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Abstract

The method of Mack and Skillings (Technometrics, 23, 171-177, 1981) is a nonparametric multiple com-
parison method in a randomized block design with replications. This method is likely to result in loss of
information because each block is ranked using the average of observations instead of repeated observations.
In this paper, we proposed a new nonparametric multiple comparison method in the randomized block model
with replications using an alignment method proposed by Hodges and Lehmann (The Annals of Mathemat-
ical Statistics, 33, 482—497, 1962) that extend the joint placement method proposed by Chung and Kim
(Communications for Statistical Applications and Methods, 14, 551-560, 2007). In addition, Monte Carlo
simulation compared the family wise error rate and power with the parametric method and the nonpara-
metric method.
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£ BAV BAT 5 donz A1F 2RE AT 4 9
Lee, 1995).
2 gEela {2+ Tukey (1953), Student-Newman-Keuls (SNK) (Keuls, 1952), Scheffe
(53 5ol At Sl Eel A Tuey SEHlat wE Ae 47 FUs 449
dol JAR 7P H4AQ b olel F3e] Apol7t Qltks 485 & WEA edeth
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3, ol¥ufx oA Friedman 9% 5|28 (Friedman, 1937)3} Mack¥} Skillings (1981) |
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Table 3.1. Results of administering 4 types of medicine

TRT1 TRT?2 TRT3 TRT4

42 28 1 24
44 23 29 9
A 36 24 19 22
13 42 —2
19 13 15

22
33 34 11 27
26 33 9 12
B 33 31 7 -5
21 36 1 16
—6 15
12
31 3 21 22
-3 26 7
25 28 9 25
© 24 32 3 5
4 12

16

ol E(Duyy)t Var(Dy,)9] A2 th33 2t}

E(Duv) - 0, Var(Dw) = M (L + 1 )

12 Nuyj Noj
wetd, AREAY 0w BEE AR B min(nu,ne)ol AR W FRER 2APS 2
& 9w

Ou'u min(nuj,n,uj)—)oo N ((nw — ’I’Luj) ’ 1)
Var(Ouy) 2

olmf E(Ouy)2t Var(Ouw) 9l A2 vt 2t
Ny — Ny N + 1)
E(Ou’v) - 2 ) Var(Ou ) (nu] nvg) .
¥ E2I717F 2ot} ol AAS AT Ouw 3 Kruskal-Wallis
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Table 3.2. Results of using aligned method (joint placement)

TRT1 TRT2 TRT3 TRT4
19.74(43) 5.74(29) —21.26(2) 1.74(21)
21.74(43) 0.74(25) 6.74(26) ~13.26(5)
A 13.74(38) 1.74(26) —3.26(14) —0.26(17)
—9.26(13) 19.74(41) —24.26(0)
—3.26(22) —9.26(12) —7.26(12)
~0.26(25)
14.79(39) 15.79(40) —7.21(11) 8.79(26)
7.79(33) 14.79(39) —9.21(9) —6.21(14)
5 14.79(39) 12.79(36) —11.21(6) —23.21(0)
2.79(29) 17.79(40) ~17.21(3) —2.21(16)
—24.21(1) —3.21(16)
—6.21(14)
15.68(39) —12.32(8) 5.68(24) 6.68(23)
~18.32(3) 10.68(36) ~14.32(3) —8.32(12)
o 9.68(35) 12.68(36) —6.32(11) 9.68(27)
8.68(33) 16.68(40) ~12.32(5) ~10.32(9)
—11.32(9) —3.32(14)
0.68(25)
AFANAE AL 5, 2GR A 7L 7otd
— 43 +434+38+13+22+25+39+33+39+29
Vi= 1 =31,
V, — 20+254+26+41+124+40+394+36+40+8+36+36+40+9+25 — 2947
15 ’
— 24+26+14+114+9+6+3+14+244+34+114+5
Vs = D = 9.58,
V.= 214+5+174+04+124+26+14+04+ 16+ 16 +14 4+ 23+ 12+ 27+ 9+ 14 1413
16
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| N N—|—1 [ 1 /5 57—|—1 /1
lc(k 1) +TTv nv
ko

o)1, 919 AT X9 A HFL o] &3 13 tEu|n BA TS

Vi — Vol = |31 —29.47| = 1.53 < 28.72% =10.6727 = 71 = 7o,
[Vi — V3] = |31 — 9.58| = 21.42 > 28.72\/% =11.2983 = 71 # T3,
[Vi — Va| = |31 — 14.13| = 16.87 > 28. 72\/?% 10.5104 = 71 # T4,
[Va — V3| = |29.47 — 9.58| = 19.87 > 28.724/ % + i =11.1232 = 1 # 73,

1
|Vo — V| = ]29.47 — 14.13] = 15.34 > 28.72 1—5 + 6= =10.3219 = 7 # T4,
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Table 4.1. Monte Carlo power and FWE estimates: treatment = 3, block = 5, n1; = 11, ng; = 12, ng; = 13

Dist 1 T2 T3 TK MS O

0.0 0.0 0.0 0.0323 0.0456 0.0489

0.0 0.5 0.0 0.1865 0.2107 0.2179

0.0 1.5 1.0 0.5521 0.8606 0.8084

Normal

0.7 0.0 0.4 0.2796 0.3257 0.3660

0.8 0.8 0.0 0.4928 0.4889 0.6568

0.4 0.0 0.4 0.1262 0.1533 0.1674

0.0 0.0 0.0 0.0282 0.0474 0.0486

0.0 0.5 0.0 0.2381 0.3952 0.3475

. 0.0 1.5 1.0 0.6109 0.9238 0.8478

Exponential

0.7 0.0 0.4 0.3314 0.5481 0.5180

0.8 0.8 0.0 0.5553 0.7073 0.7630

0.4 0.0 0.4 0.1569 0.2916 0.2439

0.0 0.0 0.0 0.0299 0.0474 0.0531

0.0 0.5 0.0 0.1153 0.1747 0.1584

. 0.0 1.5 1.0 0.3194 0.7159 0.5994

Double exponential

0.7 0.0 0.4 0.1706 0.2654 0.2813

0.8 0.8 0.0 0.2825 0.3728 0.4871

0.4 0.0 0.4 0.0841 0.1279 0.1295

0.0 0.0 0.0 0.0135 0.0467 0.0348

0.0 0.5 0.0 0.0224 0.1014 0.0480

0.0 1.5 1.0 0.0447 0.3938 0.1503

Cauchy

0.7 0.0 0.4 0.0310 0.1533 0.0977

0.8 0.8 0.0 0.0358 0.1767 0.1475

0.4 0.0 0.4 0.0199 0.0863 0.0487

FWE = family wise error rate; TK = Tukey-Kramer’s method; MS = Mack and Skillings’ method;
O = method using aligned method and joint placement.

11
Vi — Va| = 10.58 — 14.13] = 4.55 < 28.72y | 75 + 76 = 10.9676 = 75 = 74
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Table 4.2. Monte Carlo power and FWE estimates: treatment = 3, block = 10, n1; = 21, na; = 22, n3; = 23

Dist 1 T2 T3 TK MS O

0.0 0.0 0.0 0.0377 0.0488 0.0489

0.0 0.5 0.0 0.3575 0.3325 0.3649

0.0 1.5 1.0 0.8472 0.9862 0.9871

Normal

0.7 0.0 0.4 0.5087 0.4948 0.5541

0.8 0.8 0.0 0.7878 0.7291 0.8498

0.4 0.0 0.4 0.2293 0.2313 0.2438

0.0 0.0 0.0 0.0375 0.0484 0.0432

0.0 0.5 0.0 0.3830 0.6359 0.5458

. 0.0 1.5 1.0 0.8322 0.9974 0.9894

Exponential

0.7 0.0 0.4 0.5342 0.7846 0.7362

0.8 0.8 0.0 0.7888 0.9022 0.9139

0.4 0.0 0.4 0.2638 0.4550 0.3671

0.0 0.0 0.0 0.0387 0.0484 0.0482

0.0 0.5 0.0 0.1951 0.2654 0.2398

. 0.0 1.5 1.0 0.5414 0.9207 0.8874

Double exponential

0.7 0.0 0.4 0.2886 0.3936 0.3925

0.8 0.8 0.0 0.4774 0.5785 0.6510

0.4 0.0 0.4 0.1353 0.1840 0.1722

0.0 0.0 0.0 0.0148 0.0474 0.0316

0.0 0.5 0.0 0.0206 0.3938 0.0510

0.0 1.5 1.0 0.0432 0.5834 0.2125

Cauchy

0.7 0.0 0.4 0.0319 0.2012 0.0969

0.8 0.8 0.0 0.0304 0.2679 0.1527

0.4 0.0 0.4 0.0199 0.0993 0.0460

FWE = family wise error rate; TK = Tukey-Kramer’s method; MS = Mack and Skillings’ method;
O = method using aligned method and joint placement.
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Table 4.3. Monte Carlo power and FWE estimates: treatment = 5, block = 5, n1; = 11, na; = 12, nz; = 13,
N4gj; = 147 Nsj; = 15

Dist T1 T2 T3 T4 T4 TK MS (@]
0.0 0.0 0.0 0.0 0.0 0.0212 0.0482 0.0482
0.0 0.0 0.5 0.0 0.0 0.1112 0.1541 0.1687
Normal 0.0 0.0 0.0 0.0 0.8 0.4043 0.4440 0.3238
0.0 1.0 0.0 1.0 0.0 0.6978 0.7395 0.7877
0.0 0.5 0.8 1.0 0.0 0.4830 0.5293 0.5800
0.0 0.2 0.4 0.6 0.8 0.2994 0.3718 0.2142
0.0 0.0 0.0 0.0 0.0 0.0208 0.0483 0.0444
0.0 0.0 0.5 0.0 0.0 0.1221 0.3348 0.3180
. 0.0 0.0 0.0 0.0 0.8 0.4478 0.7610 0.5935
Exponential
0.0 1.0 0.0 1.0 0.0 0.7156 0.9169 0.9206
0.0 0.5 0.8 1.0 0.0 0.5455 0.8073 0.7858
0.0 0.2 0.4 0.6 0.8 0.3648 0.6715 0.4436
0.0 0.0 0.0 0.0 0.0 0.0243 0.0483 0.0501
0.0 0.0 0.5 0.0 0.0 0.0615 0.1283 0.1258
Double 0.0 0.0 0.0 0.0 0.8 0.2032 0.3261 0.2057
exponential 0.0 1.0 0.0 1.0 0.0 0.3796 0.5775 0.6022
0.0 0.5 0.8 1.0 0.0 0.2425 0.4088 0.4102
0.0 0.2 0.4 0.6 0.8 0.1555 0.2894 0.1402
0.0 0.0 0.0 0.0 0.0 0.0140 0.0499 0.0261
0.0 0.0 0.5 0.0 0.0 0.0091 0.0631 0.0208
0.0 0.0 0.0 0.0 0.8 0.0150 0.1258 0.0229
Cauchy
0.0 1.0 0.0 1.0 0.0 0.0262 0.2651 0.1095
0.0 0.5 0.8 1.0 0.0 0.0227 0.1859 0.0694
0.0 0.2 0.4 0.6 0.8 0.0203 0.1430 0.0238

FWE = family wise error rate; TK = Tukey-Kramer’s method; MS = Mack and Skillings’ method;
O = method using aligned method and joint placement.
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Table 4.4. Monte Carlo power and FWE estimates: treatment = 5, block = 10, n1; = 21, na; = 22, n3z; = 23,
N4gj; = 247 Nnsj; = 25

Dist T1 T2 T3 T4 T4 TK MS (@]
0.0 0.0 0.0 0.0 0.0 0.0316 0.0503 0.0492
0.0 0.0 0.5 0.0 0.0 0.2959 0.3092 0.3244
Normal 0.0 0.0 0.0 0.0 0.8 0.7455 0.7238 0.6645
0.0 1.0 0.0 1.0 0.0 0.9639 0.9545 0.9672
0.0 0.5 0.8 1.0 0.0 0.8742 0.8547 0.8759
0.0 0.2 0.4 0.6 0.8 0.5971 0.5911 0.4715
0.0 0.0 0.0 0.0 0.0 0.0305 0.0503 0.0427
0.0 0.0 0.5 0.0 0.0 0.2875 0.6380 0.5720
. 0.0 0.0 0.0 0.0 0.8 0.7479 0.9689 0.9149
Exponential
0.0 1.0 0.0 1.0 0.0 0.9545 0.9978 0.9971
0.0 0.5 0.8 1.0 0.0 0.8670 0.9836 0.9737
0.0 0.2 0.4 0.6 0.8 0.6169 0.8966 0.7434
0.0 0.0 0.0 0.0 0.0 0.0333 0.0503 0.0456
0.0 0.0 0.5 0.0 0.0 0.1408 0.2342 0.2187
Double 0.0 0.0 0.0 0.0 0.8 0.4162 0.5638 0.4538
exponential 0.0 1.0 0.0 1.0 0.0 0.7199 0.8615 0.8597
0.0 0.5 0.8 1.0 0.0 0.5403 0.7120 0.6912
0.0 0.2 0.4 0.6 0.8 0.3117 0.4580 0.3034
0.0 0.0 0.0 0.0 0.0 0.0172 0.0471 0.019
0.0 0.0 0.5 0.0 0.0 0.0111 0.0989 0.0231
0.0 0.0 0.0 0.0 0.8 0.0181 0.2340 0.0352
Cauchy
0.0 1.0 0.0 1.0 0.0 0.0291 0.4541 0.1387
0.0 0.5 0.8 1.0 0.0 0.0260 0.3265 0.0862
0.0 0.2 0.4 0.6 0.8 0.0225 0.1982 0.0288

FWE = family wise error rate; TK = Tukey-Kramer’s method; MS = Mack and Skillings’ method;
O = method using aligned method and joint placement.

oA AlbY o] 7P okon 1 £1¢) s EellX= Mack¥} Skilling %4, Al $HEH, Tukey-Kramer
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