Comparison of nonparametric analysis of variance
methods - a Monte Carlo study
Part A: Two between subjects factors designs
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equal means - equal cell counts

1.1 equal means - equal cell counts

Table 1-1-1a:

equal means - n;=10 - n of levels=2*4 - 0:=0.05

distribution type effect| param | RT INT ART A}E”;-F Pgreln& \\A;zrelr((iiee; ATS
normal A 5.54 5.50 5.48 5.30 5.56 5.46 5.54 5.48
equal variances B 4.58 4.62 4.72 4.74 4.56 4.32 4.46 4.34
AB 4.50 4.96 4.70 5.10 4.84 4.46 4.46 4.74
normal A 5.68 5.34 5.58 6.98 6.24 5.20 5.44 5.28
unequal variances B 6.44 6.00 5.52 5.80 5.36 5.56 5.20 5.20
(on B) AB 5.86 4.82 5.28 6.34 5.92 4.60 5.02 4.58
normal A 5.76 5.30 5.52 6.80 6.12 5.12 5.38 5.26
unequal variances B 5.94 5.80 5.40 6.12 5.56 5.46 5.08 5.24
(on A and B) AB 5.62 5.06 5.02 6.52 5.70 4.56 4.62 4.60
right skewed A 5.00 5.40 5.22 5.42 4.82 5.18 5.20 5.36
B 4.72 4.92 4.94 5.06 4.28 4.66 4.62 4.82
AB 5.08 5.28 5.02 5.56 5.28 5.06 4.74 5.06
exponential A 4.34 4.74 4.66 5.18 4.24 4.70 4.70 4.72
continuous B 4.76 5.44 5.32 5.52 4.14 4.98 4.66 5.18
AB 4.68 5.66 5.32 6.12 5.42 5.22 4.92 5.32
exponential A 4.46 4.84 4.74 5.86 4.52 4.76 4.60 4.80
discrete B 4.60 5.20 5.26 5.92 3.92 4.90 4.94 5.08
AB 4.54 5.54 5.28 6.58 5.54 5.08 4.86 5.38
lognormal (0 / 0.25) A 5.04 4.98 5.00 5.26 4.82 5.08 5.08 4.94
B 4.56 4.90 4.92 4.86 4.66 4.68 4.66 4.86
AB 4.46 4.88 4.86 4.82 4.78 4.62 4.44 4.54
uniform A 5.38 5.40 5.22 4.94 5.10 5.18 5.20 5.36
continuous B 4.90 4.92 4.94 4.96 4.84 4.66 4.62 4.82
AB 5.18 5.28 5.02 5.34 5.08 5.06 4.74 5.06
uniform A 5.12 5.06 5.08 5.94 5.80 4.98 5.02 5.02
discrete B 4.90 4.82 4.70 4.80 4.30 4.48 4.48 4.62
AB 4.82 4.82 4.92 4.94 4.72 4.56 4.68 4.70
left/right skewed A 5.12 4.18 7.02 4.34 4.44 4.12 6.66 4.16
B 5.16 5.12 5.20 4.42 5.20 4.90 4.96 5.00
AB 4.76 4.78 4.82 4.86 4.76 4.48 4.40 4.48
left skewed A 5.12 5.08 5.04 7.12 5.52 4.88 5.02 4.98
unequalvariances B 5.40 5.38 4.58 5.24 4.56 5.14 4.32 4.84
(on B) AB 6.26 5.54 6.42 6.70 6.66 5.18 5.98 5.22
left skewed 5.16 5.20 4.96 7.24 5.74 4.90 4.70 5.08
unequalvariances B 5.36 5.24 5.06 5.50 5.20 4.92 4.78 4.72
(on A and B) AB 5.92 5.60 6.02 6.72 6.38 5.08 5.58 5.32




equal means - equal cell counts

Table 1-1-1b:
equal means - n;=10 - n of levels=2*4 - 0=0.01
distribution type effect | param | RT INT | ART AH}?,; Plslzn& \\7\//22521 ATS

normal A 0.92 1.02 0.94 1.16 1.14 0.90 0.78 1.00
equal variances B 0.94 1.12 1.00 0.64 0.74 0.94 0.80 1.08
AB 1.22 1.32 1.38 1.10| 0.92 1.10 1.16 1.16
normal A 0.76 0.94 0.86 1.78 1.42 0.76 0.72 1.00
unequal variances B 1.74 1.36 1.32 1.12 1.30 1.28 1.14 1.26
(on B) AB 1.78 1.22 1.52 1.48 1.60 1.14 1.38 1.18
normal A 1.08 1.02 0.96 1.58 1.24 0.94 0.94 0.96
unequal variances B 1.48 1.10 1.10 1.18 1.14 0.94 0.88 0.88
(on A and B) AB 1.54 1.22 1.32 1.54 1.52 1.14 1.12 1.18
right skewed A 0.86 0.98 0.82| 0.94| 0.70 0.70 0.66 0.92
B 1.04 0.78 0.86| 092 0.72 0.62 0.66 0.68
AB 1.16 1.24 1.12 1.14 1.10 1.00 0.84 1.06
exponential A 0.88 0.96 1.00 1.14| 0.76 0.88 0.90 0.96
continuous B 0.70 0.94 0.86| 0.94] 0.74 0.76 0.70 0.84
AB 0.88 1.20 1.16 1.58 1.24 0.84 0.92 1.06
exponential A 0.84 0.84 0.98 1.22)  0.90 0.82 0.88 0.84
discrete B 0.86 1.06 1.00 1.10| 0.58 0.88 0.74 0.94
AB 0.88 1.24 1.00 1.64 1.42 1.00 0.90 1.20
lognormal (0 / 0.25) A 1.22 1.12 1.2 1.28 1.22 1.04 1.14 1.12
B 1.04 1.30 1.3 1.32 1.24 0.96 1.06 1.22
AB 0.86 0.88 09| 0.90f 0.90 0.70 0.62 0.74
uniform A 0.88 0.98 0.82| 094 0098 0.70 0.66 0.92
continuous B 0.76 0.78 0.86| 0.78] 0.94 0.62 0.66 0.68
AB 1.00 1.24 1.12 1.18| 0.98 1.00 0.84 1.06
uniform A 0.90 0.94 0.98 1.08 1.14 0.80 0.80 0.94
discrete B 0.82 0.82 0.80| 0.86] 0.80 0.62 0.60 0.70
AB 1.04 1.16 1.10 1.20 1.08 0.88 0.86 1.06
left/right skewed A 1.10 1.14 1.06 1.18 1.06 1.14 1.04 1.14
B 0.78 0.84 1.06| 0.84] 0.96 0.70 0.86 0.76
AB 1.24 1.24 1.18 1.32 1.18 0.96 0.80 1.14
left skewed A 1.04 1.16 1.10 1.88 1.06 0.96 0.88 1.14
unequal variances B 1.54 1.10 1.10 1.18 1.20 0.92 0.98 0.86
(on B) AB 1.92 1.44 1.88 1.78 1.92 1.24 1.60 1.30
left skewed A 0.92 1.08 0.98 1.64 1.02 0.94 0.74 1.08
unequal variances B 1.32 0.96 1.22 1.24 1.22 0.86 1.04 0.80
(on A and B) AB 1.60 1.62 1.68 1.98 1.86 1.34 1.54 1.42




equal means - unequal cell counts

1.2 equal means - unequal cell counts

Table 1-2-1a:

equal means - average n;=5 - n of levels=4*5 - n; and s; independent - 0=0.05

distribution type effect | param RT INT | ART AHI\{II,; Pgrein& \;\]/?elrcclizrn ATS
normal A 4.76 4.78 4.84| 278 2.72 4.68 4.76 4.40
equal variances B 4.80 4.96 4.80| 298| 2.86 4.66 4.66 4.22
AB 5.34 4.72 524 4.66| 5.28 3.66 4.00 4.24
normal A 3.68 4.02 398 494 3.46 4.08 3.70 4.00
unequal variances B 5.80 5.04 488 3.32| 3.22 4.62 4.60 3.90
(on B) AB 6.12 4.90 5.86| 634 6.10 3.62 4.82 3.90
normal A 6.42 4.84 546 348 294 4.72 5.16 3.98
unequal variances B 6.88 5.50 5.92| 3.94| 3.56 4.98 5.40 3.94
(on A and B) AB 8.28 5.38 6.62| 652 7.42 4.10 5.40 3.90
right skewed A 4.64 4.88 4.84| 2.84] 240 4.56 4.44 4.22
B 5.46 5.16 536 3.00| 2.34 4.88 4.94 4.72
AB 5.14 4.54 518 496 5.12 3.50 3.92 4.10
exponential A 5.62 4.94 5.14| 4.16] 2.56 4.78 4.78 4.42
continuous B 5.20 5.16 5201 3.96| 224 4.66 4.80 4.66
AB 6.24 4.96 4.66| 6.18] 5.82 3.42 3.76 4.38
exponential A 5.94 5.56 534 450 2.60 5.22 5.16 4.84
discrete B 4.96 4.88 4.80| 396 2.18 4.42 4.40 4.66
AB 6.40 5.08 498| 6.70| 6.30 3.84 3.84 4.42
lognormal (0 / 0.25) A 4.98 4.96 5.08) 3.12| 274 4.66 4.82 4.08
B 5.20 4.56 4.70| 3.24] 2.60 4.48 4.52 4.34
AB 5.50 4.60 4.80| 4.64] 5.04 3.50 3.86 4.50
uniform A 4.74 4.88 4.84| 2.64| 2.70 4.56 4.44 4.22
continuous B 5.14 5.16 5361 290 2.58 4.88 4.94 4.72
AB 4.60 4.54 5.18| 4.66| 4.74 3.50 3.92 4.10
uniform A 4.90 4.98 496 2.60| 2.70 4.56 4.62 4.24
discrete B 5.70 5.78 5.58] 296 296 5.22 5.32 4.64
AB 4.88 4.90 4.80| 4.72| 5.06 3.56 3.50 4.58
left/right skewed A 4.96 5.02 494 2.52| 234 4.64 4.50 4.30
B 5.10 4.80 6.36| 2.66| 2.62 4.54 5.88 4.28
AB 5.12 4.92 534 4.84| 5.06 3.66 4.00 4.20
left skewed A 3.78 3.92 3.68| 4.48| 3.08 3.62 3.24 3.76
unequal variances B 5.62 5.76 528 3.10] 2.82 5.54 5.04 3.98
(on B) AB 6.30 5.08 6.68| 640 6.44 3.74 5.12 3.56
left skewed A 6.64 4.98 580 3.36| 2.66 4.64 5.22 3.66
unequal variances B 7.74 5.98 6.64| 4.00| 3.06 5.38 6.14 4.12
(on A and B) AB 9.22 5.68 8.42| 7.86| 9.66 4.50 6.70 4.06
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Table 1-2-1b:
equal means - average n;=5 - n of levels=4*S - n; and s; independent - 0=0.01
distribution type effect | param | RT INT | ART AHI?;F szin& vvvzzri:l ATS

normal A 1.16 1.00 1.16| 0.54| 0.50 0.84 0.90 0.98
equal variances B 0.86 0.84 1.02| 0.50{ 0.32 0.58 0.56 0.90
AB 1.06 0.84 1.04; 0.90| 0.90 0.50 0.54 1.10
normal A 0.94 0.82 0.90| 1.06| 0.52 0.66 0.66 0.74
unequal variances B 1.76 0.96 1.22] 0.62| 0.44 0.86 0.94 0.76
(on B) AB 1.44 1.00 1.12) 1.16f 1.30 0.44 0.60 0.76
normal A 1.70 1.18 1.26| 0.84| 0.56 0.98 1.08 0.74
unequal variances B 1.86 0.88 1.00| 0.88| 0.60 0.74 0.78 0.80
(on A und B) AB 2.72 1.12 1.62| 1.58| 2.06 0.44 1.00 0.80
right skewed A 1.06 0.82 0.88| 0.50| 0.32 0.66 0.74 0.68
B 1.14 1.18 1.22| 0.58| 0.40 0.92 0.90 0.98
AB 1.20 0.90 1.04; 1.08| 1.18 0.50 0.46 0.98
exponential A 1.44 1.04 1.08| 0.88| 0.40 0.88 0.88 1.20
continuous B 1.36 0.86 1.00| 0.86| 0.26 0.62 0.80 1.18
AB 1.78 0.98 0.96] 1.40( 1.60 0.50 0.52 1.08
exponential A 1.38 0.84 1.00| 0.96| 0.34 0.66 0.72 0.96
discrete B 1.44 0.68 0.84| 0.78| 0.34 0.54 0.68 1.00
AB 1.80 0.80 1.02| 1.56| 1.84 0.42 0.56 0.98
lognormal (0/0.25) A 1.20 1.14 1.10| 0.64| 0.44 0.96 0.96 1.02
B 1.04 0.82 0.86| 0.62| 0.44 0.66 0.68 0.90
AB 1.32 0.98 1.12) 0.96| 0.92 0.48 0.42 1.14
uniform A 0.84 0.82 0.88| 0.42| 0.38 0.66 0.74 0.68
continuous B 1.18 1.18 1.22| 0.52| 0.44 0.92 0.90 0.98
AB 1.00 0.90 1.04; 0.98| 0.78 0.50 0.46 0.98
uniform A 0.80 0.82 0.88| 0.40| 0.34 0.74 0.76 0.78
discrete B 1.14 1.08 1.18| 0.52| 0.46 0.96 1.02 1.12
AB 0.86 0.86 1.02| 1.06| 1.02 0.48 0.50 1.00
left/right skewed A 0.90 0.84 1.02| 0.52| 0.32 0.54 0.76 0.76
B 1.18 1.00 1.54| 0.46| 0.46 0.80 1.18 0.92
AB 1.06 0.90 1.16] 0.94| 1.02 0.52 0.70 1.06
left skewed A 0.66 0.70 0.80f 1.02| 0.54 0.48 0.42 0.68
unequal variances B 1.74 1.48 1.44| 0.66| 0.64 1.14 1.22 1.14
(on B) AB 1.94 1.32 2.00f 1.72| 1.96 0.54 1.04 0.94
left skewed A 1.98 1.10 1.64| 0.84| 0.52 0.82 1.26 0.82
unequal variances B 2.28 1.28 1.98| 0.80] 0.54 1.10 1.40 0.94
(on A and B) AB 3.26 1.42 2.66) 2.10f 3.20 0.80 1.72 1.08




equal means - unequal cell counts 5
Table 1-2-2a:
equal means - average n;=5 - n of levels=4*5 - n; and s; dependent - 0=0.05
distribution type effect | param | RT INT ART AIRN2+ Plslzin& \;[ir;rcéeern ATS
normal A 1.04 2.10 1.24 3.86 2.64 2.02 1.26 4.34
unequal variances B 1.22 2.02 1.32 4.24 2.72 1.86 1.28 4.14
small n; - small s; AB 1.04 1.84 1.28 2.02 1.34 1.30 0.76 3.66
normal A 18.44| 10.10| 1434 3.40 3.46 9.56 13.02 4.52
unequal variances B 18.64 9.60| 14.44 3.74 3.50 8.70 12.68 4.62
small n; - large s; AB 23.60| 11.28| 17.20| 14.04 19.20 8.94 14.24 5.24
left skewed A 1.00 1.15 0.95 3.30 1.72 1.20 0.90 4.45
unequal variances B 1.45 2.05 1.00 3.70 2.02 1.70 0.90 4.35
small n; - small s; AB 1.55 2.15 1.25 2.60 1.00 1.35 0.70 3.50
left skewed A 17.2 11.5( 19.15 3.05 3.44 10.50 16.30 4.50
unequal variances B 19.4 13.4| 21.65 4.55 3.88 12.10 19.35 4.70
small n; - large s; AB 24.1 153 27.55| 17.70 25.64 12.75 23.10 5.20
Table 1-2-2b:
equal means - average n;=5 - n of levels=4*5 - n; and s; dependent - a=0.01
distribution type effect | param | RT INT ART AIRN2+ Plslr;n& \;[ir;rcéeern ATS
normal A 0.12 0.24 0.14 0.70 0.46 0.18 0.10 0.86
unequal variances B 0.08 0.28 0.08 0.82 0.54 0.24 0.06 0.62
small n; - small s; AB 0.22 0.32 0.22 0.34 0.22 0.20 0.14 0.70
normal A 6.92 2.64 4.64 0.72 0.80 2.30 3.72 1.12
unequal variances B 7.52 2.70 4.46 0.58 0.56 2.04 3.40 1.38
small n; - large s; AB 9.54 2.90 6.20 4.06 7.06 1.60 3.64 1.66
left skewed A 0.25 0.25 0.25 0.90 0.30 0.20 0.15 0.60
unequal variances B 0.25 0.25 0.20 0.65 0.30 0.15 0.10 0.75
small n; - small s; AB 0.35 0.35 0.25 0.60 0.18 0.10 0.15 0.60
left skewed A 6.6 3.35 7.50 0.60 0.66 2.45 5.50 1.10
unequal variances B 7.7 4.60 9.30 0.70 0.78 3.30 7.50 1.60
small n; - large s; AB 10.1 5.151 1235 6.45 10.74 3.25 7.85 1.45
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1.3 unequal means - equal cell counts
Table 1-3-1a:
unequal means - n;=10 - n of levels=2%4 - A sig (0.6*s) - 0=0.05
distribution type effect | param RT INT | ART Algl;_ ngn& \\{lzr;r(cilee; ATS
normal B 458| 476 4.68] 474 456 3.14 3.06| 4.30
equal variances AB 450| 472 486 510 484 312 3.10| 4.48
normal B 6.44| 6.12| 558/ 580 536 3.88 4.08/ 5.08
unequal.. variances (B) AB 5.86| 5.84| 562 634 592 418 4.00| 5.46
normal B 594 584| 552| 612 556 3.96 3.80| 5.10
unequal variances (A,.B) | AB 562| 586 528 652| 570| 3.88 3.66| 5.48
right skewed B 472 488 476 506 428| 3.14 2.76| 4.60
AB 508/ 5.08 510/ 5.56| 528 @ 3.42 2.94| 4.86
exponential B 478 530 5.04| 876 4.14| 372 3.48| 5.10
continuous AB 4.66| 484 494 936 498 350 3.46| 452
exponential B 470 488 4.94| 1040 390 3.52 3.40| 4.70
discrete AB 482 510/ 5.14| 11.88] 546 3.52 342 4.68
lognormal (0 / 0.25) B 456| 528 486 4.86| 466 348 340 5.08
AB 446 502 472| 482 478 328 2.90| 4.62
uniform B 490 4.86| 488 496 484 348 3.22] 4.70
continuous AB 518 5.14| 526 534| 508 3.90 3.58| 4.90
uniform B 452 472 460 476| 434] 324 3.12| 458
discrete AB 490| 484 5.02| 526/ 514] 3.0 3.34| 4.62
left/right skewed B 476 442 502 442] 520 288 3.42| 424
AB 472 498 478 486 476| 344 344 478
left skewed B 540 5.54| 4.92| 524 456 3.80 3.52| 4.88
unequal variances (B) AB 626 6.02| 6.06| 670 666 472 4.16| 5.58
left skewed B 536| 494 490 550 520/ 3.8 322 420
unequal variances (A.B) | Ap 592 592 556 672|638 454 4.08| 5.46
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Table 1-3-1b:
unequal means - n;=10 - n of levels=2%4 - A sig (0.6*s) - =0.01
distribution type effect | param | RT INT | ART AHI?;F Pgl;in& \X]zl;rizrn ATS
normal B 0.82] 084] 076 064] 074] 034 034 0.74
equal variances AB 0.94| 1.10| 096/ 1.0 092] 0.64 0.56| 0.96
normal B 1.72|  132] 132] 112|130 0.2 0.64| 1.02
unequal variances (B) AB 148 132| 130 148 1.60|  0.80 0.80| 1.8
normal B 148 1.18| 126 118 1.14|  0.68 0.72| 0.96
unequal variances (A.B) | Ap 1.54]  138] 132 154 152|086 0.78| 1.4
right skewed B 1.04| 090 1.02] 092] 072 042 0.34] 0.86
AB 1.16| 122| 1.16| 114] 1.10|  0.54 042 1.08
exponential B 092| 084 074 194 058 038 038 0.74
continuous AB 1.00| 1.0 090 232 1.18]  0.60 048] 0.90
exponential B 0.82| 098 1.00 280 072 048 0.46| 0.84
discrete AB 088 1.16] 1.06| 346 138 074 0.74|  1.00
lognormal (0 / 0.25) B 1.04| 126] 124 132] 124]  0.60 0.58] 1.18
AB 0.86| 0.90| 0.82| 090 090  0.50 0.34| 0.82
uniform B 076| 0.80| 084 078 094 052 042 0.74
continuous AB 1.00| 1.06] 126/ 1.18] 098] 054 0.58] 0.96
uniform B 0.94| 1.02| 1.04| 094 086 0.2 0.40| 0.96
discrete AB 1.18| 1.14| 1.06| 1.28 1.12 0.66 0.54| 1.00
left/right skewed B 078 0.82] 1.00| 084 096 044 042 0.72
AB 124 1.16| 1.04| 132 118 072 0.52| 1.12
left skewed B 1.54|  1.16] 1.18] 118|120  0.70 0.68] 0.80
unequal variances (B) AB 192| 158 180 178  1.92]  1.10 118 1.52
left skewed B 132]  090| 122 124 122| 0.8 0.54| 0.76
unequal variances (A.B) | Ap 1.60| 1.60| 158 198 1.86 1.04 1.10| 136
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Table 1-3-2a:
unequal means - n;=10 - n of levels=2*4 - A and B sig (0.8*s) - 0=0.05
(Only error rates for the test of the interaction are reported.)

distribution type param | RT | INT | ART AIET; P‘;Zin& \Laazrizrn ATS
normal - equal variances 4.50 4.88| 4.64 5.10 4.84 1.40 1.36| 4.62
normal - uneq. variances (B) 5.86 6.80 5.94 6.34 5.92 2.18 2.00 6.20
normal - uneq. variances (A,B) 5.62 7.56 5.82 6.52 5.70 3.04 222 7.06
right skewed 5.08 5.12 5.56 5.56 5.28 1.46 1.34| 4.84
exponential - continuous 5.30 6.02 5.64 7.90 6.10 4.48 3.94 5.68
exponential - discrete 5.30 6.06 5.88 8.12 5.76 4.40 4.36 5.70
lognormal (0 / 0.25) 4.46 4.74 4.60 4.82 4.78 1.08 1.14 4.38
uniform - continuous 5.18 4.86 4.62 5.34 5.08 1.80 1.54 4.66
uniform - discrete 5.14 4741 4.62 5.20 5.12 1.92 1.46| 4.50
left/right skewed 4.72 5.02 4.56 4.86 4.76 1.98 1.58 4.82
left skewed - uneq. var. (B) 6.26 6.44 5.66 6.70 6.66 2.94 234 596
left skewed - uneq. var. (A,B) 5.92 7.26 5.64 6.72 6.38 3.88 2.52 6.76
Table 1-3-2b:
unequal means - n;=10 - n of levels=2*4 - A and B sig (0.8*s) - a=0.01
(Only error rates for the test of the interaction are reported.)

distribution type param RT INT ART AIE?_ ngn& \Z/j:;r((l;; ATS
normal - equal variances 0.94 096 0098 1.10 0.92 0.08 0.08 0.86
normal - uneq. variances (B) 1.48 1.44 1.18 1.48 1.60 0.28 0.30 1.20
normal - uneq. variances (A,B) 1.54 2.06 1.20 1.54 1.52 0.42 0.32 1.54
right skewed 1.16 1.16 1.12 1.14 1.10 0.20 0.16 0.98
exponential - continuous 1.38 1.32 1.42 2.42 1.72 0.68 0.66 1.26
exponential - discrete 1.32 1.30 1.34 2.60 1.76 0.70 0.58 1.12
lognormal (0/0.25) 0.86 0.80| 0.88 0.90 0.90 0.16 0.10 0.66
uniform - continuous 1.00 0.98 0.88 1.18 0.98 0.12 0.18 0.80
uniform - discrete 1.18 1.12 0.98 1.34 1.32 0.10 0.12 0.90
left/right skewed 1.24 1.20 1.02 1.32 1.18 0.24 0.14 1.18
left skewed - uneq. var. (B) 1.92 1.88 1.54 1.78 1.92 0.44 0.50 1.62
left skewed - uneq. var. (A,B) 1.60 1.86 1.42 1.98 1.86 0.76 0.54 1.66
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Table 1-3-3:
unequal means - n;=10 - n of levels=2%4 - a=0.05

influence of sifnificant effects on the type I error rates for the interaction AB

(This is a summary with excerpts from tables 1-1-1a, 1-3-1a and 1-3-2a.)

distribution type :;g;z param | RT INT ART AIII?;_ Plsl;in& \;zlér((iiee; ATS
normal - 5.54 5.50 5.48 5.30 5.56 5.46 5.54 5.48
equal variances A 4.50 4.72 4.86 5.10 4.84 3.12 3.10 4.48
A,B 4.50 4.88 4.64 5.10 4.84 1.40 1.36 4.62
normal - 5.68 5.34 5.58 6.98 6.24 5.20 5.44 5.28
unequal variances A 5.86 5.84 5.62 6.34 5.92 4.18 4.00 5.46
(on B) A, B 5.86 6.80 5.94 6.34 5.92 2.18 2.00 6.20
normal - 5.76 5.30 5.52 6.80 6.12 5.12 5.38 5.26
unequal variances A 5.62 5.86 5.28 6.52 5.70 3.88 3.66 5.48
(on A and B) A,B 5.62 7.56 5.82 6.52 5.70 3.04 2.22 7.06
right skewed - 5.00 5.40 5.22 5.42 4.82 5.18 5.20 5.36
A 5.08 5.08 5.10 5.56 5.28 3.42 2.94 4.86
A,B 5.08 5.12 5.56 5.56 5.28 1.46 1.34 4.84
exponential - 4.68 5.66 5.32 6.12 5.42 5.22 4.92 5.32
continuous A 4.66 4.84 4.94 9.36 4.98 3.50 3.46 4.52
A,B 5.30 6.02 5.64 7.90 6.10 4.48 3.94 5.68
exponential - 4.54 5.54 5.28 6.58 5.54 5.08 4.86 5.38
discrete A 4.82 5.10 5.14| 11.88 5.46 3.52 3.42 4.68
A,B 6.06 5.88 8.12 5.76 4.40 4.36 5.70 6.06
lognormal (0 / 0.25) - 4.46 4.88 4.86 4.82 4.78 4.62 4.44 4.54
A 4.46 5.02 4.72 4.82 4.78 3.28 2.90 4.62
A,B 4.46 4.74 4.60 4.82 4.78 1.08 1.14 4.38
uniform - 5.18 5.28 5.02 5.34 5.08 5.06 4.74 5.06
continuous A 5.18 5.14 5.26 5.34 5.08 3.90 3.58 4.90
A, B 5.18 4.86 4.62 5.34 5.08 1.80 1.54 4.66
uniform - 5.12 5.06 5.08 5.94 5.80 4.98 5.02 5.02
discrete A 4.90 4.84 5.02 5.26 5.14 3.50 3.34 4.62
A,B 5.14 4.74 4.62 5.20 5.12 1.92 1.46 4.50
left/right skewed - 5.12 4.18 7.02 4.34 4.44 4.12 6.66 4.16
A 4.72 4.98 4.78 4.86 4.76 3.44 3.44 4.78
A, B 4.72 5.02 4.56 4.86 4.76 1.98 1.58 4.82
left skewed - 5.12 5.08 5.04 7.12 5.52 4.88 5.02 4.98
unequalvariances A 6.26 6.02 6.06 6.70 6.66 4.72 4.16 5.58
(on B) A,B 6.26 6.44 5.66 6.70 6.66 2.94 2.34 5.96
left skewed - 5.16 5.20 4.96 7.24 5.74 4.90 4.70 5.08
unequalvariances A 5.92 5.92 5.56 6.72 6.38 4.54 4.08 5.46
(on A and B) A,B 5.92 7.26 5.64 6.72 6.38 3.88 2.52 6.76
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Table 1-3-4:
unequal means - n;=10 - n of levels=2%4 - a=0.05
influence of sifnificant effects on the type I error rates for effect B
(This is a summary with excerpts from tables 1-1-1a nad 1-3-1a),
distribution type :;g;g param | RT INT ART AIET,; P;gn& \‘{lzlér(cllee; ATS
normal - 4.58 4.62 4.72 4.74 4.56 4.32 4.46 4.34
equal variances A 5.14 5.16 5.34 5.16 4.56 3.52 3.52 5.04
normal - 6.44| 6.00/ 5.52 580 5.36 5.56 520f 5.20
unequal variances (B) A 5.66 5.76 5.08 5.76 5.36 3.78 3.34 5.42
normal - 594| 580 540 6.12| 5.56 5.46 508 5.24
unequal variances (A,B) A 580 6.38 5.36 6.20| 5.56 4.64 3.86] 5.94
right skewed - 4.72 4.92 4.94 5.06 4.28 4.66 4.62 4.82
A 508/ 5.28| 5.02 5.56| 528 5.06 474  5.06
exponential - 476 544 532 552 4.14 4.98 4.66| 5.18
continuous A 4.78 5.30 5.04 8.76 4.14 3.72 3.48 5.10
exponential - 460 520] 526 5921 392 4.90 494 5.08
discrete A 470 4.88] 494 1040 3.90 3.52 340 470
lognormal (0 / 0.25) - 4.56 4.90 4.92 4.86 4.66 4.68 4.66 4.86
A 456 5.28] 4.86 486| 4.66 3.48 3.40[ 5.08
uniform - 490 4.92] 494 496| 4.84 4.66 462 482
continuous A 4.90 4.86 4.88 4.96 4.84 3.48 3.22 4.70
uniform - 490 4.82] 4.70 4.80| 4.30 4.48 448 4.62
discrete A 486| 4.82| 4.88 482 434 3.98 3721 4.80
left/right skewed - 5.16 5.12 5.20 4.42 5.20 4.90 4.96 5.00
A 492| 436| 5.28 436| 5.20 3.10 3.50  4.30
left skewed - 540| 5.38| 458 524| 456 5.14 432 484
unequal variances (B) A 5.22 5.84 4.72 5.84 5.56 3.82 3.30 5.38
left skewed - 536| 5.24| 5.06 5.50| 520 4.92 478 472
unequal variances (A,B) A 5.86| 11.10 5.76 7.52 5.20 9.08 4.46| 10.96
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1.4 unequal means - unequal cell counts
Table 1-4-1a:
unequal means - average n;=5 - n of levels=4*5 - A sig (0.6%s) - a=0.05
distribution type effect | param RT INT | ART AHIE"I;- Pgrein& \\)\flzrérc(lii; ATS
normal B 480 510 504 414 368] 344 328 4.14
equal variances AB 534 474 512 480 532 222 2.66| 422
normal B 580 5.12| 494 452 388  3.70 3.62|  4.02
unequal variances (B) AB 6.12| 540| 576 642| 632 256 282 3.86
normal B 6.88] 5.66| 592| 532 462 396 4200 3.90
unequal variances (A,B) AB 828 592| 7.04| 6.60| 7.56| 3.04 3.98] 3.96
right skewed B 5.46| 560 5600 474 410 3.74 3.62| 456
AB 5.14| 532|572 500|538 220 248] 4.86
exponential B 358) 392 398 7.66| 364 274 284 4.02
continuous AB 492 434 424 592| 450 188 1.90| 4.02
exponential B 330 3.42| 3.16| 9.54| 3.78) 242 230 3.94
discrete AB 516/ 428 410 730 508  1.90 190 4.04
lognormal (0 / 0.25) B 520 4.94| 540 404 344 336 3.48| 438
AB 550 4.86| 5500 4.82| 524 206 2.66| 4.62
uniform B 5.4 512|526 368 390  4.00 3.58] 4.64
continuous AB 460 454 490 444] 466|210 1.92| 4.08
uniform B 554 548 540 4.12| 408  4.02 3.62| 4.78
discrete AB 498 474/ 470 500/ 518 2.10 1.76| 446
left/right skewed B 510/ 460 6.02| 3.92| 388 342 420 428
AB 512 470|528 s5.00] 504 212 222 412
left skewed B 562 574 5520 334 304 432 442 4.14
unequal variances (B) AB 630 518 6.54| 628 640 278 334| 3.94
left skewed B 774 5.64| 654 462| 378  4.04 464 422
unequal variances (A.B) | Ap 9.22| 596/ 7.86| 7.68] 950 336 442 3586
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Table 1-4-1b:
unequal means - average n;=5 - n of levels=4*5 - A sig (0.6*s) - 0=0.01
distribution type effect | param | RT INT | ART A}E};f Pglzn& V\g;r((iiz; ATS
normal B 0.86| 096 094/ 080 0.80 0.42 038 0.98
equal variances AB 1.06| 098] 096/ 0.88 1.04 0.32 0.34| 1.10
normal B 1.76| 1.14| 1.16] 1.16| 1.04 0.60 0.56| 0.80
unequal variances (B) AB 144 110| 1.14] 118 134 032 038 0.88
normal B 1.86| 1.04| 128 122 094 0.56 0.58| 0.78
unequal variances (A.B) | Ap 272|128 168 152 208 048 0.56| 0.88
right skewed B 1.14| 136 132 090 0.68 0.58 0.68 1.22
AB 120 1.24| 120 126/ 134 0.28 0.24| 1.26
exponential B 094/ 0.72| 0.78| 1.70|  0.68 0.48 0.54| 0.88
continuous AB 150/ 088 0.84] 140 134 0.14 0.16| 1.02
exponential B 098] 0.60| 0.64| 2.14] 0.62 0.38 0.38| 0.88
discrete AB 1.46| 0.62| 076 196/ 132 0.12 0.16/ 0.90
lognormal (0 / 0.25) B 1.04| 1.06| 1.18] 068  0.52 0.40 0.58 0.92
AB 132  1.06| 124 094 1.00 0.26 0.14| 1.00
uniform B 1.18| 1.18| 1.34| 0.72| 0.70 0.64 0.56| 1.14
continuous AB 1.00| 090| 096 088  0.84 0.34 0.26| 0.96
uniform B 1.18| 120 1.12| 082 0.80 0.68 0.58| 1.26
discrete AB 0.86| 0.84| 0.80| 0.94 0.80 0.22 0.16| 0.94
left/right skewed B 1.18| 1.00| 1.42| 0.74| 0.66 0.58 0.72| 0.80
AB 1.06| 094| 1.0 100/ 1.00 0.38 032 1.12
left skewed B 1.74| 146| 1.62| 066/ 0.70 0.88 1.02| 1.14
unequal variances (B) AB 1.94| 140 198 1.76] 198  0.58 0.72| 0.88
left skewed B 228 1.22| 190 088 0.74 0.66 0.86| 0.84
unequal variances (A.B) | Ap 326 1.52| 264 212 324  0.64 1.08] 1.12
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Table 1-4-2a:
unequal means - average n;=5 - n of levels=4*5 - A and B sig (0.8%s) - 0=0.05
(Only error rates for the test of the interaction are reported.)

distribution type param RT INT ART A}E};f Plélzn& \\{/aalérflzrn ATS
normal - equal variances 5.34 4.60 5.28 4.82 5.34 0.86 0.76 4.28
normal - uneq. variances (B) 6.12 5.54 5.74 6.24 6.28 0.88 1.12 3.98
normal - uneq. variances (A,B) 8.28 6.68 6.94 6.76 7.24 1.86 1.92 4.34
right skewed 5.14 5.60 6.84 5.14 5.72 0.90 0.72 5.54
exponential - continuous 4.42 4.52 4.22 5.48 4.34 2.04 2.22 4.40
exponential - discrete 4.52 4.28 3.94 5.40 4.48 2.04 1.80 4.64
lognormal (0 / 0.25) 5.50 5.22 5.96 4.94 5.28 0.52 0.54 4.46
uniform - continuous 4.60 3.60 5.00 4.44 4.78 0.72 0.74 4.52
uniform - discrete 4.44 3.74 4.68 4.68 4.34 0.68 0.70 4.64
left/right skewed 5.12 3.54 4.98 4.82 5.16 0.78 0.74 4.16
left skewed - uneq. var. (B) 6.30 5.30 5.94 6.22 6.32 1.34 1.46 4.00
left skewed - uneq. var. (A,B) 9.22 6.24 6.96 7.46 9.20 2.30 2.10 3.92
Table 1-4-2b:
unequal means - average n;=5 - n of levels=4*5 - A and B sig (0.8*s) - 0=0.01
(Only error rates for the test of the interaction are reported.)

distribution type param RT INT ART AHI\{I?F Pl;r;n& \;22:(11:1 ATS
normal - equal variances 1.06 0.94 0.94 0.86 1.00 0.14 0.14 1.02
normal - uneq. variances (B) 1.44 1.06 1.32 1.12 1.30 0.14 0.14 0.90
normal - uneq. variances (A,B) 2.72 1.62 1.80 1.54 2.18 0.42 0.32 0.90
right skewed 1.20 1.28 1.54 1.20 1.44 0.10 0.16 1.62
exponential - continuous 1.46 0.90 0.90 1.22 1.02 0.16 0.12 1.00
exponential - discrete 1.42 0.76 0.80 1.36 1.10 0.12 0.08 0.94
lognormal (0 / 0.25) 1.32 1.04 1.20 1.06 1.04 0.04 0.04 1.26
uniform - continuous 1.00 0.78 0.92 0.94 0.86 0.06 0.02 1.04
uniform - discrete 0.90 0.74 1.00 1.04 1.10 0.08 0.08 1.00
left/right skewed 1.06 0.66 0.92 0.84 0.92 0.12 0.12 1.02
left skewed - uneq. var. (B) 1.94 1.26 1.80 1.72 2.08 0.20 0.22 1.02
left skewed - uneq. var. (A,B) 3.26 1.86 2.18 2.12 3.12 0.46 0.46 1.00
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Table 1-4-3:
unequal means - average n;=5 - n of levels=4*5 - 0=0.05

influence of sig effects on the type I error rates for the interaction AB

(This is a summary with excerpts from tables 1-2-1a, 1-4-1a and 1-4-2a.)

distribution type :tl‘g::ltt; param RT INT | ART AHI\{II,; Pgrein& \X/Zrelrcclit; ATS
normal - 4.76 4.78 4.84| 278 2.72 4.68 4.76 4.40
equal variances A 5.34 4.74 5.12| 4.80| 5.32 2.22 2.66 4.22
A,B 5.34 4.60 528 482 534 0.86 0.76 4.28
normal - 3.68 4.02 398 494 3.46 4.08 3.70 4.00
unequal variances A 6.12 5.40 5.76| 6.42| 6.32 2.56 2.82 3.86
(on B) A,B 6.12 5.54 5.74| 6.24| 6.28 0.88 1.12 3.98
normal - 6.42 4.84 546 3.48| 294 4.72 5.16 3.98
unequal variances A 8.28 5.92 7.04| 6.60| 7.56 3.04 3.98 3.96
(on A and B) A,B 8.28 6.68 6.94| 6.76| 7.24 1.86 1.92 4.34
right skewed - 4.64 4.88 4.84| 2.84] 240 4.56 4.44 4.22
A 5.14 5.32 5.72| 5.10f 5.38 2.20 2.48 4.86
A,B 5.14 5.60 6.84| 5.14| 5.72 0.90 0.72 5.54
exponential - 6.24 4.96 4.66| 6.18] 5.82 3.42 3.76 4.38
continuous A 4.92 4.34 4.24| 592| 450 1.88 1.90 4.02
A, B 4.42 4.52 422 548 434 2.04 2.22 4.40
exponential - 6.40 5.08 498| 6.70| 6.30 3.84 3.84 4.42
discrete A 5.16 4.28 4.10| 7.30| 5.08 1.90 1.90 4.04
A,B 4.52 4.28 3.94| 540 4.48 2.04 1.80 4.64
lognormal (0 / 0.25) - 5.50 4.60 4.80| 4.64| 5.04 3.50 3.86 4.50
A 5.50 4.86 550 4.82| 5.24 2.06 2.66 4.62
A,B 5.50 5.22 596 494 528 0.52 0.54 4.46
uniform - 4.60 4.54 5.18) 4.66| 4.74 3.50 3.92 4.10
continuous A 4.60 4.54 490| 444 4.66 2.10 1.92 4.08
A,B 4.60 3.60 5.00f 4.44| 4.8 0.72 0.74 4.52
uniform - 4.90 4.98 496 2.60| 2.70 4.56 4.62 4.24
discrete A 4.98 4.74 4.70| 5.00f 5.18 2.10 1.76 4.46
A,B 4.44 3.74 4.68| 4.68) 4.34 0.68 0.70 4.64
left/right skewed - 4.96 5.02 4.94| 2.52| 2.34 4.64 4.50 4.30
A 5.12 4.70 528 5.00f 5.04 2.12 2.22 4.12
A,B 5.12 3.54 498| 4.82| 5.16 0.78 0.74 4.16
left skewed - 3.78 3.92 3.68| 4.48| 3.08 3.62 3.24 3.76
unequal variances A 6.30 5.18 6.54| 6.28| 6.40 2.78 3.34 3.94
(on B) A,B 6.30 5.30 594 622 632 1.34 1.46 4.00
left skewed - 6.64 4.98 5.80| 3.36] 2.66 4.64 5.22 3.66
unequal variances A 9.22 5.96 7.86| 7.68| 9.50 3.36 4.42 3.86
(on A and B) A,B 9.22 6.24 6.96| 7.46 9.20 2.30 2.10 3.92
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Table 1-4-5:
unequal means - average n;=5 - n of levels=4*5 - 0=0.05
influence of sig effects on the type I error rates for effect B
(This is a summary with excerpts from table 1-2-1a and 1-4-1a.)
distribution type :;g;i param RT INT | ART AHIEITF—F Pgrein& \\{lzrér(cilee; ATS
normal - 4.80 4.96 4.80| 298| 2.86 4.66 4.66 4.22
equal variances A 4.80 5.10 5.14| 4.14] 3.68 3.44 3.28 4.14
normal - 5.80 5.04 4.88| 3.321 322 4.62 4.60 3.90
unequal variances (B) A 5.80 5.12 494 4.52| 3.88 3.70 3.62 4.02
normal - 6.88 5.50 592 3.94| 3.56 4.98 5.40 3.94
unequal variances (A,B)| A 6.88 5.66 592 532 4.62 3.96 4.20 3.90
right skewed - 5.46 5.16 5.36/ 3.00| 2.34 4.88 4.94 4.72
A 5.46 5.60 560 4.74| 4.10 3.74 3.62 4.56
exponential - 5.20 5.16 520( 3.96| 2.24 4.66 4.80 4.66
continuous A 3.58 3.92 398 7.66| 3.64 2.74 2.84 4.02
exponential - 5.10 4.36 442 374 176 4.24 3.96 4.34
discrete A 3.30 3.42 3.16| 9.54| 3.78 2.42 2.30 3.94
lognormal (0 / 0.25) - 5.20 4.56 4701 3.24| 2.60 4.48 4.52 4.34
A 5.20 4.94 540 4.04| 3.44 3.36 3.48 4.38
uniform - 5.14 5.16 536/ 290| 2.8 4.88 4.94 4.72
continuous A 5.14 5.12 5.26| 3.68| 3.90 4.00 3.58 4.64
uniform - 5.70 5.78 5.58| 296 2.96 5.22 5.32 4.64
discrete A 5.54 5.48 540 4.12| 4.08 4.02 3.62 4.78
left/right skewed - 5.10 4.80 6.36| 2.66| 2.62 4.54 5.88 4.28
A 5.10 4.60 6.02| 3.92| 3.88 3.42 420 428
left skewed - 5.62 5.76 528 3.10| 2.82 5.54 5.04 3.98
unequal variances (B) A 5.62 5.74 5.52| 3.34| 3.04 4.32 4.42 4.14
left skewed - 7.74 5.98 6.64| 4.00| 3.06 5.38 6.14 4.12
unequal variances (A,B)| A 7.74 5.64 6.54| 4.62| 3.78 4.04 4.64 4.22
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1.5 Figures

type I error rates of interaction effects
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Figure A-1: type | error rates of interaction effects for equal and unequal cell counts and the

situations of no other effects, one sig main effect and two sig main effects
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1.6 ART median and WA

Table 1-6-1a:
equal means - equal cell counts n;=10 - n of levels=2%4 - 0=0.05
ART median Wilcoxon Analysis
distribution type
A B AB A B AB

normal - equal variances 12.56 15.68 12.82 6.02 5.40 6.02
normal - uneq. variances (B) 11.60 17.08 13.04 7.48 8.86 8.62
normal - uneq. variances (A,B) 11.52 16.40 13.50 7.48 8.78 8.40
right skewed 19.02 29.04 23.28 6.40 6.00 6.72
uniform 26.40 47.32 34.96 17.16 21.40 21.42
left/right skewed 20.68 33.14 27.48 5.14 5.24 5.98
left skewed - uneq. var. (B) 19.94 32.24 26.50 8.92 9.56 10.10
left skewed - uneq. var. (A,B) 19.74 32.46 26.88 8.68 9.66 9.86
Table 1-6-2b:

equal means - equal cell counts n;=10 - n of levels=2%4 - 0=0.01

ART median Wilcoxon Analysis
distribution type
A B AB A B AB

normal - equal variances 4.12 4.66 4.10 1.46 1.00 1.34
normal - uneq. variances (B) 3.44 5.68 422 2.14 2.36 2.52
normal - uneq. variances (A,B) 3.38 5.48 4.14 1.90 2.34 2.44
right skewed 8.40 12.36 9.66 1.32 1.42 1.64
uniform 25.16 27.44 17.44 7.06 10.36 10.02
left/right skewed 9.86 15.72 12.50 1.32 1.04 1.46
left skewed - uneq. var. (B) 8.08 15.52 11.86 2.48 2.88 3.30
left skewed - uneq. var. (A,B) 8.36 14.80 11.82 2.50 2.78 3.36




ART median and WA

Table 1-6-2a:

equal means - unequal cell counts average n;=5 - n of levels=4*5 - 0=0.05

ART median Wilcoxon Analysis
distribution type
A B AB A B AB
normal - equal variances 11.12 11.30 12.30 7.96 7.64 9.12
normal - uneq. variances (B) 9.28 11.80 11.92 10.48 10.44 12.68
normal - uneq. variances (A,B) 9.18 10.12 13.18 12.22 12.04 14.36
right skewed 18.68 22.18 24.10 9.62 10.82 11.44
uniform 41.32 45.48 44.36 37.94 43.30 62.14
left/right skewed 27.54 30.52 31.92 7.76 7.50 8.56
left skewed - uneq. var. (B) 22.44 28.92 27.96 10.32 11.82 15.58
left skewed - uneq. var. (A,B) 23.88 28.82 31.04 12.26 14.14 16.36

Table 1-6-2b:

equal means - unequal cell counts average n;=5 - n of levels=4*5 - 0=0.01

ART median Wilcoxon Analysis
distribution type
A B AB A B AB
normal - equal variances 2.92 2.82 2.94 2.00 1.84 2.10
normal - uneq. variances (B) 2.48 3.30 3.16 2.88 3.26 4.28
normal - uneq. variances (A,B) 2.46 2.28 3.52 3.84 3.54 4.62
right skewed 7.28 8.70 8.52 2.86 3.66 3.36
uniform 20.96 29.20 20.96 20.88 25.96 46.12
left/right skewed 11.68 12.94 12.24 1.96 2.06 2.22
left skewed - uneq. var. (B) 8.56 13.42 11.44 3.12 4.14 5.54
left skewed - uneq. var. (A,B) 9.46 12.52 12.94 3.70 4.88 5.90
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1.7 Gao and Alvo interaction test
Table 1-7-1:
equal means - equal cell counts n;=10 - n of levels=2+%4
0=0.05 0=0.01
distribution type null model|  main effect A null model|  main effect A
significant significant
normal - equal variances 9.22 9.34 3.36 3.44
normal - uneq. variances (B) 9.20 10.54 3.50 4.04
normal - uneq. variances (A,B) 9.06 10.88 3.24 3.88
right skewed 9.10 9.74 3.70 3.90
uniform 8.98 8.86 3.26 3.28
left/right skewed 9.20 9.04 3.80 3.54
left skewed - uneq. var. (B) 9.48 10.06 3.42 3.92
left skewed - uneq. var. (A,B) 8.74 9.54 3.26 3.56
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