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SEE AYRA FE G P2E P WAV DAY Aue| AWk 297 Aok oA Bol B F& AR
A% Ak W5Ee B A olye DAY $AA08 9F& F 5 YY) iRl AE Jol 4B 72E RS
She AS 2P BT ARY BEOAY AL 59 I 22 AHA Tas BEUEE Vol 54
& FE EF WNORE BEFSC) DA RL oW ASE FRUTIY PSS A, o2 AR o3
2 AFNNE 05 RYS DAY VY 98T RS AP RS FueA ADINCE YAS
29 i3 25A 74 glo] KOEY EM-UnelEE Bojol S Ak

FRBO\ AYSMHESBQH, (hed, SBE AP, oS APE.

1. M2

4228 (multilevel model) S AZH T A 729 AR B4 A% RYoE TR B
ofolA A12H AT olE B Stu el S T LEAT, 715 Aol ololSo) W AL
7, A B oo BAsel thg oty B AEEA A7 So] Atk YA B £F w
S(84, oo, AL A9 £29) VS (3L, 71F, At B4 o AH (nested)F o] YTt d
o 5 9tk 59 AMol tate] AHT A Ao MR 24H AN ARE Y £EA W

N odE

ERAE A £ AAE Lo 2Ho) Hol vE s B 4 vk oI AREY e
naalo ok chokst A3rl AW o] Y} (Aitkin F, 1981; Aitkini} Longford, 1986; Goldstein,

1995; Kreft$} de Leeuw, 1998; Snijders®} Bosker, 1099; Raudenbush®} Bryk, 2002). 543t 23
%] e & 3 42 (cluster-specific) E3}E F-R8HA "k ofE 59, & 24 ¢ ¥
AEL 54T AAGA w1, 11 SREEL FAX G| wie rr Adg i) Adg 1 T
o2 Blch skAwt o)#3l Held FEES(covariates) S A|gHH A|XF HHe] HHos ¥ A
of Z¥A7|7ek Brbsie). Ay og PAH Qe AEE Abolo] AAFAT AA AEHA &

£ o) A {unobserved heterogeneity) o] EA3s} o] 3 B2 X 3L o} AL MF S0 A

=
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A} (random effects) & 4dete] AHE 4 g, ¥lew4 o BE71 4% (exponential family) ol
ol LAY R (GLM)o] Q9 EHE S DAHADETE(CLMM) 22 S + )
o}

FZ ol 259 A Y8 2F ¢ A EH uiE 25 AL T}Z}/‘J'J_(in‘cra-class correla-
tion) o] £AJ8}o] o 443 (overdispersion) 7} A sH=T], o] MEL HE Ay 1oj) o]_,] & _‘,],_ ﬂ.
Uste] izt gEstngor AR £ glrh Aitkin (1999)2 A = &

‘ﬂiﬂi At A YE AEF Abold FABAAE 2H5te 2 3R ]” ; 015‘\8 7HXJ]

AsHgol 2L o)A4L RES she Aol 3] HRel 2 Aol 2
°‘-4 A4 28 (correlated random coefficient models) S £3) AFEo] Yutdle AArz

I

b

)
Hu Ol' r:ﬁ

[

b gtk 92, 9elAs el REE BE AFREE spdsked), B2l ola 2R
Adsfo] B 3 *21 Hgo) A 5 97 WEo (Aitkin, 1999), B AFME do)A4
et B4 713 glo] F3rE g (finite mixture) 2 B3 BEE 7otn JulsiiE =g B4
S #2523 9 (semi-parametric approach)& A V).
< 23 2tk 2FCA L ohiE o|FAtR o tid AN PEFR YL 4t o
AL BxE thiF IFEER YL wo) 24 23 Py S daiA 3s] dgd 3-89
Me dolE B2l tist 243 M4S 3A ke o] w243 ) 9E (non-parametric maxi-
mum likelihood: NPML) F#73%Hol) thal] dolR 1, 480X E AdE 243 whye) &35 2o
g I3t HIIEE it} 5HAAE Aokd 2L AA AFof ALse] BEAsT, 6-oA=

o s r
bt M [

M oxl =2 o oLLrIr
B

2.1. 3% Y2HH FY(shared random intercept models)

AR QA <toll ARH jHA AJF whgo] gy, i=1,...,n, j=1,...,J2 n7] ZEFH o7
7t Joka 7HgskRE. 71X cAR A A B2 HEE yi = (vir,...,vis) S 3HE RS
Yij v tradt 22 o|FEEE WEr (Aitkin, 1999).

yij|7r,-j NBin(ni, 7Tij), i:1,...,n, jzl,...,J. (2.1)
ol W RE yi;oll 3l BEAZTTE AR Y APEF R P L the 2t
logit(mi;) = Xuj' By + Zij'bi, i=1,...,n, j=1,...,J, (2.2)

0:17]*'1 Xij = (1, Lijly - xijp)lTL: LZ{E:”}Q] EHEJ_' (p+ 1)7_“'% 7:]]2!33\‘20]37_, ﬁj = (5]’07 e ,51'17)"_
TZg o) et (p + )z}-d BdElolth Zi = (2i1,..., 2i5) £ QAT 3} qi]"?:l 71]2]5“
gol2, bix gAY HEEA iAA AR ol NED AFHEo] FH3E MA FHE JAAS

o] A5 Alojo] AABAA L JRA2] ofE 0]F} M E (extra-binomial variation)& ’SVQBJ-E]-. 2
Zi; =191 ouxhq 2YE aysittd A (2.2)F o3 Zo] 7s] 58E 4 93, 9714 b9

y

Ao J&L

logit(mi;) = Xi;8; + bi. (2.3)
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Flyizlzis, bi)} dG (bs). (2.4)

g ZtA] ¢gkoug 7leA-dznE FA(Gauss-Hermite
& ZAAZE 5 Sl

rH

2.2, 2R2HEl A9+ 2% (correlated random coefficient models)

%ol YL A el mE AEo] 22 A4S AES S Aol 9UY] W] FuE dodAS
2 318 3te] 2t ol Ust B £ Atk Bi = (b, buy) & i A HE BHE A
AT et AL b7k FolRe We) BEL gt 2R U JFEES WEL by A F
AR o)A ATE Alole] 54 RS Agsch AgdSAL ok Aok

logit(ms;) = Xi;8; + Ziby, i=1,...,n, j=1,...,J (2.5)

FELTUSE B2 2ol delAS Weol el ARFoRA 7T 4+ ek

£o) = I1 [ TL ftwl 2, ) 4GB, (26)

ol A9} npA7lA 2 9o ARL SP e 2R omy £AHEL TaA A A st whoF
g = 19 thate} QAL Bio] £E7F B, ~ MVN(0, 30)& mhEcki 7Pggichd & A9 FAks o
3 2-& AR 3 (reparametrization) & A o HA T 5+ ot

B =Y *B", (27)

714 21/28 323 E (lower triangular matrix) 24 £#27] 23 (Cholesky decomposition)
S =N RV efste] 38 4 9w, B ~ MVN(O, 1) & mhEth dubge] eaglel < g A
P

Adte] B* = B ek oW, 4 (2.5)9 AYd&42 o} Zo] =3F 4 o).
logit(m) = X6, + 7.5~ 2 B, — B: & 2.8
Oglt(ﬂ—i]) - ijﬁ] + ij L X737 (Zl] & ) o ’ ( ' )

[
o714 o = vec Z%> .

AZNN By = (b1, - - bms) & 72 S HE] (points) o] 1 FAF DF(mass)E wm = [, wm;©]
ok b S w9 2 m < 209 A% Abramowitz®} Stegun (1972), m > 209 7 % Golub®}
Welsch (1969) 0] gith.
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SEFFE ZAAZ E Quasi-Newtond 2 Wbgo g 258408 AU A 248 £43817
Aitkin (1999)¢] 2] wel EM-g¢18]&g o148t fREFEYE 53l 24E ST 5
ol WHE ofefe} 2k & = (61,...,08), 0)F FWESHE (complete parameter vector)E

f (Olog fim)/0d = ijl Olog fiym /06, A7IA fim = HJle Flyis| zig, bmy) = HJJZI Fimeh B9
AR 2253849 o t)d A3 0] 4= o2 2o

n M

dlog L(8) _ 94(8) M Wi fim dlog fim _ - Olog fim
o) a5 Z ZM Fim BN = Z Z szT, (2.10)

m=1Wm i=1 m=1

b4

A7IA zimE R mEFE U2 iHA A HE AAFE-E (posterior probability)2 UEHAT
Folg7t 034 2oL £ $ELAAL /M58 7H BEel Qi ¥R Y 75 Fejola Fof
A 7HEEAE Hsl o] WAL 23 FAY B FHXNZNEH 18 7FEAES IS oA HA 4
€ ¥t EM-9ueZ2 295] B4 248 ¥ & 9tk SASS PROC NLMIXEDE 33 7hA
¢t & (adaptive Gaussian quadrature) T+ 13} Hl 2] Alg]2 2A9 22 & B3l A8 2

7131, Quasi-Newtono| i} Newton-Raphson} 2-& ofe] 742 A3 Fweld o shhe 43}
of EM-2312% glo] R8¢ AYAID £ ok A% Aol ATy} 288 848 29 F9ole A

4€ & gk

ST FEATZE TR JE YA ET s utRo2 chiF ARAL AARetel B4R
AL YelETY RZE BAT 5 97 WA £ A7E FESA AIE T QoA LEE
34804 Yot FEAA P2ole YL )R 5Ye) B4d AT 2L Al FHE AAEA
49 az} $xo} BLE(S, At o) 23 A8 NEsy FTIHe 2E) dRoly
£2 7He et 2ok

o K+ T1AR Abol1 ujx|oth

o WPy, i=1,.m, j=1,.., JE AR 5P o|PREE WD)

Yij| miy ~ Bin(ng, 7)), (3.1)

A71A logit(mi;) = Xi3'B; + Zij'bis.

o 557 %2 hask YYAS W B = (b, bu)ol B 2E G(B)E AN By =
(bwt, o bes), k=1, KSE A% P(B: = B) = pr, Tyl e = 18 2 01 #843Y

Solct.
(yi, Xi, Bi) = (Yity -, Yiss Tits- o @iy ba,..,biy), i=1,...,n, j=1,...,J& EJRYPY &
HA & (complete data)o| T oI71A (y;, Xi) B3 A7, Bt BEHA e Aot FEHA

U AR AA S Y 2 = (zil,...,ziK)/7 i=1,...,n, k=1,..., KE 23 Zo] 2}

1, lf BZ = Bk7
Zig =
0, otherwise.
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AR AL EFREL] EAR ARl 8 APAE-E (prior probability) & Pz = 1) = pp2} 3},
Hdatze] gt RO T T oo at

n K n K

Leom ( Z Z zix log(pr) + Z Z zix Yog(fin), (3.2)

il kel ds=] kel

J
AZNA fur = [ Flyssl e, bry)-

=1
E-dAoA = &d2ts 2295849 2 7F BEHA) FBenR A v = (ya,.... yu) S &
Ao B4 FAA 60 = ( By, a, B, B) 7t FolAE alel 2ol i@ 2AR 7oz
wi Z HATOZA FZH 250l g3 28 T+E 7 5 ok
J
w11 (’yif\ i, Bk(”)
ik (5(”) =wy!" = = Fl} , (3.3)
Yo 1L f (ywlﬁj: Bkm>
k=1 !

A7 £ (607) = w e wwe W TS b Gl S AFARE AT 452

yi7k ozl g o 4HzE =] 278 7L o2} 2ok
n K n K
(51 s ) = Esir) (Leom (&) 43) = > > waclog(pe) + Y > wik log(fik)- (3.4)
i=1 k=1 i=1 k=1

M-@AlE AFEE 2 = 2 (6)) 0] FIAE o) 2ol i@ Az e LT 6L Pk
DAZA Qo) §0) thte Hehs ATt

8Q‘i@—a

; — — =0, 3.5
dp.  ~ p. DK (3.8)
e S) L (36)

i=1 k=1
A (35 AN R 57 = 1/nY L waDE 22 S AT, A (3.6)2 HAAY HE TT S e

&2 Quasi-Newtoni} 72 tl ‘1‘]0’] E-gHA 9F M-G A & w8
oA FEH 2195 sich B AFojrE FAAAF AR
TARR «e<f>|/1e“>\ < 107%& AgEhny. E94EY ¢ K& 237 Asids 47 A" K
thefa] Ak 3 E, K4 18 A8 48 270038 Urida 88 4 9ok 238 ¥las AIC, BICS

7o Ao E{pen&hzed likelihood) 7152 ARRB AW Ho: K = Ky vs. Hi 1 K = Ka, Ky < Kzl
=ik *Q{Z(5K> - 4(5K+1)} & Alaksle] 954 7 H (likelihood ratio test) & z} TE Atk

[

M
SAA PYL 01§t 78 5 9
(o] The-2 THEA7H AL =3

= v LEQE

787) 9S4 T = 290 A9e olRARE AL mldBE AN, $
2 2 )

o Wy
o = [=]
228 2Y4 S vE ATk 7S e
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E 4.1, (B0, Bur. Bao. ) = (1, 0.5, 0.5, 1), K = 20 2P Dolas A
n B1o o B20 Ba1 Plun usz) Log;: Likelihood
p (SE) (SE) (SE) (SE) (SE) 7
9461 5412 . 2112 ~0.5163
o4 0.946 05 0.4853 1 062
(0.4181)  (0.5228)  (0.4696)  (0.4867) (0.4633)
9614 0.5304 48 1.3275 0.3148
50 03 0% 0-4811 —303.60
(0.4980)  (0.4627)  (0.5096)  (0.5065) (0.3623)
. A4 . . 2 7144
o 0.9738 0.4705 05319 1.181 0.7 0703
(0.4311)  (0.4916)  (0.4523)  (0.4827) (0.4284)
9782 0.4874 51 1119 —0.4889
o4 0.978 0.5148 1111 0808
(0.3352)  (0.3494)  (0.3749)  (0.4118) (0.3052)
9744 5182 . 1. 0.2887
100 03 99 0 0.4924 2213 —611.75
(0.4087)  (0.4217)  (0.3958)  (0.4349) (0.3506)
. 522 R R .
g 0972 0.5223 0.4826 1.1134 0.6578 o992
(0.3535)  (0.3778)  (0.3973)  (0.3672) (0.3428)
9822 4979 5 . ~0.4692
o4 0.98 0.497 0.5067 0.9841 ) 120740
(0.3300)  (0.2821)  (0.3194)  (0.2878) (0.2224)
0.9865 0.4951 4 1.0819 0.2879
200 0.3 04953 ~1215.63
(0.2573)  (0.3225)  (0.2896)  (0.3062) (0.2680)
o 0.9846 0.5163 0.5112 0.9882 0.6451 Lioras
(0.3232)  (0.2432)  (0.2534)  (0.2860) (0.2827)
1.0173 0.5137 4 . ~0.4513
—0.4 0.4969 1.0127 0 —3031.94
(0.2400)  (0.2314)  (0.2023)  (0.2276) (0.2873)
. 0.5008 _ 0.9 302
500 03  0:0965 0.5031 970 0.3028 a056.97
(0.2613)  (0.2314)  (0.2656)  (0.2068) (0.1982)
0.9985 0.5043 4 1.0155 6223
0.6 04976 015 0 —2995.77
(0.2377)  (0.2128)  (0.2039)  (0.2273) (0.1975)
“33t3ich

yi1| T ~ Bin(ng, m1),

Yiz| miz ~ Bin(ng, mi2),

(4.1)

714 logit(mia) = Bro + Brixs + b,
logit(mi2) = B20 + Barz; + bia.

A 4= n = 50, 100, 200, 500, FEF 2= N(0, Dol 3E3ARAL, FAEPE 01 =02 = 1,
o12 = p = (—0.4, 0.3, 0.6)2] Z}zte] ASo| tha] o]War AFET 2 HE t}e3} Zo] AR JAHA

(1)~ () (22))

24 AEe st & (Bio, Bit, Bao, B21) = (1,0.5,05 1)08 =90, EIRPEY] 4 K =

2,3, 401 th3iA 2229 389 AIAS RRL At THEES] 4R 9} IAse e
Ak AL AXAES} AL 270w AR, A4 RIS B Y Hdel VFow A
o BEA FAAE B4H R2ERE B T8 5 itk F, RAEY #Hoz 2YPS AR
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Occasion() Dish(j) Surviving cells(y;;) Occasion(#) Dish(j) Surviving cells(y;;)

1 1 178 6 1 115
1 2 193 6 2 130
1 3 217 6 3 133
2 1 109 7 1 200
2 2 112 7 2 189
2 3 115 7 3 173
3 1 66 8 1 88
3 2 75 8 2 76
3 3 80 8 3 90
4 1 118 9 1 121
4 2 125 9 2 124
4 3 137 9 3 136
5 1 123

5 2 146

5 3 170

A Qe B8 R4 AL o5 24 24 FRA FUS 2ANA g + Ak
5o 0-0)00) s
cov(5/—; o 047155*;8. (4.3)

412 ®E2] 4 p =50, 100, 200, 50001 Dh3ted 257 (Bro, P, Pao, far) = (1, 0.5,05, 1), p =
(0.4, 0.3,0.6)% rcH molA¥e 500 uwEEle] 248 243 dAnolth K = 2,3, 48 188ty
o, H4e 2858 VFor A EFRRE G(e)E FATNY) st AE AR e K =
27} A3t o] aﬂr AFstgleh p=-04% ol 5109 S B F7H Sohgel w2t B3 100
2R3 Ak ole p = 0.3011} 0.69) Aol SASA v B S0 FHERE A
A% o} Zell BAG Baol diE BB AXA gl F4 AAE L& 5 UL, clgk B2 B
L i, foy BT ol AR wISEA dEgTh B8] 57} SrhEE maEe] #s =
BA 2ol %S Byt 4@} p= 032wl pol 7 Fghell 71 385 ik

5. Alf A+
5.1. A& Y @ 4

B 512 rpalel w2 wﬂx—«i Mz qBE 2A% AFAFoltd (Schall, 1991). T HAl
40071% A=g d Mol HAE FA Aol wEAIZ] o A8 *“0}0“; MEE] g
AT, o] AL 9w MEFo] F 27749 HA ol tisiA FHEEL A ARE YT 1T &5
o AE 4t 01 Az el A& 01—% ol wEe £ AX ai-—tﬂ, 27742 2}». 53 olF &
égi ot d G =7} 2691 Pearson x? BARL 470.340]31, B4 2L 67 = 18.09024 A
SEQ 18T A A Az g 4T 4 ok of AuiabeE AWely) A 3 K e A

o]

e

Ay

él

5]
ﬂn

q

B (occasion) = HAE(dish) Alolo] SAEES Aol et 484, 5 ol
£ AW, o@e BEHA B WAL AReZ o] A ETAE 4] 4FE + ek Schall
(1991)2 AAS Aolol WMEe| it AAE Aolol= WFo] 9es KA, AL Aol el &)
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H 5.2 S8 0EIE B3 78 FAAEN SHY 2L FEAL I

# of Mixing Location parameter fikj(frk J Weighting | Rho | Log-Likelihood
Components J=1 J=2 J=3 Prob. ol Z
%4 & (Homogeneous) 3t
K =1 | Clustl | —0.84(0.30) —0.77(0.32) —0.66(0.34) | 1.00 [ 0997 |  —120.50
o] A A (Heterogeneous) 2
K o | Clustl [ —0.61(035) ~0.64(035) —0.56(0.36) 0.43 0.992 12029
Clust2 | —0.35(0.41) —0.20(045) —0.07(0.48) 0.57
Clustl | -0.63(0.35) ~0.66(0.34) —0.59(0.36) 0.37
K =3 | Clust2 | —0.41(0.40) —0.32(0.42) —0.23(0.44) 0.38 0.997 ~118.92
Clust3 | —0.26(0.43) —0.05(0.49)  0.13(0.53) 0.25

7t SR YE HEs A QA ZHE FAC Eo) 2PAIAE R WA £ o
7z delz AANY ARS o AR L usPon, £F A5 IR dJEFAS] B2
24g A B4 29 ohgst 2o

Yar| T ~ Bin(400, 7i1), logit (m31) = Bix + b,
yia| T2 ~ Bin(400, m;2), A7) logit (mi2) = Biz + bz,
yiz| Tz ~ Bin(400, m;3), logit (mi3) = Bz + bis,
bu 0 lpp
b | ~MVNL 0], | o210 ]| (5.1)
bia 0 ppl
5.2. 24 47}
EM-¢18&g 58A T8 4 23 E 520 Aty EFEZ Mg Kof| thE A A LT B, (E

Thi), 7FEA pp BT ABAS po} 295 Zhe AAlslglch oldA RYE 7HEE As Z&
33 BE mAGe e K =308 &% Elstli K =19 $234 23¢9 3¢9 uasigs uf &

T A7l ks AL B 4 go] o]2Ye) ok HAHe A9t 2AYe 6 2
*.—3‘%11*5% -% o 4 Ak K =19 2 Zi R Hl*ﬂ EPEF £7 K =2,325 F7}
Y48 QARSE & 2 tHen, 2 BPEE NEXEL AL FEEAUCH WA A8 AE A}
29 A4e Aod EFETY 4 K7 F/1E4E FAslor @ B9 Jige wolag, B 240
M EFEEY NeR K =4 o2 1stA gttt

6. Z&8

ZE A el g 548 2AS e
FZE 283} sk AL A% &4 Ao xEe e A4t S Byt
sirt. £ AvE v E ¥ ]
F4L JoAS 220 hE 24H
o] 434 R IAATES BT F44
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FRSE DL QUAS REo) B 2RY PO Astel B4RA Wl A7lE F9el 24
4 AEPgRc S48 Aolth
=]

7
oot Mo RT g4 2AHol 753, standard reversible-jump (Green, 1995) E=
dimensional (Petris®} Tardella, 2003) MCMC <ig]&g A2 5 ok 25 B =g A
QR RHL U FAPUES ABee] LASE A AvirL 98 Aol

AUer X FEAL FZ it %%75 e A3 Mg ofele AAR Ferh AR 358 AR
o] 7] &8 H£E QA= WELY EA 8t (McLachland} Peel, 2000). ©] #A4&= A28 8o
2 RS APAA e 58 FEA o o) B 24X FEA FEL IANA HEE 7=

RS AR FAL A7AY AAE M FAY I 4R 259 o] =S vy
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Generalized Linear Mixed Model for Multivariate
Multilevel Binomial Data
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Abstract

We are likely to face complex multivariate data which can be characterized by having a non-trivial correlation
structure. For instance, omitted covariates may simultaneously affect more than one count in clustered data;
hence, the modeling of the correlation structure is important for the efficiency of the estimator and the
computation of correct standard errors, .e., valid inference. A standard way to insert dependence among
counts is to assume that they share some common unobservable variables. For this assumption, we fitted
correlated random effect models considering multilevel model. Estimation was carried out by adopting the
semiparametric approach through a finite mixture EM algorithm without parametric assumptions upon the
random coefficients distribution.
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