AEE
aq
2 =5 l 1‘4 n 9 judgeE o] k7 9] objectEcll W3} £9) & e 7§ dod
FI=E THARAA object AT S o] A ol thE %’i%“‘*i A <retn HFH
Eil%%’ifﬂ %‘ﬂﬂ'?i‘i%# gE AR S &S Apdsiac. aen 7|2 F
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‘ﬁ"-ﬁ}—‘,’%’ﬁi’—]— Monte Carlo ?i—?—% g3t AR S vw stgl o},

1. ME

n'8 9] judgeS ] k71 objectS el thal £HE Folote 3+2 A7l judge B
7} -5 (best) St A ZHE & objecte] 9] 18 B35t A2 &9 2, 3,..., v
©2 713 &% (worst) 81T} A2l object] £ kE Fd @k B object 72| F3h
o g 2E JUdge o] ¢4 AMEE 2 e B2 old WX g stel AF
VA Hy: [y = =7)8 SR Hy : [r; B9 3.‘% ZAE o) e AR Ee
Z & Friedman (1937) 7% 3} Kendall 7} Babington Smith (1939) A o] Yz A E )
AH :[n< <7, HAE 3 2542 Agd]o] g HH o2 = Page (1963) A3 3
FHAFUNBME H < <2 a2 27 ol 1<p<k G FHAE F 15
22 AdjA] o g A7 22 = Hettmansperger 2 Norton.(1987)2 73 Fo] da] A&-5
of g}, et AA & &8l 2 judgeS ol objectE 0l Hial BEE Y FRE At
dolA e BRH €9 ARE BAshe BAld AWk 497} skt -

B =R ol 942 A B4 Friedman (1937) 23 ¥ BHE IutiE o] o
@ Aol B0l dot ABY €148 T SHF QYL e AP os B3] 7}
=3t} A Z7HA o], 7 2ol ol 7 z].g,_e B2Asl=t &8 AFRE0]L drlx] WL HFES

o) (average ranks procedure) o] = 7} judge?] 7‘2—515{1_‘-%‘4—3— Zk31 303 object2 F-of

HA] ¢= £ Ee HHoez EHX] (1mpute)5} Friedman 72 & &A]7]& g o]
T} (e.g. Lordo 9} Wolfe (1994)). ZLeir} o] Bhyi 2 A et A3 A & 8}01 A ‘
Friedman 4| %9 AFEXXE o} 7Y A5l AL ozy AR8d A8
dol ol ¥ ol gt A& g0 2 B Z}ioﬂ el M s B A
o] Lim, Lordo 9} Wolfe (1999)& judgeE©°] 23 objectol] W&l Hd& & e ZE 75
gt 74-5-of g3 doj3l Friedman F 7| Ec)f%oﬂfﬁ -V]EH S F Spart FH A %—Zﬂ Smin®ll 71
23 AAHH & Agtstatt 2evho] B & W AEA YN Hy = 1o it of
H3 AP = JE F gle 257 2. 2 %%Oﬂ* oA \_-r];(}fr-f“ H’ﬂ?}‘“ﬂ
oA AFet AFHES EAA A et B YA = dicke] g oz 58520 AH
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WS Akt n AFE ZEadgle] FEEE duE S AEsdon RAdE S
B3t daeFe] A5S Bt B dAE A FAAL A& S 2R
Ska o3 2] 7kA] AP sA sl A 71 Ee] B I E 3 Monte Carlo A T-F B8t HAH S

H] w 331 .

2. Merst &8

e

1. Soas / SminOll 7158 2IEH
2

. Zobd HEgAZAA 7} judges o

RE 7 %ﬁ%— Fojgto 2 doizl st AEAE Fo) Al AALtE Friedman 57

22 ZoA Hu [H4] B4 %ol gt 344k 281 s(a,k,n)S Friedman EA4 o] # T2

o gt 29 oA ME 4 ) Lim, Lordo 9 Wolfe (1999)2 Smaz &+ Smindll 71%

& AFHEOZ Spin > s(a, kyn) O HeZ 71283 Spae < 80, k, )01 H HoB 712H81R
Zate WS Adstt 282

Hio Al olm & A3 = 8 &
Smaz Z Smin®] AHEB T L 0] 83

Z object= FAHE F =

L)

v

in < s(a,k,n) < Spmaz 2 A 01]EH<>H}\1‘*HO_'L
il\fuoﬂ}\il_ mm<5(akn)<5maz?l7§—?—

At &
ool HAEHe AL

l

Smin Z S(Oé,k,’ﬂ) :g“\%

Srmaz ‘;‘ Snin > s(a, k,n) o] CEHO 71 zv&t 3 (21)

Smaz < s(a, k,n) Z-2

Smaz - Snin. _ (04, k,m) o1 Hy 7)2b @
ol AFYL BGH ¢HARANN F4 S AAYsteH V2 FAcAE S TET o
712 ¥ (e.g. Lordo 9 Wolfe (1994)) 5] M2¢ 714X %8 2o 2 steilde 2219
—‘—0}1, Friedman £7 %o W& 7] 2% X (e.g. Hollander 9} Wolfe (1973))2 ]%‘aq E
42 A} 8 0| 4] Friedman EA4 2o A 23l T EE 32714 object F k, judge & n
54 A=) Peo EFoz FI] W . ko & Monte Carlo Al €] Hi"ﬂ =
g ZAE] AFEEEE Al AFE T £ lou B =FddlA s 4 A EEol Al1F
LFE ¥ A Z FAstE 71EY 714A

rulo

2.2, Smaz 4 Smin AINE RIBH 2002
&4 8 2k F o] ) g Friedman B4 % S& th&3 20 8T & Ut

il

: k
= [12/nk(k + 1)] ) R} - 3n(k + 1),
i=1

=
2,
Y
M
do
s
[o]

£

714 R; & object j (7 = 1,..., Itk webad SE Ho [H 43 she
£ vt RFE A (# 43 sl Aoln ok RiEE VM5 28] oA EE PHES]
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obJectoﬂ THE Foagdozn AT - FASL Snuz[Smin] S 7] 93 2
Judgea o] AZ objectdl] £9 & sFa= | | ‘

7}:@ nE 0%01] Ul 292 2o B @-6;} Bc%ﬂ szszac}.-

A 3. SpazlSminl T 7193 A A9 judgeE©] A% objectoll tisl] dad =& I
3 Boj] = _]udg S da ¢HE LsAEMAAE| R %LO# 3 oh o] Al
7123 R, &S 7}“61 “431 HoAEE MRS -r°4 H 95 &gt

97 4. WA Y A QU el judgeS ol dlaf o9 Eo] e o2 A% Bol
- A7 G2 judgeE A EISEY B 22 7Hoh A Ad e RE Judgeaoﬂ o 3f
Shew BE A 90 gasdl o8 o H4L wRa

7 1 -4 Y Bol FHEL ZE judgeSol EFL WA A& wErg Py oY
A st Aol SASE SAA TN Spaz[Smin] o HSFE TAIEAZ S5, [58] ©]
AojAt} IR E, Lim, Lordo 9 Wolfe (1999)E 7] 4ol4 A A9] judgeSo] tia] A
2 5P 08 SHFe] o] FAPoBMA 5, [5),]8 A WEFEA AL 5 glov
% ™ & (precision) H of| A Hoizith, = 7
t2e e B4d £AARE /A 2 e eSS A A AR

objects

1 2 3 4

1 - 2 - 1

judges 2 3 1 2 '4
3 1 2 — —

4 - = = 1

o SAF ALE Al Aol dneF DAl 1 3 2004 A={1, 3 }¢} B={ 2 }7}
. A 390 A judge 17} 39] Az objectEol tf gt /\%?O‘%‘C judge 18 WA
A judge 38 ol S W87} judge 38 WA ¥ BF judge 12 ol ShE 7}
2] A7} gt A7 E A FHE e F4U A9E Ao B B={ 2 }d

21 = judge 22] object 49 HEt =97} object 3] ¥ H T} 7] o} ol judge 39| object
3 I} 40 *T‘H 3 7} 48 FF3th 9 4o A= JF B={2, 3}7F DolA o A={1}9] &
judge 1] Tt £ = 8] G 28 & EolzHc}. judge 19 2 Z object 1, 30 &9 F
A= H# Boﬂ A= judgeE 9] ©] & objecte]] th-23t= &gl 4 9} 5 0]v=E ZH7; =9
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é



194 o dEE

3 3} 42 gk}, 18] 3L judge 49] A= object 1, 2, 39 i gt &9 F = B={1, 2, 3}<
TH ol 7, 5,90 B2 7}7} 3,2, 47} B Atk HA FA G AT A9 F2L2
o3 iRt watA §;,, 9% 51, T TE SR LAZ}EL Zyzt vh2- 2t

~objects o objects .

1 2 3 4 | 12 3 4

, 1 38 2 41 1 3 2 4 1
judges 2 3 1 2 4 judgess 2 3 1 2 4
3 1 2 84 3 1 2 3 4

4 3 2 4 1 4 3 4 21

9 AEAH St =270 3 §*, = 0.30]T}. \

32 Lim, Lordo ¢} Wolfe (1999)9] Hd [ 4] izi Fite Tote Wi dis) &
HAEz A A FAF FL 718 EnF GA 1, 2004 Aol A={1, 3 }o) 3}
judge 1, 39] ££9) &FL 919 AtA WA E judge 17 39] F7HA] &3¢ 25
223 B o] =R E gl FAsA B={ 1 } of 71238} judge 12] object
4 3oﬂ =91 49} 3, judge 39] object 3 F 40 Tﬁ 37} 42 gt} judge 49 €9 &F
B={1, 2, 3}¢] & gte] 7123 Pt A2 5AF .%k,c shel 22 o o8 &
Xt e18A] stef dojzl A4A A8 E 22 e 2t ‘

m\m r1r

r\o

objects. " objects
1 2 3 4 1 234
1 4 2 3 1 1 3 2 4 1
judges 2 3 1 2 4 judges 2 3 1 2 4
3 1 2 3 4 3 1 2 4 3
4 Jord 2 4o0r3 1 4 3 4 2 1

mazx 1 1m Lordo 9}'
Wolfeo] i 22 ¢4 & Fsted slolx dadt ol Algtd gue)Fo] o) &
ozl FAFAE(° l 73S Spap =2.7013 Sp,=03)ETF € F g3 @ 5 )

A A5 S, =219 S,= 0.07F SELY x]zym e
A

2.3. Net= 22|E s8It

2.2 oA Al etd L] Fol| 93] AAtE S,,m 9} §r. 2 AZ objectEol thal] Hof g
F e RE N8 DR 2N VT Y Smaw & Smin HE AR IA A E
thj=1,... kol tdd ny & object 1914 j74A] &9 & FoJ % judgeE 2] gt o B
] ZHQES (k,n)=(4,4) ¢ (5,5) 2B 3L AT (nqyy, - k-2, » Jc))ﬁ}oﬂ}‘i 100081 wt
B Spar = Shas B Smin = Shnd HE B v watmasith aeln ( 1)ell A
7129 AAEH A (210N Smar® Spin HA 829 SF, 2 AF&8F 3A
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R 2Ege 2= S ‘ AL
(n(l)a co o (k-2 ”(lc)) ﬁ[smaz = S’ma,.v:] ﬂ{sm'm = S';HTI] ﬁ[E—EC7}' & 73 ‘?‘} ﬁ[%ﬂﬁl %}
(n,k)=(4,4), a=0.052, s(.052,4, 4)=7.5

(0,2,2) 974 992 7 7
(2,0,2) 957 834 202 202
(2,2,0) 921 618 457 457
(2,1, 1) 736 708 304 312
(1,1,2) 930 942 134 134
(1,2 1) 866 899 203 206

(n, k)=(5,5), 0:=0.049, 5(.049,5 5) 3.96

(1,1,1,2) 755 773 222 229
(1,2,1,1) 587 674 318 . 346
(2,0,3,0) 929 891 . 427 ‘ 427
(0,30,2) . 822 912 .213 213
( 2,1,0,2) 678 557 432 443
(0,2,2,1) 742 821 - 167 174

Sk > s(ak,n) S

min

Shon * Boin 5 o(a,,m) ol Hy 717t (2.2)
Sk e < sla,k,n) S
Shas + S < (0, k,m) o1 Hy /1A
o] Hy 7)2}et e 842 vl watglch. 7 ATHe  2.10) Ve 9ok E 215 A8 43
gl Zo] Azte A=y v¢ EHAY S HAFH Atk ¥ 2 (k,n)=(5,5)0 4 Smaz = Stz
9} Spnin = St 0] HE BF7E 60 %R Aol = HoE 71748te A5cl e A9 Aol
e E & F A |
2efm 2] daeFel ofs) S::msﬂr S5in° Smaz 2 Sminoll HlSted ol = A &
oA ertE B7] 8 Zzte] AFHRES v e7HE e F(EEAY )8 %
FAo = vwatdeh 2 Afe & 229 FFHAUNT (&, ) (44)01]&1 ZAZgo] e
(ny, ), ey)=(0,2,2)F A AT ZE Aol st ¢34 < AjA oz AL
751‘?‘0 ’T‘g jé‘ _6\3' ?——]_-T/\lgiu}' _‘6] (k n} (5 5) H (n(l),n(g) n(3) 71(5)) (1,2,1,1)%
(2,1,0,2)2) A HFugo] 1% vFo 2 B8] oA AR o7t &2 &+ 8
ct.
3. GiIAl
NEF $HAE 15389 BEF SxolA dg2 Pt s g of

5 =1 5
a2, A7, BEEe F 5 o] Mz AZdsA 2] i o



o

196 SRS

#* 2.2 Smaz[Smin]S”} S;'Laz[ :mn]% ?:.J’IE‘EH B—%LQ’E' jgﬁ")]:ql EHH]' H] (1000 B] H é%)

=R BoHlE
(n@y, @)y - -+ PE—1)) NR)) #[Smaz)/H[Smaz]  H[Smin)/8[Smin]
(n, k)=(4,4)

(0,22 1.281 1.326

(2,0,2) 0.207 0.271

(2,2, 0) 0.092 0.151

(2,1,1) 0.045 0.075

(1,1,2) 0.249 0.276

(1,2,1) | 0.136 0.144

(n, k)=(5,5)

(1,1,1,2) 0.013 0.021

(1,2,1,1) ‘ 0.003 - 0.006

(2,0,3,0) 0.015 0.038

(0,3,0,2) 0.117 0.171

(2,1,0,2) 0.003 0.009

(0,2,2,1) ©0.047 0.064
S2 28 1878 Bo gMIE R BER T l*moﬂﬁ #stA A, B, C, D, EE
A gete] FEE Hlwslrh & 3.1 FEE Ve EAztR T 24 25 WA 7HE
fxol Fvha AZEE & 1, 7R o] Hojdtn AZHE o 59 £98 A
3 #Eo] B HEA &2 %%v‘i— FEZ A =4 Rt oy A% -2}
i Ach Ate AR L ALt FAA L] FH bt i 4243 2olst AEA
€ gotduxt 3o |

aF A B C D E
1 S -2 .
2 -3 2 1 -
3 4 2 1 3 5
4 S S
5 -2 - 1 -
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2280 29 LuelFo] o8] 5y, 9 Sk, B HE SWHY £94mE 47t Ge

3} A}
=dA FHA

1%| A B C D E 18| A B C D E

1 |1 4 2 3 5 1 1 5 2 4 3

2.1 4 372 1 5. 2 5 3 2 1 4

3.1 4 21 3 5 3 4 2 1 3 5

4 4 1 3 2 5 4 3 1 4 5 2

5 |4 2 3 \11'-5‘-'» 51 4 2 5 1 3
o) A 3tE z}ifﬂ A Sk ~1z 32 2} S;;u;; 1.12 o] dojny. mabA A (2.2)9A (S, +
mm)/2 6.72 o] L o =0.049 o] A 7|2} 5(0.049,5,5)=8.96 O| E& H, T 7|2 4 gt}
Z, oA A el FHo s 42 x}ow Ave A7 ivte 28& Wy

4. DOIAIE

$e)E 2 (2.2)0] oA AFEH FTEAD AP L vwsnxt do) o2 9
3 judged 9 objectF 7} Z-E 3709 A ALY (k,n)=(4,4), (5,5), (6,6)2 A2t
a obJecta«] Tr/\}(mmﬂarlty) ZEEH B3t 01,...,0; ol3 B4 19 AFEEZE B
A =[50~ 07 & AZSATE 714 0= Tk, 0;/k o1t

(k,n)=(4,4)%! 2% A=0,2,4,6° 23} (01,...,04) = (0000) (-1,-1,1,1), (-2,-2,2,2),
(-3-333)sk (kn) = (55)2 ¥ (61, ,05) = (0,0,0,0, 0), (-1,1,0,1,1), (-2-2,0,2,2),(-
3,/3,0,33) T (k,n) = (6,6)%) 73%‘(91,'... ,06) = (0,0,0,0,0,0), (-1,-1,0,0,1,1), (-2-
2,0,0,2,2), (-3,-3,0,0,3,3)2 A Z+3} o). B

(6,n) = (4,4)2) 7 %ol 28 & Fe 527 o] o] tle 7122 E o = 0.052 2 0.0940] 4]
$(0.052,4,4) = 7.59 5(0.094,4,4) = 6.30] 31 (k,n) = (5,5)%] BE o = 0.049 <} 0.0940]
A1 5(0.049,5,5) = 8.9629} 5(0.094,5,5) = 7.68°]T}. (k,n) = (6,6)%] 7 F-oll= thEE A
Friedman 57 % 9] AFE L7 Flol A FEE] ZAN e Z A S o] -&38ke] ZAlA <) 7)
Z+3] o = 0.059F 0.1001 4 242t 5(0.05,6,6) = 11.07 9} 5(0.10,6,6) = 9.24F o] &5} ).

k, n, 223 (61,...,06)° g Bd EHAEE A7]9s] 94 IMSL F8 RN-
NOROi-t,’—E% Bt Oy, 0 o3 FAre] 12 kndlle] AHdFE AT AH | 2
222 w52 IMSL$Y RNSRIZERE A2 E A7 3t} o714 2282 10, 20, 30,
40, 50 % = La% Sty 4.1, 4.2, 4.39) 27} (k,n) = (4,4), (5,5), (6,6)011 o) 3 EAM
A7t FEEHANG fEE H AEoRTH B AES 2
TS XHOPFJ A28 vt w5 E““Olﬂ‘r 59, 2
th B4, AYE A AP cdHEY 2 0y e %
G55 a7t AdE & & Uvh BE AF@AsolA £ ©
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[
=

X3
<]

et

F 4.1: (k,n)=(4,4) A% 39 #3832 (10,000 ¥ vrEAR)
A AEE(%) o AdHE ARY Haedd
0 10 0.052 (0.094) 0.0506 (0.0924) * 0.0506 (0.0924)
20 0.0450 (0.0908)  0.0424 (0.0905)
30 0.0394 (0.0829) 0.0349 (0.0813)
40 0.0344 (0.0685)  0.0250 (0.0580)
50 0.0301 (0.0630)  0.0150 (0.0321)
2 10 0.052 (0.094) 0.4274 (0.5699) 0.4274 (0.5699)
20 0.1889 (0.3256)  0.1809 (0.3254)
30 0.1375 (0.2405)  0.1240 (0.2401)
40 10.0884 (0.1338)  0.0621 (0.1164)
50 0.0418 (0.0742)  0.0255 (0.0456)
4 10 0.052 (0.094) 0.5823 (0.7736) 0.5823 (0.7736)
20 0.2558 (0.4602)  0.2450 (0.4602)
30 0.1874 (0.3242)  0.1693 (0.3242)
40 0.1094 (0.1611)  0.0765 (0.1395) .
50 0.0473 (0.0815)  0.0296 (0.0509)
6 10 0.052 (0.094)  0.5847 (0.7797) 0.5847 (0.7797)
20 0.2598 (0.4647)  0.2466 (0.4647)
30 0.1889 (0.3278) 0.1707 (0.3278)
40 0.1105 (0.1625)  0.0771 (0.1406)
50 0.0476 (0.0820)  0.0297 (0.0513)
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42 (kn)=(55) A% 2RE A (10,000 ¥ WA

A AZE%)  « Agd 24y AFEHE

0 100 0.049(0.094) 0.0462 (0.0924) 0.0458 (0.0923)
20 - © % 0.0438 (0.0936) 0.0415 (0.0882)
30 '0.0391 (0.0883)  0.0342 (0.0769)
40 0.0410 (0.0905)  0.0262 (0.0598)
50 0.0429 (0.0930)  0.0191 (0.0444)
10 -~ - 0.049 (0.094) 0.5409 (0.6860) 0.5397 (0.6852)
20 o 0.2699 (0.3940)  0.2608 (0.3833)
30 0.1646 (0.2686) 0.1505 (0.2459)
40 0.0932 (0.1644) 0.0676 (0.1241)
50 - 0.0699 (0.1333)  0.0360 (0.0728)
10 - 0.8927 (0.9614) 0.8915 (0.9614)
20 '0.4854 (0.6102)  0.4734 (0.6009)
30 " 0.2775 (0.4033)  0.2580 (0.3799)
40 ' 0.1346 (0.2161)  0.1005 (0.1718)
50 " 0.0874 (0.1582)  0.0486 (0.0914)
10 ' 0.049 (0.094)° 0.9248 (0.9925) 0.9229 (0.9925)
20 "o 0.5306 (0.6590)  0.5210 (0.6513)
30 U 0.3040 (0.4391)  0.2840 (0.4158)
40 10,1460 (0.2276)  0.1102 (0.1843)
50 ©'0.0926 (0.1624) 0.0517 (0.0971)
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E 4.3 (k,n)=(66)2 4% 2H DA (10,000 @ $H223)

A ZEFE%) a At HAH R i e
0. 10 0.05 (0.10 ) 0.0382 (0.0886) 0.0382 (0.0886)
20 0.0369 (0.0877)  0.0352 (0.0851)
30 0.0339 (0.0808)  0.0297 (0.0705)
40 0.0353 (0.0869) 0.0212 (0.0560)
50 - 0.0454 (0.1167)  0.0104 (0.0378)
2 100 - 0.05(0.10) 0.6076.(0.7616). 0.6075 (0.7614)
.20 ©0.3115 (0.4654) 0.3035 (0.4585)
- 30 0.1870 (0.3155)  0.1690 (0.2890)
40- 0.0999 (0.1919)  0.0692 (0.1402)
50 . 0.0747 (0.1628)  0.0256 (0.0672)
4 10, 0.05 (0.10)  0.9736.(0.9948)  0.9736 (0.9948)
20 .. 0.6317 (0.7750)  0.6237 (0.7690)
30 0.3636 (0.5256)  0.3408 (0.5003)
40 0.1622 (0.2972)  0.1179 (0.2194)
50.. 0.1003 (0.2126)  0.0402 (0.0928)
6 .10 0.05 (0.10.) .0.9979 (1.0000) 0.9979 (1.0000)
20 . .0.7195 (0.8462) 0.7130 (0.8413)
30 - .0.4287 (0.5926) 0.4039 (0.5664)
.40, ~ - .0.1868 (0.3333)  0.1403 (0.2538)
.50 © 0.1088 (0.2257)  0.0445 (0.1000)
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An Efficient Test in a Randomly Incomplete TWO-Way
Rank De51gn

Dong Hoon Lim 1.

~ABSTRACT *

Consider the setting where a group of n judges are to independently rank a series of

k objects, but Where complete rankings are not recewed from each of the judges. In this
‘ paper we propose an efficient procedure to test Whether the treatment effects are the same,
versus a general alternative that the effects differ with 1ncomplete ranklngs. We describe

an algorithm for implementing our procedure without the aid of a computer program and

present the results of a Monte Carlo simulation comparing power performances of the

average ranks procedure with our proposed procedure.

1) Assistant Professor, Department of Statistics, Information & Telecommunication Research Center, Gyeongsang
National University, Chinju, 660-701, Korea



