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HEo 77} Fol AR FAFY TARES FEAol dAa S o, BEAA
ZZ ALE AR FAY FH L2159 27 HEol FY fA-EERY AU LSS
2 Ede Aot B =EdAE AFAAE B A Y, A4 €18E, 2
B2 AYE 2zEHE AHE T 283 ZHFAHANAM EA = exact p-values}

fe £ %(true likelihood)oll 4 Qo] A= true p-valuefte] FAE A B AT}
Fogo: 2R AA,

S )
TE, 2RE, Fojus

M

1. ME

ol EEX EA40 thst 5A Wyo] s dFHIA T Ut (Kang 1997, Kim 1998,
Kim et al 2000, Oh 1996 1998, Park 1998, Yang and Huh 1999, 2254 1997, Z A & and ¢
AA 1998, 2 1993, 3 H3) 1997, TF A and Y35 1997). AFHoZ BEF A
SAA ML AR B8 A7t F23] AZ o A FAZY SAF EXo &3 o R
AA gk shA Tk, 28 d -2 Y A7) FoW, ZEAA A% YA OE F
ES UE £ Utk A& 5o 2 3x9 £EERY B L,

o|l7{o]loloflofOo]1]1

1{1f(1}131¢1]1|0]0
0|8(0|0|j0j0O]|0OfO}O

Flol A3 A AW 2] asymptotic p-value} exact p-value:= Z}7} 0.1342, 0.00132. 2 & A} o]
7} ek Frol Al AW S exact p-valueE Al4Hshe HH-2 3.1 &7MFH ATk B2
o F7 7 ZAod 7HE A5 4FE HYPAY, B A5 4RE 49E FAAY §
dl, 28 AL A= dE g 5357 oYk d§ o thed 2 x5 B8R

213141819
010111011

9] A%, 7ol AlF AA Y2 asymptotic p-value2} exact p-valuet= Z}2} 0.086, 0.0720]T}.
28y AL F 4 gy gl d, asymptotic p-value= 0.48°] H1, AL F S A A
ol g™l ™, asymptotic p-valuetx 0.927} Fch 2322, 52 IR E AU =

1) (120-750) A& S IA AT HEF, olHoxrfdte FASS, zas
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t AR dFE 992 AL PHE v oA 4Tk 8 377 FHE o), 24
BEE o83t AR RALL 159 27 FEo] fA+FET A o AR £ 4
€ A%< 7HAA Aok Aotk vl Z3¥H A9 FHL 159 2/ FEo] I £
FEEG AAY Zoe EAE e Aot FAA M AR NAM R E B2 1F

o 2RV 2F L REY ¥ AT L Rolmng ARE AV E3) AL 9, F
8H(epidemiology) 5 olA AFHA ] A ALLHT AFHAH FoHe olulE 2x2 &
oA Fishero] @A) 713 gl &3 WYY ZAolth Fishere] FFAF L rxe
TERAL o]EH R HFET Yo, AAEF] YR gol AR £ Y=
t], Mehta and Patel(1983)2] network algorithm 2 2 %-& Z-% Al4lo] 71584 FHYck &2
EEANE 3EEHY 57, 42 2832 2ZEYEL AHRAT AFHAANA &
o] A exact p-valuet " F & o]t o] w0 £F true p-valueE WolE o X 7| %
T B =Fo|A= exact p-value} true p-valued] THHAA-S A W A t)

2. ZFoll 2 4~(nuisance parameter)7} gl H-¢2] A&F A

AR fow, FGAAL AR EAFY BEE o] 43t g4 BE 5 ok IRE o)}
EZEA} FAR7 gle 4 dEHA oojch. AXER o|FEZ BAlE= OJ2H 2
ol 7l&drt BEWF X7} o|FEXE B(n,p)E WE uf, AF7AEL Hy:p=po°ltho97)
A poe B R grolth. AREASLL Ty FA 5T, TY ol 245 Sty 314,
X9 #&4 g ek x g,

exact p-value = Z ),pf)(l = p0)" " I 7(2)>T(29))

n!
(n —
A zi(n -z

A7NM Ije &30 BEEHHE 1, olUHE 05 8= A5 T4 (indicator function) ojt}. o
71 BN 7 gol Al exact p-values EEWH 4 X 9] Y&l 3 (true distribution)S A
|3t} dojATh 28] 2 & o] A exact p-value$} true p-values G| 3ot A gk, Fof
2574 A 3% (33)o =, exact p-value: true p-value®t 2R ¢kt

td

3. z]—oH

FAEF7F AE B BHAA
)=}

31 2AR AHAA

7 €1 Qe B2 AEF AL o) 4 (nuisance parameter) 7t = B+ FFHA
olof, Fisher?] AHFAAE o] YF o &3l A7|A L JJRE JFEZEAE g2 4
O B3EHT X7 (k=1,2) o] FRXE B(ng,pr)E W2, X134 Xot A2 SHY ul, A
FAELE Ho:pr =p2=p,0<p<1, HHME-E Hy:py # p2olth A71A FAE HL2
pe ol FA QA FojRpets Aotk AR AAL AFEE (X, Xo)+ thS3 2o
nq! 1p!
z1i(ng ~ 11)! z2l(no — za)!

p(X1 =z, X = -’leHo) = pwl+zz (1 _p)n1+nz—zl~w2
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714 $El e AFIMEANMY (X1, X))o £E2E A, p3tg EEEE
ste] AEAAS & & vt AR AFE AN = A FAHES p
3, AF 7oA p] FEFAZA S = X1+ X, FOARE W (X, X0)9
o]-g3sto] FASA ATt kst Al4to] 23 HE, S = X, + X0 FAHE we

ZAR FExE 7R EYl €A U

i
.§<
I

n1ng!SHn — S)!

PXy =21, Xz = 2218, Ho) = o 31 (ns — )]

FESAZY Aol st fo Fx2= H ol poll A RA At AABTAF
2 BAST, TY gol S22 Fositta sk 28 9,(X;, X0)d #38 g2 (96?,%)3}
oA s =1 + 29U m), 2 AR P H ol 23 exact p-valuet THE-F} Zth
exact p—value = Z Z P(X1 = 1'1,X2 = IL‘2|S = soaHO)I[T(zl,zz)ZT(z?,mg)]
2:1=01:2=0

Ao A} B % 0] exact p-values true p-valueZ} ot o, true p-value: T3 Zo] FoiA
o, p ) & 5 gl golth

true p-value = Z Z P(X1 = £E1,X2 = szHO)I[T(:m,zz)ZT(z?,zg)]
z1=0z2=0
2l 919 exact p-value 2] oA, &3] 74X AR FTAZF TE AHFL2H, o8 71A A
AR E HEo &+ Ak A€ EH,
1
P(X1 = .’El,Xg = :1:2}5' = SO,Ho)

9l A$7} Fisherd] & @A o2, stolAlF AR EAZTE AT A& 7tolAlF FA
o] Hth.

AR Qe FNEFY FEFAF) S 2R FEE o83t AHHAAES
sl 245 AFA A thdl, A s 8 FATAY vjFo] YU 5 o, A=
HE 2 4827} T8 I} (Barnard 1979, Berkson 1978, Greenland 1991). 7 &
AR AHL 15 27 5L FF FAdFF a2 FAY ZSE B3 Eohe A
o, 248 AFGHAME ol & 3 Lol 4A T3 5+ Uk

T(Xy=z1,Xo=12) =

P(reject Ho|Ho) = > P(reject Ho|S = s, Ho)P(S = s|Hy) < Y _ aP(S = s|Ho) = @
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2zAR FAGgAANME ulx o FoH4E glof 7] 18] maximization principled AHE
gt A g So o] RE |FRE A 73T, exact p-valuetx Thg 3 o] Fojzrh.
1 g
exact p-value = mazo<p<1 Z Z P(X1 = z1, X2 = 22| Ho) j7(3, ,05)>T(29,29)]
£1=0 12=0 .

AAZ Hoge Ads7e o2l $ug, po] §%-& 0.0017 8 0.9997H2] 0.001% F7HA1 A
AMA 5 Ol FRE FE9 Fo FE ALH F, 2 F M E AL AL E Aok
22AR 3GFAL vAY FoRyof e Ddst SEFAZO] SASHA %ok, 2R
REARL LT+ A ol 5 A ET F2AN 3FHA ] dH L AdgE Ze
pol Z AA pol Fgtel B oA AT, F2AR FEHAAYL o BeAA Y,
Z zolA R4 ZE altt HA AL RALES St Wl g &2 Yok F2AR
ARARL v X FARF7F o 7ol d AHgaHr] S-strhe B shbe] T o] gk

3.3 =¥ 7473 (permutation tests)

ARL #29 FEWF Xo| U3 B4A FEEE A glo] AGFAL U=

Eubyolth B Hoja e ol RE EAE A& S0l AE3AT olER EA

¢X117(1—12 .7—127a,n1)}'“r“z—| BERE FE II]—EH:H #4 de A
Fi = Folth. ol ¢4 A2 Bes eA2 BEo AL

1. 2t #&Z X ol = (score) S - 74’\-4 A F4lol Y Y ridel wet et
g At

2. M8 FAF FAFE A9

3. A4S0 BE 7153 234 O, AR AL F39, £4E L (permutation
dlstrlbutlon) E__ %ot

4. FojA £ YL EE 0] 83} pvalueS T}

duE 5T 2aZEH

E AoME rxc BZRNA SHA AL AR AMSEA 248 AR AA
A+2-5 = network algorithmell thaiA A BT E stAch rxc 28RN SHAY A3
o} AF7IAE Ho Pij = pz+p+1(i = 1,,,7‘j =1,,,¢) Fo D:‘ pz+(’i = 1naa")“‘"
P+3(J =1,,,c)7} 0| A Ao w47t "t o] FojnfFol tfet ARMdAAY F

A FF (Xip,i=1,,,n)3 I3 (X455 = 1,,,0)°] Aok 225 FLHAHY 75«101]
94?'??‘5, UG FEH rxc BER F o] 22 RErxc ELRE I T



AEAAREN Q3 1% 191

th 238 B2gxo AJE FF reference seto] gt E&l$0, (X?+,X2,~)7} #&9 I3, 4
Fgdu), FA R o2 E 33 Zo] FojAth
{XIX—E‘ T X C%QE,ZXU = X?_'_,i = 1,,,7',ZX1']’ = X.?.],J = 177)0}
i=1

i=1

2]
2 2oy A =4, Gail and Mantel (1977)& AFZAFE ©]-83+9] reference set2] Ak
A28 3% HHE AN B 104 BA & £ UKol ¥¥RY IV 2T
T A A &, reference set2] A7|7F YR AA, o] whE FAFE ol A AL A, EA
Z A} (complete enumeration)oll 2] 3 exact p-value® 73t €& E715 3817 Hrh Mehta
and Patel(1983)-& network algorithm 2 2 o] 4| & 23} tt. Network algorithmof]

E1. Fisherd] @A A EA

283 exact p-value | asymp. p-value | reference set 37|
201265
131112 0.0454 0.0666 10 x 108
103100
121200
1221101
2002300
0111273 0.0393 0.1213 64 x 10°
1120001
0111100
= reference setol] Yl EE BERE, $F vir] (node)ol| Al Al &Hete] F2ko] = o
)& AR & o8 Z nly 2 olojA+= EE P E(path)s} i thSA17122, &4 B2
Aol E #YH = EZRNA LR AAFTAFY g dAFEF TETh o] of exact

p-valueE F3tE 4L A2H Ed T S AR dolBtt AAY 22 RE =
£ A= A3} ZolA Al "t} Network algorithm- Z 7t utrjuttt W Evl74A] 7he 73
259 ZolY g} Hagg 7ok vk Hdighe] AEY F¥R ABHE A=
9] AojBt}t 2rid, I 71 vitjo A HAEE EE 2+ exact p-valued] EFFojof
deg o ol 4o A2E AME g8glo], I 52 uitoA SE = EE RS
#5& 3ol exact p-valueo] B=rh @k HAghe] FEH £ER HIH e 2 2
ol Ittd, I £t nlyol A BAPHE BE AR £ exact p-valuedl] EFE A & A
olm2, 1 7 uttjoA AEE RE FR2EL ¢ o4 1T a7 QoA A ot
ghek 9lo] 24 E5 o= ASF WEH A o, I F2F utolA thAl 39 DA Qe
o) 5L A F, oA Yo A & ZAET) Netowrk algorithm-2 ©] A 3 implicit
enumerationg AH&32 2, AAAZHE YA £Y F Atk Network algorithm r x ¢
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RN SHAG AP EAoYAE YA A 224 HYHTEA HLHIUT
(Agresti et al 1990, Hirji et al 1987 1988, Mehta et al 1984 1985 1988 1992 1998), 1 &
= FAHo)H HEo N Z2 a2 AY-] 2 ZE o] StatXact (http://www.cytel.com)E
2ofE 3 gl StatXact: EZ RN FFZH AT ofeh vlRSy AR YA A
FH4A4 5 7H538hH, StatXact version 4.09] 7|5 EL E20] 225 0] 9t} H]E network
algorithmo] &3 o], FFE 7} o} 8] 2R HE, BER 20| o}F AX W, o
3] exact p-value®} A4 E7}53tth o2 3 A% o2 A 71A Loz A7t A
= o] A gtk A WA UL reference setol] Y= BE EIRE ZAMSHE U4l 2 98
T 2 ALELS] exact p-value®} A2 774 F3ks Wi ot} o] 8 A do] A p-value= Monte
Carlo p-valuegtal £ 2] 2T} (Agresti et al 1979, Senchaudhuri et al 1995). & HA] W&
TR gFEAE Z4U B3, Uv X B E47 A2 B AHEE = 9y
olty. F47} W2 B -Eo| A= asymptotic p-valueE 733, £471 A& R E o A= exact
p-valueE 73to] gx)&= ¥ 0|t} (Baglivo et al 1988). Al WA W} 2 7|29 hREE o]
S OE 7HAsA AR R E o|2Y FHE ol &= Yot kE ¥R
o] Zheet o, 71&9] thEE o] BN E ke 2AFH] 93, BE 37 ot F7}130H
A, 2L Aol A & nol Z7he] Bt kE AW $E2 F7HHA shof DojAx
MEE EE Z27E o] 880} (Koehler 1986).

BHEARL o] E2E o1 8FLE AgA FAFE oF BF U AR B3, 4
ARE ot A2 FAFES AL HAch dl2 e AA AZ8F A o] AHRT FFFo
altt A 2L A5 Arled, o)A w2 FFF Ao £F B4 2 (conservative) o] 2t
3 8l 2 3t} (Suissa and Shuster 1985). 3FA1¥F, Upton (1992)-2 ¥ o] A p-valueS
Hushes 20 383, 499 fd+E2R vad o+ vty 33490 S84
& WEshe AR T A7 gol oFAR T, HZE AAABAMY HFA
Ao th3t AF7 WEF 3 o} (Fay and. Gennings 1996, Kang and Park 2000). = £}l
T HZY AdF For s AR B2l B3 2% Markov chain Monte Carlog ©]-&
3= ¥4 (Smith et al 1996), Zo}& B o) A Ao 7} 2 8 importance sampling& ©]
|3t W o] A7 oA Atk (Booth and Butler 1999)
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E2. StatXacto] A2 ¥ A= AHHF (A

ARl

b

3 A7)

Inference for Continuous Data

One-Sample Goodness-of-Fit Inference

Chi-Square Goodness-of-Fit Test

Kolmogorov Goodness-of-Fit Test
Shapiro-Wilk Test, Lilliefors Test
Runs Test

Two-Sample Inference: Paired Samples

Wilcoxon Signed-Rank Test, Sign Test
Hodges-Lehmann Estimation
Permutation Test, McNemar’s Test
Marginal Homogeneity Test

Two-Sample Inference:
Independent Samples

Wilcoxon-Mann-Whitney Test
Hodges-Lehmann Estimation
Generalized Wilcoxon-Gehan Test
Normal Scores Test, Savage Score Test
Logrank Test, Siegel-Tukey Test
Ansari-Bradley Test, Klotz Test

Mood Test, Conover Test

Permutation Test with General Scores
Kolmogorov-Smirnov Test
Wald-Wolfowitz Runs Test

K-Sample Inference: Repeated Samples

Friedman Test, Kendall’'s W
Cochran Q’s Test, Quade Test, Page Test

K-Sample Inference: Independent Samples

Median Test, Kruskall-Wallis Test
Normal Scores Test, Savage Scores Test
One-Way ANOVA with General Scores
K-Sample Logrank Test

K-Sample Wilcoxon-Gehan Test
Jonckheere-Terpstra Test

Linear by Linear Association Test
K-Sample Trend Test with Censoring
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#3. StatXacto] M2 + Jle AFHAZ(EFE A8)

Inference for Categorical Data

One-Sample

Binomial Test, Multinomial Estimates
Poisson Test

Two Binomial Samples

Fisher’s Exact Test

Confidence Interval on the Difference
Confidence Interval on the Ratio
Unconditional Exact Test

Two Stratified Poisson Samples

Test of Homogeneity of Relative Risks
Test of the Coomon Relative Risk

Stratified 2 x 2 Contingency Tables

Test of Homogeneity of Odds-Ratio
Mantel-Haenszel Test

Stratified 2 x C' Contingency Tables

Wilcoxon Rank Sum Test
Normal Scores Test, Savage Test
Trend Test, Permutation Test

Unordered R x C Contingency Table

Pearson’s Chi-Square Test
Likelihood Ratio Test
Fisher’s Exact Test

Singly Ordered R x C Contingency
Tables

Kruskall-Wallis Test
Normal Scores Test
One-Way ANOVA with General Scores

Doubly Ordered R x C Contingency
Tables

Jonckheere-Terpstra Test
Linear-by-Linear Association Test

Exact Power

Comparing Two Binomial
Comparing K Ordered Binomial
Comparing Two Ordered Multinomial
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F4. StatXacto] A2 5 = FFHA (I

/51 __;;’51:)

Inference for Measure of Association

Pearson’s Correlation
Spearman’s Correlation
Kendall’s Coefficient of Concordance
Kendall’s Tau, Somer’s D Coefficient
Gamma Coefficient
Goodman-Kruskal Tau
Uncertainty Coefficient

Ordinal Data

Nominal Data,

Measure of Agreement | Cohen’s Kappa, Weighted Kappa
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Investigation on Exact Tests
Seung-Ho Kang!)

ABSTRACT

When the sample size is small, exact tests are often employed because the asymp-
totic distribution of the test statistic is in doubt. The advantage of exact tests is that
it is guaranteed to bound the type I error probability to the nominal level. In this pa-
per we review the methods of constructing exact tests, the algorithm and commercial
software. We also examine the difference between exact p-values obtained from exact
tests and true p-values obtained from the true underlying distribution.

Keywords : conditional test, contingency table, small sample, nuisance parameter
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