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On a Bayesian P-value with the Coherence Propertyl)

Hyungtae Hwang?)

Abstract

Schervish(1996) and Lavine and Schervish(1999) have shown that the classical
P-values and the Bayes factors fail to achieve the so-called coherence property,
respectively. In this paper, we propose a new type of Bayesian P-value, namely the
type LR Bayesian P-value, satisfying the coherence property. The proposed Bayesian
P-values are very easy to use with since they are simple functions of likelihood ratio.
Their performances are discussed and compared with those of other methods under
several situations.
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1. A&

Q349 Y (coherence property)= HZo| Gabriel(1969)0] &t thEu|mubge] A H o)A

AAE Mgz, Schervish(1996)= dutaed 7IdAALYHES e 2 AFS G233 2o
A Y3k

AgAl el ol

7bd H27F 7 H'S XS vtz &b &, H7F Fold H'E FHolgdtxn dx}f o' HAW
Hell 9t 7} H'e] 712tE W) 7t HE 34 714 Edd 2 ZdAUE S 4840 ddx &
o =3 JFdE dF oJH FAH9 ZZ(measure of support, or measure of evidence)dl| ©}3}
of H'ol tat gtol &4 Holl o gk o] 43& 71 o 2 349 SFxE& 44 gz
Eia=d

Schervish(1996) U T A ToA dSAZHEAZAY(UMPU tests)ol <3 P-gto] 4&4
o] dEg FFH3A Eve AMLE HYozMN, 1HH P-go] sHdd WE FAHY F=EN
HEHHg Zdol &S F4E v o

3 Ho]= FA S ME woj=2 2l (Bayes factor)el 7Hde] Jeffreys(1960)0] st Hx=
27E o]FZ JMMe tE FAY Fx2M dE HHEo AlEFHo] gkl Schervish(1995,
p.283) Wo|2Q8 & ‘AR EAsE 7HH U 2AY AEE A e FELoE FE
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39929, Kass and Raftery(1995)+ #lo]= g9lo] tigt A9, ol A4 49, A& Ad 2 o
2] 71A] =HEd izt FHYSA E3tn FE & v A

azgy dolZ A H A UM wiojza e A Wi HBE & RIS st A
715 oigtth. 2 FolA%E Lavine and Schervish(1999)+= #lo]Z8.8lo] d@AA9 Hdelg FZ31A
Z8E BYgozEA Wojzgale] Za v =A FHE AAHI{FoH, ol¢ T HIAA Y
A2 Qs wlojz Qe Algo] $3 ZAI(dangerous consequences)E ZHUET FE USS
AustAdnt 4B dae o] =29 vis F8E FVE AFIA € Aoz, e ol
z8<Qlo] HIdBAHYLE RAFE e o g9 2-A AduHRA 2 Aol

# 2o Hwang(2001)3} Hwang and Oh(2002) Z+Zt fo+F9 /g S e dol= 7MAEAA
B g0 wE Wol= P-gte MEE AE v Utk I1E0] Ast MU oy 7R F9
NA 333l ‘3}3‘7‘]5} HAAES ZE Aoz HuHJoy, g 24 259 HAAEY o
Al d#gde dele $F3A XS BAE Aojth

oo u}z} °] Aol = Hwang and Oh(2002)7F #|¢kgh woj= P-gtS AME & FHANA +H
e d@Ade Y E e NZE 89 do]2 P-gog2 LRY W2 P-#g AL},
I A e HAESRIA o AJFA AUSHE LRY Wol= P-#< 7HsE H|(likelihood
ratio)d] 7t @9 FeEH THEE 5 Utk

off U Ho

2. 71 7HAAAYREY ndad =

o) AAAE o AT AFY LRY oIz P-gol U@ £YEINE oldisted mgol 3
7 Astel, 712 AR APEES VAol tate] BusH este] Aurlz o

®A Schervish(1996)7h A A& whsh Zo] DAFATAA YFAZABBAA R 2 P-&
o] NPl AHLE T B AN BAY F YTk

[ 2-1] BFEAD My, d®) M B3 2 F 71 7H89848e adsiral
Hyp=0 wvs. Hp:p0 (2.1
Hyp=0 wvs. H{:p*¥0 (2.2)
A7lelA 7t H{2 7Hd H) & JESAT 93337 5439 548 $9F #35H9
e JdFAZGEARDY Y g P-gk2 /M Hd A @xEo 7H2 Hi o A ol o
e gg A olgA HE JHE H & ASEME M8 H & AdeA] Rae B4t
T lAdET

glol dojNel 2& A4 w&o] Schervish(1996)& dFHZHAEAAA - 4 P-go] vl
B3 olgtn 7‘]2—192‘}‘%1 Aoy, 28 AFo] g7 Aol o]d HEL ol AXFHIL YNNG Aol
o n@H P-ghol Z3 e HdBAE EAE DESHAT FEHA Atoldl FrefrEe wied
Mo AoldA HEFHE Aotk AARZ dY/HEe dE/HEE Adste Bfole ndH P-#&
o HldBAEY A= d ol =99 tidol HA FE & F U

&3 1-oM e AF 3 Zo] Lavine and Schervish(1999)& wWol2 FA A dEAo= 7}
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el e FAY FEE ASHD QE Wol2a 94 VY YIS ST ¢ AA
stk du4el delets FEAA Wolzae) FEAY BAYE Btk TAYoR ¥R
dstel theel 8 Solmslz @t

[d 2-2] 2E¥ x| 0 ~ N(6,1) 2258 x=0.59 #Z3g& AT, oj& ZAZ g3 2
< 7HEEA A AR S AAsEH T o
' Hy:0=[—-1,0]1 v.s. H:6=(0,1] (2.3)
Hy 6e[—1,01 wv.s. H,/:0=(0,2] (2.4)
AMREEA dgtole &4 AR FolAE 09 ZF IGUFAA gl dFd FFEEE M8
712 gt ojw A(23)F AQ24)AA FoAZ HHEE tid WolzaA9 e AdNEE 4z
B, =0.6310 # B,=0.7738< ¥AE B (By°l €& & & v} 29 ¢ Z& Hojzg
Ao Fe dH M dig o ZFe Ugez fNE 5 Qo JMHE Hi:6=(0,1] 0 /M4
H:0=(0,2] &8 VXSl = B8t 543 57 x=0.5°1 g Hoj=arle gEL H)
BY Hiol o 4% AAE BoAFe HIdBGY =84 E¢d 2938t He Rolth

Lavine and Schervish(1999)c] A A% uje} 7o), o]z agle] olejd nUAF L
AR ] Fr2A wojzgrle]l AAHeZ Zu v T2 AP 7 &
e AHE7] Hete d9rH oz OdgFd 2L JMEES neld BA

Hy 06, v.s. H;: 06, (2.5)

ojuf Wlo]28NL HE YS9 oz FdHE F QthLee(1989), p.126 1),

J s 161 D)0
B= = (2.6
[ ... 16 100(60)ds
6O,

A7l A, (8] x) & 7He=¥4(ikelihood function)E %£3tH, p,& 6,9 WHAAN Agdd

AREEE BFH(i=1,2). F, o;& 07t EF 69 AAAEEZFolR, 1,=P[0c6,]d

Hgol e
F g of

1

0o() = p(0)/n, for 6= 6,

(O =p(8)/ 7, for 6O,

A26)E 43R Wojzede 7 @A e FEAQ 7HsE(likelihood)d HIZ XD

Att. Lavine and Schervish(1999)= 7}s =9 Ha& Aj&3cts o] vtz wojzagle] 7H44
oM F79 F224 Vested 72U FAE TAAIE A2 Fddsan aﬂe =3

old Atge] volzt 40t Fge e A F=7F 2 AFEY volrl 404 o]4ol F

ol did A9 FxEY o & g8 JHAMNE 28T ZHolnh X vd Z FH9 9?"“

&8t 7 Yold] diE ojd teEES HFE FAY Fxz2 A9end, o Aol 504 o)

oMel Jhs kit 4Rl @E Afele a2 Aol 40t F U FAL FE7F 404 o

Folgts F3d did A9 FEE49 o 2 #E ZAE A dAde Aot A welzg

(2.7
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Ael oleld BALE G GRS G2 EAAA Hl%ﬂ“ AN P-gts) wdeA

ﬂ—xﬂi"% o0& Az '7"7"51 Ago g2 RARE ol Ut} o]z gade 143 P-gH &Y
Z7HAde I AAEA ol T 71:‘124@44 g = % -rl?ﬁg‘ Zt3 e Aol

?}?ﬂ # 2o Hwang(2001)2 FA A AZFEL 2e 289 9(credible region)& ©]-83t &

gazel AUS 2 oz FHAHPES AWs Ao n Hwang and OhDL olo] 7aa

wjo] =z P- %ka At vp Aok o5 AFE 7 A7 WEH} A LHS BAE 3
ooz orjdME AA olEe ATFARE NEFEA 894t NG EE T

225 Fo)z HHES HASRY] s B4 fol U FAEA AREEE 7H48 3,
Fol #F3A xol dste] Ci_,(x) & 6 A st 10001 —a)% A& B Holzgt &3 o
@ Hwang(2001)¢] A& FoAFE a9 wol2 7MEAA WYL o33 2.

Ci- () C 6% d47 HE 7|z, (2.8)

A Fd C_ (0 9 FeE Hdege] doiA Hwang(2001)0] A|te AAEL b 2t

AR, dEHA AN d-MEAA AR Zeo 97 22 B dF &
stct ol & B9l H@sbdel Hy: 66, 22 Y e C_,=[Hx), +) 9 3
"rhdol Hy: 66, 22 " " C_,=(—0, {x]e FEZ A=gge 73t

EX, @544 ool HPD ¥H & o] &3t

o]¢} Zo] Hwang(2001)e] ¢ldtd Agtd wojz 7AAAAMH S ulgte 2 Hwang and Oh
(2002)= FoiF #ZFA] ol diste] wol2 JHEAA ol AFIIEE 7Zse 49 FoF
E a8 #BFA yol did Woj= P-go g FYsgrt olEL Al HA A& F3 o9 2o

Zeolg dwolz P-gko] 71&S nAA P-Foly E& Hol2ad vty AARYHeEN B
ZHES ZFR JEE RAFAG 2y dude dege S Z9aRn, [Jd42-11% 22
BAedME 289 1015 ARl 1A MRS dXd A8 QA" 2E
o =EdA Roggonzg o WYE JA 1IH JEAAYYET A E BP9 delE
F5A Xstx Al%° %_} T Ae Aolth

3. LRE Hlo|= P-g9 At
Ao o Ao A(25) o]F EE HV|EL o HeAx adE AMES7IR @ o] HlA

A= wo]Z2 P-gte o AAA A78% Hwang(2001)3 Hwang and Oh(2002)2] olejtjoi &
NEHo 2 Agss, 2 WES e 2ol dF FHFoIN A 5 A Eh
AHA, A2d9 C _,(x) o s Ao oM Hwang(2001)o] AARE F 712 dAE
7Hed F oA 921 Adsin, F4 0,9 YAEL 6,9 9AE A AHIY
Ci_ 0o EFANANEE T} o]ZA HAE A28 FoAR Hyd 714xdL vd3 2ol
E8E F Jdeg 44 ¢ F Uk

P[0€6, | x]21—a ¥ 9WT H,E 7174TH, (3.1)
watd, ¢>1-Pl[0cO, | x]=P[0€6,|x]d AT H & 71ZtstA Hol H & 71438ts 3
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B

o fFd¢E a7t PO, | x]1°12=, Hwang and Oh(2002)2] wlol= P-gkel Aefo upe}
] o] Wol2 P-3t& Pl x], &, AT/ A& AFEEY S & & e Aol
&o, AHAEE2AM Hwang(2001)% Hwang and Oh(2002)1 M 713 A FARAA DR E ]
7t tiale] e e Wyow AHEIE JAHJEE vk M, FojA BEA xo W3
o Gy O,1M 9 MLEEC] &Adtn 711, o5 Zz G, §, o= w78z od
Y7t AR ARREE m=m=1/2% py(G)=p(F)=1 22K Fixd F ARG
o @ 7FAd ol Eﬂo}"q Ztzy 1/28¢9 93 ALA &S (impartial prior probability; Casella and
Berger(1987) 3 Baslm, zt 7R AARYEZE ZF odde MLE & Ao AZd %
UE UH/“(pomt mass) & 7HASAE Aotk BE AMHEEI FolR Ago o=t H
A g ool A& F ARy, HYA AL X(empirical prior distribution)e] YF o7 o]
g 5 A Fo|th

ol9} 2 JIAE ofdl dAHE HolE P-gE LRE Hol= P-g(Type LR Bayesian
p-value)olgtil 3t P polgtn F7|atat. &, gl AFT vt Zol Ppe Fo{d /A o}
# AT @ AFFECIEZ, g A7 o] FoAA Hrt

P,r =Pl0=6,| x]

o
-{o

%
K=
o

7 fg%z(e | 2)0,(6)d6

7, f s, (0] D08 A0+ 7, fe _, [(81x)0,(8)ds (3.2)
- l(aolx) 1
(B 0)+1(G, 1z L+R
o3 7ol 4 R=§§—§J—{%% Guk oz 5% H(ikelihood ratio)s LA 9= TAH ol
0

o EE R 0gd 43302 EHd H9 ol: dwnzgoz §,AMY O M MLES
o] ZASA @t BE 3$E TIY 5 A g Aol

sup
9= 6), (6] %

sup
9= 6, (8] x)

A@D osted AR Prpol dBAol B AR B HB2AN Peol HEE H]
Re Zagsoli, AB3NM 7t Wold 9 Rel e AXA gov, wadd 90 Wl
9 R e ZolAA FErhe AMZRE P& 484 e 379 AEYS 44 ¢ F
on, ol thgdl (A2l 311 71gHol Yok,

(3.3

(42l 31] A@2)d g LRE Wlo]= P-3 Ppe 71 gidt T F=2H dBd 99

P N
= EL e
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Holg A(32)0 M AtE Prpol dinlsted, 143 P-3t& P2, Hwang and Oh(2002)7} A
AFH Wo]= P-ge P2 H7|87|2 81A

Berger and Sellke(1987) H,: 6= 6, ¢ #°] @dAH @&7Hd(point null hypothesis)ol A %
FHAY B, my=m=1/22 THF AHFREZEY A8 7tA F(class)A A28 H 9
AFEE @&, F, PlH, | x]19 #4ge AR/ wate 49 F E(measure of evidence
against Hy)Z 4331, o] &% 1A P-3#A P& vlEse Q7% v gk 259 dAF
A3} Robert(1994, p193)9] wAje] A P-ghol] oidk wolx¢te] digte g AAsA A7)
o] 71 = et

A7l dg FEIuA & ©e
Berger and Seilke(1987)2] A& 7}-& 4

(o}

i)
o rlo

) ARAMANN FETHEY AL FHAe 2 o,
FHY FHREESS SN A28 PLH, | 4]
o @ol HEAN AAB Preol @3 AFAA ANsT duke Mook WA wdY A
NN FEHAe Bl BF Presl 4L Yohmiut Berger and Sellke(1987)9 A7
27e 4PYoz F1Y 4 U Rk 15 AFRPRY A9 Po-gEol 18] @
PlH,|x]9 Axguc $4 493 2 @e ZEvhe AL 297U 158 olg e

[
l‘lﬂ o

.

o

st 2Atel, BAY ARG 2740 A¢A DAA Pl AR e B
Ad 2Rz S8 43 EAL A 4 AL ALY o A
4. 3§ 4

o HeMd gdd AFIMEAA GE2oHe AL Ppo AFd st AFsHernz,
o] oMz 1 o]9e] Ao UF dEL FEd P Asolud FR uiy FrpHoez
HEHR A o

(o 4-1] BE ), %, AFEE Mg, 1) 2REY 27 nd FE8FEoln, FAHs}nR
ste JMEES o 2o
Hy: p<0 wv.s. Hp: w0 (4.1)
FRoZRY AN z=-% o B2glo] z) 00T sk o] W P9 e teH 2

1/Vn
& 2T 5 Yok

dlo

1
1+exp(2%/2)

E@ o] Aol Pyt ASEN ARl 9% Post dARE @hg 24 =W, 08 EFAFE
£9 $3Y590 ¢ o ohg 4oz EEEG,
Pyo=Pc=1— 0(2) (4.3)
tgel [E 1ole FnHe2 R A4 58 @50l tste] P% Pyy=Pcol @S0l

P, r= (4.2)
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FoA glev, [38 1ldE P Pp=Pc9 &S 202 vud A7 Fo4A v

(¥ 1] [d} 4-1]0A P 3 Puo=Pc9 #E9 ¥

z Pyo=P¢ Prr
1.282 0.100 0.305
1.645 0.050 0.205
2.326 0.010 0.063
2.576 0.005 0.035

0 1 2 3 4 5

[ 1] [d 4-110H PLp3 Puo=Pc 9 3o] vl

(£ 1] 2 (29 12 4988 P o gtol Pp=Pc9 &ud dAddozg 2 goz ye
Tk =, AUDF BE BENAARY Ao AANE Ppe Pyt Peoll st AR
el 7zl 49E NEE AP YST HAAET glome P& ALY i o Ho| &
ol & ROz wel

&9 [4)4-2]% Hwang and Oh(2002)9] 93t AR & A} AFAR Ro2H, o
ZINE AR qgztde]l BF desbdd Ao Pre 45S AEHRY] st &8
REE g



738 Hyungtae Hwang

.

}

e

N v

[14-2] X~ Mg, 1)l dsteq o33 2 de/tEES A8 1A,

Hy: p=0 wv.s. H:p=yu (4.4)
A71A, p>0 & ZM Folth oA X9 #EFFe] x=3=%1 AL
HA WY P-32 w209 gl @Al B&3 2o

Pc=1—@(3)=0.0013 (4.5)
£33 Hwang and Oh(2002)°] <& wWo]= P-3t2 oS3 2
1
<
Pyo=1 1+texp@u—4i/2)’ 0¢m=6 (4.6)
1, 6<ﬂ1
0&o2, LRY wlo]2 P-gt& A(3.2)0 93t At B9 o3} Zo] Fozr)
PLR= 1 (47)

1+exp@u; — #4/2)
99 HU6T AUDZEE Pupst Pe® 1 &50) 0501842 A%, =, 0<u, <62 A5

t EUT #ES 2 BoE ANE O & ATk B [E 2 445 ~UDE ol8ste 2
A AEE g8 gl WE % P-gES MEstel TES & Rolw, [29 & 49 @
B Predl @8 Fo1% 1902 vk Aot

[E 2] [d 4-2]994 Pe, Pyo B Prp9 Hlx

# Pc Pro Prg
0.01 0.0013 0.4925 0.4925
0.854 0.0013 0.1000 0.1000
1.236 0.0013 0.0500 0.0500
3.00 0.0013 0.0110 0.0110
4.764 0.0013 0.0500 0.0500
5.146 0.0013 0.1000 0.1000
6.00 0.0013 0.5000 0.5000
8.00 0.0013 1.0000 0.9997

DA P-3Q Pl @0l Puolh Prpite 28 409 @ol BAYe] A5F ¢t 2
tApde et 2o ABAA BN HBLE B et

AA, 4 =0.013 2ol 0o w3 e A$E A2 BA DHH P-gre Hyp=00] %
W oxel gol B4 BEFA 308U FE2 AN, 2 go] 0.00130% = e A
1g 272 ste] ARMES 14T g FAE FA gAA HYME Hp:p=0.012 A
$A ok 22U A AWRE Hio A FFAE x9 gol 304U FEL 0.00142

rr
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(2% 2] [el4-210 A g, o 3ol W Pol 7ol 3o

A Hy7t &2 299 9 Aol7t glemz, 55 x=30 Hydl Hlate] H, o Folge s
e FAAE 293 Pae AEE AEALE polgol] VL o S 04059 @
02X AR A FA7 92 QuE AES AT Y= Pyt Pett A o 2@
1 9ee ¢ & A= Aotk

Mol E 4, =8.0 % o] Hy p=0014®tt #3g z=34 o 29 A= 392 47
8w o ASeE nAA P-@d Pt 94 0.001322 w$ ZHE FA s H,E
Azstn H & AdaA drh 2y A4HoE x=39 BER] Hy: u=00 H3y
Hy:p=8.00] Foldtt ZdY FAZE nelxx Qonz 134 AddAY Ade Pols
o)7] ofYrh WHo] o] HFAE Prpe 0.9997¢ w$ 2 goE ATHEL AYFLZA A
#ol F $HAT Y8 L F Ae Aot

5. A&

T‘—d

eEoAE 23F ZRAYYPI ojx 29 T V1€ FAAYRUEC 4B dPgE @
A

251 2ee gol FAsel, M2 Fu9 Wolz P-ge AXSHAT ALY Wel= P-g
2 b5E WY wed g4 YU BN 47 A4d & ke AL 231 dom, 4%
oz 9B e BERY T (42004 BE wish o) YUMol Agse
Bl % FUUE BEE Ol U YA YIS 2aFAn. 22 [ 4103 v S
o=

HH P-gol skl 4P 2 ge e AWe APezR ARA A e
Bg

9HE BRF2 glemg o9 EH ATE BLY Aoz AZdd.
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