3| 15.6| 13.2
Fan & Zhang || 0.7| 1.4 02| 09| 06| 1.5 1.2 20| 33| 29| 21| 10| 25
Morel etal.  ||Wald 0.0/ 00| 00/ 07 1.9/ 23| 26 20/ L.1| 12| 14| 31| 45
Fan & Zhang || 0.0| 0.0] 0.0 0.0 03| 0.7 06 20/ L1/ 06| 03] 02| 13
Pan & Wall  |[Wald 1.6/ 27| 14| 11| 10| 15 09 20| L.1| 06| 07| 04| 1.1
Fan & Zhang || 0.0| 0.0] 02| 03| 0.7 1.3] 1.0 20/ L1/ 06| 1.0 04| 24
Pan 79| 53| 41| 17| 1.5] 15| 14 41| 11| 12| 07| 06| 14
Gosho etal.  ||Wald 1.6/ 19/ 08| 07/ 06| 10| 04 20/ 1.1/ 06| 03] 02| 0.8
Fan & Zhang || 0.0| 0.0| 00| 0.0 0.1/ 0.6 04 20/ L1/ 06| 03] 02| 14
Pan 57| 54| 37| 17| 13] 12| 1.0 41| 11| 12| 07 04| 13
Wang & Long ||Wald 1.6/ 23| 1.0 11| 09| 11| 0.7 20/ 1.1/ 06| 03| 04| 0.8
Fan & Zhang || 1.4| 0.0 02| 0.1 0.6/ 09| 0.7 20/ L1/ 06| 03] 04| 20
Pan 32| 53| 37/ L7] 13| 12| 13 20/ L1/ 06| 07 06| 14
equal n unequal n
] \ | i
1001 ! . ! 100 legend
1 \ !
| A ! -A-- Liang & Zeger / Walc
| \ K —6— Liang & Zeger / F8&Z
I ' ! - =%~ Norel/ Wald
2519 \ .’ s A Morel/F&Z
~ \ [ : --H-- Pan &Wall/ Wald
o r A ! —%— Pan & Wall/ FRZ
= L . | @ Pan&Wall/ Pan
N P A ,' - 8- Goshoetal/ Wald
o Y A_ | —&— Coshoetal/F&Z
S 5071 /% A 150 % Goshoetal/Pan
_ RS ; --#-- \Wang & Long/ Wald
@ TR | —8— Wang &Long/ F8Z
& I e ---O--- Wang &Long/Pan
N S
[ 2.5

20 30 40 50
cell counts n

10
cell counts n

20 30 40 %0

- 0.0
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9.5.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.5.2.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 6.6| 08 03| 00| 0.1, 0.1 02 0.0/ 44| 15/ 05| 00| 0.0/ 0.1
Fan & Zhang 0.3 0.0 0.1 0.0f 04| 04| 0.0/ 0.0 03| 00| 02| 0.0 0.1 02
Morel et al. Wald 0.1 0.1 03| 0.7 15 32| 3.0/ 09/ 0.1 02| 03| 14| 22| 22
Fan & Zhang 0.0/ 0.0 0.1 0.5 14 27| 26| 0.0 0.0f 00| 04| 03| 09| 1.7
Pan & Wall ‘Wald 74| 6.5 6.0 57| 55| 59| 53| 64| 57| 55| 62| 52| 45| 5.1
Fan & Zhang 3.6| 42| 4.6 43| 38| 47| 47| 09| 45| 55| 59| 48| 50 47
Pan 34| 06| 04| 02{ 06| 0.7 02 0.0/ 07{ 0.1, 04| 03| 02| 02
Gosho et al. ‘Wald 02| 06| 1.8] 24| 33| 42| 33 0.3] 0.7 2.0/ 23| 24| 28
Fan & Zhang 0.0/ 0.2] 1.5/ 2.0| 26| 34| 38 0.3] 0.8] 1.7 23| 2.5 3.0
Pan 1.5 03] 02| 0.2 06| 05| 02 04| 0.1 0.2 03] 02| 0.1
Wang & Long ||Wald 3.3 29| 3.5 3.7 45| 54| 45| 0.0 22| 28| 45| 43| 34| 3.7
Fan & Zhang 0.0/ 20| 3.2 32| 34| 45| 43| 00| 1.6| 3.1 4.0/ 3.5 39| 42
Pan 2.7/ 0.5 04| 0.2 06 0.7 0.2 0.0 05| 0.1f 03| 03| 02 02
equal n unequal n
10.0 1 100  legend
--A-- Liang & Zeger / Wald
—O— Liang & Zeger / F&Z
~ =%~ Morel / Wald
75l |5 & Morel/F&z
: : --H-- Pan & Wall/ Wald
o Pan & Wall / F&Z
® " Pan &Wall/ Pan
= - Gosho et al./ Wald
o Gosho et al./ F&Z
o 50 Gosho et al./ Pan
— - Wang & Long / Wald
0y Wang & Long / F&Z
% - Wang & Long / Pan
251
0.0 1€

20 30

40

cell counts n

20

30

40

cell counts n

50
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9.5.2.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 10.2| 10.3| 87| 45| 23| 10| 03 47| 11.5| 13.3| 89| 35| 24
Fan & Zhang || 0.7 0.6] 0.3| 0.1] 0.0 0.0/ 0.0 0.5/ 1.4/ 03| 01| 0.0/ 02
Morel etal.  |[Wald 00| 02| 04| 05 1.7 16| 2.1 0.0/ 0.0/ o0.1| 07| 1.8/ 1.9
Fan & Zhang || 0.0 0.0 0.0 0.1| 02| 11| 07 0.0/ 0.0/ 0.0 03| 0.0/ 07
Pan & Wall  |[Wald 41| 59| 29| 19/ 29| 22| 28 1.1 19| 13| 20| 11| 1.6
Fan & Zhang || 1.2| 1.0| 0.8 13| 1.2| 24| 24 00| 12| 1.6 25| 1.8/ 28
Pan 6.1/ 53| 21| 1.1| 04| 0.1| 0.1 00| 1.0 0.7 0.0| 0.0 0.0
Goshoetal.  |[Wald 09| 21| L1| 08 1.3] L5 16 0.0/ 02| 02| 08 03] 038
Fan & Zhang || 0.0| 0.0 02| 04| 05| 16/ 1.1 00| 02| 02 12| 07| 1.6
Pan 52| 42| 1.8/ 12| 04| 0.1| 0.1 00| 1.0/ 0.6 00| 0.1| 0.0
Wang & Long |[Wald 3.5 4.1 23| 14| 22| 1.8 21 00| 1.0 0.7 17| 09| 12
Fan & Zhang || 0.0 0.3| 0.5/ 0.7 09| 20/ 18 00| 1.0 0.7 20| 11| 24
Pan 6.7| 5.8/ 20| 12| 04| 0.1/ 0.1 00| 1.2| 0.5 00| 0.1| 0.0
equal n unequal n
LN 1 \
1001 1\, | . -100  legernd
\ / \
\ | A - A-- Liang &Zeger / Wald
A, ! \ —O— Liang &Zeger / F&Z
! ! ~ =%~ Norel/ Wald
1
751 | ! \ |, A Mod/F8Z
: \ ! \ : -H-- Pan&Wall/ Wald
o Q \ I \ —¥%F— Pan&Wall/ F8Z
® o I ! A @ Pan&Wall/ Pan
- | h \ -8-- Goshoetal/Wald
e ° \’. \ | \ —B— Goshoetal/ F&Z
o 50715 % ‘FP \ 50 T ® " CGoshoetal/Pan
— s A \ -—#-- Wang &Long/Wald
Q B A \A ! \ —#— Wang &Long/ F&Z
> * ".;\\ | A O--- Wang &Long/ Pan

20 30 40 50
cell counts n

20 30 40 50
cell counts n
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9.5.2.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 5.8/ 9.5 11.3] 93| 6.1 4.0f 33| 0.0/ 1.6/ 59| 144| 15.1| 9.6/ 9.0
Fan & Zhang 0.2 0.0 0.1 0.4 o0.1f 00| 0.1 1.7\ 14} 13| 1.5/ 0.5( 00| 0.8
Morel et al. ‘Wald 0.0f 00| 0.0 1.1} 1.2{ 27| 24| 0.0/ 00| 0.0f 0.0/ 05| 1.5 33
Fan & Zhang 0.0{ 0.0 0.0/ 0.0, 0.0f 0.0 0.1f 0.0f 0.0 0.0/ 0.0, 0.0f 00| 04
Pan & Wall 'Wald 221 3.6 33| 1.8 22{ 09| 0.8| 0.0 00| 1.9 23, 05/ 03] 0.8
Fan & Zhang 0.2 04| 03| 04, 05| 06/ 09| 0.0/ 00| 0.0 1.1} 13| 08| 1.5
Pan 2.8 6.7| 56| 42 19| 02| 03| 00| 00| 0.6 1.9/ 08| 05| 0.1
Gosho et al. ‘Wald 0.6| 1.6/ 16| 1.0/ 09| 06| 04 0.0/ 0.0/ 0.8 0.0 03| 0.5
Fan & Zhang 0.0{ 0.0/ 0.0f 0.0, 0.1f 02| 04 0.0/ 0.0/ 04| 03| 03| 038
Pan 2.0/ 6.5 56| 42 18] 02| 03 0.0/ 0.6/ 1.5 0.8] 0.5 0.1
Wang & Long ||Wald 1.4, 29/ 29| 1.7 1.5/ 0.8 04| 0.0/ 0.0 13} 1.5 0.0/ 03| 0.8
Fan & Zhang 0.0f 0.2 0.3| 0.1 03| 04| 0.5 0.0/ 00| 0.0f 04 1.1f 05| 1.2
Pan 39| 55| 6.1 4.1 1.8/ 02| 03| 1.8 14 13} 1.5/ 0.8 03] 0.1
equal n unequal n
|
1001 + - ‘ 100 legerd
A ! Bea -
/ . | A --A-- Liang & Zeger / Wald
h \ /' —?— Liang & Zeger / F&Z
I A I -~~~ NMorel/ Wald
75 / \ I 75 —A— \brel/ F&Z
~1 \ | : --H-- Pan &Wall/ Wald
o ' 9 \ - —¥%F— Pan&Wall/ F8Z
© Y 0 A ! @ Pan&Wall/ Pan
- OB 4 --B-- Goshoet al/ Wald
o LR [ —8— Coshoetal/F8Z
5501 ;% A ! 50 g Goshotal Pen
— \ N / #-- Wang &Long/ Wald
< 0% L A | —8— Wang&Long/ F&Z
> o H. S “\ / ”- (-~ Wang & Long/ Pan
- ¢/ Eﬂ " A-A| ! <
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9.5.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.5.3.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 11.2| 53| 5.6 5.6| 5.1 6.6/ 51| 0.0 11.8] 10.8] 93| 94| 74| 7.4
Fan & Zhang 0.7 2.1 3.6 4.6| 3.7 47| 49| 00| 25| 39| 44, 41| 43| 4.1
Morel et al. Wald 0.0/ 0.0 0.2 0.4 15( 27| 28| 00/ 0.0 00| 03| 1.1] 23| 25
Fan & Zhang 0.0/ 0.0 0.1 0.6 14| 28| 26| 00| 0.0/ 00| 0.6 05| 12 2.1
Pan & Wall ‘Wald 7.8 6.5 59| 57| 55| 59| 53| 64| 57| 55| 62| 52| 45| 5.1
Fan & Zhang 3.6| 42| 4.6 43| 38| 47| 47| 09| 45| 55| 59| 48| 50 47
Pan 7.0 52| 48| 54| 52| 55| 50 1.8 3.7[ 4.0 57| 44| 45| 438
Gosho et al. ‘Wald 02| 06| 1.8] 24| 33| 42| 33 0.3] 0.7 2.0/ 23| 24| 28
Fan & Zhang 0.0/ 0.2] 1.5/ 2.0| 26| 34| 38 0.3] 0.8] 1.7 23| 2.5 3.0
Pan 2.8 2.5 3.2 39| 43| 50| 4.1 1.6 2.1| 3.8 3.6| 3.8 4.1
Wang & Long ||Wald 34| 3.0 3.5| 3.8] 45| 54| 45| 0.0| 23| 28| 45| 43| 34| 3.7
Fan & Zhang 0.0/ 20| 3.2 32| 34| 45| 43| 00| 1.6| 3.1 4.0/ 3.5 39| 42
Pan 57| 3.8] 40| 48| 48| 53| 47| 09| 26| 3.0| 52| 42| 41| 45
equal n unequal n
10.0° 100 legend
--A-- Liang & Zeger / Wald
—O— Liang & Zeger / F&Z
~~% - Morel / Wald
25 —A— Morel/ F&Z
: --H-- Pan & Wall/ Wald
© —%F— Pan & Wall/ F&Z
- @ Pan&Wall/Pan
= -8~ Gosho et al./ Wald
o —&— Gosho et al./ F&Z
o 507 @ Gosho etal./ Pan
— - ~#-- Wang & Long / Wald
() —— Wang & Long / F&Z
e --@--- Wang & Long/ Pan
25
0.0 1€
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9.5.3.2 p=038

equal cell counts unequal cell counts
method Anova-type || 5 | 10 | 15 | 20 | 30 | 40 | 50 || 5 | 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 6.6| 12.4| 120/ 8.1| 63| 47| 43 33| 112 16.0| 142| 9.0/ 82
Fan & Zhang || 0.7| 1.1| 08| 09| 14| 19| 22 1.1 19| 1.8 1.6/ 11| 29
Morel etal.  ||Wald 0.0/ 00| 00 00| 12| 16| 16 0.0 00| 00| 08 15/ 22
Fan & Zhang || 0.0| 0.0/ 0.0 0.1| 0.1| 1.1| 0.7 0.0 00| 0.0/ 03] 00| 1.1
Pan & Wall  |[Wald 37| 59| 29| 19| 29| 22| 28 1.1 19 12| 20| 11| 16
Fan & Zhang || 1.2| 1.0 08| 13| 12| 24| 24 00| 12| 1.6/ 25/ 18 28
Pan 11.0/ 9.1 59| 39| 31| 22| 29 1.6/ 23| 1.5 16| 11| 25
Gosho etal.  ||Wald 1.0 17/ 11| 08| 13| 15 1.6 0.0 02| 02/ 08 03] 08
Fan & Zhang || 0.0 0.0| 02| 04| 0.5 1.6/ 1.1 00| 02| 02| 12| 07| 16
Pan 8.4| 72| 44| 3.0/ 25/ 18] 27 1.6 23| 12| 1.3] 08| 16
Wang & Long ||Wald 27| 3.8 23| 14| 22| 18] 2.1 0.0/ 10| 07| 17/ 09| 12
Fan & Zhang || 0.7| 03| 05| 0.7 09| 20| 1.8 00| 10| 07| 20| 11| 24
Pan 59| 81| 54| 33| 28] 19| 29 1.6 29| 15| 1.6/ 1.0] 22
equal n unegual n
I |
1001 \ | \ 100 legend
1 \ |
! / -A-- Liang & Zeger / Wald
I I —6— Liang &Zeger / F&Z
y ! ~=% - Morel/ W\ald
N 1
| ! |5 A Moel/RZ
| : -H-- Pan&Wall/ Wald
) I —&F— Pan&Wall/F8Z
I ! @ Pan&Wall/ Pan
. | -8-- Coshoetal/Wad
o | —8— Coshoetal/FZ
@ ! 50 % Goshoetal/Pan
—_ | --#-- Wang &Long/Wald
Q ; —B— Wang &Long/ F&Z
> A =--©--- Wang &Long/Pan
e
1

r 2.5

- 0.0

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n



9. 5. 3.Main effect B - A significant (effects b; = 0.4*s) 51

9.5.3.3 p=09

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 1.6| 7.6| 12.1| 11.4] 85| 79| 6.2 0.0/ 1.6/ 10.8| 16.3| 13.3] 13.7
Fan & Zhang || 0.2| 0.8 0.1| 05| 03| 0.7 06 29| 1.9/ 1.5 13| 03] 2.1
Morel etal.  |[Wald 0.0 0.0 0.0/ 0.1 1.1] 26| 28 0.0/ 0.0| 00| 13| 1.0/ 45
Fan & Zhang || 0.0/ 0.0| 0.0 0.0/ 0.0 0.0] 0.1 0.0/ 0.0| 0.0/ 0.0/ 0.0 05
Pan & Wall  ||Wald 17| 40| 33| 1.9/ 22| 09| 038 00/ 19| 19/ 05/ 03] 08
Fan & Zhang || 02| 02| 03| 04| 0.5 0.6/ 09 00/ 00| 11| 13| 08 15
Pan 12.0/ 10.5| 85| 7.7| 3.6 15| 1.9 0.0/ 7.0/ 23| 19/ 05| 13
Gosho etal.  ||Wald 06/ 18| 1.8 11| 08 06| 04 0.0/ 0.0| 0.8 0.0 03] 05
Fan & Zhang || 0.0/ 0.0| 00| 0.0 0.1/ 02 04 0.0/ 00| 04| 03| 03] 08
Pan 44| 93| 80| 67| 34| 13| 1.6 00| 6.4| 15 11| 07 12
Wang & Long |[Wald 14| 3.1 27| 1.6/ 15/ 08 04 0.0/ 13| 1.9/ 0.0 03] 08
Fan & Zhang || 3.5| 0.0| 03| 0.1 03| 04| 05 0.0/ 00| 04| 11| 05 12
Pan 3.6/ 9.4| 87/ 7.0 35| 15| 17 00| 57| 3.0/ 1.6/ 07| 13
equal n unequal n
— .
4 " ] L
100{ &\ , 100 legerd
K I
Ql \ ! --A-- Liang & Zeger / Wlc
,'Q AN\ | —O6— Liang &Zeger / F8&Z
I ‘A ! - =%~ Norel/ Wald
h 75 MVorel / F&Z
0! : -H-- Pan&Wall/ Wald
o 0 —— Pan&Wall/ FZ
® e @ Pan&Wall/ Pan
- &) -B-- Goshoetal/Wald
o oy —8&— Goshoetal/RZ
o 53 50 % Goshoetal/Pan
- I )y - -®-- Wang &Long/ Wald
8— : ; 4 MR O Atk V\bnggLongﬁP;&r%
2 S /
Do l
w | |
I r 2.5
r 0.0

10 20 30 40 5 10 20 30 40 50
cell counts n cell counts n
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9. 6. Main effect B - Interaction significant (effects b; = 0.4%s)

9.6.1. equal correlations on B (r=0.3)

9.6.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 22.1] 24.1| 34.2| 45.8] 59.1| 74.3| 84.8| 12.5| 30.8| 31.5| 38.0| 46.7| 61.7| 72.2
Fan & Zhang 2.4 14.2| 21.4| 29.9| 44.8| 61.2| 72.5| 0.0/ 8.7| 14.9| 21.0| 28.7| 41.0| 52.3
Morel et al. 'Wald 04| 1.6/ 8.4| 242| 45.8| 66.3| 80.6| 0.0/ 2.1| 3.1| 10.8| 28.7| 48.7| 63.0
Fan & Zhang 0.0/ 1.8] 8.1| 17.0| 34.9| 53.3| 67.0/ 0.0/ 0.6| 23| 8.8| 18.5| 31.2| 45.2
Pan & Wall 'Wald 12.0] 20.6| 29.4| 41.5| 57.3| 73.7| 84.2| 0.0] 9.1| 17.8] 26.2| 40.2| 56.9| 69.6
Fan & Zhang 43| 13.9| 21.0] 30.3| 44.6| 60.1| 72.0| 0.0] 8.4| 15.4| 21.0] 29.5| 40.5| 514
Pan 10.2] 20.3| 29.3| 41.8| 57.8| 74.2| 84.4| 0.0 9.7| 18.6] 26.1] 40.1| 56.6| 70.4
Gosho et al. Wald 0.0/ 4.0] 13.2| 26.9| 48.6| 68.0| 80.7 0.2| 2.8| 11.2] 27.4| 47.0| 62.3
Fan & Zhang 0.0] 2.5| 10.6| 19.0| 37.0| 55.0| 67.2 0.0 3.7 10.9| 20.7| 33.5| 46.2
Pan 1.6| 12.0] 23.7| 36.9| 54.7| 72.0| 83.5 3.6| 11.5] 20.7| 36.1| 54.7| 68.6
Wang & Long ||Wald 29| 11.9| 22.1| 35.0| 53.7{ 71.7| 83.3] 0.0| 4.2| 11.3] 19.9| 34.1| 53.8| 66.1
Fan & Zhang 0.5| 7.1] 16.2| 25.6| 40.4| 57.7| 69.7| 0.0/ 4.2 10.6] 16.6| 26.9| 38.2| 49.6
Pan 7.1] 16.6| 27.0| 39.2| 56.0| 73.3| 84.1| 0.0| 8.1 16.3| 24.1| 38.4| 55.7| 70.0
unequal n
- 40 legend
--A-- Liang & Zeger / Wald
—O©— Liang & Zeger / F&Z
~~® - Morel/ Wald
39 & Morel/F&z
--H-- Pan &Wall/ Wald
o —¥%%— Pan & Wall / F8&Z
T @ Pan &Wall/ Pan
= --8-- Gosho et al./ Wald
o —&— Gosho et al./ F&Z
o - 20 @ Gosho etal/Pan
— ——%-- Wang & Long / Wald
0} —— Wang & Long / F&Z
N ---@--- Wang & Long / Pan
- 10
0
10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.6.1.2 p=038
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 20.8| 21.6| 25.0| 35.5| 52.9| 72.1| 84.0 19.6| 27.1| 27.2| 45.2| 49.3| 63.2
Fan & Zhang 32| 32| 6.6 13.9| 28.2| 45.1] 59.8 0.0 1.3] 3.0/ 9.1| 20.1| 36.2
Morel et al. ‘Wald 0.0 03] 3.6 13.3| 36.2| 62.7| 78.2 0.0 09| 5.4| 20.2| 35.9| 50.8
Fan & Zhang 0.0/ 0.0 0.6 3.4| 17.6| 33.7| 49.9 0.0 0.0 0.0 2.1| 11.1] 253
Pan & Wall Wald 8.6/ 13.0| 18.6| 29.3| 49.1] 69.1| 82.8 49| 14.1| 14.3] 33.7| 42.3| 58.5
Fan & Zhang 1.9 27| 4.6] 12.0| 26.3| 44.8| 60.1 0.0f 09| 1.2 9.1| 19.4| 359
Pan 10.2| 12.2| 18.9] 29.4| 49.9| 69.7| 83.3 3.3| 14.1] 14.5| 31.8| 43.0| 58.7
Gosho et al. Wald 0.8| 3.3| 7.8| 16.7| 35.0| 61.1| 78.7 0.0 3.1] 5.0 19.0| 32.8| 51.4
Fan & Zhang 0.0/ 0.0 0.8] 49| 17.9| 37.1| 54.6 0.0 0.0 0.0 2.1| 11.4| 275
Pan 4.8 9.0| 13.3| 25.0| 45.7| 68.2| 81.7 1.6| 7.5| 10.8] 28.7| 39.4| 56.2
Wang & Long ||Wald 45| 7.2| 12.7| 23.4| 43.0| 65.6| 81.2 1.6| 8.8| 10.6 27.1| 38.2| 55.1
Fan & Zhang 0.0| 0.8| 23| 8.3 223]| 41.1] 57.1 0.0 04| 0.6 6.4| 149| 333
Pan 83| 10.4| 16.2| 27.6| 48.2| 69.0| 82.5 3.3| 11.9] 13.1| 30.4| 41.7| 57.2
40 legend
-A-- Liang & Zeger / \Ald
—6— Liang &Zeger / F&Z
~~% " Morel/ WAl
301 A— Morel/ RRZ
-8 Pn&Wal/ Wad
o —%F— Pn&Wall/ F8Z
© =@ Pan&Wall/Pan
- - 8- Goshoetal/WAd
o —%— Goshoetal/ F&Z
S 20 * Goshoeta/Pan
—_ --i-- Wang &Long/ W\ald
Q —i— Wang &Long/ R8Z
> -0 Wang &Long/ Pan

10107.9"
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9.6.1.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 5.3| 23.0] 20.0| 18.9| 29.4| 42.3| 54.8 19.1| 20.2| 30.1| 35.4| 38.1
Fan & Zhang 23| 3.2| 2.5 3.1] 10.0] 18.3] 28.2 40| 3.6| 3.6| 3.8/ 7.6
Morel et al. Wald 0.0 0.0 13| 3.6/ 16.7| 30.6| 44.7 0.0 1.8 7.7 22.7| 26.7
Fan & Zhang 0.0/ 0.0 0.0 0.2] 4.0 9.2] 20.6 0.0/ 0.0/ 0.0f 1.5/ 35
Pan & Wall Wald 1.7| 10.8| 9.8| 12.6| 23.1| 39.1| 50.4 0.0 4.5| 12.4| 23.2| 27.7
Fan & Zhang 0.0 14| 1.1} 2.1} 7.5| 157| 27.1 0.0/ 0.0 0.0 33| 6.7
Pan 5.0 10.3| 11.4| 13.1| 23.8| 39.8| 51.6 0.0 54| 11.3| 229| 28.1
Gosho et al. Wald 1.7 19| 44| 55| 17.3| 30.8| 44.6 0.0] 09| 7.7| 14.6| 21.0
Fan & Zhang 0.0/ 0.0 0.0 0.6] 4.0] 10.8] 21.3 0.0/ 0.0 0.0 0.8 32
Pan 1.7| 8.1 7.1] 10.3| 21.4| 37.1| 49.5 0.0 54| 103| 204| 254
Wang & Long |[Wald 1.6| 8.1 6.7 8.9| 20.4| 35.2| 47.9 0.0 2.7| 9.8] 20.4| 253
Fan & Zhang 0.0/ 0.0 0.6] 1.1| 5.7 12.9| 245 0.0/ 0.0/ 0.0f 23] 53
Pan 33 9.5 9.6 11.7| 22.7| 38.8| 50.5 0.0 54| 103| 21.9| 269
unequal n
40 legend
A
/
v --A-- Liang & Zeger / Wald
/ Liang & Zeger / F&Z
N —
/ —--4-- Morel / Wald
/ —&— Morel/ F&Z
BoK r30  --H-- Pan & Wall/ Wald
| 2 —%%— Pan & Wall/ F&Z
) /9 @~ Pan & Wall/ Pan
@ ! ’/’/4. --B-- Gosho et al./ Wald
© ! g\’gé/ —X&— Gosho etal./ F&Z
é | J N N @ Gosho et al./ Pan
5 A/é\ ! /LJ,F \\‘ ; [20 --#-- Wang & Long / Wald
© v oy /; —®— Wang & Long / F&Z
S \ /'gl A ----©--- Wang & Long / Pan
A
10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9. 6.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)

arl-structure assumed

9.6.2.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 6.3| 1.8 24| 64| 249| 50.7| 689 0.0/ 85| S5.1| 6.8] 12.5| 23.4| 39.2
Fan & Zhang 0.3| 0.5| 3.2| 11.4| 33.5| 52.9| 72.5| 19| 0.1 0.8] 33| 6.6| 12.8| 21.2
Morel et al. ‘Wald 0.0 0.2 3.8] 20.6| 63.4| 85.7| 954 0.0/ 0.3| 04| 2.7\ 17.3| 45.3]| 69.2
Fan & Zhang 0.0/ 1.3] 8.9| 28.5| 65.0| 86.2| 94.6| 0.0/ 0.0 04| 4.7| 19.3| 37.8| 56.8
Pan & Wall Wald 12.1] 25.0| 41.0{ 55.5| 80.1| 91.5| 96.9| 7.7\ 17.7| 27.2| 41.0| 60.4| 77.1| 86.3
Fan & Zhang 8.8| 27.5| 41.1| 57.1] 79.4| 90.8| 96.3| 1.9] 12.3] 22.3| 31.2| 41.8] 59.0| 69.1
Pan 43| 4.0/ 88| 19.2| 48.0| 70.6| 85.1| 0.0 2.4 3.4| 94| 21.7| 40.0| 57.6
Gosho et al. Wald 0.1 5.1 20.2| 40.3| 72.7| 89.2| 96.0 0.9 7.3| 21.3| 46.5| 70.1| 82.6
Fan & Zhang 0.0| 5.4| 23.9| 42.6| 73.5| 88.2| 95.3 0.3] 6.2 15.9| 31.2] 50.7| 63.5
Pan 1.4] 14| 6.2| 16.3| 444| 67.9| 83.3 0.6/ 1.6| 6.1 18.2] 36.0| 55.7
Wang & Long ||Wald 49| 13.5| 31.5| 48.6| 77.0| 90.8| 96.1| 1.9| 8.7| 18.6| 33.5| 55.5| 74.4| 84.8
Fan & Zhang 0.6| 17.3] 33.5| 50.6| 76.7| 89.3| 95.7| 0.0 5.3| 15.7] 25.3| 36.9| 55.9| 67.4
Pan 3.5 2.5 7.7 17.9| 46.0| 69.4| 84.4| 0.0/ 1.6| 26| 7.9 20.3| 38.5| 56.9
unequal n
E T I v 5‘ I|
;! 40 legend
/ II ?/‘ II @) /4 g
[ L --A-- Liang & Zeger / Walc
". I 1 4/ —6— Liang & Zeger / F&Z
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9.6.2.2 p=038
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 7.0 4.1} 17| 0.8 19| 7.2| 18.2 143 49| 42| 4.0 4.1| 103
Fan & Zhang 09| 04| 0.5 03| 3.7| 157 37.0 1.0 03| 0.0 0.0/ 04| 14
Morel et al. ‘Wald 0.0{ 02| 0.6/ 27| 18.2| 54.1| 80.4 0.0 0.0/ 0.0 4.7| 14.7| 35.1
Fan & Zhang 0.0/ 0.0 0.6] 4.6/ 31.2| 63.1] 83.2 0.0 0.0/ 0.0 03| 8.0| 209
Pan & Wall Wald 47| 9.8| 14.6| 24.1| 45.7| 74.0| 88.8 6.1| 13.0] 13.4| 31.6| 44.3| 64.6
Fan & Zhang 52| 10.6| 17.9| 29.0| 53.4| 76.3| 88.3 0.0| 1.0| 2.5| 12.8| 27.8| 39.9
Pan 3.6 27| 23| 26| 104| 27.2| 482 0.0| 2.0{ 0.5] 45| 11.0] 21.3
Gosho et al. Wald 0.7] 12| 5.2| 10.2| 33.2| 65.1] 83.9 0.0 24| 3.4| 19.1| 33.7| 55.8
Fan & Zhang 0.0| 0.4| 53| 14.6| 43.8| 69.3| 84.6 0.0{ 0.0/ 0.3| 52| 18.3| 32.7
Pan 3.0/ 15| 1.6 12| 7.5| 24.0| 448 0.0 14| 03| 33| 9.7| 20.1
Wang & Long ||Wald 1.9| 5.5 10.1 17.0| 40.2| 70.3| 85.7 20| 7.5| 9.6] 26.4| 40.0| 61.0
Fan & Zhang 03| 4.3| 11.1] 22.3| 48.8| 73.1| 86.8 0.0| 07| 1.3] 9.0 23.9| 37.2
Pan 3.00 1.8] 1.8 23| 87| 25.2| 46.1 0.0| 2.0{ 0.5] 3.6 104| 21.1
legend
--A-- Liang & Zeger / Weld
—O— Liang & Zeger / R&Z
~~% - Morel/ Weld
Morel / F&Z

type | error rate

-~~~ Pan&Wal/Waid
—%F— Pan&Wll/ F8Z
- Ran&Wal/Ran
- 8-~ Goshoet al./ Wald
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~-#-- Gosho et al./ Pn

- % -- Wang &Long/Wald
—— Wang &Long/ F&Z
-+ O--- Wang &Long/ Pan
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9.6.2.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 6.6| 3.5 24| 27| 1.8 19| 4.2 1.5 3.9 21| 18| 3.7
Fan & Zhang 221 03] 0.1] 0.1} 0.6 13| 6.4 1.4 06| 04| 0.0 0.2
Morel et al. ‘Wald 0.0 0.0 03] 1.1] 5.2| 19.9] 40.7 0.0 0.0 2.1 5.7] 13.8
Fan & Zhang 0.0f 0.0 0.0 0.5 7.5| 30.1|] 54.2 0.0l 0.0 0.0f 0.9 3.1
Pan & Wall 'Wald 32| 63| 7.0| 8.5| 19.7| 43.1| 61.1 5.8 6.5] 17.4| 21.9| 38.2
Fan & Zhang 1.9/ 55| 6.3| 11.7| 26.8| 49.1| 66.6 0.0/ 0.0] 1.7 8.2] 134
Pan 3.5 331 1.5 17 32 5.0] 139 0.0 0.0/ 13| 23| 6.8
Gosho et al. ‘Wald 221 3.0| 1.8 3.4| 11.0] 33.2| 52.7 0.0 0.0] 7.7| 14.8] 28.0
Fan & Zhang 0.0 1.0 1.9 3.6 17.1] 39.3| 59.8 0.0/ 0.0f 04| 4.1 83
Pan 291 27| 14| 1.5 18] 4.5 125 0.0 0.0f 13| 1.6 5.8
Wang & Long ||Wald 2.8 39| 4.1| 5.8| 14.5] 38.0| 57.1 291 45| 12.8| 19.4| 33.8
Fan & Zhang 0.0 2.5| 43| 7.8| 21.8| 45.5| 63.0 0.0/ 0.0 09| 6.2] 109
Pan 39| 33| 24| 1.7) 23| 49| 13.2 0.0 0.0 13| 23| 59
equal n unequal n
I
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9. 6.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)

exchangeable-structure assumed

9.6.3.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 12.5| 16.2| 29.9| 47.6| 72.9| 85.9| 93.7| 3.4| 21.6| 28.6| 37.2| 57.1| 71.4| 80.8
Fan & Zhang 1.2 17.7] 31.7| 46.5| 71.8| 84.3| 92.1| 1.6/ 9.8| 16.4| 23.6| 33.1| 49.6] 59.3
Morel et al. ‘Wald 0.0 04| 34| 16.8| 52.6| 77.3| 88.5| 0.0] 0.5 1.5] 7.1] 29.6| 53.1| 70.7
Fan & Zhang 0.0 08| 6.7| 21.4| 52.4| 73.6| 87.0/ 0.0 03] 1.6| 7.8 19.8] 37.0| 50.2
Pan & Wall ‘Wald 11.7{ 20.9| 34.1| 47.8| 70.1| 84.4| 92.6| 6.5| 14.8]| 22.5| 34.0| 50.7| 67.2| 78.1
Fan & Zhang 8.5| 23.2| 34.1| 47.3| 69.9| 82.9| 91.5| 1.6] 11.2| 18.7| 25.6| 34.5| 49.3| 58.7
Pan 10.5| 19.3| 33.1| 48.4| 71.4| 85.01 93.2| 1.6] 13.0| 22.3| 34.4| 52.1| 68.2| 79.2
Gosho et al. ‘Wald 0.0 4.2| 16.3| 32.4| 61.3| 79.2| 90.0 0.6| 5.7| 16.2| 37.1| 58.7| 73.2
Fan & Zhang 0.0 4.6 18.5| 34.6| 61.9| 79.4| 88.7 0.3 49| 11.9| 24.2| 41.8| 52.3
Pan 3.8] 10.1| 26.1| 42.9| 68.5| 83.9] 92.9 5.0 14.4| 27.3| 47.3| 64.4| 77.1
Wang & Long ||Wald 48| 11.3] 26.0| 41.0] 65.8| 81.8| 91.4| 1.6| 7.2| 15.1| 26.8| 45.5| 64.1| 76.1
Fan & Zhang 0.7| 143] 26.4| 41.1| 66.2| 81.4| 90.1| 0.0/ 4.0] 13.3] 20.2| 30.5| 46.7| 56.1
Pan 8.0 15.8| 30.0| 45.7| 69.9| 84.5| 93.2| 0.0] 10.2| 19.0] 32.4| 50.4| 67.0| 78.7
unequal n
" 40 legend
--A-- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
~ =%~ Nborel / Wald
30 —A— \orel/ F&Z
--H-- Pan & Wall/ Wald
) —%%— Pan &Wall/ F&Z
o @ Pan&Wall/ Pan
= -8-- Goshoetal/Wald
o —&— Goshoetal/F&Z
@ 20 " Goshoetal/Pan
— —-—%-- Wang &Long/Wald
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- 10
-0
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9.6.3.2 p=038
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 8.1 9.3| 11.8| 17.9| 46.1| 74.4| 92.0 15.1] 14.0| 13.9] 34.4| 46.3| 64.7
Fan & Zhang 2.0| 5.3| 15.1] 29.2| 55.4| 78.6| 90.9 2.0/ 2.0| 2.5] 10.8| 25.8| 38.8
Morel et al. Wald 0.0 0.0] 1.1| 4.1| 22.9| 56.8] 82.3 1.0| 0.7 1.3| 14.3| 29.0| 50.1
Fan & Zhang 0.0/ 0.0 0.6] 4.5/ 30.8| 62.3] 82.2 0.0 0.0 0.2 24| 12.6| 27.1
Pan & Wall Wald 4.0| 9.8| 14.5| 24.1| 45.7| 74.0| 88.8 6.1| 12.9] 13.4| 31.5| 44.3| 64.6
Fan & Zhang 52| 10.6| 17.9| 29.0| 53.4| 76.3| 88.3 0.0| 1.0| 2.5]| 12.7| 27.8| 39.9
Pan 5.1| 10.6] 15.3| 24.2| 48.3| 76.8| 91.6 3.0| 12.6] 13.7| 27.2| 45.0| 65.1
Gosho et al. Wald 0.7| 1.4| 52| 10.2| 33.2| 65.1| 83.9 0.0 24| 3.4| 189| 33.7| 55.8
Fan & Zhang 0.0 0.4| 53| 14.6| 43.8| 69.3| 84.6 0.0{ 0.0/ 0.3| 52| 18.3| 32.7
Pan 29| 6.4| 10.1] 18.5| 42.1| 75.1| 90.3 2.0| 85| 10.6] 24.6| 41.7| 62.4
Wang & Long ||Wald 22| 5.7| 10.0f 17.0| 40.2| 70.3| 85.7 2.0 7.5| 9.5| 26.3| 40.0| 61.0
Fan & Zhang 0.6 4.3| 11.1] 22.3| 48.7| 73.1| 86.8 0.0| 07| 1.3] 9.0 23.9| 37.2
Pan 33| 7.7] 12.8| 21.3| 45.1| 76.0| 90.8 3.0| 10.9] 12.7| 27.0| 43.8| 63.6

S

type | error rate
8

101

legerd

-A-- Liang &Zeger / A
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—E— Morel / F&Z
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9.6.3.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 3.5 6.7 8.0| 10.2| 17.4| 37.9| 60.0 4.4 34| 12.4| 15.5| 23.9| 33.9
Fan & Zhang 0.9 3.0/ 3.9| 8.6 27.9| 50.4| 69.3 0.0] 1.4 0.6 25| 73| 140
Morel et al. ‘Wald 0.0/ 0.0 03] 1.1| 6.9| 21.4| 43.7 0.0/ 0.0 0.6| 5.1| 11.4| 24.0
Fan & Zhang 0.0/ 0.0 0.0] 0.6 7.6] 29.4| 53.5 0.0/ 0.0/ 0.0 04| 21| 63
Pan & Wall ‘Wald 3.6| 63| 7.1 8.6| 19.7| 43.1| 61.1 2.1 5.8| 6.4 17.4| 21.9| 38.2
Fan & Zhang 1.9/ 5.5 6.2| 11.7| 26.8| 49.0| 66.7 0.0/ 0.0 0.0 1.7) 8.2| 13.5
Pan 83| 7.4 9.1| 9.8| 21.7| 44.8| 63.3 0.0 7.2\ 7.7 16.1| 23.7| 36.5
Gosho et al. ‘Wald 291 3.0/ 2.0/ 33| 11.1] 33.1| 52.8 0.0/ 0.0 0.0 7.6| 14.8| 279
Fan & Zhang 0.0 1.0 1.9| 3.6 17.1] 39.3| 59.9 0.0/ 0.0/ 00| 04| 41| 83
Pan 44| 44| 55| 6.11 16.9| 41.2] 60.0 0.0 43| 4.5| 13.6| 20.3| 33.0
Wang & Long ||Wald 2.8 3.7\ 4.0 57| 14.5] 37.9| 57.2 2.1 29| 45| 12.3| 194 33.9
Fan & Zhang 1.6 25| 43| 7.8| 21.8] 454| 63.1 0.0/ 0.0/ 0.0 0.8] 6.2 109
Pan 32| 53| 72| 7.9| 19.4| 43.3] 61.6 0.0 7.2 7.1 157 21.9| 34.8
unequal n
40 legend
2
[ -~ Liang & Zeger / Wald
/@ —6— Liang & Zeger / F&Z
i, -~ - Morel / Wald
¥ —A— Norel / F&Z
wi [30 -~ Pan&Wall/ Wald
i & —XA— Pan & Wall/ F&Z
O W @ Pan &Wall/ Pan
© &3 - & - Gosho et al./ Wald
fa /4 II
5 @ R —®— Gosho et al./ F&Z
E 7ie 1! 20 @ Gosho et al./ Pan
o -Z"/.-: 1/ --#- Wang & Long / Wald
o) EE%.'}’ JEJ’ —#— Wang & Long / F&Z
o Q & zﬂ’ / ~-O-- Wang & Long/ Pan
+ f. »
-
.I" ’
/
10 20 30 40 50 10 20 30 40 50

cell counts n

cell counts n



9. 6. 4. Main effect B - Interaction significant (effects b; = 0.4*s)

61

9.6.4. equal correlations on B (r=0.3)
arl-structure assumed

9.6.4.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 |1 20 | 30 | 40 | 50
Liang & Zeger ||Wald 11.9] 2.7 33| 6.2| 144| 26.5| 39.7| 11.1| 8.8 52| 4.6| 57| 11.9| 194
Fan & Zhang 0.5| 0.5 24| 52| 11.3| 18.4| 284 0.0/ 0.3| 1.0f 24| 32| 9.6| 123
Morel et al. ‘Wald 0.1 0.7 5.0/ 189| 41.5| 62.9| 78.8| 0.0/ 0.6/ 0.6 3.0| 15.1| 35.2| 52.3
Fan & Zhang 0.0 1.1] 6.3] 15.2] 32.3| 51.5| 65.6| 0.0 02| 0.8 50| 14.1| 26.0| 40.3
Pan & Wall ‘Wald 12.1| 20.6| 29.4| 41.5| 57.3| 73.7| 84.2| 0.0 9.1| 17.9| 26.2| 40.2| 56.9| 69.6
Fan & Zhang 43| 13.9| 21.0| 30.3| 44.6| 60.1| 72.0| 0.0] 8.5| 15.4| 21.0| 29.5| 40.5| 51.4
Pan 2.0 3.5| 6.9] 13.3] 25.6] 41.0{ 55.7| 0.0 0.7 1.5 4.2 94| 20.0| 30.2
Gosho et al. Wald 0.0 4.0] 13.2] 26.9| 48.6| 68.0| 80.7 0.2| 2.8| 11.2] 27.4| 47.0| 62.3
Fan & Zhang 0.0] 2.5| 10.6] 19.0| 37.0| 55.0] 67.2 0.0 3.7/ 10.9| 20.7| 33.5| 46.2
Pan 0.6| 1.7 49| 10.4| 23.1| 38.5| 54.1 0.1 04| 28| 6.8] 17.4| 28.4
Wang & Long ||Wald 29| 11.9] 22.1| 35.0| 53.7| 71.7| 83.3| 0.0| 4.2| 11.3] 19.9| 34.1| 53.8| 66.1
Fan & Zhang 0.5| 7.1] 16.2] 25.6] 40.4| 57.7| 69.7 0.0 4.2| 10.6| 16.6| 26.9| 38.2| 49.6
Pan 1.5 2.6| 6.3| 11.7| 24.1| 39.8| 55.1| 0.0 0.6 1.0f 3.6/ 83| 188 29.5
unequal n
legend
-A- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
- ~® -~ Morel/ Wald
—&A— Morel/ F&Z
-+ - Pan & Wall/ Wald
H ~ Pan & Wall/ F&Z
- @®-- Pan & Wall/ Pan
% -~ Goshoetal/Wald
= —X&— Gosho etal./ F&Z
g - ®-- Gosho et al./ Pan
o - —& - Wang & Long / Wald
© —®— Wang & Long / F&Z
S ---®-- Wang & Long / Pan
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9.6.4.2 p=08
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 10 15 20 30 | 40 50
Liang & Zeger ||Wald 17.3| 7.3 4.6/ 63| 85| 18.5| 29.6 16.9| 9.1| 58| 74| 84| 129
Fan & Zhang 1.3 03] 04| 04| 1.4 45| 99 0.0, 04| 06| 0.0 07| 1.3
Morel et al. 'Wald 0.0 0.2 1.5| 8.7| 27.6| 56.6] 75.5 0.0/ 04| 1.0{ 10.7| 21.4| 39.2
Fan & Zhang 0.0 0.0 0.5| 2.6| 15.7| 32.2| 48.5 0.0/ 0.0 0.0 0.6 7.3| 20.6
Pan & Wall ‘Wald 7.6| 13.1| 18.8| 29.3| 49.2| 69.1| 82.8 49| 142| 14.4| 33.7| 42.3| 58.5
Fan & Zhang 1.9 27| 4.6| 12.0| 26.3| 44.8| 60.1 0.0/ 09| 12| 9.1 194| 359
Pan 45| 2.7 3.7 5.9 14.7| 31.7| 46.9 0.0 22| 1.4| 5.6/ 104] 20.8
Gosho et al. ‘Wald 0.8 34| 7.9| 16.8| 35.1| 61.1| 78.7 0.0/ 3.1] 5.0| 19.0| 32.8| 514
Fan & Zhang 0.0 0.0 0.8] 4.9| 17.9| 37.1| 54.6 0.0/ 0.0/ 0.0 2.1 11.4| 27.5
Pan 46| 1.7) 2.1| 3.8] 12.0| 28.7| 44.1 0.0 13| 1.0/ 4.8 99| 18.7
Wang & Long ||Wald 3.6/ 7.2| 12.8]| 23.4| 43.1| 65.6] 81.2 1.6/ 8.9| 10.6] 27.1| 38.2| 55.1
Fan & Zhang 0.0 0.8] 23| 8.3| 224} 41.1| 57.1 0.0/ 04| 06| 6.4| 149| 333
Pan 5.8 2.0 3.2 49| 13.3| 30.3| 454 0.0 13| 1.2 54| 103] 19.9
unequal n
legend
-4~ Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
- ~—® - Morel/ Wald
—&— Morel / F&Z
-~ Pan & Wall/ Wald
—¥%%— Pan & Wall/ F&Z
~--@-- Pan & Wall/ Pan
% -8~ Gosho et al./ Wald
- —8&— Gosho et al./ F&Z
e - ®-- Gosho etal./Pan
() -—# - Wang & Long / Wald
o —#— Wang & Long / F&Z
N ---®-- Wang & Long / Pan
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9.6.4.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 5.5 9.5 7.8] 49| 3.6/ 9.1] 145 8.3] 15.3| 8.0/ 10.2] 9.0
Fan & Zhang 1.6 1.0 1.5 0.5 03| 09| 2.0 20f 42| 0.0/ 1.0f 0.2
Morel et al. 'Wald 0.0/ 0.0 04| 2.8] 12.8| 32.0] 50.2 201 1.4 47| 17.8] 304
Fan & Zhang 0.0/ 0.0| 0.0/ 04| 3.8] 11.4| 248 20 14| 0.0/ 03| 19
Pan & Wall ‘Wald 2.6 10.4| 10.6| 15.4| 28.4| 48.6| 61.7 40| 5.6| 16.7| 33.4| 448
Fan & Zhang 0.0 20| 1.9 33| 89| 20.1] 343 200 14| 0.0 22 52
Pan 3.5 2.1 13| 2.0/ 5.6 11.9] 225 200 2.8| 3.3| 8.0 11.7
Gosho et al. ‘Wald 1.8 2.1| 4.1 6.9 20.1| 39.2| 56.5 2.0f 42| 9.3| 21.0f 369
Fan & Zhang 0.0/ 0.0 0.0 09| 4.5]| 14.5| 27.5 200 14| 0.0 03| 2.1
Pan 271 1.6] 0.6 1.4 44| 9.9| 20.5 200 28| 27| 6.7 8.8
Wang & Long ||Wald 1.7 6.7 6.5| 10.4| 24.2| 43.6] 59.5 2.0] 5.6| 14.0| 30.3| 419
Fan & Zhang 0.0 0.5| 0.6 1.6/ 7.1| 17.2] 30.7 200 14| 0.0 1.9 3.5
Pan 34| 21| 06| 1.5 5.1| 11.4| 214 200 28| 27| 73| 11.0
equal n unequal n
-
1
1/ 40 legend
)
I
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9.6.5. equal correlations on B (r=0)

9.6.5.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 20.4| 20.4| 21.4| 27.2| 35.8| 49.5| 58.5| 6.7| 29.0| 25.6| 26.4| 30.8| 35.8| 46.4
Fan & Zhang 2.0| 10.0| 12.0| 18.7| 25.6] 35.8| 44.1| 0.0/ 5.5| 9.5| 13.5| 19.5| 23.5| 34.1
Morel et al. ‘Wald 0.5| 19| 6.0| 13.7] 25.3| 40.4| 53.2| 0.0/ 0.9 19| 7.6| 18.1| 25.1| 38.0
Fan & Zhang 0.0/ 1.5 4.8| 9.6| 18.6] 29.1| 39.9| 0.0/ 0.7 14| 6.0 12.1| 18.9| 28.2
Pan & Wall ‘Wald 6.6| 12.4| 17.5| 24.4| 33.6| 48.7| 57.2| 2.9| 49| 89| 14.5| 22.8| 29.8| 42.3
Fan & Zhang 1.2] 99| 12.3| 18.4| 25.1| 36.4| 44.6] 0.0/ 4.8 9.6 13.8] 20.4| 23.3| 34.3
Pan 6.2| 12.7| 17.8| 24.6| 33.4| 48.5| 57.4| 2.9| 55| 8.7| 14.6| 23.2| 30.4| 424
Gosho et al. ‘Wald 0.2] 19| 59| 12.9| 25.8| 42.2| 529 0.0/ 09| 5.0| 13.4] 22.8| 35.1
Fan & Zhang 0.1 12| 5.6/ 10.6| 19.4| 30.3| 40.9 0.0 1.4 57| 12.7) 19.2| 28.7
Pan 0.9 7.1] 12.7| 20.4| 30.5| 45.9| 55.7 1.3| 4.7| 11.4| 20.3| 27.9| 40.4
Wang & Long |[Wald 2.01 6.2 11.7| 18.6| 29.5| 45.1| 54.9| 0.0/ 1.8 3.6] 10.4| 19.3| 27.0| 40.0
Fan & Zhang 0.2| 49| 8.8| 14.8| 23.2| 33.5| 42.9| 0.0/ 1.5 53| 10.9| 17.8| 21.6| 32.7
Pan 3.6 99| 15.6| 23.1| 31.9| 47.2| 56.5| 2.9| 4.1 6.9| 13.5| 21.5| 29.0| 41.5
unequal n
legend
-~ Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
-~ - Morel / Wald
—4&A— Morel / F&Z
-t - Pan & Wall/ Wald
¥X— Pan & Wall / F&Z
© =@ Pan &Wall/Pan
© - - Gosho etal./Wald
- —®— Gosho etal./ F&Z
t ©® - Gosho et al./ Pan
et --#- Wang & Long / Wald
o) —— Wang & Long / F&Z
% ---O-- Wang & Long / Pan
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20

30

40

cell counts n

20

30

40

cell counts n

50
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9.6.5.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 23.3| 12.9| 13.1| 19.3] 29.8| 41.1| 54.9 12.1| 14.0| 14.8| 23.0| 31.2| 38.7
Fan & Zhang 34| 13| 13| 3.3] 10.7| 21.2] 329 0.0 1.3} 09| 3.7| 10.0| 16.7
Morel et al. ‘Wald 1.7) 04| 26| 64| 18.5| 31.8| 47.8 0.0 0.6] 2.3| 10.8| 20.8| 28.7
Fan & Zhang 1.7/ 0.2} 0.1 0.4| 5.0/ 15.0] 25.5 0.0/ 0.0 0.0] 0.6] 5.5| 12.1
Pan & Wall 'Wald 5.4 5.0/ 69| 14.8] 26.9| 39.1| 53.8 0.0 1.3} 43| 13.7] 25.2| 33.5
Fan & Zhang 1.7 0.2 0.9 3.1| 10.7| 20.9| 32.1 0.0/ 0.0 0.2 2.3| 104| 16.6
Pan 3.6| 5.4 75| 14.9] 27.0| 39.0] 534 0.0 13| 4.1] 12.7| 25.8] 33.1
Gosho et al. 'Wald 1.8 0.7 2.7| 6.7| 18.3| 31.5| 47.1 0.0/ 0.0/ 14| 5.8] 17.9| 273
Fan & Zhang 1.7 0.2] 0.1 0.5| 5.0/ 149]| 26.6 0.0/ 0.0/ 0.0 04| 5.6 12.2
Pan 1.8 27| 5.3| 11.7| 23.6| 37.0| 51.7 0.0 0.0 2.5| 10.6| 22.4| 30.5
Wang & Long ||Wald 1.8 2.2 4.5| 10.9| 22.3| 35.5| 51.0 0.0 0.0 23| 9.3]| 22.0| 30.7
Fan & Zhang 1.7 0.2 0.3 1.3] 7.9 185| 294 0.0/ 0.0/ 0.0 1.0 9.2| 143
Pan 3.6| 3.8| 6.1| 13.2] 25.7| 38.0] 524 0.0 0.0| 2.7| 12.4| 24.3| 32.1
unequal n
legend
--A- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
-4 - Morel/ Wald
—A— Norel/ F&Z
-t - Pan & Wall/ Wald
—%&— Pan & Wall/ F&Z
o -~ @ Pan & Wall/ Pan
© -4& - Gosho et al./ Wald
5 —X— Gosho et al./ F&Z
= - ®- Gosho etal./Pan
o --#- Wang & Long/ Wald
) —— Wang & Long / F&Z
e @~ Wang & Long / Pan
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cell counts n

30

40

20

30

40
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9.6.5.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 11.5] 10.1| 9.2| 9.8| 14.4| 26.7| 36.1 0.0 43| 11.3] 11.8| 19.4| 24.0
Fan & Zhang 0.0 24| 1.8 1.4 16| 54| 12.6 0.0/ 0.0 14| 0.6/ 0.6 29
Morel et al. ‘Wald 0.0 0.0 0.5 1.9 7.7 19.1] 29.9 0.0/ 0.0 14| 5.0 9.6| 155
Fan & Zhang 0.0/ 0.0/ 0.0/ 0.0f 04| 1.6| 8.5 0.0/ 0.0/ 0.0f 0.0/ 0.0f 1.0
Pan & Wall ‘Wald 0.0 24| 26| 45| 12.5| 24.4| 353 0.0/ 0.0/ 0.0 6.2] 11.0f 19.5
Fan & Zhang 0.0f 0.0 0.0/ 0.3| 09| 49| 12.1 0.0/ 0.0/ 0.0 0.0 0.6/ 2.5
Pan 0.0 1.6| 3.1| 49| 11.9]| 24.3| 34.7 0.0/ 0.0 0.0/ 6.2 11.0| 18.8
Gosho et al. ‘Wald 0.0/ 0.8 1.0| 14| 7.4 183| 29.1 0.0/ 0.0 0.0 1.2 5.9 13.7
Fan & Zhang 0.0/ 0.0 0.0 0.1 03] 19| 95 0.0/ 0.0f 0.0f 0.0 0.0/ 0.8
Pan 0.0 1.6] 1.8| 3.7/ 10.3]| 22.4| 32.5 0.0/ 0.0/ 0.0 5.0/ 9.6| 164
Wang & Long ||Wald 0.0 1.6/ 1.6| 3.2 9.4 21.5] 31.7 0.0/ 0.0 0.0 3.7 9.0| 164
Fan & Zhang 0.0f 0.0 0.0/ 0.1 04 2.7| 10.8 0.0/ 0.0/ 0.0f 0.0 03| 19
Pan 0.0 1.6] 23| 4.5 11.2] 23.5| 33.6 0.0/ 0.0 0.0/ 6.2( 10.1] 17.6
equal n unequal n
40 40 Iegend
% --/A- Liang & Zeger / Wald
/ —©— Liang & Zeger / F&Z
//-'O
&; -—4- Morel / Wald
/ —A— Norel / F&Z
30 o 30 -~ Pan&Wal/Wald
o —%X— Pan & Wall/ F&Z
o /-,'.;"?/ @ Pan &Wall/ Pan
© /%‘ A - - Gosho et al./ Wald
— / ’
5 .y / —®— Gosho et al./ F&Z
= 7§ | *-®-- Gosho et al./ Pan
o 20 / /J,% A /8?0  --e- Wang&Long/Wald
o / /gy,, / ,tg —#— Wang & Long / F&Z
o .y / I O Wang & Long/Pa
> SodL Pt ang & Long n
A A /0

20 30

40

cell counts n

20

30

40

cell counts n
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9.7. Interaction effect AB - null model
9.7.1. equal correlations on B (r=0.3)
9.7.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 6.1 83| 7.2 69| 6.5 6.5 6.2 18.8| 32.5| 21.3| 17.0] 13.2| 9.5| 9.3
Fan & Zhang 3.6| 55| 6.1 58| 55| 46| 57 52| 37| 54| 50| 55| 57| 5.6
Morel et al. Wald 0.1 04| 16| 1.6 29| 35| 45| 13| 0.1 02| 07| 12| 3.0/ 4.1
Fan & Zhang 0.1 09| 1.6 2.7 3.5 33| 49| 13| 02| 10/ 1.9 19| 3.1| 35
Pan & Wall Wald 9.3| 87| 73| 70| 65| 64| 6.1 93| 3.5 50 63| 6.1 55| 59
Fan & Zhang 3.8| 55| 6.1 57| 54| 46| 57| 39| 33| 48 53| 54| 51| 55
Pan 9.3 87| 72| 69| 65| 64| 6.1| 404 49| 51| 64| 59| 57| 62
Gosho et al. Wald 0.1 09| 24| 28| 42| 45| 49 0.1 o0.1f 0.8 1.1 24| 3.6
Fan & Zhang 0.0/ 09| 24| 33| 3.7/ 35| 50 02| 1.2y 23| 23] 37| 35
Pan 1.9] 47| 5.0 52| 59| 58| 55 1.4] 25| 39| 44| 46| 56
Wang & Long ||Wald 2.6| 44| 45| 48| 55| 56| 55 13| 07| 20| 33| 34| 45| 49
Fan & Zhang 0.2| 3.1 4.0/ 45| 44 38| 53] 13| 1.2 3.0 39 36| 47| 50
Pan 57| 7.6 6.1 63| 63| 6.2 58| 6.7 3.7 3.8| 57| 54| 54| 6.0
equal n unequal n
legend
--A-- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
~~® - Morel/ Wald
—E— NMorel / F&Z
-~ Pan & Wall / Wald
© —%F— Pan & Wall / F8Z
= @ Pan &Wall/ Pan
= -8-- Goshoetal./ Wald
S —&8— Goshoetal/ F&Z
o @& Goshoetal/Pan
— - -%-- \Wang & Long / Wald
) —&— Wang &Long/ F&Z
e --@--- Wang &Long/ Pan

20 30
cell counts n

40

20 30
cell counts n

40
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9.7.1.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 57| 6.0] 62| 56| 51| 6.6 45| 0.1| 43.1] 28.5| 22.6| 15.7| 12.0| 7.8
Fan & Zhang 2.1 3.1 3.7 40| 41| 57| 5.0 29| 47| 31| 3.0/ 32| 35| 55
Morel et al. Wald 0.0/ 0.0 04| 0.8 1.8/ 3.8 2.6/ 29/ 06| 02| 03] 04 22| 25
Fan & Zhang 0.0/ 0.2 0.8 1.5/ 1.8 41| 32| 29| 06| 02| 03| 1.0/ 17| 3.0
Pan & Wall ‘Wald 6.6| 4.6/ 49| 46| 46| 63| 4.6/ 59| 12| 27| 18| 22| 24| 34
Fan & Zhang 25| 27| 3.6| 40 44| 56| 53| 29| 12| 21| 24| 25| 38| 52
Pan 9.1 51| 47| 47| 45| 62| 45| 59| 24| 29| 17| 24| 25| 35
Gosho et al. ‘Wald 0.0 03] 14| 16| 23| 45| 32 0.6| 04| 0.5 04| 06| 2.1
Fan & Zhang 0.0| 04| 13| 19| 24| 43| 3.8 0.6/ 02| 0.5 11| 21| 3.6
Pan 1.0| 2.1} 3.7( 32| 39| 57| 3.8 0.6 2.1 13| 1.8 19| 3.1
Wang & Long ||Wald 0.5 1.4 29| 28| 33| 53| 3.8/ 29| 06| 1.7/ 09| 11| 17| 2.6
Fan & Zhang 0.0 17| 2.1} 2.8 36| 46| 42| 29| 12| 12| 17| 21| 30| 47
Pan 58| 3.5| 44| 41| 41| 59| 39| 29| 06| 27| 1.6/ 22| 24| 34
equal n unequal n

legend

--A-- Liang & Zeger / Wald
—6— Liang & Zeger / F&Z
=% - Nborel/ Wald

—E— Morel / F&Z

-~ Pan &Wall/ Wald
—%F— Pan & Wall/ F&Z
@ Pan &Wall/ Pan
--A-- Gosho et al./ Wald
—&— Goshoet al./ F&
@ Gosho et al./ Pan

- ~#-- Wang & Long / Wald
—#— Wang & Long/ F&Z
------ Wang & Long/ Pan

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.7.1.3 p=09

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 1.2 7.8] 5.7 33| 28| 3.0/ 32| 22| 15.1] 29.4| 18.0| 12.6| 10.6| 10.6
Fan & Zhang 220 2.1 1.5 1.8/ 2.4 29| 3.6 21| 3.1| 6.8 4.6 09| 05| 23
Morel et al. ‘Wald 0.0/ 00| 0.0 0.0, 08| 14| 19| 21| 2.1} 1.7 09| 09| 10| 13
Fan & Zhang 0.0{ 0.0 0.2 0.5/ 0.8 16| 23| 21| 21| 1.7 09| 05| 00| 1.0
Pan & Wall ‘Wald 0.0 2.2 17| 11| 2.1 27 3.1} 21| 2.1 1.7 09| 09| 05| 0.8
Fan & Zhang 0.0{ 00| 0.6| 1.3 24 29| 35| 21| 21| 34| 194 14 05| 22
Pan 46| 49| 23| 1.5] 21| 26| 3.0/ 2.1} 21| 1.7\ 09| 09| 0.5| 0.7
Gosho et al. ‘Wald 0.0, 0.0f 02| 0.1 09 1.6 2.0 2.1 1.7 1.9 0.0f 05| 03
Fan & Zhang 0.0{ 0.0| 0.2 0.6/ 1.2 17| 2.6 2.1 1.7 09| 09 03] 13
Pan 411 1.6 19| 09| 16| 24| 2.7 2.1 1.7 09| 0.5 03] 0.7
Wang & Long ||Wald 0.0, 1.7 13| 0.7 1.2y 23| 26| 21| 21| 1.7 19| 0.5| 03| 0.5
Fan & Zhang 2.8 00| 04| 09 1.7 20| 32| 21| 21| 17| 194 09| 03] 1.8
Pan 46| 28| 1.7\ 1.2 19| 2.6 29| 21| 21| 1.7\ 09| 09| 0.5| 0.7
equal n unequal n
207 RV 20 legend
| \/ |
! A A --A-- Liang & Zeger / Wald
| _— —©— Liang & Zeger / F&Z
/ by ~ =%~ Morel/ Wald
151 A Vo |5 A Morel/F&z
| Ve --H-- Pan &Wall/ Wald
o ! o —¥%F— Pan &Wall/ F8&Z
5 . A A @ Pan & Wall/ Pan
= ! v, -8-- Gosho et al/ Wald
o | X N —&8— Goshoetal./ F&Z
o 107 ! - 10 -~ @ Goshoetal/Pan
— | - —#%-- Wang & Long/ Wald
() —— Wang &Long/ F&Z
o =@+ Wang & Long/ Pan

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.7.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl structure assumed

9.7.2.1 p=05

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 12| 7.8] 57| 33| 28| 3.0[ 32| 0.0 16.1| 12.0f 79| 34| 22| 02
Fan & Zhang 22| 21| 15| 1.8/ 24| 29| 36| 00| 1.1/ 03| 05| 00| 00| 0.0
Morel et al. Wald 0.0/ 0.0/ 0.0/ 0.0, 0.8 14| 19| 0.0/ 0.00 0.0l 00 05/ 13| 18
Fan & Zhang 0.0 00| 02| 0.5 0.8 16| 23| 0.0/ 0.0, 0.0/ 00 03] 06| 14
Pan & Wall Wald 0.0 22| L7{ 1.1} 21| 27| 31| 00| 15| 2.0/ 25/ 29| 29| 34
Fan & Zhang 0.0 00| 0.6| 13| 24 29| 35 00| 1.5 14| 22| 34| 48] 50
Pan 46| 49| 23| 1.5/ 21| 26| 3.0, 0.0 0.0/ 00| 00| 0.0, 0.0 0.0
Gosho et al. Wald 0.0{ 0.0 02| 0.1] 09| 1.6/ 2.0 0.0f 02| 04| 0.1/ 08 1.7
Fan & Zhang 0.0 00| 02| 0.6 12 17| 26 0.0 00| 03| 1.6/ 2.8/ 3.8
Pan 41| 16| 19| 09| 1.6 24| 27 0.0/ 0.0 0.1 0.0, 0.0 0.0
Wang & Long |[Wald 0.0 17/ 13| 0.7 12| 23| 26|/ 00/ 04| 1.1| 0.8 08| 19| 24
Fan & Zhang 28| 00| 04| 09/ 1.7 20| 32| 00| 04| 06| 13| 25| 35| 48
Pan 46| 2.8 17| 12| 19| 26| 29| 0.0 0.0/ 00| 00| 0.0, 0.0 0.0
equal n unequal n
10.01 \ -100  legend

- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
© Pan &Wall/ Pan
- Gosho et al./ Wald

Gosho et al./ F&Z
"~ Goshoetal/Pan

- Wang & Long / Wald
Wang & Long / F&Z
- Wang & Long / Pan

type | error rate

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.7.2.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 6.1/ 1.6/ 04| 0.2 0.0, 0.0 0.1f 0.0] 16.1| 12.0f 7.9 3.4| 22 0.2
Fan & Zhang 0.2 0.1{ 0.0/ 0.1f 0.0f 03] 0.2 0.0 1.1 0.3] 0.5/ 0.0f 00| 0.0
Morel et al. ‘Wald 0.2 02| 0.0 0.5 15| 24| 32| 0.0 00| 0.0f 0.0 05 13| 1.8
Fan & Zhang 0.0{ 0.0 0.1] 0.6/ 1.2{ 20| 25| 0.0/ 00| 0.0/ 0.0 03] 06| 14
Pan & Wall 'Wald 5.6/ 34| 3.0 44| 57| 56| 52| 0.0 1.5/ 20| 25| 29| 29| 34
Fan & Zhang 0.8 1.7 2.8| 43| 42| 55| 49| 00| 1.5 14| 22| 34| 48| 50
Pan 3.6/ 13| 06| 04| 04, 05| 06| 0.0/ 0.0/ 0.0 0.0f 0.0, 0.0f 0.0
Gosho et al. ‘Wald 0.3 03| 06| 1.0/ 3.0 34| 4.0 0.0/ 0.2 04| 0.1 0.8 1.7
Fan & Zhang 0.0/ 00| 04| 1.7 25| 3.5 45 0.0/ 0.0/ 03| 1.6 2.8 3.8
Pan 291 13| 04| 02| 04 02| 04 0.0/ 0.0 0.1f 0.0/ 0.0 0.0
Wang & Long ||Wald 1.1} 13| 1.6] 25| 39| 46/ 46| 0.0/ 04 1.1] 0.8 0.8 19| 24
Fan & Zhang 0.2 03] 12| 32| 3.6/ 46| 45| 00| 04| 0.6 1.3} 2.5/ 35| 48
Pan 231 13| 0.3| 03| 04 02| 04| 0.0/ 00| 0.0/ 0.0, 0.0f 00| 0.0
equal n unequal n
10.01 \ 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
75 Morel / F&Z
' * Pan &Wall / Wald
o Pan & Wall / F&Z
® " Pan &Wall/ Pan
- - Goshoetal./ Wald
o Gosho et al./ F&Z
o 50 Gosho et al./ Pan
— - Wang & Long / Wald
() Wang & Long / F&Z
& - Wang & Long / Pan

N
(&)

0.01

10 20 30 40 50 10 20 30 40 50
cell counts n cell counts n
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9.7.2.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 1.5\ 7.7 4.5 23| 0.6/ 03| 00 0.1| 24.0] 25.4| 12.0| 5.6/ 3.9
Fan & Zhang 04 27| 13| 03| 03] 00| 0.1 2.6 32| 22| 17/ 00| 0.2
Morel et al. 'Wald 0.0/ 0.0 0.0 0.0 0.6/ 1.1 1.1 0.0/ 0.0 0.0f 03| 04 14
Fan & Zhang 0.0{ 0.0 0.0 0.0/ 0.5 09| 2.0 0.0, 0.0/ 0.0 0.0 0.2 03
Pan & Wall ‘Wald 0.2 3.7\ 34| 23| 19| 26| 3.5 27 0.0f 0.0/ 03| 09| 1.2
Fan & Zhang 0.0 02| 04| 1.4 25| 27| 3.1 0.0, 0.0/ 04| 0.7 19| 23
Pan 6.8 3.1 13| 04| 0.0/ 0.0f 0.1 0.0/ 0.0/ 0.0f 0.0/ 0.0f 0.0
Gosho et al. ‘Wald 0.0, 03| 06| 0.6 1.1 1.5 1.9 0.0/ 0.0/ 09| 03| 02 0.2
Fan & Zhang 0.0{ 0.0 0.0f 0.1 09 15| 26 0.0/ 0.0f 0.0 0.7 13| 0.8
Pan 3.1 2.1 14| 04| 0.0/, 0.0f 0.1 0.0/ 0.0f 0.0f 0.0/ 0.0f 0.0
Wang & Long ||Wald 0.2 1.2f 20| 1.0 1.1 21| 28 0.0/ 0.0/ 13| 0.0/ 04| 038
Fan & Zhang 0.2 0.0| 0.1 0.7, 1.8 19| 29 0.0/ 0.0/ 04| 0.7 19| 1.5
Pan 48 3.0/ 14| 03| 0.1f 0.1 0.1 0.0/ 0.0/ 0.0f 0.0/ 0.0f 0.0
equal n unequal n
100 A 1100 legend
\
\ - Liang & Zeger / Wald
\ Liang & Zeger / F&Z
\ " Morel / Wald
751 \ Morel / F&Z
: \ * Pan & Wall / Wald
o \ Pan & Wall / F&Z
ro \ ~ Pan &Wall/ Pan
= A - Gosho et al./ Wald
o Gosho et al/ F&Z
o 507 " Coshoetal/Pan
—_ - Wang & Long / Wald
() Wang & Long/ F&Z
g - Wang & Long / Pan
25
0.0 {

20
cell counts n

30

40 50

20

30

cell counts n
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9.7.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.7.3.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 53| 5.5 64| 65| 59| 51| S5.1| 10.0f 25.4| 18.1| 15.1] 11.5| 11.3] 93
Fan & Zhang 2.6| 43| 55| 48| 42| 39| 41| 3.0/ 3.7 43| 51| 48| 39| 56
Morel et al. Wald 0.0/ 0.1 0.5/ 0.9 1.1} 2.0| 23| 00l 0.0{ 0.1 0.1} 04| 11| 1.7
Fan & Zhang 0.0/ 0.1 0.6 1.1} 1.5( 2.1| 25| 0.0 0.0f 02| 04| 15| 16| 28
Pan & Wall ‘Wald 6.7, 64| 7.1 64| 58| 52| 51| 62| 57| 57| 54| 47| 77| 6.0
Fan & Zhang 33| 4.6 5.6 49| 43| 39| 41| 00| 39| 59| 64| 55| 49| 58
Pan 8.0/ 6.5 69| 63| 58| 52| 51| 14| 56| 58 54| 53| 6.6 6.5
Gosho et al. ‘Wald 0.0 04| 19| 33| 28| 33| 3.7 0.2 0.1 0.6 1.2y 3.1 29
Fan & Zhang 0.0/ 0.4| 2.0 24| 25| 29| 35 0.2 0.7 15| 28| 27| 42
Pan 1.9 3.0 44| 50| 50 4.6 43 1.5 3.1} 3.2 3.6| 55| 5.8
Wang & Long ||Wald 1.6 25| 3.8 47| 4.7 42| 42| 00| 1.7 22| 27, 33| 49| 49
Fan & Zhang 0.1 20| 3.7/ 3.5 34| 3.6| 39| 00| 1.6 33| 3.8 44| 3.8 48
Pan 6.2| 48| 55| 58| 52| 49| 44| 14| 40| 504 44, 45| 58| 63
equal n unegual n
\ N
1007\ A A 100 legend
| \ /7
\ A ~-A-- Liang & Zeger / Wald
\ —6— Liang & Zeger / F&Z
~ =%~ Norel / Wald
—:E—‘ Morel / F&Z
- -+ Pan & Wall/ Wald
° —#F— Pan & Wall/ F8&Z
I @ Pan &Wall/ Pan
= -48-- Gosho et al./ Wald
o —&— Goshoetal/F&Z
5 @ Goshoetal./Pan
— - —#-- Wang & Long / Wald
0} —— Wang & Long/ F&Z
e =@ --- Wang &Long/ Pan

10 20 30

cell counts n

40 5 10 20 30

cell counts n
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9.7.3.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 84| 55| 41| 47| 65| 57| 5.1 0| 33.3] 31.3] 25.1| 17.2] 13.9| 938
Fan & Zhang 27 18] 2.6/ 4.1| 39| 54| 47 26| 08| 22| 3.1 42| 42
Morel et al. ‘Wald 0.0/ 0.1f 0.0, 02| 1.0{ 21| 27 0.0 0.0 0.0/ 05| 13| 1.8
Fan & Zhang 0.0/ 0.0 0.1} 0.5 1.1] 20| 24 0.0 0.0 0.0/ 03| 09| 138
Pan & Wall ‘Wald 63| 33| 3.1| 44| 58| 56| 52 1.6| 18] 24| 30| 29| 34
Fan & Zhang 1.2 17| 28] 43| 42| 55| 49 1.5 1.4 22| 34| 48| 5.0
Pan 14.1| 49| 3.7/ 4.6 60| 57| 5.1 23| 25| 29| 3.1 3.0 34
Gosho et al. ‘Wald 03| 03] 0.5 1.0/ 3.0/ 34| 40 0.0 0.0 0.2 o0.1| 08| 1.7
Fan & Zhang 0.0/ 0.0 04| 1.7 25| 35| 45 0.0 0.0/ 03| 16| 28| 3.8
Pan 43| 29| 24| 3.1| 48| 49| 406 0.0 1.1} 1.5/ 1.8 22| 26
Wang & Long ||Wald 14| 13| 1.6] 25| 39| 46| 406 04| 06| 0.8/ 08 19| 24
Fan & Zhang 04| 03| 12| 32| 36| 46| 45 04| 0.6 13| 25| 35| 438
Pan 89| 4.1 2.7| 39| 56| 54| 47 08| 2.1 23| 30| 27| 3.0
equal n unequal n
100] 7\ ; ! 100 legend
] |

--A-- Liang & Zeger / Wald
—6— Liang &Zeger / F8Z
-=¢ - Morel/ Wad
N,
—%F— Pan&Wall/ F8Z
=@ Pan&Wal/Pan
--8-- Goshoeta/Wald
—&— Goshoetal/ F8Z
- #- Coshoetal/ Pan
--# -~ Wang & Long/ Waid
—— Wang &Long/ F&Z
-0 Wang &Long/ Pan

type | error rate

0 20 30 40 5 10 20 30 40 =0
cell counts n cell counts n
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9.7.3.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 50
Liang & Zeger |[Wald 09| 10.7| 83| 51| 3.2| 49| 42| 1.6/ 02| 27.5| 36.2| 28.4| 156 14.4
Fan & Zhang || 5.6| 3.7| 14| 1.5 2.6 24| 3.1| 00| 26| 32| 26/ 23| 19| 2.0
Morel etal.  |[Wald 0.0/ 00| 0.0/ 00/ 04| 08 12/ 00| 0.0/ 00/ 00| 0.0/ 0.6 14
Fan & Zhang || 0.0| 0.0 0.0/ 0.0 0.5 0.7/ 2.0 0.0/ 0.0 00| 0.0/ 00/ 09 03
Pan & Wall  |[Wald 00| 3.7 33| 22| 19| 26| 35/ 00/ 2.8 00| 00| 03| 06/ 09
Fan & Zhang || 02| 0.2| 04| 14| 25| 27/ 3.1| 0.0[ 00/ 00| 04| 0.7/ 19| 23
Pan 9.6| 7.5 54| 36| 21| 2.7/ 33| 00| 0.0 00/ 00| 07| 06| 12
Goshoetal.  |[Wald 00| 03| 0.8 04| 11| L5 19 0.0/ 0.0/ 0.0/ 0.7 0.0] 0.2
Fan & Zhang || 0.0 0.0 0.0/ 0.1| 09| 15| 26 0.0/ 0.0/ 0.0 07| 1.3] 038
Pan 58| 47| 32| 32| 15| 25| 3.0 0.0/ 0.0/ 0.0 03| 04| 038
Wang & Long |[Wald 02| 09| 22| 10| 11| 21| 28 00/ 00/ 00 09/ 03| 02| 06
Fan & Zhang || 2.7| 0.0 0.1/ 0.7 1.8/ 19/ 29| 0.0 00/ 00| 04| 0.7/ 19| 1.5
Pan 69| 7.1 45| 33| 1.6/ 26| 32| 00/ 00/ 1.1] 0.0 0.7/ 06| 1.2
equa n unequal n
\ T I \
10.07 \ ! I 100 legend
A \ A A
‘d -A-- Liang & Zeger / Walc
—O— Liang &Zeger / F8Z
~=% - Morel/ WA
—A— \brel/ F8Z
-H-- Pan&Wall/ Wald
® —%F— Pan&WAll/ F8Z
w® @ Pan&Wall/ Pan
- -A-- Goshoeta/Wad
o —8— CGoshoetal/F&Z
) & Goshoetal/Pan
—_ - —-#-- Wang &Long/Wald
() —i— Wang &Long/ RZ
g --©--- Wang &Long/ Pan

2 30 40 50
cell counts n

2 30 40 50
cell counts n
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9. 8.

9.8.1. equal correlations on B (r=0.3)

Interaction effect AB - A significant (effects a; = 0.4%s)

9.8.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 6.1| 6.8 73| 62 6.1 53| 7.0 83| 34.7| 243| 19.4| 13.9] 9.6| 83
Fan & Zhang 3.0 53| 6.0/ 52| 53| 56| 57| 42| 27| 42| 52| 55| 47| 56
Morel et al. Wald 0.0/ 0.2 0.7/ 16| 3.5 34| 4.1 14 0.1f 0.1f 06 20| 28| 29
Fan & Zhang 0.0/ 0.5 1.8 1.9 3.1} 3.1 46| 14 0.1 05| 13| 27| 28| 38
Pan & Wall ‘Wald 7.7 79 7.5 63| 6.1 54| 701 14| 42| 48| 62| 62| 44| 4.6
Fan & Zhang 28] 52| 6.0 52| 52| 56| 57| 14 27| 42| 50| 56| 46| 57
Pan 81| 79| 75| 62| 61| 54| 70| 14| 48| 51| 57| 55| 45| 45
Gosho et al. ‘Wald 0.0 0.6 23| 32| 42| 404 5.0 02 02 08 12 17/ 24
Fan & Zhang 0.0 0.7 25| 27| 3.7 3.7 48 0.1f 09 17, 3.0 3.1 3.6
Pan 14| 42| 49| 48| 53| 48| 64 1.3] 23| 34| 43| 35| 38
Wang & Long |[Wald 2.0 3.6| 44| 45| 50| 47| 6.1 14 L5 17| 21| 33| 28 35
Fan & Zhang 0.7 2.6| 4.0 40| 44| 47| 56| 14| 10| 26| 34| 49| 36| 49
Pan 48| 6.5 63| 53| 58| 51| 69| 29| 38| 42| 47| 48] 40| 43
equal n unequal n
legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
* Pan & Wall / Wald
Pan & Wall / F&Z
* Pan & Wall/ Pan

type | error rate

20 30
cell counts n

40

50

10

20

30
cell counts n

40

50

- Gosho et al./ Wald

Gosho et al./ F&Z
Gosho et al./ Pan

- Wang & Long / Wald

Wang & Long / F&Z

- Wang & Long / Pan
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9.8.1.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 5 10 15 | 20 | 30 | 40 | 50
Liang & Zeger |[Wald 9.6 5.0/ 43| 44| 57| 54| 39| 0.1] 21.3| 26.4| 24.4| 13.3] 93| 9.3
Fan & Zhang || 2.7| 1.8 3.7| 3.1| 44| 54| 3.6/ 22 19/ 19| 3.0/ 26/ 3.0/ 53
Morel etal.  |[Wald 0.5/ 01| 03] 05/ 1.6/ 2.8 19/ 22| 1.0 03| 04| 1.0 23| 27
Fan & Zhang || 0.5| 0.1| 03| 08| 1.9 33| 23| 22| 10/ 03| 01| 10/ 17| 24
Pan & Wall  |[Wald 114 27| 29| 29| 47| 42| 3.5 22| 19| 1.7 19/ 21| 26| 3.1
Fan & Zhang || 1.6| 14| 3.6| 27| 3.8/ 53| 32| 22| 10/ 11| 14| 18 31| 44
Pan 13.3| 3.5 3.1| 3.1 4.6 47| 35| 22| 10| 1.7 21| 23| 27| 34
Goshoetal.  |[Wald 20/ 06| 0.8 08 22| 3.1 25 1.0 03| 0.7 05 12| 1.5
Fan & Zhang || 0.5 0.1| 0.6| 08| 2.5/ 3.8/ 26 1.0/ 03| 0.1 0.7/ 25| 27
Pan 52| 1.7 20| 23| 3.8/ 40| 3.1 1.0/ 08| 12| 15 21| 28
Wang & Long |[Wald 38| 08| 17/ 16| 32| 3.8 28 22| 1.0/ 03] 14| 12| 18 2.1
Fan & Zhang || 1.1| 0.8] 20| 1.6] 3.3| 45| 27| 22| 10/ 08 05/ 11| 31| 3.6
Pan 109 2.7 26| 27| 42| 42| 34| 22 10| 1.7 19| 21| 22| 33
equal n unegual n
lu v, i
100} X 100 legerd
i --A-- Liang & Zeger / Weld
—O6— Liang & Zeger / F&Z
==~ NMorel/ Wald
—A— \orel/ F8Z
-~ Pan&Wall/ Wald
o —¥%5— Pan &Wall/ F&Z
ol @ Pan&Wall/ Pan
. -8-- Goshoetal/Wald
o —8— Goshoetal/F8Z
o @ Goshoetal/Pan
—_ - —# - Wang &Long/ Weld
o —— Wang &Long/ F&Z
> == ©--- Wang &Long/ Pan

20 30 40 50
cell counts n

20 30 40 50
cell counts n
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9.8.1.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 3.1 7.0 26| 3.6/ 53| 48| 33 2.5 15.6] 20.3] 18.9| 16.0] 11.3
Fan & Zhang 221 14| 27| 1.6/ 3.0 3.5 23 200 22| 35| 1.7/ 15| 28
Morel et al. 'Wald 0.0, 0.0f 0.0 0.1 1.5 23| 1.6 2.0 1.1} 0.6 1.0f 2.1} 3.0
Fan & Zhang 0.0{ 0.0 0.2 0.0/ 1.2f 21| 1.6 20 1.1y 0.6] 03| 04 1.1
Pan & Wall 'Wald 6.2 46| 22| 13| 39| 32| 2.7 4.1 1.1 1.7) 1.4 1.6 2.1
Fan & Zhang 0.0/ 00| 19| 0.6/ 3.0/ 34| 2.1 200 1.1} 1.7 1.0f 06| 2.0
Pan 9.3 5.0f 29| 1.5 43| 33| 2.7 20( 1.1} 1.2 1.1 12| 23
Gosho et al. ‘Wald 241 04| 02| 0.2 1.6/ 20| 20 20( 1.1} 1.2 1.1 0.8] 0.7
Fan & Zhang 0.0f 00| 0.2] 0.2 1.8/ 26| 1.6 20( 1.1y 0.6] 03| 04| 13
Pan 5.5 3.5 1.6] 1.1 33| 29| 26 200 1.1} 1.2 1.1 10| 14
Wang & Long ||Wald 40( 2.7 04| 1.0/ 3.0 26| 23 200 1.1 1.2) 07 14| 14
Fan & Zhang 221 00| 1.6/ 02 24| 29| 1.8 20( 1.1} 1.2 1.0f 04| 1.6
Pan 1.1 42| 2.0/ 1.5/ 3.6] 33| 2.7 200 1.1} 1.2 1.1 1.0 2.0
equal n unequal n
1001 100 legend
--A-- Liang & Zeger / Wad
—O— Liang & Zeger / F&Z
~=% - Morel/ Wald
—A— Mordl/F8Z
-H-- Pan&Wall/ Wad
o —&F— Pan&Wall/ F8Z
ko @ Pan&Wall/ Pan
- -A-- Goshoetal/Wad
o —8— Goshoetal/F&Z
o @ Goshoetal/Pan
— - -&-- Wang &Long/Wald
() —— Wang &Long/ F&Z
g ~--O--- Wang &Long/ Pan

2 30 40 50
cell counts n

2 30 40 50
cell counts n
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9. 8.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.8.2.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 24| 0.3 02 0.1 00 0.1 0.0f 154 7.1 2.1} 1.5/ 0.6 0.1 0.0
Fan & Zhang 0.3 0.2 0.2 0.2 03} 0.0/ 0.2 0.0 03| 0.1 0.1, 0.1{ 0.0f 0.0
Morel et al. Wald 0.0/ 0.0 0.6 0.9| 25| 26| 23| 00l 0.0f 00| 0.1 05| 1.1 2.1
Fan & Zhang 0.0/ 0.1f 04| 0.8 1.7 3.0/ 24| 0.0/ 0.0f 0.1} 02| 0.6 09| 1.2
Pan & Wall ‘Wald 83| 62| 6.7| 6.6 62| 57| 5.0 0.0 59| 45| 55| 54| 46| 5.0
Fan & Zhang 1.9] 46| 54| 51| 56| 6.1 46| 09| 42| 42| 6.1 53| 56| 56
Pan 29| 0.6| 0.6/ 04| 02 05| 04| 0.0 0.1f 00| 0.1, 0.0f 0.0f 0.0
Gosho et al. ‘Wald 0.1 04 17| 24| 32| 38| 34 0.0 02| 05| 1.2 16 32
Fan & Zhang 0.0/ 0.5] 1.8 23| 29 41| 32 0.00 05| 1.6/ 23| 3.0/ 2.7
Pan 0.5/ 04| 03| 03] 0.1f 0.5 02 0.0/ 0.0/ 0.0/ 0.0f 0.0/ 0.0
Wang & Long ||Wald 1.8 22| 42| 43| 44| 51| 4.1} 00| 09| 0.8 3.0/ 3.5 3.2 43
Fan & Zhang 0.1 20| 33| 33| 44 51| 44| 0.0 20| 22| 37| 39| 43| 43
Pan 22| 04| 05| 0.2 0.1f 05| 03] 00/ 0.1f 00| 0.1} 0.0f 0.0f 0.0
equal n unequal n
100 \ 100 legend
! --A-- Liang & Zeger / Wald
—O— Liang & Zeger / F&Z
- =%~ Norel/ Wald
25 —A— Mbrel/ F8&Z
: --+H-- Pan &Wall/ Wald
© —%F— Pan & Wall/ F8Z
I <@ Pan &Wall/ Pan
= --8-- Goshoet al./ Wald
o —8&— Goshoetal/F&
o 507 @ Gosho et al/ Pan
—_ -—&-- Wang & Long / Wald
() —B— Wang &Long/ F&Z
_,% ---@--- Wang & Long/ Pan
251
0.0 {69

20
cell counts n

30 40 50

20
cell counts n

40
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9.8.2.2 p=038

equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 79| 3.5 1.5/ 06| 03| 02| 03 22.1| 20.0| 14.2| 4.1| 2.8| 0.6
Fan & Zhang 0.5| 07| 0.3 0.1 0.1] 02| 0.1 05| 19| 0.5 03| 00| 0.0
Morel et al. ‘Wald 0.0 0.1 0.2 04| 09| 1.6] 22 0.0 0.0 0.2 o0.1| 04| 15
Fan & Zhang 0.0/ 0.0 0.0f 0.1 1.0/ 17| 2.6 0.0 0.0 0.0, 03| 0.1 0.7
Pan & Wall ‘Wald 6.1 39| 32| 28| 39| 4.0 38 48| 27| 25| 2.5 21| 29
Fan & Zhang 1.7) 2.1 25| 2.8 3.0 41| 43 0.5 1.0/ 1.0 24| 19| 39
Pan 6.1 1.6/ 0.6/ 02| 03| 0.1} 03 0.0f 0.0/ 0.0f 0.0/ 0.0 0.0
Gosho et al. ‘Wald 0.6/ 0.6/ 0.6/ 09| 14| 22 26 0.0 08| 0.7 0.8 04| 1.2
Fan & Zhang 0.0/ 0.1 04| 09| 19| 27| 3.6 0.0 0.0/ 03| 09| 09| 22
Pan 2.8/ 1.0 05| 04| 03| 0.1 03 0.0f 0.0/ 0.0f 0.0/ 0.0 0.0
Wang & Long ||Wald 27| 23| 22| 1.8 26| 3.0/ 34 1.1{ 0.0 19| 13| 12| 22
Fan & Zhang 05| 07| 13| 19| 26| 32| 37 0.0 04] 05| 1.6/ 13| 3.0
Pan 37\ 14| 0.5 04| 03| 0.1} 03 0.0f 0.0/ 0.0f 0.0/ 0.0 0.0
equd n unequal n
|
1001 . \ 1100 legerd
! |
| .
| | -A-- Liang & Zeger / \elc
/l \ —0O0— Liang & Zeger / R&Z
! ; === Morel / \eld
I I Morel / F&Z
! -‘ --B-- Pn&Wall/ Wad
\ T Pan &\l / F8Z
A @ Pan&Wal/Pan
\ -8-- Goshoeta/Wad

type | error rate

—8&— Goshoeta/F8Z
¥ Goshoetal/Pan
--#-- Wang & Long/Wald
—— Wang &Long/ F&Z
-+ ©--- Wang &Long/ Pan

cell counts n
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9.8.2.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 22| 3.6| 35| 17| 04| 02| 05 45| 21.7| 30.6| 13.7| 7.5| 5.2
Fan & Zhang 02| 04| 0.1 0.5 0.1] 0.0 0.1 29| 25| 1.5] 05 00| 038
Morel et al. ‘Wald 0.0 0.0 0.0, 0.1 05| 1.5/ 1.9 0.0 0.6| 04| 00| 02| 08
Fan & Zhang 0.0/ 0.0 0.0 0.2 0.7, 09| 13 0.0 0.0 0.0/ 0.0| 02| 07
Pan & Wall ‘Wald 1.6 18] 22| 21| 16| 21| 23 1.6| 13| 1.6/ 05| 1.0 1.6
Fan & Zhang 02| 0.6| 05| 19| 24| 38| 33 0.0 0.0 1.1 0.5 08| 1.3
Pan 88| 14| 13| 04| 0.1} 02| 0.1 1.6/ 0.0/ 0.0/ 0.0/ 0.0{ 0.0
Gosho et al. ‘Wald 03| 0.7/ 0.6 02| 07| 15| 15 0.0 0.0 1.2 00| 05| 1.2
Fan & Zhang 0.0/ 0.0 0.0 0.6 13| 24| 25 0.0 0.0 0.0/ 05| 05| 0.8
Pan 3.1 12 1.0/ 04| 03] 0.1 0.0 1.6/ 0.0 0.0/ 0.0| 0.0 0.1
Wang & Long ||Wald 0.6/ 13| 11| L1] 09| 19| 20 1.6/ 0.7/ 12| 0.0 10| 1.5
Fan & Zhang 0.0/ 0.0 0.0f 1.0/ 19| 31| 3.0 0.0f 0.0 0.0f 05| 0.7/ 09
Pan 3.0/ 13| 14| 04| 03] 02 00 1.6/ 0.0/ 0.0/ 0.0/ 0.0 0.0
equal n
1007 1100 legernd

type | error rate

-A-- Liang & Zeger / Wald
—O— Liang &Zeger /| F8&Z

--%-- Morel/ Wald

—A— Norel/ RRZ

-4H-- Pan&Wall/ Wald
Pan & WAl / F&Z

@ Pan&Wall/Pan

-8-- Goshoeta/Wad
—8&— Goshoetal/R8Z
& Goshoetal/Pan

-—#-- \Wang &Long/ V\eld
—— Wang &Long/ R&Z
---O--- Wang &Long/ Pan
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9. 8. 3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.8.3.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 55| 5.5 62| 62| 63| 56| 49 28.6| 18.4| 15.7| 10.5| 8.9| 7.6
Fan & Zhang 1.7 4.6] 52| 49| 54| 6.1| 4.6 0.0 3.7\ 33| 45| 47| 49| 47
Morel et al. Wald 0.0/ 0.0f 03| 0.6 20f 24| 21| 00| 0.0f 00| 0.0, 04| 1.0l 2.0
Fan & Zhang 0.0/ 0.2 03| 0.8 1.7 29| 23| 0.0 0.0f 02| 04| 09| 13| 1.7
Pan & Wall ‘Wald 83| 62| 6.7| 6.6 62| 57| 5.0 0.0] 6.0 45| 55| 54| 46| 5.0
Fan & Zhang 1.8] 4.6] 54| 51| 56| 6.1 46| 09| 42| 42| 6.1 53| 56|/ 56
Pan 89| 63| 6.5 65| 62| 58| 50 1.0 55| 454 54| 52| 43| 53
Gosho et al. ‘Wald 0.1 04 17| 24| 32| 38| 34 0.1 02| 05| 1.2 16 32
Fan & Zhang 0.0/ 0.5] 1.8 23| 29 41| 32 0.00 05| 1.6/ 23| 3.0/ 2.7
Pan 32| 29| 43| 47| 48| 52| 44 22 1.8 3.6 42| 3.5 45
Wang & Long ||Wald 1.8 22| 42| 43| 44| 51| 4.1} 00| 09| 0.8 3.0/ 3.5 3.2 43
Fan & Zhang 0.1 20| 33| 33| 44 51| 44| 0.0 20| 22| 37| 39| 43| 43
Pan 74| 5.1 54| 56| 55| 54| 47| 0.0/ 40| 34| 47| 46| 4.0 46
equal n unequal n
10.0° ‘ 100 legend
--A-- Liang & Zeger / Wald
—©— Liang & Zeger / F&Z
- =%~ Norel/ Wald
+—E§ Morel / F&Z
-t~ Pan &Wall / Wald
[0) —%F— Pan & Wall / F&Z
= @ Pan &Wall/ Pan
= -48-- Gosho et al./ Wald
o —&— Goshoetal/F&Z
) @ Goshoetal/Pan
— - -%-- Wang & Long / Wald
0} —#— Wang & Long/ F&Z
N ---@--- Wang & Long / Pan

20

30

40

cell counts n

20

cell counts n
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9.8.3.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 15 | 20 | 30 | 40 | 50 10 15 | 20 | 30 | 40 | 50
Liang & Zeger ||[Wald 75| 57| 53| 4.6 49| 47| 45 17.0| 28.9| 28.7| 18.2| 12.5| 9.0
Fan & Zhang || 2.6| 2.7| 32| 3.1| 3.1| 3.7| 43 1.6 27| 1.8/ 20| 14| 28
Morel etal.  ||Wald 0.0 00| 00 0.1 09| 16| 16 0.5/ 0.0/ 00| 0.0 05/ 12
Fan & Zhang || 0.0| 0.0 0.0 02| 06| 19| 22 0.0 0.0/ 00| 03] 01| 09
Pan & Wall  |[Wald 6.1/ 40| 32| 2.8 39| 40| 3.8 43| 3.1 23| 24| 18] 29
Fan & Zhang || 1.6| 2.1| 25| 28| 3.0/ 41| 43 05| 1.0/ 1.0/ 24| 19| 39
Pan 11.1| 5.0 42| 37| 43| 39| 41 22| 27| 21 27| 15 3.1
Gosho etal.  ||Wald 12| 05| 0.6 09| 14| 22| 26 0.0/ 06| 0.8 07/ 03] 1.1
Fan & Zhang || 0.0| 0.1| 04| 09| 19| 27 36 0.0/ 0.0| 03| 09/ 09| 22
Pan 44| 3.0 34| 25| 30| 34| 3.6 05/ 12| 11| 1.7] 11| 28
Wang & Long ||Wald 27| 21| 22| 1.8] 26| 30| 34 1.1 06| 1.6 1.6/ 1.0/ 22
Fan & Zhang || 14| 07| 13| 19| 26| 32| 3.7 0.0/ 04| 05| 1.6/ 13| 3.0
Pan 9.6/ 43| 3.8 34| 37| 35| 39 11| 17) 17| 23] 12| 32
equa n unequal n
. i
1001 I 100 |
k | egerd
S | .
" I A --A-- Liang & Zeger / WAd
| —O— Liang & Zeger /| F&Z
X ~~% - Morel/ Wad
v |
750 ! . A Mrd/RZ
M | . - - Pan&WAl/Wad
o I —&— Pn&WAHI/RZ
ol ! @ Pn&WAl/Pan
- -8-- Goshoetd/\Wad
o —ﬁ— Goshoetd./ F&Z
o 501 " Goshoetd/Pan
—_ --1'-- Wang & Long/ Wald
() —i— Wang &Long/ F&Z
_,% ~-O--- \Wang & Long/ Pan
251
0.01
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9.8.3.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 1.7\ 4.1} 6.1 50| 34| 52| 47 23| 16.7| 41.7| 24.3| 18.7| 15.6
Fan & Zhang 27 12| 1.4 25| 34| 41| 37 29| 3.1 3.0/ 13| 05| 3.0
Morel et al. ‘Wald 0.0 0.0 0.0/ 0.0/ 04| 1.1] 1.8 0.0 0.0 0.0 0.0 05| 1.1
Fan & Zhang 0.0/ 0.0 0.0 0.2 07| 13| 13 0.0 0.0 0.0f 0.0| 02| 09
Pan & Wall ‘Wald 1.6| 25| 21| 22| 16| 21| 23 1.6| 13| 1.5/ 0.8 08| 1.2
Fan & Zhang 02| 0.6| 05| 19| 24| 38| 33 0.0 0.0 1.1 0.5 08| 1.3
Pan 12.8| 43| 4.7( 39| 22| 28| 3.1 1.6/ 0.7 04| 1.1 12| 1.6
Gosho et al. ‘Wald 03| 0.7/ 0.6 03| 07| 15| 15 0.0 2.0/ 0.0f 0.5/ 02| 05
Fan & Zhang 0.0/ 0.0 0.0 0.6 13| 24| 25 0.0 0.0/ 0.0, 05| 05| 0.8
Pan 45| 3.6| 3.6/ 3.0/ 19| 27| 26 1.6/ 0.7/ 04| 0.8 10| 13
Wang & Long ||Wald 08| 13| 12| 1.0/ 09| 19| 20 1.6/ 13| 1.1 00| 08| 1.1
Fan & Zhang 54| 0.0 0.0/ 10| 19| 3.1 3.0 0.0f 0.0 0.0f 0.5 0.7/ 09
Pan 144 3.1| 3.6/ 32| 20| 28| 3.0 1.6/ 0.7 04| 1.1 13| 1.6
equa n unequa n
1001 100 legerd

type | error rate

-A-- Liang &Zeger / Wald
—6— Liang &Zeger / F&Z
-=%-- Morel/ Wad

g Morel / F8Z

-~ Pn&Wal/Wad
—&— Pan&Wl/F8Z
@ Pn&WAl/Pan
-8-- Goshoetal/\Wad
—&— Goshoetal/R8Z
- ®- Goshoeta./ Pan

-~-%-- Wang &Long/Wald
—— Wang &Long/ F8Z
---O--- Wang &Long/ Pan
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9.9.

9.9.1. equal correlations on B (r=0.3)

Interaction effect AB - B significant (effects b; = 0.4*s)

9.9.1.1 p=0.5
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 57( 7.1 74| 64| 64| 64| 63| 77| 384| 27.1| 21.2| 13.8] 8.0| 7.7
Fan & Zhang 24| 50| 6.1] 62| 60| 41| 6.0 1.6/ 34 42| 54| 48| 43| 50
Morel et al. Wald 0.0/ 0.2 0.5 L5 3.7 3.5 45| 0.0 0.rf 0.1f 0.6 204 22 3.0
Fan & Zhang 0.0 0.7 L15] 25| 3.5 3.1} 47| 0.0 0.0 04 11| 23| 27 3.0
Pan & Wall ‘Wald 83| 81| 81| 65| 65| 6.6| 63| 0.0 4.0| 5.0 55| 62| 4.0 5.1
Fan & Zhang 24| 52| 63| 63| 63| 41| 6.0 0.0f 3.6/ 44 57 48| 47| 5.1
Pan 81| 7.8 79| 65| 65| 651 63| 00| 51| 54| 57| 60| 42| 48
Gosho et al. ‘Wald 0.0 0.8 19 28| 474 41| 52 0.1 0.1 0.7 20| L6 2.1
Fan & Zhang 0.0 1.0 23| 34| 39| 35| 428 0.0 0.6 15| 26 27| 33
Pan 1.3] 4.8 5.0/ 49| 58| 53] 62 1.6 25| 34| 48| 38| 42
Wang & Long |[Wald 1.8] 43| 44| 43| 54| 53| 59| 00| 06| 16| 26/ 424 3.0 4.1
Fan & Zhang 04| 27| 4.0 48| 49| 3.7 53| 00| 10| 24| 42| 38| 374 43
Pan 52| 6.6 68| 56| 63| 58 62| 00| 37| 43| 48| 57| 41| 4.7
equal n unequal n
legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
* Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
Pan & Wall / F&Z
* Pan & Wall / Pan

type | error rate

20
cell counts n

30

40

50

20 30
cell counts n

40

50

- Gosho et al./ Wald

Gosho et al./ F&Z
Gosho et al./ Pan

- Wang & Long / Wald

Wang & Long / F&Z

- Wang & Long / Pan
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9.9.1.2 p=0.8
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 7.1 58| 47| 49| 46| 6.5 4.1| 33| 29.2| 27.5| 26.1| 18.1| 13.1| 10.7
Fan & Zhang 2.1 1.6| 24| 2.8 32| 59| 34| 3.1 23| 27| 19| 3.0 26| 32
Morel et al. Wald 0.0/ 0.0 04| 0.6 21| 34| 27/ 0.0/ 00| 00| 0.1] 14| 26| 42
Fan & Zhang 0.0/ 0.0f 0.2 0.7/ 19| 41| 24| 0.0/ 00| 00| 0.1] 0.5 21| 19
Pan & Wall Wald 83| 4.5 36| 42| 41| 6.7 39| 00| 46| 2.0/ 1.8 20| 2.6/ 3.8
Fan & Zhang 1.0| 0.7\ 22| 25| 32| 59| 35| 0.0 00| 12| 13| 14 27| 3.1
Pan 10.1| 4.8| 3.7 4.0 4.1| 65| 4.0/ 0.0 3.1| 25| 1.8 2.0 3.1 39
Gosho et al. ‘Wald 0.6| 05| 0.6/ 1.6| 25| 44| 3.0 0.0 0.5 0.3 06| 1.0 2.0
Fan & Zhang 0.0/ 0.0 0.5] 1.0 23| 48| 2.6 0.0f 0.0/ 0.3 0.8 23] 19
Pan 3.8| 24| 22| 3.0| 33| 57| 3.6 0.0 15| 1.0 14| 26| 33
Wang & Long ||Wald 24| 17| 17{ 26| 3.1 51| 35| 00 15 15| 08| 1.1 2.0 3.0
Fan & Zhang 0.0/ 0.0 1.1} 15/ 27| 52| 3.0f 0.0/ 00| 10| 1.0 1.1 27| 27
Pan 7.8 3.3 3.0/ 37| 39| 6.1 3.7 00| 31| 20 17/ 1.8 31| 3.9
equd n unequd n
--A-- Liang&Zeger / W\ad
—6— Liang &Zeger /| RRZ
-~*-- Morel/V\Ad
—A— Mo/ RRZ
- - Pan&Wall/ Wad
o —¥%— Pn&Wl/RZ
5 ~® Pn&WAl/Pn
= -8-- Goshoetal/Wald
o —E— Goshoetd./ F8Z
E * Goshoetdl/ Pn
— --'l-- Wang & Long/ Wad
Q —i— Wang &Long/ RZ
> O Weng&Long/ Pan
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9.9.1.3 p=0.9
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 33| 92| 53| 57| 40| 35| 28 7.0| 16.0| 25.7| 19.1| 18.6| 11.4
Fan & Zhang 3.8/ 34| 1.8 12| 18] 27| 23 3.6/ 1.8] 3.1 16| 27| 27
Morel et al. ‘Wald 0.0 0.0 03| 04| 13| 15 1.7 0.0 0.0 04| 07| 21| 2.1
Fan & Zhang 0.0/ 0.0 0.0 0.1| 05| 14| 15 0.0f 0.0/ 0.0f 03| 06| 09
Pan & Wall ‘Wald 41| 33| 23| 29| 30| 25| 26 1.8 19| 13| 13| 19| 1.2
Fan & Zhang 0.0| 03| 0.5] 05| 1.6] 26| 2.6 0.0{ 09| 09 13| 15| 138
Pan 98| 5.1 2.6/ 32| 3.0/ 2.5/ 26 0.0 19| 0.0f 13| 17| 13
Gosho et al. ‘Wald 0.00 0.7/ 0.6/ 09| 1.4 2.0 2.1 0.0 09| 04 0.0 08| 03
Fan & Zhang 0.0/ 0.0 0.0f 0.1/ 08| 1.6| 1.7 0.0f 0.0 0.0f 03| 06| 1.0
Pan 16| 1.8 1.7\ 23| 25| 22| 22 0.0 09| 0.0 07| 13| 1.2
Wang & Long ||Wald 0.0 15| 12| 17| 21| 23] 23 0.0 0.0 04| 07| 10| 07
Fan & Zhang 0.8| 0.0/ 02| 04 09| 22| 2.0 0.0f 09| 09 07| 11| 1.6
Pan 81| 3.3 25| 27| 27| 23| 24 0.0 1.8 0.0 1.0/ 13| 13
equal n unequa n
|
1001q // 100 legerd
: l;} ! --A-- Liang & Zeger / WA
‘.: " ! _—_6_— Liang & Zeger / FR&Z
0.1 ! - Morel /Weld
75{%4 f 75 o e
| A —H— Rn& W/ RRZ

type | error rate

@ Pn&WAl/Pn

-48-- Gshoetal/Wad
—8— Gshoetd/RZ
- Gshoetd/Pn

--#-- Wang & Long/ Wald
—i— Wang &Long/ R8Z
--O--- Wang &Long/ Pan
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9.9.2. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
arl-structure assumed

9.9.2.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 | 40 | 50 5 10 15 20 30 | 40 | 50
Liang & Zeger ||Wald 1.9 0.0f 0.2 0.0f 04| 0.1f 03| 48| 4.7/ 25/ 07/ 03| 05/ 02
Fan & Zhang 04| o0.1f 0.2 03| 02| 04 03| 0.8/ 02 0.1f 0.rf o.rf 02 o.1
Morel et al. Wald 0.0/ 0.1 04| 0.7 2.1| 28| 4.0f 0.0f 0.0f 0.0 0.1f{ 07| 16 29
Fan & Zhang 0.0/ 0.1 0.2; 0.8 20| 28| 3.1f 0.0f 0.0 0.0f 02 05| 14 24
Pan & Wall ‘Wald 6.4 62| 64| 55| 68| 56| 65| 36| 49| 49| 54| 48| 52| 63
Fan & Zhang 22| 43| 48| 5.1 59| 49| 53| 00| 3.1 47| 52| 6.0 6.1 59
Pan 2.8 04| 0.6/ 0.5 0.7/ 09 0.8/ 0.0f 0.1f 0.0f 0.0f 00 0.0 0.0
Gosho et al. ‘Wald 0.1f 0.2 15| 21| 34| 43| 50 0.0{ 0.2 0.7 13| 21| 39
Fan & Zhang 0.0/ 0.2] 1.6/ 25| 3.2 39| 44 0.0 0.5 1.5/ 32 33| 45
Pan 1.2 0.2 04| 03] 0.7 04| 038 0.0{ 0.0f 0.0f 0.0f 0.0 0.0
Wang & Long ||Wald 1.7 2.6| 3.7 39| 5.1} 5.0 59 0.0f 0.7 L5 32 33| 36| 50
Fan & Zhang 0.2 1.7 3.1 3.7\ 42| 44| 46| 0.0 1.3] 2.5/ 4.0/ 51| 51| 53
Pan 14| 02| 04| 04| 0.7{ 0.5 0.8 0.0 0.1f 0.0 0.0 0.0 00 0.0
equal n unequal n
10.01 100 legend
- Liang & Zeger / Wald
Liang & Zeger / F&Z
~ Morel / Wald
Morel / F&Z
- Pan & Wall / Wald
o Pan & Wall / F&Z
© “ Pan &Wall/ Pan
. - Gosho et al./ Wald
o Gosho et al./ F&Z
o " Goshoetal/Pan
— & -- Wang &Long / Wald
[0) Wang & Long / F&Z
_,% - Wang & Long / Pan

20 30
cell counts n

40

20

40

cell counts n
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9.9.2.2 p=08
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 41| 19| 0.6 0.5 02 0.0/ 0.0 12.6| 6.1| 54| 13| 13| 14
Fan & Zhang 0.7/ 04| 0.0 0.2 0.1 0.0 0.0f 1.5/ 15| 05| 07/ 0.7 0.0 0.1
Morel et al. Wald 0.0/ 0.0f 0.2 0.6 1.0f 23| 1.0/ 0.0 0.0f 00| 0.0 0.1 09 1.9
Fan & Zhang 0.0/ 0.0 0.1 0.2 06| 12| 12| 0.0/ 0.0f 00| 0.0/ 04| 05 03
Pan & Wall ‘Wald 4.6 33| 23| 34| 33| 44| 26| 16| 1.6/ 21| 2.0 2.7 19| 2.6
Fan & Zhang 0.7) 1.5 1.6 23| 32| 42| 27| 00| 15| 14| 13| 22| 24| 2.1
Pan 43| 1.5/ 04| 0.1 0.1f 0.1 0.4| 0.0 0.0/ 0.0f 0.0 0.0f 00| 0.1
Gosho et al. ‘Wald 0.3] 05 0.7) 09| 1.7 3.0 2.0 0.0y 03 0.1 03] 0.7, 1.1
Fan & Zhang 0.0/ 0.0 0.1 0.3] 1.8 2.8| 2.1 0.00 02 0.2 1.1} 09| 13
Pan 29| 0.7/ 0.6 0.2 00f 0.1] 04 0.0y 0.0f 0.0/ 0.0y 0.0/ 0.0
Wang & Long ||Wald 1.5| 2.0 1.1 16 27, 3.7, 23| 0.0/ 0.0 1.0 0.6 18 13| 1.9
Fan & Zhang 0.2| 04| 0.7 1.1 24 38| 22| 00/ 0.0f 05| 04| 1.7\ 1.8 1.9
Pan 4.0 09| 05| 03| 0.0 0.1f 04| 0.0f 0.0 0.0f 00f 0.0/ 0.0 0.0
equa n unequal n
1007 ', 100 legend
|
'. -A-- Liang &Zeger / Wac
I —6O— Liang &Zeger / R8Z
! ~~% =" Morel/ W\Ald
1 A
751 I 75 Morel / F&Z
- ! © -H-- Pan&Wall/ Wald
o ', —%F— Pn&Wl/ F8Z
© A @ Pan&Wall/Pan
. -48-- Goshoetal/ Wl
5 —8— Goshoeta/ F8Z
o 507 @ Goshoetd/Pan
— - -#-- Wang &Long/Wad
Q —— Wang &Long/ F&Z
> - Q- Wang &Long/ Pan
251
007

2 30 40 50
cell counts n
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9.9.2.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 47| 4.0 22 1.1 04| 0.0/ 0.1 2.0 7.7\ 94| 7.1 45| 23| 1.8
Fan & Zhang 1.0| 1.1 0.5, 0.2 0.1f 0.0/ 0.0 19, 23| 12 1.5/ 09| 03| 05
Morel et al. Wald 0.0/ 0.0f 0.0/ 0.5 0.7 09| 19| 19/ 08| 04| 03, 0.7 1.0f 24
Fan & Zhang 0.0/ 0.0f 0.0/ 0.1f 0.0f 0.1 0.7f 19| 0.8f 04| 03, 0.7, 0.0 04
Pan & Wall ‘Wald 34| 29 25| 21 21| 20| 29| 19| 46| 22| 1.3} 12| 02| 15
Fan & Zhang 0.0 04| 05 1.2y 1.1 14| 26| 194 23| 08| 03| 14| 1.1| 13
Pan 12.0f 2.0/ 1.1{ 0.8, 0.1y 0.1f 0.1 1.9 094 04| 03] 0.0/ 0.0f 0.0
Gosho et al. ‘Wald 251 09| 07 12| 1.1} 1.1 23 1.8 09 05| 02| 0.0/ 04
Fan & Zhang 0.0/ 0.0/ 0.0/, 0.2 06| 0.8 1.8 0.8 04| 03| 09| 03| 0.8
Pan 6.6/ 1.1 09| 08| 04| 0.1 0.1 09| 04| 03| 0.0y 0.0 0.0
Wang & Long ||Wald 2.8 23| 1.5/ 1.6 1.5 15 27 19/ 09| 09| 1.0/ 0.5 00 1.2
Fan & Zhang 0.0/ 0.0 0.1/ 0.6 06| 1.0/ 20 19| 1.6 04| 03| 12| 1.0/ 1.2
Pan 8.6/ 2.1 0.7 06| 0.2 02| 0.1 19| 09| 04| 03| 00f 0.0/ 0.0
equa n unequd n
1001 ! 100 legerd
i A
: K --A-- Liang &Zeger / W
[0} ;o\ —?— Liang &Zeger / F8Z
g I -~ =~ Morel/V\ald
e AN s A Mrd/RZ
o1 / © - Pn&Wal/Wad
o e | A —%F— Pn&Wl/F&Z
= | . =@ Pan &Wall/ Pn
- L | \ -8 -- Goshoetd/\W\ald
S ! ! \ —8— Goshoetdl/ RRZ
o 5.0'&1-':': /’ \ /4 50 O Goshoetal/Pan
— \ |§5 X --#-- \Wang & Long/ Wald
L AN 1, \‘ —— Wang&Long/ R&Z
> & b AN \ --O--- Wang &Long/ Pan
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9.9.3. unequal correlations on B (r = 0.7, 0.5, 0.4, 0.2)
exchangeable-structure assumed

9.9.3.1 p=05
equal cell counts unequal cell counts
method Anova-type 5 10 15 20 30 40 50 5 10 15 20 30 40 50
Liang & Zeger ||Wald 39| 46| 58| 51| 6.5 57| 6.5 6.2| 39.7] 32.7| 25.6| 18.1| 11.7| 114
Fan & Zhang 1.8 3.8] 4.6/ 49| 58| 4.8| 5.1 1.7 3.1 42| 41| 6.0 56| 55
Morel et al. Wald 0.0/ 0.0 03| 0.5 19( 23| 3.5/ 08 0.1 0.1f 0.1 0.7 1.8 3.5
Fan & Zhang 0.0/ 0.1 03| 0.9 2.0 27| 32| 08 0.1 0.1} 04| 0.8] 1.6/ 29
Pan & Wall ‘Wald 6.2| 63| 64| 55| 68 56| 65| 3.6| 51| 504 55| 48| 52| 63
Fan & Zhang 22| 43| 48| 51| 59| 49| 53| 08| 32| 48| 53| 6.0 6.1| 59
Pan 7.1 64| 64| 55| 68| 56| 65| 1.8/ 63| 54 56| 48| 4.6| 62
Gosho et al. ‘Wald 0.1 0.2 1.5 2.1 34| 43| 5.0 0.2 03] 0.8 1.3} 2.1 3.9
Fan & Zhang 0.0/ 02| 1.6/ 25| 3.2 39| 44 0.1 0.5 1.5 32| 33| 45
Pan 2.5 3.3| 4.0/ 4.1 56| 54| 6.1 1.8 2.5| 4.1 4.0 3.6/ 54
Wang & Long ||Wald 1.7) 2.6] 3.7, 3.9| 5.1 5.0 59| 18 09| 15 32| 33| 3.6/ 50
Fan & Zhang 0.2 1.7 3.1 3.7\ 42| 44| 46| 08| 1.4 25| 41| 51| 51| 53
Pan 55| 4.6 54| 48| 62| 54| 63| 1.8 45| 44, 49| 45| 4.0| 58
equal n
1001 100 legend
-~ Liang & Zeger / Wald
—O©— Liang & Zeger / F&Z
=~~~ Morel / Wald
+—E§ Morel / F&Z
-~ Pan&Wall/ Wald
© —%— Pan &Wall/ F&Z
T @ Pan&Wall/ Pan
= -48-- Goshoetal./ Wald
o —8&— Goshoetal/F&Z
o @ Goshoetal/Pan
— - —#%—- Wang &Long/ Wald
10} —— Wang & Long/ F&Z
N ---@--- Wang & Long / Pan
e

30
cell counts n

40

20

30

40

cell counts n
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9.9.3.2 p=08
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 42| 51| 3.0 4.6 4.0 43| 25| 2.0| 21.7| 30.9| 28.4| 29.9| 21.2| 16.7
Fan & Zhang 321 L7 14| 21| 26| 37| 22| 31| 29| 25| 23| 28| 21| 25
Morel et al. Wald 0.0/ 00| 02| 02 0.8 20| 1.1| 1.5/ 04 02| 0.1 03| 1.1] 2.1
Fan & Zhang 0.0/ 00| 0.1 02| 0.6 13| 13| 1.5/ 04 02 0.1 07/ 07| 0.6
Pan & Wall Wald 50 3.6| 22| 34| 33| 44| 26| 33| 24| 19| 20 27| 19| 26
Fan & Zhang 0.7 15| 1.6/ 23| 32 42| 27| 1.5 18 16| 14| 22| 24| 2.1
Pan 10.0| 56| 2.8| 3.8/ 3.5/ 41| 26| 16| 12| 23| 25 34| 28| 32
Gosho et al. Wald 03| 0.7/ 06| 09| 1.5 3.0 2.0 0.4 02| 0.1 03| 07 1.1
Fan & Zhang 0.0/ 00| 0.1| 03| 1.8 28| 2.1 0.4 03] 03| 1.1] 09 13
Pan 49| 37| 22| 24| 27| 37| 23 0.8 L.1| 14| 24| 21| 28
Wang & Long |[Wald 1.8 2.1 12| 1.6/ 2.7\ 37| 23| 16| 04| 1.0 0.8 1.8 13| 19
Fan & Zhang 02| 04| 07| 1.1| 24| 38| 22| 15| 04| 06| 05/ 17 18] 1.9
Pan 9.5 3.6| 24| 3.1| 33| 40| 24| 16| 12| 1.6/ 19| 27| 26| 29
equa n unequd n
- | L
100 5 ! 100 leged
1
! -A-- Liang &Zeger /A
| —?— Liang & Zeger / F&Z
' 7%~ Morel/W\ed
! —A— \orel/ R8Z
I -H-- Pan&WAll/Wad
) ¥ Pan&Wall/ F8Z
= =@ Pn&Wal/Pan
= -B-- Goshoetal/Wald
5 —8— Gushoeta/F8Z
5 ~-# Coshoetdl/ Pn
Z --#-- \Wang &Long/\Wad
o —i— Wang &Long/ R8Z
> O Wang &Long/ Pan




9. 9. 3.Interaction effect AB - B significant (effects b; = 0.4*s) 93
9.9.3.3 p=09
equal cell counts unequal cell counts
method Anova-type 5 10 | 15 | 20 | 30 | 40 | 50 5 10 | 15 | 20 | 30 | 40 | 50
Liang & Zeger ||Wald 3.7 67| 51| 32| 3.0 2.8 28| 20| 14.8| 17.2| 22.6| 25.5| 22.4| 22.8
Fan & Zhang 73] 1.8 09| 14| 14| 11| 24| 19| 23| 37| 23] 33| 18] 27
Morel et al. Wald 0.0/ 00| 0.0/ 0.1/ 04| 03] 15 19| 0.8| 04| 03] 05/ 038 23
Fan & Zhang 0.0/ 00| 0.0/ 0.1/ 0.0f 00| 06| 19| 0.8/ 04| 03] 09| 00| 0.7
Pan & Wall Wald 3.8 3.5 24| 2.1 2.1 2.0 29| 19| 45| 26| 16/ 12| 02| 13
Fan & Zhang 0.0/ 04| 04| 12| 1.1| 14| 26| 19| 23| 08| 03] 14| L.1| 13
Pan 13.2] 6.1 42| 27| 24| 21| 28| 19| 1.8 17| 1.8 23| 02| 13
Gosho et al. Wald 29| 13| 07| 1.1 09| 11| 23 1.8 L.7] 05| 02| 02 03
Fan & Zhang 0.0/ 00| 0.0 02| 06/ 08| 1.8 0.8 04| 03| 09| 03| 0.8
Pan 54| 51| 26| 22| 27| 16| 26 09/ 09| 10| 19| 02| 1.2
Wang & Long |[Wald 2.1 2.1 15| 1.6 15 15 27| 19| 09/ 04| 08| 05| 02| 09
Fan & Zhang 1.6/ 00| 0.1 0.6/ 0.6 1.0/ 20| 19| 1.5/ 04| 03] 12| 10| 12
Pan 1.7 51| 3.6/ 3.0 29| 19/ 29/ 19| 19| 17| 2.1 21| 02| 13
equa n unequal n
] | 5
100 ! 100 legerd
|
! --A-- Liang & Zeger / WAld
—O0— Liang & Zeger / F&Z
~~% - Morel/Wad
—A— Mordl/ F8Z
-H-- Pan&Wall/\Wald
Q —%F— Pan&Wall/F8Z
= =@ Pan &\l / Pan
= -B-- Goshoetal/Wald
o —8— Goshoeta/RZ
s @ Coshoetd/ Pan
— --&-- Wang &Long/\Wald
o —— Wang &Long/ F&Z
> O Wang &Long/ Pan




