28 5AAF A 184 13, 20054, pp. 67-81

=z dgRyel e 712 2298 $5H7 9L 3ol 2 Avol BojAn
3 olft AHSE AYA PETSTE SEA7 BE ARE HGHA 97 Mol
EERAE $AAA Be SAYYR AL 2 FEPAS AdDch 1Y
W) ZEASEGFE NP2 ol FAEYG S| o) AFREE T
Stk AYE $he e AE0] ANY FAADSERABo] uleted Aol £
31 HHA AHE AT ATk o8 WSO WEH) shel ArE Wy
2 ZAHULEZALTH AFUYL Sotol vl B

Fo8ol: ZHYYERY, TolEPue] AL, B A =TT,
H o] A ¢+ £

[
m
i3

L ME

¢

= ]%]E](frailty) Zyolzt WY FPo] o7t Cox(1972) v =Pz ZH YE
2L 3F Y MAEe] 375t AEFE o v e} = U e 2L Vaupel 5(1979)

ol &l & ANF UL, £ cluster design©| L} paired match designol| A F2 2 £},
3 3% Glsls AN 5240 SATE WY 25Dl WL A2 har T
bz deg gl olAS W, BEE AEARES AE Solm A4ec 42
ARAA ZALEt TR A5, oo O FRAG TAYLE FAY A B4
g ZAof thsl == v} Ack(Heckman 3 Singer (1984), Struchers £} Kalfleisch (1986),
Schumacher 5 (1987)).

ZH LERY 5t FAF FEPPL B2 AFAEN Yt AF7 Hoj e,
Clayton(1991)e] ®o] ] ¢F ¥F]-&, McGilchrist 2} Aisbett(1991) 0] 78—?—_‘?_?&* A4
¥ (penalized likelihood approach)-&, Klein(1992) 3} Nielsen 5-(1992)9] R &L 9
23 25 3 H 2 (marginal likelhiood approach)S, 71831 Ha &5 (2001)°] Az
2= 8 A2 (hierachical likelihood approach)& 7&3t gt ol st B2 &
ARegZE, F5X7 22 A5oME 450) g otk Aotk 1 olf+&, 99

* o] =¥ 20028 ¥R AEANEY Ao gt A7H A& (KRF-2002-003-C00029)
1) (151-742) H&A] B4 AP F A56-1 Mguiztn §A%H, 25
E-mail: ydkim@stats.snu.ac.kr

2) (151-181) A& Al B7 B ATE 4H-8 gl d77d W, FAWA AT LAV,
Associate Scientific Analyst,

2 rr
m\

o,r

E-mail: jkpark@ivi.int
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g A5 Py S o] 71 %< ¥ T4 (baseline hazard function)S o] At3}st ZolL el HE A
£ % 34 (empirical likelihood) & AHE3}7) wf 2ot} Z A UE7} Qe B NA 2ot$d
e} 2]

o

o] A A ST 4= Breslow(1974)8] REL L340 24 Hu, o) £23471 52
[e]
~

2y

A7 ge A9l Aol oAAcke A 2 L2AA U

B =FoME 528 gol T5= nd 4y BYPAAY MEL FEWHS MY
3t} Hedecker 5 (2000)2 2538 A &2} oA Prentice 9} Gloeckler (1978)7} A <3k
olZHele FFALEHUSTE 7|Wto R 3o ZHLEEP FEUYE A LAt o]
YL SAH0R ARG HPoto] FUSEPLE oL o2 Hrl2 B A
FHL T 2ARE ALt FA W, o] W ALY o go g it 2FY F
a7

—°r ol A-83t7]7F = &stot.

AL BAE A7) S8k, & =EolA f2l= Ho]A ¢ RAER Y
£ A orstet o] A R AEHL Rubin (1981)9] 9J3led 22 AAHYLen, 2 & Lo
(1993)9l 25t FEHex s 2 &A= A, 2 Kim 3 Lee (2003) 0l 2] sko u] 2|
YR Yo AE= ot 3], Kim 7 Lee (2003)= 7H3A L F3to] o) ejo + £

£ 7Mooz sk Mol A RAEAY o) $5H7 Be Aol B HFEL BT
¥ =20j A= Kim 2 Lee (2003)7} AIQHeh wlo] ek RAEPPEE 2 Ue] Yoz
TR

"J‘ﬂ% 5:7113}"’, *}-‘F—‘?—ié —TLE-} ,\l‘— MCMC ¢12|&E A daot 4%
9 3% 7} Hedecker 5 (2000)0] A %3 A AT A E=FFFHR 7H3AHLE &
atef @31, 53 AAE Bt Agol Fejet Wil wet ARt o R A 2ekd
AeAE oot opA e 32 22 ® AEoltt

2. Frailty 2%

(Tij,0i5,255), 6 = 1,...,n, j = Ln)E AR JRA SR AAE 2 3FRE A 71A],
Tij = min{XijaCij}y 61’]’ = (XU > C)) a Xz] 9‘}' ngu Z‘}‘Z}‘ }\gi}\]7}“‘}' E—Xé‘q
AlZbolth. 283, z;;+ YL AL Uehll = Aot =y de Ry, = e
€1,..., 6.0 FOAHE W, X;;= A2 Eoly, I A¥TsE U5 2P et

a(t|Zij, Gi) = exp(ﬂzij + Ei)ao(t)

M, a(t)E NAABESoIth ZHLE G TS SYoIT FF0I 0, £440] 02 3
2§ ged 3

r{m
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Ea]%E]%g:(el,...,en)%o] _7,501;5_]. )‘o}EH‘)“*‘] ﬂs"]’ao-’]‘r‘ '@' =
L(ao, Ble) = HH [exp(87 Z4; +€i)ao(Tij)]I(6U=1)

Xexp< y‘z/ exp(B7 Zij + €:)ao(s )d) (2.1)
i=1j=1
o]t}

BENTT; 5 FE2FD HA 42 A2 b8 AENTY APE ¢, 28T 4 <
< tg, & AR TE *giﬂl Zrolgt Bhak F AN AA G TS AcE Ao(t) = [, ao(s)ds2 A
38t &, A7ttt ANAT F7H8kE o] A TR TP TIAL ao(t)E AA(t)E ZA
A7, =TS (2-1)3

n n;

LP(40,8le) = ]I lexp(8”Zs; + e:)AAo(T:;)]

i=1j=1

1(8:;=1)

X exp ( >_JZ/ exp(BT Zi; + ez)dAO(s)> (2.2)

i=1 j=1

o] §l3, o] SEFTE XolE5 el APHLET D T} o] L= ol it AA
3l 82 Kim 3} Lee (2003)9} 2 ¢Hell Qe FREAES Fxulgdoh
zg Qe 280 G A2 B EEe A7t TorsaTe FRALEVSE
Aoz sto AXAYD. B Y, Toks IR FRAFERFE S2A7 B A7
o 2 A5 FEol, 2 ol FAAAATTEA LYY B (22)7) 24 £
47t HA Gethe Aot &2 X7 B2 FAfols AA B2 ojAEd ALt 9

Ll

[kl E

a}k], S A G T E o] B2 YR FAINE AFTE & Ak AA
# dElgto] P AL (2.2)= Breslow (1974)2] F
“\%% AS-o ZF RAF3A] vk Aol Z & A

:LHU}:!l-ﬂ

3. Frailty 23 CHSF H|O| K|t A EH

W o] A ¢k £ A E NP H -2 Rubin (1981) ¢ 23 A 3 A b= 2L, Lo (1993) 1 2l 31 A

% Atk A& (right censored data)oll t&l| A 3= At o] A ¢ RAEHL thg3 2
o] M7} WA At AR E =, Efron (1979)2] EAEHHE-E 438 7l dol 1,
ER2= AARTY Fu7} /\}a}z]t‘rjk] woj x| et R AEMO AFERE 7L &R 3 o) o] X
tabf el ALE R E o Fo g MEHE FFolthKim 3 Lee, 2003). whA2to 2=, W)
ol x| ot AW AIZEF 7] AL AR R 2} A FA-¢ =3 (empirical likelihood)2] Fo 2
A9HTE BHo2 E e2dNs AU BEE 0B ech

Kim 7 Lee (2003)x w2l @ E Pl s wo]A ¢ R2ERWH-S A EstAnt.
Kim 3} Lee (2003)+ Cox (1972)8] R EL =84 EjQ ZolisdHele AEH LR
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Prentice 2} Gloeckler (1978)7} #| 943}t o] )] AP AT 5 }xl FEjoll thaf A
wlo] A ¢t HAE by g A L3} Kim 3 Lee (2003)& vlZ AFE £3]A o] £9
T3 Aol AA =9 vk e, oJEL 2158 F As5oAe 01%63,5}1«1 Rk
FETTE LT WoAY R2E o thE YR FohT Abe it

o] Ao+ Kim 3% Lee (2003)7} Al ¢e 3 F, ol Fefo] AP L=+ E o8
TS BAste, 2 YE R Y S Afstuat s

L{ag, Bl¢) = HH[ (Tij|Z:j, €)% =N 8(Ty51Z:5, 61)!(6,_0)] (3.1)

i=1j=1
ol At 71, f= 5 FEYE T solth AEFF S(t)7 b, ... 1, oA Z715HE o4k
Holgt 7HABL L, f(H)E -ASHE ZA 3, SH)E +AHYY J* = o] 83t [[,.(1 -

Ado(s)2 NV, k2ol ol FYRlY AYALERSE A&

LP(ABle) = HteTn [H(i,]’)GD(t) 1-{1- AAo(t)}exp(ﬁz"’“‘)}
x{1 - AAo(t)}EU-J)eﬂ(t)—D(z)exP(ﬂz-‘j‘r‘i)_ (3.2)

017]}\17Tn={t1""vtqn}vR()—{(Z 7): Ty 2 t}, D(t) = {(3,5) : Ti = t,0;5 = 1} ©

3.2. AIHEZE

o APAALE=FFE ol &3 woj At -’-\—-E—%% e g gt AL

Sttt E42+ I AAS 6, FH/NANES Ao(t1), ..., AAp(t,,), 18]
VA 027} Utk B A A golle FAHRA -E"-‘?*— ‘E" TEEZE AL,

o2 ‘:H?—fﬂ}ﬁ-‘&, 23 Z2o] 247t a9t k A §-ulE E (inverse-Gamma distribution) &

uO‘

w(0™%) ~ G(a,k)
x (6722 Lexp(—~o~2%/k). (3.3)

A440(t)7t € Tn'o’] A]’@'E'EEL\:‘ A—]i %g 0]1,

m{AAo(t)} = AAg(t)" {1 — AAo(t)} " (3.4)
2 A3tk Kim 7 Lee (2003)0] j3to] & dej o] gle Z-$ol, 4 (34)AHAEZ
A n =007, ot RN AFRES FAW AL W) AFRITY FHo
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2 RFolgo] Btk m dElFo] Y= FARox T2 AHAE 2 S £ AUk AT, 7}
091 A%, AAEE 27} properdlA] k= AS7 wo)] B, oS BAFE A7 9
Bho] ZA gt o] A2l nE o] &3t

3.3. Frailty 2&0] AIS 2%
AAE EFEES o) &3te AZREZE YEY

1 ~(AAo, B, ¢, 0%|data) o

teTn
H H [1 -{1- AAo(,:)}f:Xp(ﬁZuﬂ.-)]
t€Tn \(i.§)ED(?)
x{1 = Adp(t)}Eenn-pw Bzt A 4o () =11 — Adg(t)} 1"
noe2
x (072 Lexp(—o72/k) x (6722 exp (——%176—'—) . (3.5)

MCMC € 8|& & MEat7] A A 4423} Laud 5 (1998)3} Damien 5 (1999)°]
xﬂ A3 HE HRHSLE o] 88 Gibbs M E 8L o] &3tk &4, AIA toll M 714 9 ¥
0g

T AAg(t)E v = —log{l — AAo(t)} &} Zo] HB3Tict.
=3, (3.6)9 Mo BAE 0454
flvly, w)
f(w yl ) f('U) (3.6)

HEE e oo s EAS y & wE th23 Zo] A% 24,y o A=

f(yelve) oc {1 — exp(—v)} exp(~viyt) (3.7
8} o] 7]8HE Z(geometric distribution) & o}-& 3t} 71N, t e T, ©l3, 4 =0,1..., ]
o

W= {wU'(ZvJ) € D(t)7t < T’n} oﬂ T:H‘S‘ﬂ/\']—'f-

Fwijlve) o< veexp(B2i; + €;) exp {—exp(Bzi; + ei)'t}twij}

x [1 — exp {—exp(Bz;; + €&:)ve}] " T 0,1y (wij) (3.8)
9} Zro] Fdd Z]—’F——‘ééé(truncated exponential distribution)& °]-&3%c} (3.7)2 &&H
AEA bol] AT A EH T, (3.8) FEA FEATANAMY MA S iHA L 242

Sutel MBY W5 T REUSES o §3e] WEOW AFREL B2 2
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m(v, B,0°, €, w, y|data)

[I expg —u Z exp(Bzi; + €;) p exp{—v,(n + y:)}

HeTn (i) ER(H)~D(t)
S e
X exp{ — Z viwi; exp(Bzi; + €;) exp(——a’z/n)exp<—_5_;_15_l>
(i,)€D(1)
G R II exp(Bz;+e)p. (3.9)

(i.5)€D(t)

017]}\1, v = (vla"'1in)v QZ (yl)' "7an) O]D}'
Gibbs ¥ &3 g ¢
o AN E, v, 2AFEXE

,.
o
ne
fiio
&

W(”tlﬂ’ 027 €5, w‘l:jag’ data)

x v*exp |—v, Z exp(fzi; +€) + Yy + 1 — z {1 — wi;) exp(Bzi; + &)
(LI)ER(L) (i.3)eD()

o7 257k +1 5

-1
Z exp(Bzij + ei) +ytn-— Z (1 — wy;) exp(Bzi; + ei)}

(:.5)ER(2) (2,3)eD(t)

QA AulRZE w8 7)A, k& ALA t oA DA AR AR ol
wiel ARAL A2, (37) o 39)E I8 el ATk g 2AFPEL
B& BXE m}= A ¢o}, Metropolis-Hastings?] g1 &8l&8 o] &34 2 3t

3L

m(Bly, 0%, €, w, y, data)

x JI exp [—vt { Z exp(Bzij + €;) — Z (1 — w;y) exp(Bz; + 61)}}

teTn (i.5)ER(?) (,5)€D(t)

X { H exp(Bzij + el)} . (3.10)

(1.7)eD(t)
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e=(€1,...,6,) & ZARES

rir

W(é,/[j! v, 023 w, g, data)

o« [ exp [—Ut { Z exp(Bzij + €;) — Z (1 — w;;) exp(Bzij + ei)}:l

te€Tn (i.5)€R(t) (1.5)€D(?)

< I exp(ei)exp<——22:;§?> (3.11)

(1.7)ED(t)

AENZ, LT, o halA Eshe oA, nfel 2 2
ZWE u=(u,...,un) & 0| F5F] ThE T} o] EAY

(e B, vy, 0%, w, y¢, data)

- €2 — 9242 ,ei
x Hexp{—exp(ﬁi)fw]}exp{—l_m_)}

2
i=1 20

n g2k )2
x Hexp(—ui)l[ui > exp(e; ) M) exp {—%kj’—)—} , (3.12)
i=1

A7M, M = Y it: {exp(Bzi; ) I(Ti; > t) — (1 — wij)exp{B2;;)I(Ti; = t,6;5 = 1)}:| o]

teTn j=1

t}h. (3.12)& ol 83t ust e 77 AUE N4 EE 9 AdE A FE E(truncated normal
distribution) & ©]8-3t 4EHE 4 Uct

Hedeker 5 (2000)2} 3 3 FollA A= o]z ¢ RAERNHE OF $o w
g " 237] AAA, 2F FE 3MA H(Sy = 3)2 10712 H-$(S, = 10)ol thahA
HRHEES gch 2§90 7 370 ARl Al Fe] 03,0510 o2 WA BEL 5
daHA SR, TS F7F 1078 Bfole AFEE 18H 107HA 2 FES p' (p =
0.8, i = 1,...,10) ol W& FAF AUt ZALE 7 e F¥(6? = 0.0), T 3

(02 =01), E 3%(c?*=10)¢ WE v negy, T Yes} &XH?__P £ paired match
design & o] 83t A5 & A AT 152 AH Z& o839 03} 12 FA 3 A
EAgdAM S5 AdE A= wet vudy] A S5 2D FE(p)S FEED
ol & B (p. =0.0), FEETo] 2F A& A X (p. =02), FEZho] Yol AT A
(e =0.5) & 3Rt A 2o s 2 25 FES 278 n=30,50,10028
A 3te] vl
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E61F5E X 6571A= B A A IFE 95% AZ A s Zaks 23
3 BE3} AF 7o FF dolE vehd Aojth. F oA 'Bayesian'2 W o] AR AE Y
g o] &3l AL AT diof, mEEES ZA o ALsee AHEATY
& ©o]-&3F Aol 'App.Bayesian’ & EA4HE A3 AFEEZE ZAAIA A 4HS W o]
th o] E& vl B ZAAIZ W o)X RAEH ] o] AR R J3S
o] go] sty AFE7e] HF dolE o gol AP AU ARE E Ut ¥, Hedeker
5 (2000)9) WH-2 2539 A5 HAME ANFo R AN AR AT FE 2
thol QI B AA 2 Fghol 04 wlolls 5 ol FA glo] Hl oA ¢ FAERPYP LS
Hedeker 5 (2000)2} 2 B2 £& 2345 24t AAATY FAghe] 19 329 d o]
G RAEFHH2 AHEAS PP AR EHE VeSS uf, ZE e} g B9l
A7t 23 FA JEIGA T ZAAQ B8 AL S Beole 20 FA4 Ve
th FE ddgol F 3%, F,p. =05 AL, 3AAASFY Fgho] 10|12 A5 71 &
S u] Hedeker 52} W34 o] A ¢ RaePubgoA TF £HEA X3l R3te 3¢
b A PA e, A R ALE A A7 FU4Th AwE 22 Hedeker
5 (2000)9) 2 2HA7 FAW, o)A} FAEFTPE G AFF e} Fgdelrt 4
2, vo| R RAEH] FLoME, 2o AF7 $A4 YA o AA e}
ded, 2 et A= AAE 7ML WA FA2ERYYE HE AIAS doll=
39 A5 AEE == B7E 5% vjx) 2] R 25K o, Hedeker 5 (2000)2)
S E o A g2 7ke] BF ol st okt

o] AR A EHY] T o2 FHL A4S =7} Hedecker 5 (2000)9] el w3t
o] Wtk Aolth At FHE vlwslr] At 15289 A48 EFE
g nestdch EE], BAY AW FE o wet AEY 25 o) 2ttty
L&, 2atel A8 ezt 7] AR, oAk Asel o R} Qe B, o2 We
SEH2 A A3 of gl AS, T2, A7 A4 A et A E 233
E

N

= 28 4 At (Griger 5,1991). o] ¥ Ffole 4Exa7t EFFER/ Ak
RPN BEATNA Do) TFH 47, Hedeker 5 (2000)9] -2 ALt
271537 Aok AAZ, RRY £71 60012, 02 = 1.0, FE BEE0] 0002 15
(S)7t 39 A2 S THHES) AEARE A4et, AEE A B4 225 & A7
< v &%=, Hedeker 5 (2000)9) L ok 408 0] 4225+ By, wo]A| ¢ HAE
FPH2 152 I s 22HRY 28, AHEE £ZES o7t tats nelsord A
] AR, A4 XA B Aol & HAT, B3 FHle AEAR
& o) 2] Hedeker 5 (2000)9] P30l ot 29 4P E7H53 4EHYS HgF T Yot

R4
e

o 4 © O o X ok

[

>
25}
il
o
tlo
]
v

g0l YA 9k ALZFPARE o] B3t M E L stk R, AL B, A
Sol Wol Bo{x A gk, 257 FrhetdM A AdE S & + Aok v, TR Y
ol 1 2] Hedeker § (2000)2] 382 Ao} 7H5 02 Qdte] & 471 gt
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FE 51 AP LE <18 4 o 2RHUA AT

Method Point Estimate 95% C.I

Breslow “1.5092 (-2.3119, -0.7064)
Efron -1.5721 (-2.3804, -0.7638)
Exact -1.5979 (-2.4242, -0.7715)
Prentice -1.6587 (-2.4869, -0.8304)
Hedeker 11.6586 (-2.5401, -0.7771)
Bayesian -2.1139 (-3.2894, -1.1156)
App. Bayesian -2.1139 (-3.2102, -1.0176)

5. GiIM

o] ZelXE AAE Tt IA AFE PHEY A 2RULS vz ETA Tt
A8 AEE 42389 F4MEY BAES ddeR, A4 2194 NBAEH WRIF
0.3 1}y, Z]_.E,_J.—-—.J B z}ol| Al &= 6-mercaptopurine(6-MP)E, H| 3 182 Q) okg v}
tod v WAL 3 AFE ot} (Klein I+ Moeschberger, 1997). o] A1 &2 3}zbo] Abe|ol wheh
) -§- & (matched pair).?.i AAE g e, 8ate) Hol SAFHUA Y AFESA|7HA] wl g
TRALE Aok BEX] F 12709 AE e FEEGE AL 1770 AEA o] BEF Ao
RBEAR 5, 77 A2 24 A5, 8717 T 5 E, A7 vA
BEA7 27 o)A BEH T
15 A 7R WS o] &3t Bl HAFEA R 95% AIFH TS dEF e AR
AHES T2l F e YHER, SAsE o] 839 FHE el o). Prentice’=
Prentlcc_‘ll- Gloeckler7} A| ¢t W} ol t}. FWiA] £ AP 3F-S et whyoln)

= 47 Qe el g 234E By, é A AAE RAYE 7 F FHYl Fo}
AL ¢ & Ak ZHLE 7 s DS AR Ao+ Bayesian o2 £Ax]7}
Hedecker 59 Wil wlsto #5& & = Qo ]°ﬂ & shte] 7]"57?_]' A9, =4 Y
Ej g R7} v 7Fete], 220 ]—E‘ ol met oh2 23E S Aol A\ ul o
e AHE 4% A2 ol Fo 2L 477 a3 17‘]‘4--4 4E B3 3
7bA] BEgEA we AL 5"?‘]4 g AT Aol 2 LEFo] EXdE F
2 W% FesTrE Aoltt

T S
X:L J[){: N o
Ir )

kRl
mr

H
=

r[o
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E9 e/t A5 FAole A4S F A, T A5Y 7§ F o= WY
7h st o| R e AP ALETLE FESE BE, dut Y BH EojA ol F
Fejo] v HSE YEUD, 23-20 AZTFE o] 8t BREE HAHE £ AL, F
H7IAAQETHES ST 5 s FHol At = L7} gle Z9 ol 7
Y 295 34 Y (Prentice 2 Gloeckler, 1978)-2 SAS GENMOD ZZA|A & o] &% = 9
3, zH JE 7 2FA 72 (Hedeker 5,2000)+= Sas NLMIXED ZZA| A& o]&3l9 1§
= AP $ Atk wEkA 59 AF 7 B2 790l Prentice & Gloeckler (1978)¢]

H o]} Hedeker 5 (2000)2] W& o]-&3 B AJlo] Fri.

AW, A5 7 A5ARS A58 A9 e FFols, Hedeker 5 (2000)9] w3
HE ASY £F502 AA A 29277t o]yt E£3, AP F o] YolA = F¢
Hedcker 5 (2000)8] & A4tAIZHt FE8AG Y A7 42 A QU o] st A& 32
R} B =FoA "ot RAEFE S ALttt WP o] ol = ¢ o]
21 REAYYN L 2] AT B £71 gojvds A2 Fdto] A4ty A4
of 2 4gE 7NAA Gech ZHUEY FEV AFEEILold B EXE B E A S
o= AEEEY Pt vf SR A A ALY ofelgo] Utk BAFEES FHA A
A W oAt RAEIIH L 1FAE oA = Hedeker 5 (2000)2] i3 vt A%
& Uetdlon, EAZAME Aol WA ook &, EFARAA A5 BESFT)
P2 AS "olA = Ao AUt £ o A=A v E A Agisy Ay
g gelsle 3 AASs 2 = deje B4 22 A% B4E v I3 ALY, Gibbs B Z
o £& et 59 9 7HA AdoA Y vnE 28T 5 A, S FRSA
A AR LER S Ao MAEE ZAL ofF 523 A Al8HY o822 %

THAZ dAF=

T

=
=

o

V2
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E 6.1: Coverage of coefficients (p. = 0.0)
Sa=3 Sqa =10
g n 0% | Hedeker Bayesian App. Bayesian | Hedeker Bayesian App. Bayesian
0 30 0.948 0.941 0.948 0.945 0.909 0.913
0.1 0.965 0.940 0.947 0.957 0.930 0.936
1 0.953 0.962 0.969 0.958 0.960 0.970
50 0 0.949 0.945 0.946 0.935 0.936 0.938
0.1 0.954 0.952 0.959 0.957 0.936 0.942
1 0.978 0.972 0.972 0.970 0.953 0.954
100 0 0.945 0.947 0.948 0.948 0.933 0.935
0.1 0.958 0.948 0.949 0.959 0.955 0.955
1 0.949 0.965 0.968 0.945 0.961 0.964
1 30 0 0.960 0.912 0.936 0.944 0.919 0.937
0.1 0.974 0.926 0.951 0.965 0.948 0.952
1 0.971 0.955* 0.967* 0.958 0.925 0.939
50 0 0.956 0.932 0.952 0.949 0.932 0.937
0.1 0.963 0.949 0.961 0.957 0.948 0.955
0.974 0.950 0.952 0.946 0.949 0.953
100 0.953 0.929 0.949 0.952 0.935 0.938
0.1 0.950 0.933 0.956 0.945 0.944 0.947
1 0.954 0.938 0.943 0.947 0.938 0.942
E 6.2: Average Length of Confidence Intervals (p. = 0.0)
Sa=3 Sa =10
8 n o? | Hedeker Bayesian App. Bayesian | Hedeker Bayesian App. Bayesian
0 30 0| 1.3685 1.2993 1.2972 1.1552 1.1418 1.1399
0.1 | 1.4061 1.3111 1.3083 1.1784 1.1537 1.1512
1.5714 1.3840 1.3807 1.3186 1.2305 1.2284
50 1.0224 0.9967 0.9956 0.8574 0.8563 0.8557
0.1} 1.0351 1.0001 0.9987 0.8740 0.8678 0.8670
1.1612 1.0641 1.0630 0.9876 0.9414 0.9406
100 0.7047 0.6971 0.6964 0.5876 0.5928 0.5924
0.1 0.7147 0.7013 0.7008 0.5994 0.6016 0.6015
1} 0.8037 0.7538 0.7534 0.6867 0.6637 0.6632
1 30 0 1.5147 1.4925 1.4851 1.3201 1.3391 1.3364
0.1 | 1.5566 1.5077 1.5016 1.3496 1.4559 1.4546
1] 1.9815 1.6519 1.6385 1.5461 0.9923 0.9910
50 0] 1.0824 1.0901 1.0873 0.9685 0.9898 0.9878
0.1 | 1.1174 1.1017 1.0989 0.9840 1.0135 1.0115
1 1.4152 1.2472 1.2448 1.1499 1.1106 1.1103
100 0 0.7226 0.7368 0.7355 0.6561 0.6763 0.6760
0.1 0.7516 1.1408 1.1340 0.6715 0.6956 0.6955
1 0.9443 0.8822 0.8820 0.7895 0.7716 0.7714
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E 6.3: Coverage of coefficients (p. = 0.5)

S4=3 Sq =10

n o® | Hedeker Bayesian App. Bayesian | Hedeker Bayesian App. Bayesian
30 0 0.969 0.928 0.950 0.945 0.908 0.929
0.1 0.973 0.941* 0.958* 0.952 0.916 0.938
0.976 0.945* 0.976* 0.959 0.917 0.939
50 0 0.963 0.936 0.947 0.946 0.913 0.926
0.1 0.956 0.958 0.965 0.947 0.933 0.937
1 0.976 0.954 0.968 0.960 0.926 0.938
100 0 0.942 0.939 0.947 0.929 0.943 0.946
0.1 0.964 0.942 0.946 0.957 0.933 0.938
1 0.946 0.965 0.970 0.951 0.945 0.950
30 0| 0.957* 0.938* 0.965* 0.969 0.895 0.944
0.1 0.974* 0.952* 0.965* 0.978 0.886 0.943
1 0.951* 0.943* 0.953* 0.962 0.886 0.929
50 0 0.964* 0.907* 0.961* 0.955 0.922 0.945
0.1 0.974 0.908* 0.955* 0.957 0.910 0.945
1 0.952 0.956* 0.976* 0.953 0.919 0.948
100 0 0.960 0.924 0.948 0.946 0.941 0.944
0.1 0.965 0.933 0.956 0.953 0.942 0.956
1 0.940 0.945 0.952 0.943 0.954 0.961

I 6.4: Average Length of Confidence Intervals (p. = 0.5)

S4=3 Sq4 =10

n 0% | Hedeker Bayesian App. Bayesian | Hedeker Bayesian App. Bayesian
30 0 3.3543 1.8829 1.8732 1.8308 1.7620 1.7560
0.1 1.9213 1.9585 1.9450 1.7607 1.7937 1.7858
2.0183 2.1499 2.1085 1.9545 1.9993 1.9918
50 0 1.3509 1.3753 1.3708 1.2174 1.2780 1.2756
0.1 1.4179 1.3779 1.3737 1.2858 1.3072 1.3043
1.7368 1.4978 1.4905 1.4093 1.4198 1.4152
100 0 0.9126 0.9184 0.9173 0.8534 0.8512 0.8501
0.1 0.9435 0.9309 0.9294 0.8814 0.8602 0.8591
1.1615 1.0139 1.0113 0.9862 0.9379 0.9361
30 0 4.1972 2.3839 1.8655 2.5066 2.3276 2.3279
0.1 3.5235 2.3779 1.7707 2.1795 2.4242 2.4322
5.3922 2.3554 1.3888 3.0671 2.8401 2.8575
50 0 2.2163 1.9165 1.9082 1.4213 1.5221 1.5195
0.1 1.7836 1.9813 1.9713 1.4079 1.5730 1.5690
1 2.8858 2.2536 2.2376 1.6701 1.8232 1.8225
100 0 1.0329 1.1019 1.0961 0.9561 0.9917 0.9897
0.1 1.0581 1.1408 1.1340 1.0188 1.1586 1.1575
1 1.6383 1.3339 1.3301 1.0856 1.1676 1.1664
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3 6.5: Coverage of coefficients for MIXTURE data

pec = 0.0 pe = 0.5

n 0% | Bayesian App. Bayesian | Bayesian App. Bayesian
30 0 0.884 0.893 0.892 0.912
0.1 0.874 0.882 0.897 0.911
0.874 0.882 0.898 0.914
50 0.902 0.906 0.916 0.925
0.1 0.908 0.913 0.923 0.934
1 0.868 0.873 0.927 0.934
100 0 0.941 0.945 0.938 0.936
0.1 0.927 0.931 0.935 0.936
1 0.893 0.896 0.944 0.949
200 0 0.924 0.929 0.938 0.942
0.1 0.944 0.943 0.937 0.941
1 0.921 0.921 0.938 0.944
30 0 0.916 0.930 0.893 0.927
0.1 0.913 0.928 0.896 0.935
0.892 0.894 0.890 0.919
50 0.926 0.939 0.919 0.942
0.1 0.918 0.929 0.922 0.937
1 0.889 0.900 0.931 0.943
100 0 0.926 0.930 0.925 0.933
0.1 0.943 0.954 0.934 0.948
0.911 0.912 0.926 0.931
200 0.927 0.929 0.947 0.951
0.1 0.931 0.938 0.926 0.936
1 0.930 0.932 0.957 0.960
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Analysis of the Fraiity Model with Many Ties*
Yongdai Kim ' Jin-Kyung Park 2

ABSTRACT

Most of the previously proposed methods for the frailty model do not work well when
there are many tied observations. This is partly because the empirical likelihood used
is not suitable for tied observations. In this paper, we propose a new method for the
frailty model with many ties. The proposed method obtains the posterior distribution
of the parameters using the binomial form empirical likelihood and Bayesian bootstrap.
The proposed method yields stable results and is computationally fast. To compare the
proposed method with the maximum marginal likelihood approach, we do simulations.

Keywords: Frailty model, Poisson form empirical likelihood, Binomial form empirical

likelihood, Bayesian bootstrap.
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