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BAAH Age ATH o= EXD
A 352 A9 I
£ eEd 2he A3 dolzx Qs AFRYL ogstd ANY HBE BAHE
Aolth. FAHOE ASA vol= WBEH RPL AL FANA AHRE HolA
Ag #ev

g
Ay E R Z71 A(proper)Axjo i %-E—Zi = . EZE 7 2(Gibbs) EEZE ALE
sled AotE AEH dlo)l= Aol F3d T =3 FHAEE AL A"
S

AZA wol= BAE AAsE, olo) et AYH o= BAH wmach
1. A &

EAGgANA b ANBEAHA EAF sve Foid Z}ia HP%EE aA
RNE NE2L Y S /Es 5-&
ToME FHI uls LA
At Y& AAstn 7 2(Gibbs) EEAE Ab
9] frequentist Ao g A =¥ WYEAH A7+ ZAIA: AT Diggle, L1ang 2 Zeger
(1994)el ol of$- Z k= ATt

A3 A& 49 5
3}

= Aot E =
A]Z:l 1}_@.01] 3t EA4H mgog AZ3 o)
} 1A

AAA ZA8E 7 AANE Ao e BEsI SAHS I’_Zl%i] 2 FAdY. Z MA@ o
¥ 23 5HE A9Hd I (cross-sectional study)9tE 22, FA1A A F(longitudinal study)s 713
Eo] Aztel we ¥iE ZAHFPCR AN At T E ‘iﬁi}( aging effect)& Zopd 4 Urh.
ANE AR E AN WBEEH SHXNE Alo]d AA2YA AT (natural correlation)o] A7) A
Hm, A A5 i ojw FA3Z EAE o] 4#E WI=A 1o} gt

’

A8 ¥ ¥ (generalized linear model; GLM)dl w3t A9 &Adsel tjEo] 0|43
s 1 ZAA Agd d Boz dutst AIRIFS FAF EPE°] Bl €TH
Act. —T‘iﬂx—‘ie_i ¥ 2% (marginal model), ¥ ¥ X% Z¥(random effects model) L& Fol&
k s olth

9ol RS HI frequentist FE2Z ZAF I FA W (conditional maximum likelihood
estimation), - 933 ¥ (maximum likelihood estimation), ¥¥t3 F A2 (generalized estimating

D o] =2 19974 I FATGY FEAA Ao 3o 0“1?5191 -
2) (702-701) R+FHA 57 AF[F 1370‘341] AEASR FA 23l
3) (705-034) dlFF A 7 dH4F 3056-6W = fFEG7HE S -4‘1}34 G 7AL
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equation; GEE)%S©°] Bo] A}&3 %t} (Diggle, Liang L Zeger (1994) F%). ¥ Waclawiw 9t
Liang(1994)= ¥ & B P st ZF YA # o]Z(empirical Bayes; EB) +&& T8ttt

2 =59 EXHL2 AAHY A5 ¥ A3l AFH o] Z(hierarchical Bayes; HB) ¥ut3}
APEFGLM)E =YY% frequentist FE HPYH o]z FE Ul &3] wWolx gt
A (fully Bayesian) F&& A¢3t= Rolvh 97l S AL AF &3 8o tjd HB &

332, ¥ A B F(noninformative) AFAEE st A AAFEX7E H(proper)d FTEXAE Fed
ol A ARFEE ALY AF3EH dolz EAE A3, Waclawiwe}l Liang(1994)9] 73
woj= Ay vlwsir}

N

ASH o]z MFRIFL2 Ao & /HANY FAE Z AA BFEFAE AL BY
3} & ®oolue}, AMME X X R4 (hyperparameter)o] A3 X E Roqgoz A & A4
€2 %H “borrow strength”"& 7Hs3tAl &t A Amd AFH wlolz AL AxdE 7
24 Ade 2¥E AFTZ(hierarchy)Z2 E8st v 54 7IAE b2 MAs2RH 2
otvegt #AAE MA whsh AlzH(across time)2E HEE “borrow strength”& & = ot
Rojtt.

o

(g

< AFH ™ol Wyel
Aolth. AA2 FP3H o=
2 wrgskA Xao. g

%
#u A=A wol= WHe zRSe BHUAY(uncertainty) FEES B3 ZHAstae wH 29
= 3 9

DN

AFTE ez WMFAH 1Y

Y& jaA AZAA A AR wgolat gk (j=1,...,n;i=1,...,m). T4 6,9
dale, YoF SYoEA b2 22 I5gSE 7HAE dutst A EF(GLM)S BZstA.
Avd6;) = expl{y ;0 ;— (0 )Y ;1h(y;5 ). (2.1)
A71A ¢,>0E ATt MR G E EW oJIEFE, XotFEE, FAto] &z AFEETF
olo] &3ttt (2.1)A FoI Rl st
E( Yi;wij) = ¢'(0ij); W Yz}{eij) =" ( 91’,‘) 2.2
o] Fysth drIM F(-)L F7FFot. EF 6,5 &3 GLMY A F ¥ (canonical

parameter)2 4Zdo] At}

ok

3 6, D 2ol ¥ W
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W)= x¥b+u, 23)
71N pE @B F7MEsolxn, px1DE XA & HAATY HEoln, w= A
MA BAY WFE N (random effect)olth. B u; ~ iid NO,2)en 7R A2 o

=z YL AMAI YA, b 9§ 7 EHH 0T =Y(marginally independent)o] I,

b~ UnifR) 1812 &7 S7viex IG(%a,—%—b).—% weon AR G714 1G( g, b=

AEFFIE Ax) o« x e gy P e v gt

9ol WMaER &L Breslowdd Clayton(1993) Z8 1 Zeger$t Karim(1991)e] &jefA #HP g
OE AgoiA ALEEHATE Zerger?t Karim(1991)2 ZAA A AR &E7F ofd T & EAAA vjAR

# ¥ ¥ (noninformative prior)S & 3tHth 2 Zergert Karim(1991)el 3] Ar8-8 A}
} & A}FE X (proper posterior)ol I o224 FEXE AT = gle AAHelg. og
B ¥9] %% Natarajan® McCulloch(1995)€ AMFEE7F 1Y e FE8xAS AAEAT 2
Ghosh, Natarajan, Stroud 18l Carlin(1998)¢]] 9}3] A9 ¥ FA(small area estimation)o] A&
d GLM EFA A AFEXE 7HE FEZAC] T3

047]*1 y=(yu,...,y1,,l,...,yml,...,ym,,m)j, 0=(611,...,31,,,,...,9m1,...,0mnm)7 g

A X=(X1,eeey Xinyroers Xmiseonr Xmy )8 3EA EF rank( X) = peta 7H435HAL

g AIde YA Med AAH A5 did ASFH o= dutst Ay EFEIH(HB
GLMM)3tol Al Folx yo dlsl 6, & 22l 059 AF AFEE X (joint posterior)7t 2 (proper)
o] @ 222AL AN AVNA G,( 8, 6) (G=1,...,n; i=1,...,m)F &z

A2 1 X003 ax. Ay; | 0)7F RE 6,91 dhal 74 (bounded)ol 2 2281 A% 3hu}
o & (i, /)ol thske]

[

L= [, expl(,05— H0))/$;1 (8)d0; < o 2.4
of d¥¥Tn sHSA =@, Xa+b > pAIL A M S={i: I; ¢ © HIE st
o] jof Wi Yol W, FolA yol Wal 6, & 1T 2 AY AFFEE X7 A (proper)©
o},

<FW> Fo|A yol A 6, b 2R ALY AF AFEIZE b o] Fojn
(8, b,6| y) < HHexp[¢,fl(yij0if— (6]



x (%) ‘g""”exp[—z;(m 6= b x ) )I]IIN (85
X (%)~ lexp(— a/ (26%)).
BA (249 FA L7 #@A 6,90 dslA AR e ¥ 6% [ 78 4,59 29
olg} stat. 7tAel oA 9= Holx § YA2S stk 28w, Fojd yol W 6, b 2
fdx oo A% AFEEE g o] Foidd

H( 0*; b,O‘%‘l Y) &« HH (i,)):I,,-(ooeXp[¢i;l(yij0ij— ¢(01;)]

x (d2) —émlzexp[— DX i perwceo (BB — BT x )% (26D)]
X I iy (05 (62 2 exp(— a/(26%)).
AR poll AN AEI o] Fol dEA B asd den 2o FolAd,
o 60'19) < K TIII ; prceo exoldi (w05~ O (63),
A7l KO0)E 6,9 9&31A F& Aol
gebd 7Hgel 84 [ 2( 8'1y) d 67Coo0l Tt -

e 19 gsd FAHez Yy ~ Bin(ng exp(0)/(1+exp(@p))old Aoz & & (4,))
of dal 1 < y; < ny—1ololok &} aElx WeF Y,; ~ Poisson(exp(fy))old Holx & &
(Z, D A3 y; > 00k ot

Zz7 (248 HA3] wIANFoz g9 T4 goll diF (£E3] g=¢) g(0)9 HAE] £
e 2Y g Uk G, (24) dAld thge o] BEHWE
s,
L= [, 1e(6)1" expl(vs65— #8:)/ #510 (6)d8; < o
26,)9 raR Agel Fusth,

#9 HB GLMME#oX 9 FAF F2& thxd HEEAY ojegol dAL HZd #o]A|
b FEA E MO] Gibbs &R o3 s|ZHo] 7He3trt. Gibbs ERHHE F337)
g 247 A=HFE dgH 2ol 7+

Q) bl8,E y~NX"X'"X "o, AX" X1
A7 R(O)=(h(6y), ..., 1 (0 e N

) 210, b,y ~ 16k {a+ B 20— =37 87}, % (Enit o)
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(iii) x( 6:’]’ lekl( (k, D #‘-‘(Z, ])). b, o%u y)
o expl{y0;— KO0} d;lexpl—(h(0;)— x; 7 B (2D)].

017]*1 (1) 7 (11)°ﬂ -r°17é_ ZAF G2 RHe 44 ZES F2€ F JAY, (i)Y F
= 2 A F28 & Ue EE LEFFIE obvY. gy o] d o - Metropolis
]Z} a‘ﬂa} < /‘}%TE}E_E FEISF 9k ¥, d& ggez (4, -)ol EF dFE N
& v 9 E35}7](log-concave) WEo] Gilks & Wild(1992)2] ARS(adaptive rejection sampling) &
1YFE AR FE U

3. 9 A
o] Hol- = Jones®t Kenward(1989)d Foiz @A g0 g AFEH Hol=2 B4 & A
t, FolA AFgE HEAY A s F A ] eatrnent)Q} % 7]7H(period)& 71 wAAE
(cross-over trial)e] Aot} FY 2tz #F AYPH wlo]=x HEAo] Waclawia®}t Liang(1994)
of FolA 3.

289 AL ARY(active drug)T ¢ F(placebo)el HEH Age] Wik A& AAE A

2 2389 vzae Aot 1d A 6799 BAFAA Yz Had MPolA AR}
WA e eRe UEel Foistn UnA 3%olAE fke WA 181 WAete uFd
of g |

Y,e A 839 A BEX2A AAE Azt Fadold 1 A deld 022 e o
gutgolztn A (i=1,..., 67; 7=1,2). 3¥ZFozA4 AXN(TMT)E LB dhsiMe 1
ARAA)N deiME 022 YepdYg, 28 E e b F/FOZ JIZHPER)L 7|3t l°ﬂ
i e 0, 71z 29 A< 12 vepdo a8d g3 22 AFFH ¥ A4 5 th

vi | pi ~ Bernoulli( py);
0= logit (p;) = b+ byxy;i+ boy+ u;,

714 =5 DAE L aam = () JE2 itk Aest Slus meAee frequentist

ZA2H AT wlolx¢t B BFA {Fo5lx &S Aoz AP Y 2y ¥
g2 gorth WBET 4,5 =YY NO, &) BEXE g,

Az 28L G487 AAM  b=(by, by, by) Tl RS AR} AARITE a3z 2ol

IG(L.0) HARTE Hosth 74 ZALPBEE(hyperprior)S near diffusedt A17)7] $3A

b=0 2 g& 09 7l7H§ ofF AL oz HIu. g9 o ¥ FEo UR
(sensitivity)Z A7) 98] g9 ez .02, .002, 00028 a3t 99 7o) IGEX =2

1



g d3e 2% A9 19 dsd Fo43 AR A

_?_
WEsol 33 a > (olojof BTh ¥V 4,68 FL RO
Moz wEy & diffusedt AW st U7 GEolth E 20 o3
JH oz %A VRSA Yok

P

2

o

AC)

L ‘r‘
e r~1m
X

2

N
iti

3

>

E 19 AAASF by, by, bt BAAE A9 FFAGEC BIg EEAS A FoiA

9, equal tail 95% AFHFRE FoiA Utk 9714 HB £4L a7t 0002 B9 gl
H 2 S $8) Waclawiw$} Liang(1994)¢] EB 242 % 37 2/ 7IdALDHE HB %
EB AE2AFEL o}F ulL3tth. a8Y naive EB WHol EFQLAE £3] F4F A (under-
estimation) 3}7] ® &, Waclawiwgl- Liang(1994)& ©12 3 @348 n¢slyl 98 EB dAe &
Zoxo] UiF R2EY FAXAES Aoy oA dA HB B A¢ FHANEY FY A
< ¢ F Utk wEkA °] —rﬂl"ﬂ s 22 LYo M EB Hare EF e FA
AL HEAHA F3S & F Itk

<E 1> by, by, byt 29l HB 2 EB FAA(XFLA) 232 Equal Tail 96% A&7

= F43 95% HB XA | 9% EB A&7
HB EB ot 2j ol o} 2§ 9
bo (;gg’) (éfgg) 0.679 2.336 0.957 2.403
by (_gf:; (_3237:) -1.590 0213 | -1631 0.074
by (_8252; (_(2;1;57) -1.227 0580 | -1.171 0.337
o ( ;..f:;)) (g.'fzg) 0.698 1.474 2.082 2.658

<E 2> 2o A I G(-g—,m ARBE g3 HB 2HA(EZoA) AgE A

2 a=0.02 a=0.002 a=10.0002

; 1.482 1.483 1.483
0 (0.419) (0.420) (0.420)
5 -0.682 -0.683 -0.683
! (0.462) (0.462) (0.463)
b, -0.329 -0.329 -0.330
(0.455) (0.455) (0.455)

2 1.030 1.030 1.030
- (0.199) (0.199) (0.199)




BAH 2z ASH Holx ¥4 437

=

kil

Mo

[1] Breslow, N.E. and Clayton, D.G. (1993). Approximate Inference in Generalized Linear Mixed
Models. Journal of the American Statistical Association, 88, 9-25.

[2] Diggle, P.]J, Liang, K.Y. and Zeger, SL. (1994). Analsis of Longitudinal Data. Oxford
University Press, Oxford.

[3] Ghosh, M., Natarajan, K., Stroud, T.WF. and Carlin, B.P. (1998). Generalized Linear
Models for Small Area Estimation. Journal of the American Statistical Association,
93, 273-282.

[4] Gilks, W.R. and Wald, P. (1992). Adaptive Rejection Sampling for Gibbs Sampling. Applied
Statistics, 41, 337-348.

[5] Jones, B. and Kenward, M.G. (1989). Design and Analysis of Cross Over Trials, Chapman
and Hall, London.

[6] Natarajan, R. and McCulloch, CE. (1995). A Note on the Existence of the Posterior
Distribution for a Class of Mixed Models for Binomial Responses. Biometrika, 82,
639-643.

[71 Waclawiw, M.A. and Liang, K.Y. (1994). Empirical Bayes Estimation and Inference for the
Random Effects Model with Binary Response. Statistcs in Medicine, 13, 541-551.

[8] Zeger, S.L. and Karim, M.R. (1991). Generalized Linear Models with Random Effects; a
Gibbs Sampling Approach. Journal of the American Statistical Association, 86,
79-86.



