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1. M2
FAHE A B ¥ (analysis of variance model) 9| A} £4F.8 A (variance component) &9 2
o o A7e B HAEe] 249 4ol 5o} Yok 53 Wl Ak BHIAE Boxs}

Tiao(1973), Ye(1994), Vounatsu2} Smith(1997)8 W] £ 3 B2 3tx}5 0 o 3l t}Fst A
AEE(prior) EE o] &3l B4R AEY FH #% FAE°] thRoFY HA WE
o] 21 Jo&d(random effect)E 2t LYWl A BARNEYL v = ptai+ 65,0 =
1,2,--,1,7=1,2,--- ,Jo]3, & 7|0 A pu= LA A 2 A4 (unknown constant)o] il
e Y FFEEZ N0,02)E WET ;5 EF 5 AFEE N(O0,0H)E =
o, q; % e+ BEF SY0)th A9 2¥ FAEH AL ES £/ X ¥ Box% Tiao(1973) &
ARABEZZ) m(p,02,0%) x 07202 + Jo2) 1L W) ¢ = Joi /o2 NAERZE FE31, 4
AEAA QAN TAHA By A ¢of & AFEESY FAE AFeH, E
3 Ye(1994)9} Chung} Dey(1998)+ FA3H &A1& A AN 2E (group ordering reference
prior) § 23S o] &3t Ztz}t g9} FUAAA S (intraclass correlation) p = ¢2/(0? +
o2)o] O3t EAAAEREEY 1 AHQ E8EE (frequentist coverage probability)e] ]9
NA 53 AE AFdheRE EAh 2 Kim, Kang¥} Lee(2001)& Ye(1994) 2}
Chung# Dey(1998)2] Z3}-& &-E U X) ALA £ X (probability matching prior) 7}A] #7814
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PR A Q] 235 (frequentist coverage probability)e] ol ujofl A poll Tt HELHAHE
T4 F7t ¢4 ARE AFHch=R g B4

o] A= wlB o] 2o ol Yujx EF R BAHEA R (balanced two-way mixed-effects
ANOVA model)

Vij =i+ G vey,i =12, ,p(>1),i =12, ,¢(>1) (1.1)

A4kt 28 (1.1 oAy T AR fived efects) o] iAA] S 2be] ol L4 ¢, E
BR 5P YHEE NO,0Y)E BT, 45 BF S99 AFER N(O o3& 7

o] & #(random effects)] ;AR elx}boldl, B9} g, BF E]olct ol ¥nA 4
S 2 8 o) A} Vounatsu®} Smith(1997)3 H48 4 X & (variance component component )}
e wlo] xRN Z st en, = MBo] 2 B4 FEH Y Ao st F $4t
S 4 (2-variance component) & z2+= ohd A 2 B(hierarchical model }2] ] o] X} F-E A off Y
3 A+E STk

B =RBoAE 2 (1.1))A a2 A error variance) 28] $3 B AFR £ 2 (noninfor-
mative prior) & F 23124 Bk o} E ) =8 A 2 M e FE AR FH 73
H AR R ol Az gl AALH B Z (Jeffreys prior)(1961) 2} Berger$} Bernardo(1989, 1992) 9}
ubiofl ol 8t & 7 ALH ¥ F (reference prior) & FX $oh. B8 A2 & (confidence level)3}
& ALE A8 THone-sided posterior credible interval)2] A A 2 & 8-E (frequentist cov-
erage probability)} & 2AMAH 2 2 A A A7)+ E8 4 XA B 2 (probability matching prior) &
Datta®} Ghosh(1995)4Hg o)) 2} 8td FE §ch 3F A= 27 A F28 AHAE =S of
8 oo 2ANEZEYURFLE FE8T 44 ALEZ S S AAERERT B4
H(proper) A7tE HAZNTE Zo 4£FoA ol huwia] EF RAEH R F Y A
A2 (real data)F 3ol it 330N FEE 4o AABERXE i EAANFHUET
49 2 o9} o?off ] Al-B-ZHcredible interval) E A-F3FR, o] FHE-S vl

flr o

.

—?—-ﬁg (1 1) I q}ﬁ]"’q H = (Hl’ T 7#'17)?’3 Yy = (ylla' o 1ypq)Ta} L}E}"H?li E")f'
o} 8 9% $F4(likelihood function)y bS53 2

(6% 05, 1)
Ho®, o2, ply) o (02" (0% +pod)E
x  ex {_ __(p 23‘:1 {(y.; - --)2 " Z?:}Z?.—J(yij —Yi. —Yj+ y__)2
L o? +pos o?
a¥ b (e =y — (s~ p))? | paly. — p)? ]
. 2.1
i o? * (0% + poj) ) 1)
"?}9“ 4’!(21)01]’{% Yi. = %Zj’:l Yis Y5 = %Z?:l Yij, Y. = ;&'E 123 =1 Yijo M. = 1 ;1!1:1 HMq }

o},
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A(2.1)2 2E, M9 A H Y Z (Fisher information matrix)-<-

a(p—1) q ¢
207 + 2(o 2+pa 2 2(o 2+pcr) 0
11(027‘7%,#) = 2_(;75‘37?2? —‘I—)i-_pqc_rz_)—E 0 (22)
qo,
0 0 'O%Ip —r—az(pa o7 Jp

o] 99l 4](2.2)0 A I, pxp &9 3 E (identity matrix)o] 3L Jy= BEE AHo] 1< pxp

ggoltt o)Al 4(2.2)5 °)&3t 374A FEjo T K AFHE Z(noninformative prior);

AZP2ANAREY FAANREE 180 FEYAAAEZE FE8t2 A Tt
A(2.2)00A (0%, 03, p)oll et Az 2AALEEE v 2] dojA

w0 0%, p) o |I(o® aﬁ, Mk
%+ pog)”

(S

x (o) (o (2.3)

& o 2= BA) F 4 (parameter of interest) & 022 &2 33 7ol B4 (nuisance parame-
ter) 7} (o%, p)?! A<, Berger®} Bernardo(1989)2] ¥l 93t (02,03, )il thet EAA

(ST
woite

rr(0%,0% 1) o (%) H(0? +pof)” (2.4)

Ee A A $39) FAR AREES FBAANALZE FEHVIN S OE

72 A 2 4 (reparametrization) & A Z+3}2}.

|

o w,0%=%(/\—1/}),u=n (25)
Q250 ZAF (5,1 mol et NAe] BRALL the 2ok

472—20 o’
0
0

I(, Am) = P o’ (2.6)

0 a1, - L=t g,

whetA] Cox9t Reid(1987)9) 2l uloll A ¢ AS} poll tidte) w7t "ok 229 Tibshi-

rani(1989)¥ 3 o] whe} A1 28 Y X) AR & 2 (first order probability matching prior)=
D, A m) o™l g(A,m)

o]l §1 Qo) B (02,03, p)8 ALAZEIAAAEEE b2 Zo] vdehdeh

70 (02,02, 1) o (62)7 - g(0? + pod, p) @.7)

q 7114, g(o? + pod, p)e Lol pl7bed Fgolth W3] A(2.7)AM Tl -
B2xo Jge e 222, e $317] AHA Dattast Ghosh(1995)7F Al 2k A|2A &
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£ Y X AL £ Z (second order probability matching prior) & FE 3t 2} 3tk o = 0;,A =
92an‘i—2"‘61a1‘_35 * 7p+2°]a}' }‘3‘?213

52
A 0) = gp(nte(s - 6512)
p+2p+2 P
_Z‘;Zao I T g0, Bpi2))
r=2s=2
1 0 1
~350; = (L11 (I ) I3 g(B2, -+ ,0pi2)) =0 (2.8)
€ €4 "o} 7] A
' AL 2q(p—1) 2q
Ly = E(‘é@) = 63 + O %P0
oL 2pq
L = F =
e = Fore5,) = Bt vap
L113 = = L11(p+2) = 0.
o] I L9 (1,1)hAoln [Y=
263 262
1 qu—o% 2(0 ;fé’ P 262 o
-1 +
L= _pq(pll) lp"’ltjz2 +p5q(p—1) 0o’
0 0 L1, + &,

9 (¢, 7)dholtt mEhA 4(2.8)9 sl DA g(f2,- - ,0pr2)0l HBAE FA 4AHS
B2+ glemg, AFRHeE Xﬂ”ﬂ%%?—_lﬂ/\}ﬂ% l:—

a2 (W, A m) < ¥~ g(A,m)
ol Hug A B (02,03, 1) AAZGEIANAREE

702,03, 1) « (6%)71 - g(0® + po’, p) (2.9)

W(szo,%auly) X 1(02,0123#[?!)‘”(02,0%,#) (3.1)

A7 A, Uo?, 0, uly)e A(21)AN ) $EFFe|oh
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oA, FHR MNARE ay,mp, ol HE 2 AAZEEE 0] HE F(proper) FEAE

A3t} gt FELAAAEE ol thste,
/// I(c? aﬁ,u[y) G aﬁ,y,)dudoﬁda

///RP ()7 -g(o® +p"ﬁ’”) (2)_ (a +po[3)"

PZ] -1 (W5 —v. i=1Zj:1(yij ~ ¥~y +y.)°
x ea:p[ ( > + 5
2 o3 +p0 o
gy (i —y. = (i —p)? |, paly. —p)? 2, 2
C dudosd .
+ o2 + (U2+p0§) )] paogaa (3.2)

2 g(o? + po}, p) = h(o? + pog)ol et k3 poll thate] AR GAAE

Lpem[—%(i(yi.—y..—(uz n))? + ;r%—(y..—u.)z)]du

=1

- /RP exp[——% ((u —y) (I, - ;{%Jp)(wy))]du
x (6% (0 +pod)? (3.3)
o] Bt} 222 4(3.3)9 AFE o] 4d 2 AHE A&t
/ / I (52 4 po2) =5 (02 + po)
 exp [—5717—2<S+;2—+2——55ﬁ)]d0§d02. (3.4)
A ABAANA, S =37 3 (Wi —ve —y5 +.)° & LA AlFF(error sum of square),

SSp=py i, (y;—y.)*E ¢AEH} Xﬂ-—"-f?;}(sum of squares due to random effects)®]t}.
’4(34 oM A HAE Ad, r = 5, w = a.2+pa olgt 3td of = =¥ ol |J| =

A ® Bk £ h(o? +pof) = (%) = (rw)*olet 3.

3™, a>(3-q)/28d
% p{g~ 1 — ss
(32) o / PP 24— § </ w12—5+“e“_2£“’dw)dr
0 0

o0 o0 o
pla—1) _s g-5 _S5g
< / roz T 2tag3 (/ w2 tegT T2 “’dw)dr
0 0

/oo r(g—-1)~q—1 s
T 2

e 2dr
< 0. (3.5)

ZYAAHRE 1y & EAMNARZE 7] AFolx flet AR Yo HAR F 9]
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e o2 2o e BAR AARE 1y, 7y 18I ol ot 020 tE FHAE
9 € 34> (marginal posterior densities)S ZF :} A A 2lse thg3} o] AL 4 315}.
CAZYAAARE 1o 3 FHAZFELETSE

pg+2

Y CONRR

=2
w2 e 2a2 dw)

i S~

FZANALE mpof 3 FAANZHELETS
1 s
r(0%ly) o« (0%) " F e Tff(/wﬁe%g )
0
ca> 30 of, FEIANANARE my ol A FAAZFELETSTE

_ T ss
w(0?y) ox (%) 2T 0w (| w'Freem = qu)

[=}

4. AH A20M A2 MY

o] Aol & F A AAl AZE o] &3t 27F oA A3 FAHE ALAR 2 Ao
o3ty ThE= 1A} sh:} AR A2 (AZ 1)=& Boxe}t Tiao(1973, p348, ¥6.3.2)2 H¥ &
o]A Az o3, & dhte] A7 (AR 2)& Sahai®t Ageel(2000, p158, E3.7)E HE @i

At g o)t} H/l 229 A& 25 o <X 4.1>7 2t

F 41 F AAAREY 8o
(p,q) S SSs | MSE
2= 1| (2, 8) | 206.75 | 553.0 | 29.54
A2 2| (3,4) | 11.5 | 26.25 | 1.917

41(3.3), (3.4), (3.5)2 B¥] 28 13} 217 20 O 5t ALAEE 1), mr 2B I mpr(a = 0),
mar(a = 5)o) th3t ZHzte] FEAF Rz ezt 27 413 29 4.2 vehd Qo

2oz 21(3.3), (3.4), (3.5)2 HE AE 13} 27 29] th3te 2o thet 90%A-&F
Z¥(credible interval)E o] <3 4.2>¢] JeER} 9ot

E 42 A8 13 27 29 3o o2 di st 90% A&+

AR 1 S 2

MSE 29.54 MSE 1.917
T (13.042, 69.1575) T (0.7368, 3.7859)
TR (21.4367, 119.8220) TR (1.1395, 8.4209)
nyp(a=0) | (14.4719, 78.9652) || mm(a = (0.9120, 6.7200)
aypla=1 (14.3127, 70.8863 (0.8779, 4.3087)

)
)
) | (0.8678, 3.7440)
) | (0.8201, 3.2925)

)
) )

(e =2) | (14.1040, 63.6123) || mar(a =
) )

mv(a=5) | (13.2861, 47.2838
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posterior density
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H42>28H a > 3-¢)/22ANA A8 19 B0l a > 29 o, = 2= 29 AL
NAE a>4Y o FEIXNAAEEZI T A5 EFAAM Az 2382, 2ANAE
29} a7t 2 FFAFLXHMSE: mean squared error)S EESHA o B A&
ZH(credible interval)& A FTTH=AE & £ It} wehd whEo] 22 oYU EF¥EF
EAEHEYP o)A AR FAJIAY o o] F 71A) AA 25 FLoME A=
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Bayesian Analysis for the Error Variance in a Two-Way
Mixed-Effects ANOVA Model Using Noninformative

Priors
In Hong Chang V) Byung Hwee Kim 2

ABSTRACT

We consider the problem of estimating the error variance of in a two-way mixed-
effects ANOVA model using noninformative priors. First, we derive Jeffreys’ prior, a
reference prior, and matching priors. We then provide marginal posterior distributions
under those noninformative priors. Finally, we provide graphs of marginal posterior
densities of the error variance and credible intervals for the error variance in two real
data set and compare these credible intervals.

Keywords: Error variance; Jeffreys’ prior; Reference prior; Probability matching prior,
Two-way mixed-effects ANOVA model.

1) Visiting Professor, Department of Applied Statistics, Konkuk University, Seoul, 143-701, Korea.
E-mail:ihchangl@hanmail.net

2) Professor, Department of Mathematics, Hanyang University, Seoul, 133-791, Korea
E-mail:bkim@hanyang.ac.kr



