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A w] Az B zko] FFE &7 A APE &5 AEFY (randomized block
design) & AFH/EE HIRT EAS 71X E528 TR v, FANE 3 71X A" 20
Bl AFNGE ot AF AANeltt A8 2B o] §-FE AA 7] HAe LA AR
oY AAEEE WEE FEATTR: Mo AT B4 R EAHEA S ARSsto] A
g E¥Eo] BT 2o AF/MEE AR 4 Stk AT LAt AGREE etk 7S UE
B4 ¢S Wil FAHEA Y] AR Al A o] HAs). wEbA] B4A 7S wESHA] gk wfell
T A 1% L7E AT £ A= RS FAHES Addlof $trt (Leegt Kim, 2011).

A3 EF Aol vE,d o rEs 7F Aele a7t Aok shbs thErh= gRk of
H7Hdoll &gt A4 -2 Friedman (1937)0] AFst Aol A, ¢4 7t B3X+= Page
(1963) 7} A<kt Aol Atk Friedmano] Akt ARH-E 2 BE Y 9] (rank)E A3t A
g)7te] &3 xfolE AR Aol EAoltt. AT EF U £HE AT A3 EF T HE
£ o] &3lA] £8 A= A 58] BojArkeE tHo] k. Pagerl AlsE A2 Fried-
man¥} 22 5 Y €& ARSS Al 8 7HEAE 85t BAS Attt A Exe me

s3] Stoll ek AP T Qe A9 Friedmano] A|Fst A HE T B84 ot}
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Table 3.1-2 AtgHe] we]7tel Lol e v FA4 (trace element)%«l ﬂol% %O}Eﬂ At & A
#e] vzt So = viFda HEF (Na), 94 (Cl), ofeled (I), 2
FEE U A9 A Atsoltt. Table 3.1& At B53belal nj&ds v %

o £ dAMor vk thH Mol thete] E2AR2A M Friedman WY Z12]al =24 Al et 4
2L o] &3 AN A PUES o83t FYFE 0.05004] ApolE Lot at.

Table 3.1 Original data (unit: ppm)

Trace element

Subject —7 Cl I Br Cu
1 2.077 2.045 2.729 3.893 3.532
2 1.203 3.642 1.948 3.133  3.02
3 2.306 1.631 3.666 3.04  2.747
4 1.483 2.339 2442 3.533  3.707
5 2.243 4.488 1.36  2.855 3.294
6 1.407 2.589 3.152 5.705  3.246
7 3.22 2355 3.931 235  3.52
8 3.046 2.594 3.64 3.763  3.806
9 3.364 2174 3.869 2.847  3.41
10 2.45 2104 2.626 3.47 2515

Table 3.2+= Table 3.12] A}5E Hodges®?} Lehmano] A2+l WS o] 83lo] AHst AR E
AXEIE YEFRI ST

Table 3.2 Aligned data and joint placement (V;;)

Trace element

Aligned data Joint placement (V;;)

Na Cl I Br Cu Na Cl I Br Cu
-0.9582 -0.0902 -0.3062 0.8578 0.4968 3 14 14 36 30
-1.3862 1.0528 -0.6412 0.5438 0.4308 1 39 9 34 30
-0.372 -1.047 0.988 0.362 0.069 9 4 36 29 24
-1.2178 -0.3618 -0.2588 0.8322 1.0062 1 9 15 35 37
-0.605 1.64 -1.488 0.007 0.446 8 39 1 22 30

-1.8128 -0.6308 -0.0678 2.4852 0.0262 0 7 18 40 24
0.1448 -0.7202 0.8558 -0.7252 0.4448 21 6 35 8 30
0.3962 -0.9558 0.0902 0.2132 0.2562 25 5 21 26 28
0.2312 -0.9588 0.7362 -0.2858 0.2772 22 4 33 16 28
-0.183 -0.529 -0.007 0.837 -0.118 13 8 18 35 20
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A3 A9 nFdad Fadt AA B2

_ 103 _ 135 _ 200 _ 281 _ 281 _ 1000
Va=5=103, Vo= 5 =135, Va="r=20, Va=15=281 Vi=—r=81V = =

= 12.5911

olty. 7&e] Aol gt ABEAFI 71422 Table 3.35} 2t

Table 3.3 Test result

test statistic critical value
Anova Test 2.77 2.634
Friedman’s Test 9.360 9.4877
Joint placement Test 12.5911 11.0588
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Atk SpAY Friedman®] A2 A S A 71243% Bt 2o} vjgFda 7 559 Abo]7} glrk
< AF7HE S 714ekA] ZERAI R, BAREA Y A S o83 A A el mhE ARSAEE 7

Bl AN P, A RS AN 2R 448 vasy] 9ol SASE
o83l mo RS AASIAUTE. BATHY) BEZE GPEE AFEE, Cauchy HE, o FAFEE
S W AR ASRE, AJAFEE, F RES NSttt AFLE, Cauchy LE, A5 EEo
th3k U4 A4S SASe] RANNOR, RANCAU, RANEXP 342 A23891, =7t k — 19 7}

o|AlgREet BARE 2R ARFET k- 13 (k= 1) * (n — ) F Fzof] gk v AL SAS]
RAND &8 A-83819lt}h 0|5 A|$EZ s RANUNI g9} Juishr| g o]8-3lo] g AAstgl
o A489 des AA 22o BEstal, Adkd AAEAT 714 dol 2RHeAE ddske
< 10,0009 s 2EH 7FEE 7S ol 8shilth

Ao e 3709k 5L A-E S 552 & 5709k 1070 A-E wasianh o5
2 0052 3tar o} 7pA] Aejzgdel tiste] A HE Hlusigieh 74 & i A
vl e A9 7i7t k= 3 wi Table 4.1, A2]ef /7 k = 59 wl= Table 4.2¢1 =]
ST

Hl
=
>
lo

Aele) A%7 34D W] Rel5Eo] 0.058 WENEAT LU, BAUe BT} AR
A% AYL o187 AUNA WHH BARAN AS A 15 LFE W HE 0.05 209 L o
9o, Friedman 37} Page W2 Al 15 275 ¥ 35 0.04 2oz AHES o] &3 23
A WS AR vs) WA ARUAL L 5 Atk ASRE, AlAF BT, T BT, 0|7
A42T A% 0.040] AT G BYO, BIe) 47 A A AL o[ 8F ATAN Yol
the ARl Hal FeiEol 0.050] AR gho] Uehdrk. Cauchy $E9 29 3L o188 2
A Pt Friedman -2 0.040] 2R ghe dglon], FAREAR2 0.020] 2R ghe 29l



Nonparametric procedures using aligned method and joint placement in randomized block design

Table 4.1 Monte Carlo power estimates :

a=005k=23

Dist Block T1 T2 T3 F S H L
0 0 0 0.0503 0.0387 0.0502 0.0365
0 0 1.5 0.5066 0.3678 0.4974 0.5022
5 0 0.8 1.5 0.3951 0.2865 0.3916 0.5452
0 1.5 1.5 0.5014 0.3903 0.4949 0.5084
Normal 0 1 0 0.7653 0.5840 0.7417 0.0138
0 0 0 0.0493 0.0456 0.0498 0.0437
0 0 1.5 0.8983 0.7546 0.8892 0.8303
10 0 0.8 1.5 0.7892 0.6351 0.7813 0.8486
0 1.5 1.5 0.8961 0.7521 0.8892 0.8273
0 1 0 0.9904 0.9403 0.9894 0.0177
0 0 0 0.0165 0.0372 0.0378 0.0373
0 0 1.5 0.0613 0.1219 0.1092 0.2145
5 0 0.8 1.5 0.0505 0.1040 0.0937 0.2313
0 1.5 1.5 0.0635 0.1237 0.1158 0.2156
Cauchy 0 1 0 0.1039 0.1770 0.1697 0.0284
0 0 0 0.0180 0.0441 0.0443 0.0467
0 0 1.5 0.0791 0.2514 0.1808 0.3888
10 0 0.8 1.5 0.0610 0.2089 0.1486 0.4131
0 1.5 1.5 0.0793 0.2608 0.1831 0.3902
0 1 0 0.1251 0.3860 0.2718 0.0356
0 0 0 0.0398 0.0378 0.0474 0.0373
0 0 1.5 0.3191 0.2526 0.3294 0.3795
5 0 0.8 1.5 0.2434 0.2034 0.2592 0.4213
0 1.5 1.5 0.3074 0.2469 0.3221 0.3842
Double Exponential 0 1 0 0.5060 0.3908 0.5055 0.0170
0 0 0 0.0433 0.0452 0.0474 0.0480
0 0 1.5 0.6362 0.5594 0.6565 0.6862
10 0 0.8 1.5 0.5136 0.4725 0.5416 0.7209
0 1.5 1.5 0.6317 0.5684 0.6534 0.6866
0 1 0 0.8622 0.7899 0.8736 0.0243
0 0 0 0.0367 0.0378 0.0426 0.0372
0 0 1.5 0.5793 0.4391 0.5756 0.6069
5 0 0.8 1.5 0.4839 0.4351 0.5072 0.7043
0 1.5 1.5 0.5847 0.5071 0.5889 0.5970
Exponential 0 1 0 0.7884 0.6099 0.7650 0.0160
0 0 0 0.0413 0.0452 0.0449 0.0464
0 0 1.5 0.8925 0.8848 0.9229 0.9131
10 0 0.8 1.5 0.7960 0.8159 0.8398 0.9461
0 1.5 1.5 0.8817 0.8231 0.8927 0.8907
0 1 0 0.9826 0.9727 0.9911 0.0196
0 0 0 0.0375 0.0387 0.0439 0.0365
0 0 1.5 0.1966 0.1710 0.2199 0.3008
5 0 0.8 1.5 0.1533 0.1615 0.1820 0.3384
0 1.5 1.5 0.1955 0.2069 0.2322 0.3146
X2 Dist. 0 1 0 0.1022 0.0955 0.1176 0.0388
0 0 0 0.0439 0.0483 0.0494 0.0490
0 0 1.5 0.3792 0.4334 0.4388 0.5668
10 0 0.8 1.5 0.2991 0.3458 0.3483 0.5972
0 1.5 1.5 0.3922 0.4178 0.4419 0.5585
0 1 0 0.1857 0.2305 0.2203 0.0553
0 0 0 0.0279 0.0408 0.0429 0.0407
0 0 1.5 0.3408 0.3080 0.3794 0.4746
5 0 0.8 1.5 0.2728 0.3153 0.3311 0.5607
0 1.5 1.5 0.3587 0.3876 0.4080 0.4870
F Dist. 0 1 0 0.1745 0.1848 0.2175 0.0386
0 0 0 0.0376 0.0444 0.0449 0.0446
0 0 1.5 0.7498 0.8164 0.8217 0.8679
10 0 0.8 1.5 0.6530 0.7382 0.7254 0.9106
0 1.5 1.5 0.7487 0.7573 0.7893 0.8446
0 1 0 0.4495 0.5524 0.5376 0.0434

F: ANOVA for randomized block design, S: Friedman Test, L: Page Test, H: Joint placement Test
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Table 4.2 Monte Carlo power estimates : o« = 0.05, k = 5

Dist. Block 1 T T3 T4 5 F S H L
0 0 0 0 0 0.0514 0.0362 0.0500 0.0520
0 0 1 1.5 2 0.7983 0.6452 0.7801 0.9496
5 0 0 1.5 1.5 1.5 0.7130 0.5663 0.7023 0.8436
0 1 2 1 0 0.7364 0.5632 0.7070 0.0217
Normal 1 0 0 0 1 0.3594 0.2530 0.3432 0.0343
0 0 0 0 0 0.0488 0.0429 0.0500 0.0472
0 0 1 1.5 2 0.9946 0.9759 0.9935 0.9988
10 0 0 1.5 1.5 1.5 0.9855 0.9481 0.9830 0.9853
0 1 2 1 0 0.9857 0.9527 0.9841 0.0187
1 0 0 0 1 0.7382 0.6176 0.7270 0.0307
0 0 0 0 0 0.0166 0.0334 0.0206 0.0505
0 0 1 1.5 2 0.0621 0.1739 0.1041 0.5122
5 0 0 1.5 1.5 1.5 0.0555 0.1524 0.0930 0.3980
0 1 2 1 0 0.0601 0.1513 0.0940 0.0396
Cauchy 1 0 0 0 1 0.0312 0.0849 0.0472 0.0408
0 0 0 0 0 0.0186 0.0449 0.0264 0.0492
0 0 1 1. 2 0.0712 0.4260 0.1965 0.7641
10 0 0 1.5 1.5 1.5 0.0606 0.3725 0.1690 0.6173
0 1 2 1 0 0.0649 0.3827 0.1769 0.0373
1 0 0 0 1 0.0338 0.1904 0.0823 0.0398
0 0 0 0 0 0.0439 0.0379 0.0475 0.0556
0 0 1 1. 2 0.5028 0.4398 0.5306 0.8454
5 0 0 1.5 1.5 1.5 0.4413 0.3795 0.4650 0.7064
0 1 2 1 0 0.4562 0.3945 0.4689 0.0317
Double Exponential 1 0 0 0 1 0.2097 0.1802 0.2259 0.0416
0 0 0 0 0 0.0480 0.0447 0.0503 0.0486
0 0 1 1.5 2 0.8632 0.8590 0.9013 0.9812
10 0 0 1.5 1.5 1.5 0.8018 0.8052 0.8537 0.9252
0 1 2 1 0 0.8159 0.8100 0.8562 0.0280
1 0 0 0 1 0.4360 0.4529 0.4988 0.0373
0 0 0 0 0 0.0441 0.0379 0.0392 0.0495
0 0 1 1.5 2 0.8105 0.7810 0.8486 0.9768
5 0 0 1.5 1.5 1.5 0.7483 0.6975 0.7761 0.9032
0 1 2 1 0 0.7631 0.7223 0.7976 0.0245
Exponential 1 0 0 0 1 0.4167 0.4210 0.4829 0.0125
0 0 0 0 0 0.0442 0.0447 0.0440 0.0493
0 0 1 1.5 2 0.9848 0.9947 0.9951 0.9999
10 0 0 1.5 1.5 1.5 0.9664 0.9732 0.9838 0.9932
0 1 2 1 0 0.9764 0.9902 0.9936 0.0243
1 0 0 0 1 0.7563 0.8529 0.8647 0.0100
0 0 0 0 0 0.0444 0.0326 0.0380 0.0516
0 0 1 1.5 2 0.1520 0.1264 0.1547 0.4198
5 0 0 1.5 1.5 1.5 0.1260 0.1118 0.1371 0.3205
0 1 2 1 0 0.1301 0.1105 0.1352 0.0486
X2 Dist. 1 0 0 0 1 0.0757 0.0628 0.0758 0.0363
0 0 0 0 0 0.0433 0.0404 0.0408 0.0455
0 0 1 1.5 2 0.2991 0.3135 0.3466 0.6527
10 0 0 1.5 1.5 1.5 0.2598 0.2824 0.2994 0.5129
0 1 2 1 0 0.2638 0.2728 0.2987 0.0516
1 0 0 0 1 0.1227 0.1245 0.1370 0.0362
0 0 0 0 0 0.0438 0.0350 0.0411 0.0499
0 0 1 1.5 2 0.8338 0.8174 0.8703 0.9869
5 0 0 1.5 1.5 1.5 0.7772 0.7379 0.8030 0.9247
0 1 2 1 0 0.7831 0.7709 0.8271 0.0220
F Dist. 1 0 0 0 1 0.4474 0.4565 0.5167 0.0126
0 0 0 0 0 0.0461 0.0447 0.0460 0.0465
0 0 1 1.5 2 0.9981 0.9993 1.0000 1.0000
10 0 0 1.5 1.5 1.5 0.9941 0.9952 0.9980 0.9986
0 1 2 1 0 0.9972 0.9991 0.9998 0.0160
1 0 0 0 1 0.8980 0.9332 0.9522 0.0077

F: ANOVA for randomized block design, S: Friedman Test, L: Page Test, H: Joint placement Test



Nonparametric procedures using aligned method and joint placement in randomized block design 101

th 248 vasEE A oY el el BT RS ATRE, ASEE, AAF RE,F
B 0FASEEZA S B 59 BAglo] FVL o8 ATAX W) ARl BaRAY
3 Friedman ¥ 448 Bk 57 Uehdeh £3, 850 $7} 4L FouTt BEY 47} gL
A% B39l B A vehls 22 & 4 Ik AE 5] $43Y 3% ¢ Yt 33
317] 913 Page P AR UL vaARY BABY £} Cauchydl S A9sHd 259 5
7} uR A L) BEAlh 2 A ALY o83 AUSIA Wol Page Pl BRGNS Fol

7 3A YA AR B89 $7F AAV A B3] FdAtelrt 27 2 A

ARE Apol7F 3A vehdE & = itk BT 271 Cauchy w29 3¢ FEE 0|25 2T

2] HH2 AXE o] 83t AR BAFTE Al4tdhe whHol Page W2 7HEXE o] &3t AATAH

< Ao R e FXxE5Y ARG AolE HYS & 5 it

Aele] A7) 570d wig A B, §o4¢F2 Friedman W o] 0.04 AEE 7
7% ERcke] £27} Cauchy 27} obd 49 0.05 22 - A9tk gut tig el of
2 EE 2R B2 7} Cauchy B2 FLE A2sld A8
Hel AR Hol vstA Yebt e, Friedman #HEh A o

t, BE9 47} H2 A AEE o8 AT A WHA Friedman

A et 29 #3271 Cauchy #329] 49 Friedman WH o] Aol 24t

o]ggt AR W PR A Jetwth A A5 +A43Y 4
2o B

A viebth e 259 £71 B B9 Page BuT 4YS o8 2
2 @4 ek B A BB B2 P B9 wehY
o) AAPHES] ARl FA ANE HAL 5

o
oo
&
NN
off
%
E
oL
fini3
rlo
il
Iy
r
(o]
g
bl
N,
oX,
44
s
bl
o B
o
o
s
d
[
2l
o o ®
o
=
fHir o o >

I A Zpo] YA kAW, BRG] BEEV} X FRE o] 4R xS P AAEHo] ¢

< ¢ % sl Ael Evte) 2ol Auglel 4PL o8 AT Po] Friedman

g Hoh 2/ debskon, Heis St oot

o Aol7k o 2 vehde & 5 U3 Aol Page WSl 3%

ARl B2 £ gL 7

ok meh, A Bt o4
7] Vbt metd ol

T
=

e
I
o
+
N
lo
o,
o
[
rr
_>‘£
Ach
o
k%

EE
o m [

of S e X I oX uf
T

1 4

)

% & o
ko ¢
i)
_}I_‘

&
>

ol
e

A 2 o

J

E N
rir o o iny

M

>

=2

>

7

rlI

O ok
f
o,
i)
I
o
30
rlr
o

IUIO HH‘

T, o -

3!
>
oo 2

il
17
32
o o

29 57t Ao A% ohe Ael &% £

FejE bl tha 4
2 olga AP
= APl 3
o]

M E42 Wy o]

% 52 Jg Ho &

o
o
gl O

=2

[UIO o

e}

R
flt

o oL
rf ok
>
Mo o
N, odr 2
£
%
i)
Z
@D
(oW
=}
2]
=}
o
2
O
ol
oL
o
g

&

o,

o2
o) § B&AQ BAo] B A
w

g

e g SRl

- JZ
__OII:I,‘
o
)
Y
rlo
il
<]
i
14
ro,
O

il oX

N 1%
S
o
i
o

LA EE BY0A EF Y] AHE
EAE7] w2l vl o] A B2

R
< A gtk EA7F S

=
o

f
M X,
o

7

= ol
fr K
L



102 Sungdong Jo - Dongjae Kim

Fed

Chung, T, S, and Kim, D. (2007) Nonparametric method using placement in one-way layout. The Korean
Communications in Statistics, 14, 551-560.

Friedman, M. (1937). The use of ranks to avoid the assumption of normality implicit in the analysis of
variance. Journal of the American Statistical Association, 32, 675-701.

Hodges, J. L. and Lehmann, E. L (1962). Rank methods for combination of independent experiments in
analysis of variance. The Annals of Mathematical Statistics, 33, 482-497.

Lee, S, and Kim, D. (2011) Nonparametric procedures using placement in randomized block design with
replications. Journal of the Korean Data & Information Science Society, 22, 1105-112.

Orban, J. and Wolfe, D. A. (1982). A class of distribution-free two-sample tests based on placements.
Journals of the American Statistical Association, 77, 666-671.

Page, E. B. (1963). Ordered hypotheses for multiple treatment : A signification test for linear ranks.
Journal of the American Statistical Association, 58, 216-230.



Journal of the Korean Data & http://dx.doi.org/10.7465/jkdi.2013.24.1.95
Information Science Society s o] 6] B 783 7]
2013, 24(1), 95-103

Nonparametric procedures using aligned method and

joint placement in randomized block design

Sungdong Jo! - Dongjae Kim?

12Department of Biostatistics, The Catholic University of Korea
Received 13 November 2012, revised 3 December 2012, accepted 7 January 2013

Abstract

Nonparametric procedure in randomized block design (RBD) was proposed by Fried-
man (1937) for general alternatives. Also Page (1963) suggested the test for ordered
alternatives in RBD. In this paper, we proposed the new nonparametric method in ran-
domized block design using aligned method suggested by Hodges and Lehmann (1962)
and the joint placement described in Chung and Kim (2007). Also, Monte Carlo simu-
lation study was adapted to compare the power of the proposed procedure with those

of previous procedure.
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