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A Comparison Study for the Confidence Intervals of the
Common Odds Ratio in the Stratified 2x2 Tables Using the
Average Coverage Probabilityl)

Min Jung Kwak? and Hyeong Chul Jeong3
Abstract

In this paper, various methods for finding confidence intervals for common odds
ratio ¢ of the K 2x2 tables are reviewed. Also we propose two jackknife confidence

intervals and bootstrap confidence intervals for ¢ These confidence intervals are
compared with the other existing confidence intervals by using Monte Carlo
simulation with respect to the average coverage probability.

Keywords : Common odds ratio, Exact confidence interval, Jackknife, Bootstrap, Average
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Atz 93AE Y AR F AT FEL KA F(stratum)E A SHHA 2x2
ojztd BEEZ Folnh Hr|A, F ®
B& FAste ¥ £ =7}
Hl ¢go] AR FHete AT g2 #AE Toiged, dEHeg e F 74X
F ok A& #HE Mantel-Haenszel %2248 FA g3 ojd i@ A 45
Agste] FMEEE &3] A TS FHeE Aol o9 ¥ ATE Hauck(1979)9]
A Z T2}, Phillips and Holland(1987) 2133 Sato(1990)¢] A& F+& Fnd 4 givk a2y
Robins, Breslow and Greenland(1986)¢] 7 ZAF A#T3t°] sparse A8Y K7F ¥l 3 & H=
ANHFLE F FEIFE Aoz gEA Yo F HAc 27 EEd 72 ARLHFRE T
23t Aolt} oo thsiA = Mehta, Patel and Gray(1985), Vollset, Hirji and Elashoff(1991)
o ATE & F Uth. AEUH T2 sparse AEY A5H A= A ABAE AT T
TEY 7 o, HFEAEY oY wEo] TFFEo] Fol HEFERT ¢ AA HEe
FA FA7 2 (Agresti and Coull; 1998). A&AZ 2o B4 E e WHoE F
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-p #(mid-p) ZFLYE AT F Jrh. 28, o] FFAIH T FHFole B ALH o

Fozdl AT FEdE oA 53 Mantel-Haenszel A9 27|38 X9 A
X & %}%3}% W Qe AEE AA(resampling plan)E st A upo] Z(Jackknife) F
> A5 &8 ¢ 9ol 53|, Pigeot(191)E 29 /57 AL o z+ Ao s
7} 7} o) 1%—‘1%—3— site] R o2 Fete AYolZE s whol U (bias)H HT
ZH(mean squared error) S¥HoAA %S BAT, T3 FUA F(2002)L 9 7 2Y
R2EY FAF Beo HTAFTLA FHAA HyolZ wyut 43S RAHEL §
Helup k. 23 d), Singh(1981)9l ojsld, x7|sE ¥ Zo] 7 }L IE W2 EXA
REEAR TG JAREYY o7} 0(1N_n)°1al, RAFIAE ol 8% RX} AREEe F
o 4N O(1/Vmez AFSA BHd F2EY WP o7t e wdu ok A,
Woodroofe and Jhun(1989)& B X FAZTE ZHANM R2EHPE XS] AAEXG AolE
Aoz oIV m7HA 29 + ASS AUt osbge AHde] we FEe=ue Mg
T FHEAE X2EY We] & ALEHEA AHRE AR 97t Joget AR

Mehta and Walsh(1992)& o8 71X 9] 35 =H], &9 4 ®RE A7 5& 31 4207HA
o] B FolAM BT, FH-p 2 AT 2183 Mantel-Haenszel A2 TS 2o
Tl vl e, £ dFdME 71E9 o MF0 AEE HAYHA Aol
EY AHAFE AN, FFEFHE SHNA ol AHAFLY FAY aYdn HF
g vuse Zt A7 5AE AR o 2FqA e FHFLRY ¢ dF o
FE AR T 3FNNE BFEFSFE A ZAMP L T3 o8 S HluwEYth

r~{a:

Ry
g %

|~

Z ol

2. FEZH g9 AT TF

SHA KA 339 22 RBREA FoD W, X,—(X,n X,0€ & 244 2707 247
N 16 Bop A FEAAN AT v_‘?'i, X1k~B(n1k,p1k) X2k~B(n2k,p2k) o|lFEITE
e, 2t FoA Atd-dx A7 2x2 EEEE dS3 #2o] A48

q4F A 5 =%
AL X 14 BT Xk 71k
oz X ok Nop™X 9 7ok
% Le=%X it x g nr—ty =Nt 0y

oq71AH, LZH& ¢k=P1k(1“P2k)/(1_171k)p2k g} 2o oA, BE FoAM =¥t FYsttt
B, F di=¢y=-=¢ oM TF2H Y AT FHAE A AFFRH AH A
e F 7 Fawdel stttk & deolA 7 HIwgel Wi s siestaa @k
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2.1 AN F7

Sy& & kM Al AT digd FE@sE Fou(dEA #AXNE xy), Sk
max (0, ¢,— %) 9 min(n ¢ 0N 2P oA, S=S,+S,++Sxe ¥3, A4 @
A9 F& s=xptaptocta® F2W, S o 2AR FERIE T=(f,1,, -t
Fol3 o, g3 2o

Pr(S=s l T, ‘/’) _—__";(:"L— S min =S58 g @D
2 C.*

K
ANM, S pin = ;}1 max(0,f,~ %), S mx = ;1 min(n 1, t,), 232 C,= ;:S)("lk)(tk"_?’gk)

o, Ts)=[(s;, ", sg:max(0,t,—n,)<s,<min(n ¢, and s+ +sg=s]o|t}
2.11 3T

TTL2HY AFAHFRY HEE ¢, TS ¢y F FeW, 4 QDE &
1001 —a)% B2 53 2

¢L=0 if s=s 4 Pr(S=s l¢ =0
g Pr(S=d¢ )=a/2 if s 0 <KS ¢y Pr(S<dd )=a/2 if s 0 <5CS max (2.2)
Pr(S:smaxl¢L)=a ¢U=OO if S=S max

Y AFAH TS =7 AdAES 9A4, 4 QDAAN vevds As C & Aol &

2 4 (229 dgwAA s Folol gt aWd, & A7 W AAMESE, A
A #T g A A AFHY AMGAE e overflow TA7E ZASER H A3
=y 9% ddd £X3FH gdugdFol AFH gk AF C, & fxde HEAHY
2 Mehta, Patel and Gray(1985)9] network ¢ i@&]lE3 network YxnEFEL AA3
Vollset, Hirji, and Elashoff(1991)9] recursive ¥23F& & + Uvh. ¥ dFojA+= Hirji and
Vollset(1993)¢] HEAEFTE Fxsle dxglEF AS2RIE AH&std, A+ C & F=3tdth Hini

and Vollset(1993)8] AS289%= ¢=1< 2%, 4 QD9 #&& Adst ot 222 AL R
o sgel e A B AFee (Mg Foel A+ C,8 FET F A BEoE 4

k

229 Bsel 2¢ Fa7] AAAE 4 QD8 Test 2ol g WH

log ( :Z::s c 4% —log( ,;zsm c %) =log(a/2) (2.3)

0

Ao A& vFe 5 FAHNA Ay es FEsE A 2 (23)9 log(z cHE
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7] M E a;=loglcg) 2 3, F 21z &§& FE3te L9 4 242 Fi9
overflow ZAE 2238 4 ¢l (Mehta, and Patel and Gray; 1985).
c=log(exp(a)+exp(b)) = log(expla—d) +exp(b—d)+d (2.4)

o71A, d=max(a, b)°lt}. Vollset, Hirji, and Elashoff(1991)& 4] (2.2)9] thdrAld o3 secant
WS F83ste Ao| bisection WY Eu E&F Y-S AAG b ot

212 F7-p A NFHFH

2 (22)9 BN FNLE A7 oA wEd FojZ HEANZHEFES FYFAsE FFo
A}, o) & Eﬂé‘}%:— giog F2l-p 24 (mid-p adjustment)e] AMEET F7h-p ZAYY L &
& 100(1—a)% AN F3L 3 2o

¢ 5 Pr(S=4d¢ ) +Pr(X<dd )=a/2 (2.5)

Mehta and Walsh(1992)= 2 A Y& T3 F-p 2F AT AT AYe &
R HEAS AFHE S3AHE 2o g

2.2 DA E A

[N

HE FAse FAFH 19 ZFLAE 839 AAZAIE B3 F522u9 4
g TE5E & Aok oo HEAQ WHE Mantel-Haenszel A #2 19 ZFXE &
83 Aot} Mantel-Haenszel #AR %9 EF0xd tiaiM+E= Hauck(1979), Breslow(1981),
Flanders(1985) 59 37} +=4l, Robins, Breslow and Greenland(1986)7} A|¢tst B & Qb7
7t a&Hod dEA Y.

e & o
ﬂllo o

Sk 41 oy

2.2.1 Mantel-Hanenszel A28 77+

sz[xlk(ngk_xzk)]/nbSkz[xzk(nlk_xlk)]/nk aga 7 Fo oish Rk,Skgl e 7

[x 16+ (20— x 5] [% 6+ (2 14—~ x1,)]

v s fonwn gt o Lty
o]®, Mantel-Haenszel 33 % 9= R, /S, °l5], Robins et al(1986)9] log(P) & B

_1 PkRk PS,TQR, , Q.S

var(log (D)) ;] [ R.S, + s?,

% 2ot =% an(P) =var(log(P)xP ? otk 2d, Tarlog(P)e TEst] NT7He
T3 & A4 HF S ALE3tE 9ol AFEEN © 2AMSHA otk olo} mel Robins, Breslow
and Greenland(1986)¢] 100(1—a)% BT 3A A& T3k &3z A3 [¢,, ¢ JS b2 2
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[exp(log(P) — Z,; se(log(P)), exp(log(P) + Z,, se(log(P))] (2.6)
2.2.2 Peto A=+ 3¢

YA Yo A Mantel-Haenszel &9 Wz W o g Peto FA o] Bo] &85 gt}

(Emerson; 1994). o} A, Ek=—tf’?l, V.= Lt 2 FOoW, KN $¥EE B
k

k K K
H A= ;lxw E= ;IEk, ag 3 V= > V, & A48 5 do. o714, P=(A-E)/V
= log(ge] Peto FAHFoIH, 1/Ve EA FAHAFolth 822 Peto FAXFS FT
100(1 —a)% AR S 72re] shetm A& [¢,, ¢ J& G323 o] Foz
lexp(P—Z,, V1/V), exp(P+Z,, V1/V)] Q2.7

223 Ayol= AT

TEozud digt o2 Aje)= WHSE A4 4 gt} Breslow and Liang(1982)& %
ste o) ek Aol A TL AA YoM, Pigeot(1991)L Z+ Ao BAZHS s
B Aolx FAL AAEATt o)A, 221 Ao Mantel-Hanenszel FA %S ¢ ,m

2x2 £8Fo AL It g,b,c,d2 oW, AL AUol= & ul o -F(pseudo-values)& T}
3 Zo] FoAR

K
]a,k:‘N’SZ' wn— (N=1)9 ok N= Z:l 7

WA, B = (% o= D =2 )/ (n ,— D+ j=§#kxlj(n2j_x2i)/nj o pe wuoz
% o7 =% 1)/ (n,— 1D+ j=2#kx2f(”i"xli)/”j

Jow Jew Jas® 7T F Ut Pigeot(199D)9] #rto]= FFozu FHF3 AL gz 2
ot

R K
]=Tlv Zl [ xlk]a,k+(nl_xlk)]b,k+x2k]c.k+(n 2k_x2k)]d.k]

K
VO) =_J\_/(Tl——l)_ ;1 [xlk(]—]a,k) 2+(n l_xlk)(]—]b,k) 2
+x o (J=T o ) 2+ (n =5 20U~ T 40 ?]

Pigeot(1991)2 R jolx FA o] HEEH HAFAFLA7 tUhE WY E Hl&] vy e
d& BFHAEE T3ty RHluvl ot -, Hyol= wHE Aol grol 02 Aol AN
259 ojegol EAYE A4Y + rh
ol Al, Pigeot(1991)2] Zi}o]X F A o] EE o]E0] o3 AFREZ FHI} A8z,
Aol RAFZAAH TS &3} o] Aetstuzt 3t

[J—=Z .y seD), J+Z,p se(D] (2.8)

=
o

=1
L
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age, 4 @89 AATHE &9 Xe THY 4 YO8, 2I02ME 088 AolE 4
FFLE g Zo] 2 F At
[exp(log(D) — Z 5 se(D/D, exp(log(N+Z 4, se(D/N] (2.9)

224 X2EQ A3

log(oll thsh, 2+ ZolA Z+ Ao BAZL B 39 RAEY vtEe B3] de RAEY Z34
N B
Ze ¢Hn ad, Y= ; log($3)/B oW, E&Qx& \/;] (log(¢)—9¢9?%B-1 =

Foldr}, 471A, log(d)e E2EY HES o] &3t 73 Mantel-Haenszel log(¢) 33 A o]
. oojA, R2EQ FAYF A/ dEE o]2d o HpIAdTL o 9o REHY F
st HzeAvH AFLEE 49 R2EY AHTNE G483 To] 73T 4 Aok
lexp(P*—Z, 5e(37), exp(P*+Z,, se(P*N] (2.10)
a8, 4 2109 AF2AE $8 AT U, FAEY BEIRY 4TS AL 4 3
EY EXE T 100(1—a)% B2EH A7 g3 2ol AL &+ dg.
[exp(log (9 ym) = a (1— o) 5e(10g8 (P 1)), exp(log (¥ yr) = q (as2) e(log (P N1 (2.11)
A71M, g TS B 3 RZ2EF HiEo g3 9L Z'(H 10001 —a)% EHFelH,
D S 221 A 29] Mantel-Hanenszel 373 3 o|t},
_ _(log(93)—log (P ym)
se( log (¢ )
(26)8] AZHFAANA AFEEE o] 83 il FH5FA
Tg olg@the ol Aozt Untm HATH T, F2E
3, MFEYAEY & AREX tis]l Woodroofe and
2EJ £X¥9 FHAEE #otd $ gl

, b—_«l’...’B

A9 4 (211) R2EQ 273
ZF(pivot statistics)E T3 B2E
Y EXE ZRto NFHFLE
Jhun(1989)9] HIF XS ESH A

>“\’1 W

2.3 Atel ¥4

(£ 2112 el 537 87FA Hiol) dish 3712 R B 95% A 33 FAHARE BA
F1 3tk [ 21194 EXACTE 4 (22), MID-P¥ 4 (25), MH/RBGE 2] (26), PETOE 4]
(2.7), JACK1S 4] (2.8), JACKZ2E 4] (29), BOOTI¢ 4 (2.10) 2831 BOOT2E 4 (211)9 4!
e oujgn, oA Alal(I)g AHHI(IY A EE Emerson(1994)¢] A8 E F 3o,
Emerson(1994)2 A FE A7 WHE A AHFUEY EFE AF A=A E2F3] A<s)
Rornz E AHEMAAME AZE A AT AU EFE HF3 dFstax sk

[R 21]011 AANE FA%L i AFH e 2aFF=RuY FAS AT F g AFH
2 ztolth ol st FUgte MID-P2 BOOT2E A2j3d Urix] @ EdA TF 224

dgujgttn & 4 Utk q7IA, F-p 24 WHFY Z2EY Y (BOOT2)E 21

KX
=
ozuE FAoR YA RS wax gtk £% o) F Wyoer FEezuE FHsE A
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[¥ 2.1] °] 59 ], 87}A] W] & FF2=n9 WFHFNHF FHH

ARSI T ) AR (1) AR (TIT)
k a b c d odds a b c d odds a b c d odds
1 30 30 30 30 1 2 8 10 80 2.0 1 0 0 5
2 30 30 30 30 1 4 6 15 75 3.3 0 1 5 0 0
3 30 30 30 30 1 3 12 5 80 4.0 5 0 0 1 -
4 30 30 30 30 1 5 10 10 75 3.8 0 5 1 1 0
5 30 30 30 30 1 6 9 5 80 10.7 1 1 1 5 5
W ZAzE 95% xlgpzh Azt 95% A7 ZA7t 95% AlgFt
EXACT 0.9999 [ 0.7176, 1.3934 ] 4,0659 [ 2.0808, 7.9450 ] 1.8129 [ 0.1573,20.8963 ]
MID-P 1.0000 [ 0.7265, 1.3765 1 40731 [ 2.1761, 7.6239 ] 1,8925 [ 0.2288,15.6549 ]
MH/RBG 1.0000 [ 0.7261, 1.3772 ] 41713 [ 2.2376, 7.7762 ] 1.9518 [ 0.5545, 6.8706 ]
PETO 1.0000 [ 0.7271, 1.3754 ] 6.6873 [ 3.0456,14.6835 ] 1.5158 [ 0.3578, 6.4212 ]
JACK1 0.9797 [ 0.6572, 1.3022 ] 3.9233 [ 1.2723, 6.5744 ] 1.5941 [-1.4912, 4.6795 ]
JACK2 0.9797 [ 0.7048, 1.3616 ] 3.9233 [ 1.9962, 7.7111 ] 1.5941 [ 0.2301,11,0428 ]
BOOT1 1.0073 [ 0.7320, 1.3861 ] 4.2460 [ 2.2512, 8.0081 ] 1.9721 [ 1.1319, 3.4362 ]
BOOT2 0.9931 [ 0.7234, 1.3634 ] 4.0778 [ 2.1735, 7.6505 ] 1.9259 [ 1.1440, 3.2420 ]

& ARE 479 e F Yoy, AHFAY FARS o] F LYY FTFL=H Y FRAAZ A
&3te Ade 2 FHe gledge A,

0111 7—’[ Al A vebd Al EAE ARuat (B 21044 AE(DE 24 S04 &
Ztzy 120019, 7+ &9 22H7h 12 Az 24 F% A old diF-E2d A
H]fl’—&} TELZE 12 FAHNY, 2228 AHEEA @& HyolZ JAHFRLE &7
A%< o5 Fa vk =¥ Mantel-Haenszel NE72b3 F3t-p 2AMH T3, 283
Peto A 7bo] 23 FALsA 248& £ & o

HJ

1

o 3

- lo

o
o

Abel(IDE 24 39 B8 Z77F 47 10022 B89 A7ie FE#38 AW, 4 F30] 493l
FAA Y, AtEl-dE o) RO A7t oA A A foltt 7A, FENH TR H ¢k
FAZE HAHolgtn ¥ oW, EXACTE 4.0659%8 FA3sy, PETOE 6687322 Peto 413 +3t
Al 433 A2 FAHR glom(Emerson; 1994), HutolZ N Fe 3FFH HA Ues
T F do A7IAM, AF2ALE *}%?ﬂ R2EY A FIHBOOTHS AW vls) ¥4
o A Holxn vk a2, FHEFAFE AL REEF AHFRBOOT2)E F3-p2A
A7z v d3g °E‘E}° 2+ A &5 BE AVF A7 AW, M-tz 22
o Z7|7t o)A oltEt:, RAEY EXE AMET AFFRBOOT2)0] AHIAE T8 RAE
# A THBOOT Bt of ABAHY AFdE FEFHL A,

A= 24 F0 L2u7F 4738 oldAolw, FE 37] Al 493 AL sparse T
ZA4-g Ak 714, At HAE AN FFAHATAA FE AT F el 05 4 H
sto] A= TS AT oA, gAY ?'ﬁltﬂ-?-E""‘*ék-a— FHAolgty FOoH, Peto &
3 A 2} X—HL}O]E FAAEe slgFA, X2EY A X9 Mantel-Haenszel F3 3
VS & F Aok 28, AFR SHAA JACK2 BHS AFASFIAE
H] 1 % 1’101 FA8 Fo, B2EQY N0 FE3] F2 F AIAFE A
T At olE HEC AVt Forvg, R2EY EIE I/t Mantel-Haenszel FRAE

k:l
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Z5 3 gl7) WREolth = FEo A/} FE Wi BAEY 2AHXE MID-P9 vl=du, AE
T7rel ZFo] A3 "OME ZAge Bz AT B AlddAMe RAEFY BEXo EHAH]
BFEE 95%0) fFEHE BAA 1.960] vld) F33] e FFAAM AAFHUG.

3. 2943 v

ol AHEAME A5 EF3 Ao dis] AT EAS AHE Aot oA, AH9
EAS 2o} gutsl AlA HEXFSE SHAA ATy EAS AHREES AT FIAEY
ggold FELOZEH ¢ol s, ojw ]-%i:‘rﬂ: g 71AS A, ARF 7 olH goE FARH,
Fol AlFFe] HTAH FYPFHE FAS}E Aolel sATh ORI FolFEXA H
ZEg3 g9 FLL Kim and Jeong(2000a, ZOOOb)—% Fag 4 sl

31 2oAdyd#4A
FTEozY ¢o FAIXFHEL FAHSI YA, ndord ALt ¢ D By By LEIL
%— o] A%t & RogdFANME (1) log(¢)~U0,3] 2) log(PH~IMO, DIE 7HE3ATh.
, Mz FE p,, o "IAME U0.2,0.4]8 7HAH3IRT wEA AtElE FE p s

K
¢1)2k/(1—_b2k+ ¢92k).§. '71:'0'IXJE]' E—SQ] 3-7] n= ;lnk = 20, 40, 80, 160 -——]-a]_—ll 320% Ea:‘

sdeon, gz Adze B2 Wge 47 L1 1330 $E tFUA ole me
K& 29 52 At 35FE 1—aev 09, 095 2811 0998 AAsAY 24y B4
aokstd o 2o

b S

(47 1] log(pe] EXZHEH BF ¢ 8 dIFE¢0

(DA 21 (pops k=1, K)2 EXANM BF (poy; k=1,,K)
8 fA e BT (p k=1, K)E A

(94 3] (py,pwk=1,,KEFEH EYHoZ o|gFE¥e HE
2x2 EIEE YA} Fo RETERE Z %"ﬂ:—i—ﬂ 2l g
K¢ ), L(gp), LC(gpE Azt 40A, K¢ )e AT BEF ¢.58 T3}
ol 19 AAFSE, L(g)s A7 Ao, LO¢)E AT F4

(24 4] 919 [SAL]~[2A3]E M3 ¥rEF

(@4 5] &g ETAZS A

M — M M
= ’Zl I(¢ ,)/M s L= 121 L(¢ 1)/M , Y= ;11[L0(¢‘)2¢i]/M'

s
£
ot
y
e
o
H
ofd
o
to
IN

[@A 5llN A HFITFEE, L A7y FEdo), 2gn & TEo249 A3
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of B ¢l usl o) EA%E FEE FPst: SAFIT. @HWAIA AT ust Lol
D =LO(¢ DB goll BE FAA 59 A$Fol ATkB re 059 2AFA 2 ok

2943y 45%

[& 3105 [E 320& AR ES} 258 % 25t 5ol Thbd E2e] alel s,
AFZFLET VT2 FFQo 2PT 1 ESFE 90%, 96% 12T 9% A At 2

[¥ 3.1] 20 =v9 AHEXI ASEXE WE o 4 Y= FAXFTE
(K=2, AHalZ3 =79 v 11, 1:3, 2 4A 35 10003}, R=E] & 10003])

N1:N2 (1:1) NI1:N2 (1:3)
Ny 0.90 Zo] R 095 Zo] R 0.99 Zo] R 09 o] R 095 Zo] R 099 Zo] R
20 EXACT .950 - .576 .981 - .596 .999 - .633 .955 - .577 .982 - .591 .999 - 609
MID-P .891 - .557 .952 - .578 .995 - 617 .900 - .563 .956 - .577 .994 - .606

MH/RBG .932 42.7 .452 .964 61.5 .452 .993 124.5 .452 940 46.2 .439 .971 67.9 .439 .998 142.8 .439
PETO .917 16.5 .282 955 22.1 .282 .991 38.0 .282 .925 23.8 .357 .964 32.9 .357 .995 60.8 357
JACKL 777 27.5 ,408 856 32.8 .408 ,927 43.1 .408 .739 29.6 .468 .830 35.3 .468 .921 46.4 .468
JACKZ  .762 - .408 781 - .408 870 .408 .666 73.3 .468 .747 145.4 .468 .864 752.2 .468
BOOT1 . 846 23.6 .483 .910 31.0 .483 .966 51.3 .483 .803 21.0 .461 .875 27.5 .461 .933 45.0 .461
BOOT2 .816 23.6 .505 .856 33.3 .526 .905 64.0 .584 755 19.5 .447 .823 26.6 .460 .880 51.0 .492

40 EXACT .950 - .545 975 - .557 .992 - .585 .950 - .537 .980 - .549 997 - .576
MID-P . 913 - .532 .958 - .546 .985 - 573 911 - .525 .956 - .537 .994 - .560
MH/RBG .927 29.6 .535 .966 39.7 535 .993 68.9 .535 .933 32.9 .512 .970 45.1 .512 .996 81.9 .512
PETO 922 13.1 .388 .961 16.7 .388 .992 25.9 .388 .926 19.8 .450 .963 26.0 .450 .995 42.8 .450
JAGKK1  .818 20. 3 .230 .859 24,2 ,230 .911 31.8 .,230 .799 23.3 .325 .835 27.7 .325 .892 36.4 .325
JACKZ 937 .230 .966 .230 .985 .230  .927 85.3 .325 .948 196.8 .325 .961 325
BOOTI  .891 23 5 .566 935 30.4 .566 .981 48.6 .566 .874 22.2 529 .927 28.8 .529 972 46.2 .529
BOOTZ .834 24.9 .575 .875 33,6 .582 .936 60.3 .621 808 24.0 ,550 .861 32,9 .555 .923 59.0 .590

9
80 EXACT .938 19.1 .531 .974 24.7 .537 .993 40.1 .553 .937 334.1 .510 .960 352.6 .518 .999 459.4 .540
MID-P .90 15,7 .529 ,953 20,6 ,532 .992 33,7 .547 .904 324.6 .501 952 320.2 ,512 .992 399.0 .534
MH/RBG .905 15,3 .530 .954 19.4 ,530 .992 29.2 .530 .904 19.2 512 .958 24,9 ,512 .999 39.8 ,512
PETO .907 8.7 .375 .950 10.8 .375 .993 155 .375 .901 12.7 .468 .951 16.0 .468 .935 23.9 .468

7

3

0

JACK1T  .861 14.8 .307 .894 17.7 .307 .946 23.3 307 .854 16.5 .287 .889 19.7 .287 .932 25.9 287

JACK2 .955 21.8 .307 .980 30.5 .307 .994 58.8 .307 .943 26.5 .287 .966 38.3 .287 .988 80.5 .287
BOOT1 .895 16.4 .567 .948 20.7 .567 .988 31.1 ,567 .889 17.3 .545 .938 22.0 .545 .985 33.4 .545
BOOT2 .868 14.5 .530 .918 18.6 .537 .967 29.4 ,578 .850 17.3 .515 .895 22,5 .,529 ,944 37,1 ,576
160 EXACT .947 9.5 .538 .975 11.6 .544 .996 16.4 .559 .926 15.2 .523 .962 20.7 .528 .990 46.2 .545
MID-P  .817 8.6 .538 .963 10.6 .540 ,993 15.2 552 .8%94 12.4 .519 .947 16.6 .523 .988 22.8 .536
MH/RBG ,916 8.6 .546 .963 10.5 .546 .994 14.7 .546 .888 11.3 .5256 .950 14.0 .525 .990 20.2 .525
PETO ,902 5.8 .359 .959 7.1 .359 .993 9.7 353 .889 8.4 .511 .942 10.3 .511 .986 14.5 .511
JACKI  .893 8.5 .430 .927 10.1 .430 .971 13.3 .430 .877 11,1 .405 .903 13.2 .405 .964 17.4 .405
JACK2 .954 9.3 .430 .981 11,5 .430 .995 16.5 .430 .944 13.5 .405 .981 17.6 .405 .996 28.8 .405
BOOT1 ,908 9.3 .577 .962 11.4 577 .995 16.0 .577 .881 11.9 ,656 .937 14.7 .556 .986 21.1 .556
BOOTZ2 .906 8.3 .541 .952 10.2 ,543 .,986 14,7 577 .861 10.8 .525 .922 13.4 .539 .967 20.1 ,571
320 EXACT .924 5.9 .523 .962 7.0 ,531 .993 9.5 .545 .930 7.0 .497 .971 8.5 .498 .997 11.6 .509
MID-P .897 5.4 516 .951 6.6 .525 .991 9.1 541 911 6.4 496 .962 7.8 .498 .9%94 10.9 .505
MH/RBG .897 5.5 .535 .950 6.6 .535 .991 9.0 .535 .906 6.4 .507 .961 7.8 .507 .995 10.7 .507
PETO 858 3.9 .307 .923 4.7 .307 ,980 6.4 .307 .900 5.5.506 .957 6.7 .506 .993 9.1 ,506
JACK] 907 5.4 .454 .940 6.5 .454 .971 8.5 .454 .897 6.4 .420 .940 7.6 .420 .979 10.0 .420
JACK2 928 5.6 .454 .964 6.8 .454 .995 9.3 454 941 6.7 .420 .977 8.2 .420 .997 11.4 .420
BOOT1 890 5.7 .562 .946 6.8 .562 .983 9.3 .562 .903 6.7 .534 .963 8.2 .534 .996 11.2 .534
BOOT2 891 5.4 .527 .,948 6.5 .535 .985 9.0 .562 ,896 6.3 .499 .956 7.7 .507 .987 10.7 .549
% 2t EES QoA AAHNeH, AfTRe FFAo) - I REL YR T BAY YW
2ol mal AzT7re) gl Tl HAL A7) Dok YR do] AAHI =L PHOZ 1}
o as A7 e UEAT AFTNE FES 5 gE B AME A543 £HE seA
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[¥ 32] 209o=
(K=5, Atdl &3 diz=a9 H] 1:1, 1:3,

#eEY, 4 299 ¢l g Avelx A8FRACKDS HF R
log($)2 MEstel FEF Hrho] L N HTIHJACKDS

ATk 2,
3}04 ZU g2 =7 AR wat ZFAZ T |
T AUk

o]E_

BR5E2

KB €|

o] AAAEEY FFEEE GE of 2 WS AFEHEE

A4 10008, 2EFH wE 10003))

012

N1:N2 (1:1 NL:N2 (1:3)

h e | 0.90 Zo] R 0.95 Zeo] R 0.99 Zo] R 0.90 Zo] R 0.95 Zo] R 099 Zo}] R
20 EXACT 964 - .635 ,983 - .65 .995 - .689 (974 - .620 .992 - .649 998 - .684
MID-P . 905 - .610 .968 - .640 991 - ,679 .940 - .575 .976 - .619 .996 - .873
MH/RBG .875 15.3 .238 .942 20.6 .238 ,986 35.5 .238 .882 14.7 .221 .945 19.8 .221 .988 34.7 .221
PETO .774 8,2 085 .883 10.7 .095 .970 17.1 .095 .807 9.3 .129 .891 12.3 .129 .979 20.3 .129
JACK1  .616 10.6 .357 ,698 12,6 .,357 .808 16.6 .357 .608 9.8 .350 .700 11.7 .350 .800 15,4 L350
JACKZ 782 13.8 .357 .846 18.3 .357 .881 31.6 .357 .782 14.1 .350 .837 19.9 .,350 .884 41.5 .350
BOOT1 .621 5.9 .245 705 7.3 .245 .851 10.4 .245 .476 4.4 ,219 .568 5.4 .219 .702 7.5 .219
BOOTZ .556 5.5 .247 .628 6.7 .250 .765 10.0 .276 .444 4.4 228 .524 5.3 .228 .671 7.9 .264

40 EXACT 932 - .549 960 - .563 .996 - ,603 .943 - .561 .969 - ,578 .992 - .615
MID-P  .900 - .531 .939 - .550 .988 - .585 .896 - .540 947 - .561 .987 - .600
MH/RBG .907 13.8 .318 .946 17.8 .318 ,990 28.4 .318 .903 14,2 .324 .951 18.5 .324 .988 30.0 .324
PETO .832 7.8 .168 .909 9.9 .168 .977 14,9 168 .863 9.7 .219 .924 12.4 .219 .983 19.2 .219
JACK1 729 12,0 ,253 .795 14,3 .253 .867 18.9 .253 .697 11.7 .305 .761 14.0 .305 .867 18.4 .305
JACK2 907 16.1 .2563 .941 21.6 .253 .962 37.4 .253 .890 16.1 .305 .925 21.9 .305 .937 39.7 .305
BOOTI ,803 9.2 .350 .875 11.4 .350 .949 16.6 .350 .719 7.9 .347 .817 9.8 .347 .923 14.1 .347
BOOTZ .740 8.4 .320 .818 10.5 .327 .919 16.0 .359 .679 7.3 .323 .757 9.1 .331 .879 13.5 .350

80 EXACT .926 129.6 .507 .966 144.9 .518 .988 232.4 .550 .936 646.2 .522 .965 677.9 .531 .991 891.1 .553
MID-P 896 121.4 .500 .941 131.5 .508 .984 182.5 .536 .903 629.8 .519 .948 648.4 .524 987 763.6 .545
MH/RBG ,925 11.6 .417 .960 14.5 .417 .991 21.4 417 ,922 11.9 .390 .965 15.0 .390 .991 22.7 .390
PETO .881 7.0 .240 .942 8.7 .240 ,983 12,4 .240 .904 8.9 .325 .943 11.2 .325 .986 16.4 .325
JACKI 845 11.1 .297 ,895 13.2 .297 .943 17.4 ,297 804 10.8 .314 .865 12.9 .314 .921 16.9 .314
JACKZ  .933 13.4 .297 .961 17.2 .297 .991 27.0 .297 916 13.1 .314 .953 16.9 .314 .983 26.8 .314
BOOT1 .875 9.4 .418 .927 11.6 .418 .,976 16.7 .418 836 8.8 .415 .905 10.9 .415 .967 15.6 .415
BOOT2 .842 9.8 .453 .903 12.2 .456 ,958 18.2 .506 814 8.9 .415 .871 11.0 .418 .953 16.4 .457

160 EXACT 919 9.9 .501 .961 12.1 .509 .987 17.2 .528 930 13.6 .503 .956 17.2 .510 .987 27.1 .529
MID-P 895 8.8 .500 .944 10.9 .503 .983 15.8 .522 .907 11.6 .496 .942 14.9 .502 .980 23.6 .522
MH/RBG ,896 8.7 .513 .948 10.7 .513 .,986 15.0 .513 .918 9.4 .479 .953 11.6 .479 .989 16.5 .479
PETO .891 5.6 .322 ,941 6.8 .322 .989 9.4 .322 911 7.5 .432 .949 9.2 .432 .989 12.9 .432
JACK1 .889 8.6 .387 .923 10.3 .387 .962 13.6 .387 879 9.1 .378 .921 10.9 .378 .960 14.3 .378
JACK2 .928 9.5 .387 .967 11.7 .387 .988 16.9 .387 931 10.1 .378 .962 12.6 .378 .990 18.5 .378
BOOTI .891 8.0 .522 .945 9.7 .522 .988 13.5 .522 .890 8.0 .477 .935 9.8 .477 .980 13.7 .477
BOOTZ .846 8.4 .519 .903 10.3 ,527 .958 14.8 .556 ,850 8.4 .500 .912 10.4 .512 .959 14.9 ,540
320 EXACT .939 5.7 .520 .966 6.9 .524 .994 9.3 .538 .924 7.1 .529 .962 8.6 .534 .996 11.8 .547
MID-P 910 5.3 .518 .958 6.5 .521 .993 8.9 .537 ,904 6.5 .527 ,948 8.0 .532 .990 11.1 .545
MH/RBG .911 5.4 534 957 6.5 .534 .,993 8.9 .534 910 6.5 .550 .954 7.9 .550 .990 10.9 .550
PETO .861 3.9 300 .926 4.6 .300 .981 6.3 .300 .908 5.4 .436 .943 6.6 .496 .989 9.0 .496
JAKKI .914 5.4 431 .940 6.5 .431 .972 8.5 .431 .906 6.5 .441 .944 7.8 441 .974 10.2 .441
JACK2 940 5.6 .431 .968 6.8 .431 .997 9.3 .431 .935 6.9 .441 .968 8.4 .441 .995 11.6 .441
BOOT1 .%04 5.6 .577 .954 6.7 .577 .993 9.1 577 .904 6.3 .,579 .949 7.6 .579 .987 10.4 ,579
BOOT2 .896 5.2 .521 .949 6.3 .526 .989 8.7 .564 .897 6.2 .545 .944 7.5 .555 .988 10.6 .590
A, ZdgARE Estd, AFNHFRH TEeRuY gEH AFPez %aﬂ
MH/RBG A8 732+& HlZste Bzt A5 FIHEXACT)S [® 31], [& 32]dH4 2F %}
FEFEFRYG AF4 H1 Qo ol ZFFAF T AYe BFy %S iﬂrﬁh 3 A
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thooleld Ave (29 320904 ARAL F Aok olo) wra Fh-p £Y AT FAs
270 BERS FIRE BAANATH, FolU FRLAE T BAGE BUYE T F ek
79 m MH/RBG ¥ ER9 277 8¢ W, JTEFHE ZHA MID-Pe| us) tx 3
Y F4EE Aol gor}, BB =77 AXNWA MID-P ol Hel @ n5H FFS B
om Qee ¢ & Atk EW BB A7k Agel we AATH Fo)] MH/RBG el

&K

MID-Pe u]sf z&& ¢ 4 vt MID-P9 MH/RBGS 7% ¥& Fd 4d¥ra. [29 31]
= 5 oA, MID-P %33 MH/RBG 49 90%, 5% FEFZAA log(9e] X7 AHExY
W HEEFRES 2AEY (09 3118 HTIHFE SANGA 433 FrEE 2HE BRAF
T ATk (2 31]eA EE A7 A2 | F Y BT Fo BE4F 90%, 5%E 9T
FdFA Aol led, 22 A7)7F AR et FoJ FEFFE FAEFEE] THAA
A 3], MH/RBG W& &9 a77t 2L o o

< 8 F Ut & HE MID-P B#Eg3E 20
L £EANA 2452 LS B F A ol#d AFE Ald-uize] uH|7t LlloA 13082 F
7t = & gl A ol RE AUV AE W, MH/RBG WS d44d 2R & sloF &
"ol By Eoz FAZE 4 o diitEe AFA MH/RBG ¥y o8 714 &
B Ao Fojn HE FEE A FASFUANE Aite] Ayl vl A9 A B
o) M3 o] gt} o)o thsl, Mehta and Walsh(1992)= MH/RBG W A4S AL &
4 9= Aort glonz urBEY A AzdA MHRBGE &8 4 oy, 1¥8x g
Sl EXACT AN#T0E AHgste Aol ag&dolgl sty 14, HFXLISFE 549
A B¥, MH/RBG #H& EE z7|7F & e MID-P HHRY b 244 J3ds 1Y

Fog FERo A7t & e MID-P ¥¥o] MH/RBG Wi ET o $431, ol Atd-of
zo] ul7} olBH Ao] AHFE MID-P el MH/RBG Bt B 438 &+ U&e RATH
1 33Tk,
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PLOT(A} 14 PLOT(B) 1:3

[29 3.1] log(d)~|N0,111Q o, 29 7} 594 HESFF 90%, 95%°] ul g MH/RBGS
MID-P B # X %85 (M : MH/RBG, P : MID-P)
[PLOT(A)] Atel-di= ®l(1:1), [PLOT(B)] Atal-di= ¥l (1:3)
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=24y 23, PETO A7 E& A7 S71ge] we Folx 35588 354
A Jhe AP BAFo stFFAe AR PETO AT A7) 4 o] thE WY
o W3 F5& & F vk 2dH, PETO Mfﬁlﬂ% ARAY FRE AL A5E oM R
€ # 9t PETO 23729 »2 A9 2E Zfd 34 0580 zow, oje Fof 71 =
[E 32l 2 BAFo] o HdAR AS& & 5 Utk ol PETO FAFo] el Z+ &
F ¢ SFFART Yol BE(bias)o] € TAFEE AvsH, old wa AHFHe] BE ¥
Holl vle) BEH o2 oifelM FA FHHZ A5E dEtlie Ao stAS.
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2 Total Sample Size §— Total Sample Size
T T T T T T T T T T ¥ ¥ T T T T
o 50 100 150 200 250 300 350 o 50 100 150 200 250 300 350

PLOT(A) 11 PLOT(B} 1:3

[29 3.2] log(P)~U10,3]12 o, 39 571 2004 HE9 A7]d BE FEAXLHAHE
(E : EXACT, M : MH/RBG, B : BOOT2, J : JACKI1)
[PLOT(A)] Atl-ti= ¥ (1:1), [PLOT(B)] Abal-di= ¥ (1:3)

gEE FoljA ¢8 HFFAH}L ASFE € F Yvh EF, Pigeot(1991)

Frre 2
o gol @ WEFH R4S Ba AT AFTUE THAE AuT lg(PEBoE AT
DY

e FE3E AJACK2)0l 0 2849 WYL B Fox 4. 296, JACK2 A3 T
e [E 3119 [E 3218 Fdte], &9 277 AE de A48 54 %S Holy,
EEo arl7k 23 AR wet JACKIY A#7%e 498 2Asd Fe ¥HdSs &+ A
o 2¥d, JACK2E E®9 a7I7h AR wet JFEFE] EXACT HdEFFEH} vz
Zge Holm glon], MyolX FHF 9A PETO FAHAFNY Fojz B4 ¢S Ui LA
FAste yo] BA FAHD U

oA, HAEXFHE FUAA R2EH Wye] AYe uE BEn FF3 e A [1F
32l K=2°4 EXACT, MH/RBG, BOOT2 281 JACKI ¢ RFEXFHES EAFT Ut
(27 3209, B2EY F5 SAF BXE &8¢ F2EQ AHAF7TY %= FHE £
T Aok Atoiz e =7} 1.1%_1 e F B2 A7I7E 9 100 o)3AlA, 13 I e & B2
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A717F o 200 o)A, FoiX WEFF FHIL AL S B F} 53, K=5 § Fo F7
Z7HE 8 R2EY 70 F£YE A s7HE F EEY AVE 27}6}71! dc. 49
A, AAT F de FEY RF2EY AHFNE FES] AT ZF A 7 FHT 107 o]
FEol 275Ut ¢+ 9714 BOOT1 A3+ ﬁﬂr BOOT2 A 243t ﬂo° AHE A §

EAEY ARG RAEY BAL ANE F e ZEXY BEYFE AIFNE +F
3 BOOT1 A #8772 [¥ 3117 [E 3218 E34 BOOT2 Eut ¢ U2 WAy Holnf, &
9] A7} FLE £, FoA FEFF 433 A Ud+E B F Uk 27, &
o] A7 & F ®Eo] 3209 ALE AyEwW BOOT1 AFF7HRT BOOT2 A& F3ko] Al
F7he) HE Aok ¢ Fov, FoA BEFFEN o A WHEIE & F Utk oAy ¥
S AAREI} AFEEY Y5 upAAAZE A8 F k. F FEEAFS ST E¥X B
Bol Ao mat AFIZALE AL B2E wiEg AAEXd o 2AES 2 5 Utk

1

4. 48

B dAFoMEeE H7XFEE RN FFoRuY AT FH g AHEUY. 53,
1€ AT oo, BE AFA UL Ayl Z AF 7 R2EY ATt & 4
Hugch 2 A3E T3 FF22H Y FH oA E FEAH TR AYE Bede A
F Atk B2, oJAE AR BEY V7L AL FE AEY FE22 s T S
A @k 2 EEY AVIZF HFE IW ZAlolBe 7|2F FAH FEo] Ael wet o
AEsA AEPdE Foldh £ 478 ¥ o3 B A ZFHs ALE AAsnA .

RAA, AT log(PE AT AvtelZ N FE FFH e ¥l EAYH. =

0;

A, AN T "igtew F-p 2 ANHFLE FEE F Ak o] ¥y FEY AL
Ze ALdE &g § 9on, MH/RBG Wi Hld vlu3d Foqx PEFEN & ZAbste
walolth, AR, PETO A8 3#23te &3549 Aol doy, FAHAX/} EFE YR @2 &
oA 2AsE BUR FAZo WA, Aoz EAZE Pigeot(1991)°] A7 RAAH 71EY
te o) v EEexrt BHoy ¢E FAHeR AIFNE FEUS “fﬂ slgFA L, log(y)
2 FAoz AYFRL TEIWE AL FFFAHY EAE LA £=F AHvolZ WS

ALESE AFHTANAN ZEAoR & Ao gho] 0U W AHFL FHo AMFe o o] WE
F . OgAA, F %—71]%*% AbgE RAEY we gRo Ay e de gFAHe] A
gro] gloy, RO =7t AR wet 493 AHoz NIFHERE FHe FH, A4
of o|&38l= Mantel-Haenszel SA %2 ol olgg& HAstA siEch 53], 9 571 &2
A, B AL & u, HEEJEEC] Fol WESLF A3 wWE £E2 dAFdT=
A Bao] thet @ ARJL FoIxR ¥ ZFfo) BESFH WH detew HAS] AMgsHHE
Az},

2 AFd A" AFANH TR StatXact(1997)1A AR 5 Jon, B AFgAE
FORTRANS Al&3le] T2 13 & rt.
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