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Abstract
Logistic models with a random intercept are useful to analyze longitudinal binary data. Traditionally, the
random intercept of the logistic model is assumed to be parametric (such as normal distribution) and is also
Such assumptions are very strong and restricted for application

assumed to be independent to variables
to real data. Recently, Garcia and Ma (2015) derived semiparametric efficient estimators for logistic model
)

with a random intercept without these assumptions. Their estimator shows the consistency where we do not
assume any parametric form for the random intercept. In addition, the method is computationally simple. In
this paper, we apply this method to analyze toenail infection data. We compare the semiparametric estimator
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with maximum likelihood estimator, penalized quasi-likelihood estimator and hierarchical generalized linear
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1. M2
AP AAE 2 2AAE BHL B Al A W =
o Thoret o} FolAE W 24 tlo|EE 737 Solg o5t
AFAAE AY Awe] ALY g 54 BEE Wi AY 2
soll H4j0] o] %ol Z97} BTk et o)l @ A9 BAAe

A olzold B4 ATk 2EHE 540l Atk 2ol Garciash Ma (2015)%
82 188 9 G, 8 A9 G 49US Sqol o dols 48 5 ey
e AT E st APusel e 248 21, 9 Aol del s B AEE o) 2skenz

Z52 47 89 (semiparametric method) (Tsiatis, 2006) ©] —,—E » 3tk o] AFoA= Garcia?l Ma

(2015)2] F¥ ubg ol v 24 uhho thsl A 3tal, Garcia®l Ma (2015)2] A AHFEE 717
2% HUl$=FA % (normal-based maximum likelihood estimator), ¥ %= ¥ (penalized
quasi-likelihood) (Schall, 1991; Breslow3} Clayton, 1993)2] &3 &3} v W35 U]'r/} EStde] &
S = ASA s} A¥ 23 (Hierarchical generalized Linear Model)ol] tfdt dH % F7}3}
AT ALke] 25950 o 4Aeh Feteloh WIe 2 Hleleo] Aze] Pye A8 v
HHES G FRAA YA o8 BRlAE 14 AR AT 4 Pl v, ASA Qv
AY RS 4 14 AL 2 Baolne, of % o) tg A7 viLe BrhsRe dFa
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o] AT Zt I2F Ev A A oI Al AX W& SAH A5 T LTt olF
% (binary)Ql 228 2 vejgtt. IF i (i =1,...,n) WA EHE 35S 5 =1,...,m:e
1o, 3 22 2y 7Pt
P
logit P (Y;; = 1| X = @i, Rs = 15) = :I:ZT],B +r; = Zﬂkxkij 4+ 7. (2.1)
k=1

o} 7] A logit(p) = log{p/(1 — p)}elm, B = (B1,...,B,) & AEW AFol1 B pad Agwls
e gof st pAHd Epolth. & o], A £E8359Y #2e] f7eF AHY] ddds Fa
2 @ o) 474 AFEEEEEH oy W SAE dolErt e A A 2L 2PE o8 5+ Utk o
71 A A R = (Ry,...,R,)" & 25 UM BS540z A3 2F Ul a3z 2 4 it} o
Hgt WY A R0l AExe) 22 54 & 73k Aol 7 del 29 gd ottt &
% Ro} 494 ot SY0I2h 1S B S 297 Bskort olel@ AL 39 EE 290
9 A& 7Heetr] ol ol#Edt P o Qe AEH AUt EEE ¢ vk Auus 9 WE 2
H Ro] EY¢] obd Af+= thdatA Attt olE £, AP7 dve A48 JdH gle A48 AdE
e & 949 A FFE ARG &4AF A7) Qe O e A5 A4 e 548 72
9l7] wj2of, A4z 2hie] SRE Tty A AT RyPos BA% A4 Ao 4 2L 4
= ¢tk webA 4" d9E 7Hgse ARt Y duUS 7PEs Ryl FEjHoly, A g o
2t o] G BE i) ddo] 5ozt B 4 ity AW g Ay dHo] 57 o] ofd

A5 71 AlEE o)A A3 Garcia®l Ma (2015)2] 37 Table 3, 45 a1 sio)
Garcia®} Ma (2015)°A= AFEHA Rell tigt omdt 7HA = ox] ¢kx, A 2 R} A9¥s
X7 5¢o] obd Afolx A§ 7hed AT AH4E AASHATE Garcia®} Ma (2015)9] A9 Ex
=8 E P E 4% YHE %%‘: Aoty = &4 R4 (parameters of interest) o] RO T
‘i‘l’ ot 714 = 3R] Ut 22 RE B2 (infinite dimesional nuisance parameter) 2 S 3
FETAH B

2L & ok ojeh o] Bt HiRpTE 3 Yol ol A EAlske B¥E
3

3 (semiparametric model) ©]2}al 3tr}.

3. JIE0 MAIE 2y

@Y 48 22 20 ) 720 A
= (penalized quasi-likelihood) 733, A
model) So] Qth.

PHe 2t Gok Aol $E FAF, 89 W

2 dukst A1¥ T3 (hierarchical generalized linear

Wrﬁ
[e:

< BATA AYHoz A 2ol otk 4 (41)94 AY 2R RF} 4
BRE X7h550la, WY 2 Ri7F AHRE N(0,0°)& weths 7H3e Stk o2 @ 7 st
% (likelihood) & 4 4 °1D}

Jy1x (y;lxi;8) = /fY|x (y;l@i, mi; B) frR(7r:)du(r:) (3.1)

= / lmj exp [yij (m?jﬁ + n) — log {1 + exp (a:ZTJ,B + m) }] fR\X(Ti)d,U(T’i)-
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e 4 (3.1)2 29 RI AWHs X7F 5Holm

(4.1)3 Hpol7k Qiek. A 24 gol| tid Hjex= ) ‘

49 R} X7} Solehs 49 /14 wiiol ArjeE S o

5 °‘E¥ AR 2P S 33 28 A2 48 s
. T g

f
=)
e
_{

o &k %@ %o/i](closed form) ] g}q% Aolth. wlahA 44
¢H4 (computationally unstable)3}t}.

N(©0,0%)E meths A4EE Ak A (L1)S Qs 47 £5 BY BE0A thedt o] BT 4
Q.
E(Yij|r:) = uﬁ‘ =h (wﬁﬂ + Ziri) , Var(Yij|r:) = %V (uﬁ) .
ij
9] Ao A g = h~ = A4 34 (link function) 91 & A 34> (logit function), ¢p= 2FE B 4>(dispersion

parameter), aij‘— AHA 715 A (prior weight), V()2 E4F gkgrolt}. o] ¢, Jang3} Lim (2006)°]]
21 H9 % ¥4 (quasi-likelihood) = o33} 2t}

= \/2:;_7 eXp|: 2¢sz” (yw:/j/z])_; 2 2:| db.

=1 j=1

AL AoNA dij(y, 1) = —2ai; [} (y— p)/v(y) duclth. o] A2 2 F7gol thst &3 P4 (closed
form)o] gloeB=, ZEeps :L/‘}% olgste] th2 22 BH HLE FH = (Penalized Quasi-
likelihood estimator; PQL)S & 4= t}.

PQL(B,7) = Zn:zdw(yzwﬂu)_%

7,1]1

-{o

HAd) F= FAFE 23 P4 (closed form)o] ¢l7] wfZoll =gk} AW ALlo] of2l2t] Hhs,
HE AT FHFL gEeks ZAE ]%‘6}04 AAto] 431 A o] gt} 1A, Breslow e} Clay-
ton (1993)°] W=, o]X tlolee] A Aol B FHFE 4L 5 vk @ ol St

3.3. HIEH UYtel MY 23 (Hierarchical generalized Linear Model)
Raudenbush®} Bryk (2002)+ Ad dH 2o ths] A&Z dukst A8 232 AAZLE 194 =
Je et 2t
yi; ~ Bernoulli(p;;), logit(pi;) = i, (3.2)
Nij = Poi + B1x1ij + - + BpTrij + €55

A (32914 Br,..., By TAWS Xol th& AGoliL, o 10 15 EE A B PR
J} 298 ARolch 2604 mYe the} P

Boi = Po + 7.
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24 23X AA o 28 EH Gt AE B r B rolA AHT 5 Uk 1dAdA & F
e 4 WY B o 2X2F AR HE o83t bi,..., 60 gt FHXE Ik,
€ij ~ N(0,02)0l8H= 714 3toll 194 24} ;9] Eate] tiet S 73 5 Aok 20A4dM+=
; ~ N(0,0%)0l2k= 714 ol A AR riof idt 242 243k otk o uf, /fAZke] HE
L g%ola, 29 RHL BAYE R H (variance component model) o2k & 4> glt}.

Skrondal¥} Rabe-Hesketh (2009)+ ®lo]z|¢t oz ASH dulsl AR P 3t AFLE 31
o 1A gais) Ay 2y t33) 2T

)

R E(yis|Ci g, 2i5) } = iy B+ 2i5C = i

WY &F GIX, Zi ~ NO,9)01 T, 197 BYE 93 ¢ alC;, X1 Z: ~ N(0,0)0]2he 142
o 919 AelA e d Bolw, nyt A% ASAelTh 1eAeA Qw4 RIE o8
of BS] FAFL 7T 5 Atk 28ANA G T3 /\}i%z% W] 2| gk Hhg el os) W Ao
dlol=ste] Taka, AY £ b APA AFRES FRFGOE ANE 5 vk

& = 8 (610, 2:0) = [ G (61X 2256 des.

o w, w(Gi| Xs, Zi, 0)% ool HE AFREoIT (FPE 24T 5 AY a5} () 4 o5 3480

o O (o

o1, AWy AHA Ro|| M= v RS 7MEL stk B4el u
A 1y gl o]y FRLA B A Ao T H
Newey 2} Powell (1990)2 regular asymptotic linear estimator(RAL)E A7|13ty. RAL 33 Be

Vi (B 80) = 5 374 (X0 B) + 0p00,
i=1

AolN BE BA 20|, By AROITh $(Xi,By) S WAl influence THEA E(3) — 00]
T I (X0, B;) = 09) ol BAHeR 7}

2 ¢ At} Semiparametric R oA RAL 3 23}7] 9)8]-+= influence 3+
P(X;, 8) & Zrolof st} Bickel 5 (1993)°)] &3le] J&H (influence function)®] ot 7]

A T3l o|Fo]HTt. Ho] 091 pZ]——(_ Ay WE 3= dwzE *‘—71-(H11bert
T 7le ®Wele] WA (inner product)& F ¢ _4 —’g— o] ®t}. o] Z7roA ojH I
norm)< 1 W WHEL Eibolr)t. Tok W= E F7F A nuisance tangent 7+ A2
& D]— nuisance tangent &7+ AW3}7] 93 1% parametric submodel®f] i3] A %LO}O]: st
t}. parametric submodelo]& Y] B ZR4F B 23 = FE|o] B4 2 (parametric
model)ol 1, FE5A RHIMY BA B AHS ZIFHA VY (closure)?] HAS 23 e
23S 53t} o] parametric submodel|A] nuisance parameter?] <4 &<=(score function)E AJ
AJ3}o] (spanned) Ho]R FZHE nuisance tangent F7Fo]2kal St} o] & Eof, oH ER4A 2o
parametric submodel®] p(X; 3, )2t 3, p(X; B, )l SRS Ydte] Ao 242 2y
£ W& 5 o1, nuisance 279] &4 S = dlogp(X; By, @)/0t| oy 22 A4 H (spanned) F7HS

T P
"
o

(o, o m
b 4> rulo

=
=

r{;z
rf HU

f
=2
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nuisance tangent 3-7+o]2}3 gt} o] nuisance tangent space®] 2 3 o5 ZH orthogonal complement
space) Sholl AR T4 (X, B)7F TRH| ATk Sesr & Sp = Ologp(X; By, 0)/08a, & or-
thogonal nuisance tangent 4—71-01] A} (projection) 8k W E 2ty & wl], S.ppS T3 HA BAMS 2=
B B ., = (E(SersSip)t 1 Sepr® T 5 Ak olAW Fusd P A asEd
e 2E Aol Fsk

% 7K ATE 2 ARst T o8 BY, ZARAE) B4
;(]/\E] E!U:]o] 7@—61—5}. Z =)

] a1,
A3 Aol Feol. of Wl 23 (2.1)34 2

frix (wilzss B) = / P (W3l 743 B) fr e (ril:) () (4.1)
= /ﬁ exp |:’yij (wlTjﬂ + n) — log {1 + exp (:va],B + ri) H frix (rile:)dp(rs).
j=1

9] AlolA p(-)2 dominating SEo|th. AHHs X AFEH Ro] &

= fr(r;))= AH3A &=t} Garcia®l Ma (2015)= HE FH ZA2H ZESA
A8s st e 2aks Balk TAks) A Al IAEE BT H = (Y X))
E(h) = 0,var(h) < oco}o]al, J7]A ht pad WHE d<golth 4 (2.1)S 1283l =& WA nui-
sance tangent Z7F A; 8} orthogonal nuisance tangent &7+ AF = E]—«H— Ztt.

OFIBR frx (riz:

]
oA ER4A w

)

o

mlo

J.‘.‘,
}

A = {E{h(Xi,Ri)\Yi,Xi} . E(h)=0,E (hTh) < oo},
A ={g(Yi, X)) BElg(Y:, X)|Xi, Ri} = 0,E (A"h) < oo},

7]elA het g pAY AEoth. F3F Al o] A e AYEE teH 22 &8H
?(efficient) = WEE 42 5 ok
X

Serr(Yi, Xi;8) = Sp(Yi,Xi;8) — E{h(X, R:)|Y s, X}, (4.2)

Al Aol Sp(Yi, Xi;8) = 0log fyx(Yi|Xi;8)/08 = E{0log fyx,r(Y:| X, Ri; 8)/0B|Y i,
Xi}olar, his pAd WM de2A E{Sp(Y:, X)X, Ri} = E[E{h(X;, R:)|Y:, Xi}| X, Ri] & T
59T 4 (128 L8] L, Sops (Ve X 6) = 09 2 208l gol e A=A 954
¥ (asymptotically efficient esitmator)E & 4= 131, o] FAHZHFL A XA (consistency)E ZH=t}. 1
Hut, A (4.2) 8 WSSt WE 5 holl sl AR FE (explicit form) 2 YeRf 7] o] 7] w&ol
So] NS Ea A ELEHS B AL o]ze ool
2]l (4.2)& 7+ wE7] 931 Garciall Ma (2015)+ 55 A % (sufficient statistic) 3} 54|
% (complete statistic)= 2Tt MZ-E W, Wel VE o33} o] Aot

o}d

mg
Wi:ZYij, Vi:(}/iz,...,)/;mi)T.
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fviw,x, r(vilws, i, 1) = fow,x (vilws, x:),
fR\W,X,V(Ti|wiymi7vi) = fR\W,X(Ti|wi7mi)-

F FARE wf, V& RiE SHolth B3 E{g(Wi, Xi)|zs, 7} = 0°]H HEEA|
4L Btk Ay W VE o] 8319 4 (4.2)2 o533 2ol & 5 Ut

Q
=
?.<
I
O\l

Serr(Yi Xi30) = XoA7 {0, VI — B (VW Xip) |

L Ry BAIS] WSt VE olg8to] B84 (efficient) A5 MElE ANk mebal b Ae) 2o
A A EgF el unk

D Serr(Yi, XiiB) =33 (Xiy = Xa){Viy = B(Viyma Wi, Xi, )} = 0. (4.3)

el A (4.3)8 B B FAEHS AT 5 Atk 7oA E(Vi;1|Wi, X, 8)& i8R 7HAS
Vol digt A8 7|tigtelct. oAlE Eof, ¢HA Rl oisf 53 ¥kE &3 Holxu, 1 F F HA,
Al WA 549 AAs7F A%y = 18 2t 33 o] Aol y32 (0,1,1,0,0)°]2& m; = 5,
we = 201Eh my = 5, w, = 22 W, 57) 5 2AE 12 23 puAL 02 399 F (3)°lek F, el
AS 753 v 1071 ot} Garcia®} Ma (2015)9A= E(Vij—1|Wi, X, B) 5 AXe= WS o
=3 2ol AAIEAL Att. A7t my, wiol A 7538t v FES R(vi)etal @ o, o] off ve] =
A5 FEL o o] 78 = it

exp {Z;":iz(wij - Tw‘l)Tﬂvi,jfl}
2 R(vy) &P {Z?:’é (@i — mil)Tﬁm,j,l}

fviw,x (vilws, zi; 8) =

9e) BEAFRTE ol 83ke] E(Vi;1|Wi, X, 8)& ANSHE Aol ZRsaAth webd E(V;,
Wo X0 B B ALE Qe A9 EF wEelA ATSE 24%E T WE BeE 24
FE ok ALRTRE ey, £AH 0 dgHolekn ¥ 4 itk It thel Jlohd, £1
TS 018 A ZE A AZ 5 ok kst o] A2 v 9] Tkl BE A9 £
=, (07)E AxdsfioR szt o] gro] Atk AFHE 0183 Axtol B 5 sirh dlE £,
(30) = 137,846,528,8200]t}. o] F$ 7Fsd RE 05 Po = 2 PP veE YL BT 5
k. @dAozE @ Al ts) 4007 ‘i%%“é sHe 497k g =87 i, uE 24 3
S7h AL ThFst Aol o] Wo] §831A o188 & A& Ao watk a2y AM obd 2%
W 2o WY 9 s A9le, & 25 ol dlolE £ wlaAd 2 AfsAol demw &
Bed g o83 WY Y 2AaE By 2k A2 1Y BAR d8) AAA e 5 Aok

5. HI0IE] 24

5.1. AlE28|0|M

Agusel A9 Ado] S5o] ohd Aol FE4A Y, HAole® 23 Wy, BRI 2y Py, A
4 Qust Ay 2Yge vmstgck. 29 (2.1)04 p =4, B8E B = (-03,-05,0.2,07)7, 2§
o 4 500 (i = 1,...,500), 2t g QoA wbg 24 Slee oW (ms = 5) o2 AAsigd. 4
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Table 5.1. Simulation results for the semiparametric estimation, the maximum likelihood estimation and the
penalized quasi-likelihood estimation. The median of estimators and estimated standard errors of 1000 simu-
lations are presented for each model.

FR5A 24 9 AUSE 24 98 84 99% 24 9

A% —0.2981 —0.2343 —0.2332

Br=-03 B EFeaN (0.0510) (0.0389) (0.0386)
RE X2 (0.0507) (0.0382) (0.0380)

A —0.5019 —0.3945 0.3927

Bo=—05 [ EEF A (0.0538) (0.0406) (0.0401)
E2F x4 (0.0529) (0.0400) (0.0399)

A 0.2010 0.1589 0.1580

B3 =02 Bs  ‘EE A (0.0502) (0.0384) (0.0381)
BE 932 (0.0495) (0.0378) (0.0376)

A% 0.7010 0.5503 0.5488

By =0.7 Bs  EFE oA (0.0573) (0.0426) (0.0420)
BF 92 (0.0561) (0.0427) (0.0422)

= Unif(=2,2)014 AEsHA 2o, d¥ds X 10+ 3rE SHoE
£ WA ST &, Xy mioll Wt Bev ot
dr7 AAE Qe B ok Xi3ke] S0l obd Fxelth 1,000 Al
o o]4 A= Table 51004 3 4= rt. EHAES 2GS
7] 93l ZF e 01%’3}]"1 T3 1,0007H8] g FH X9 F3Hgke FAISHATE Table 5.1014 £R24
A ZAX7} A9 e Axr) o2 i HET o 282 %l‘ 4= 9Jt}. Hausman (1978)°] oJstd F+
A Gy, 010 DAL Hol=7tel that AL H = (61 — o)™ {var(01) — var(do)} ' (61 — 00)<
3to] A=} rank{var(f1) — var(fo)} 2l ZtolAF AAS & HE Aot o] wf AR F
X7} A4S Zh=th= 7Hd ot Garcia?t Ma (2015)2] Table 5914 X 9} Ro] E§ o] ofux, A
do] =& E Hausman A4 AI7F A7 S 71438t AS AlEHO)AS B3 sttt 2
e\, o AFoIAE X9 Rol S8lo] ohix, ARBAZL S B9, Hausman 28 277} 153714
< Y 714 AL ofEle AE dE Fd EAF 4 At Figure 5.190 1,0001H9] AlEH o] A
9] Hausman HAZE S|2EIHCRZ Vet o] AT AlEd ol A oAE 1,000 A&
gold F SRS 3R, AdeE FAEX} BY AeE FHA7 NS Hlvks AR S
] %6}3311:}. x2(0.05, df = 3) = 0.997071¢1 B& #2387 vlgeh. £3 (a)3} (b)<]
Akel (iRt H 2 A & 5 Atk X&) Ro] H)ola, Ay ddo] Aqfxoletd, F25
W Hee =44 }%_]7"]@% 24 Zolt}y. &, Hausman A% A3}, 7F7H4-L 71245 7] k& 2
ojty. sA|¥h, Jo g FFIHEe] 1A A YT ko] X o Ro] WIEA] oA g dH o] A
TEEAE dF87= ke AL o dE 53l € & AUk

12

N
A
o
=
ﬁ

5.2. ALt stlSo QY HF & 2Eo| Y 020 tist tloly 24

o] dolAE Neumann 5 (2003)°l] 93] A71E FTE AL dlolg] S BA3th o] tlojH&
1998»ﬂ BE 20013704 Ake] 127] 253twe] MES tAow StudA F71Hoz S4L A
obE, X 5)< sk, weteloh, Fe] Wy dEE
T AN (ZRE BS, o7, 7 Aol 4= AF
A EstiL Acho] Sirh ¥ 12749 stare] tisf Zhzte] e AHsHAl A Ak 5, iz
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Figure 5.1. Histograms of Hausman test statistic of 1000 simulations. Pairwise comparisons for three models were
carried out, which are (1) the semiparametric estimator versus the maximum likelihood estimator, (2) the semi-
parametric estimator versus the penalized quasi-likelihood estimator, and (3) the maximum likelihood estimator
versus the penalized quasi-likelihood estimator.

Table 5.2. Analysis of malaria data with the random intercept logistic model

e I ] A= 74 P4 B AeE 4 3y

A xEA A4 BEA A% ®xEA

TimexControl 31  —0.0695  (0.0126) —0.1745  (0.0121) —0.1716  (0.0111)
TimexCaloric B2  —0.0856  (0.0124) —0.1821  (0.0114) —0.1759  (0.0105)
Time x Milk B3  —0.0617  (0.0134) —0.1776  (0.0119) —0.1745  (0.0108)
TimexMeat  f4  —0.0993  (0.0137) —0.1893  (0.0123) —0.1813  (0.0114)
sin(7-year) Bs  —0.1532  (0.0686) —0.5790  (0.0621) —0.5701  (0.0592)
cos(-year) Be 0.2032  (0.0579) 0.3314  (0.0554) 0.3079  (0.0542)

T2 TS 471 2Fol oSl 72 Al gt AGEHA A-EE it E40) ©]-8F dlo]El+= Robert
Weiss7} JALo1Eoll FA 3 505782 2589 dlolg] & WHESA o] | 50249 tlolgo|t}. & A
A B IF i 98 4 A57F JojoF 2R4E =4 S o]8T 4 Q7] wEol 8 e
S dlolew 2l Al B 39 dlolE& EA0llA] Al sttt
o] Ho|HE o]&3ty Hetejol Uy oRE AY HH 2X2EH BEYPor FAFTE Neumann 5
(2013)] oJ3td A WY EL /AXV ZBE ) WY AH ZRAEH Byo] Fgslry. By zgsl
A HeE (1) vol(ME)xti2e A&, (2) del(RE)xZEe AlF A8, (3) Ul (HE)x+/ Al
F A&, (4) Yol x &7 Alg o7, (5) sin(m-AlZH), (6) cos(m-AlZF)o]th. Weiss (2005)°] wh=
dlg|o} W ELS AlEo J3FS W) w o sin(m-Al7H) T cos(m-AIZHE AT E I3 7| =

43
Table 5.2 1% FHo] e oI £24A 24 U @ AieE 34 Y, 24 A9E 374
WHer A2 Aoty 1y WS M Ae, nRZE A sFot= AeTt frolEka driE, A
g XolAd A WA 248 X = 12 & 5 Atk 4] (4.3)9A ZE joll thell X1 = X119
W, Seps (Y, X33 8) WES] 30aA) 247k 519 ghell B4 glo] 4 00] 7] w2l 4] (4.3)2
ol gl 17 dHol o= AT f1E FHSH 2ol EFssR wekA, 1 dEs e B
ol theiie FESH PHS 04 £ gk 2L olRE A3, 2 AFIA 2L P Ze WP
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Table 5.3. Analysis of malaria data with the logistic model which includes both a fixed intercept and a random

intercept

AdeE 24 T 94 A9% 74 10 AZA Lk A% 1

A EFEA} A ®2E22H A Z2ELA

I AR ,30 —1.6124 (0.0927) —1.5079 (0.0801) 0.1813 (0.0008)
Timex Control ,@1 —0.0756 (0.0109) —0.0734 (0.0097) —0.0063 (0.0008)
Time x Calorie BQ —0.0754 (0.0106) —0.0750 (0.0094) —0.0064 (0.0008)
Timex Milk ,33 —0.0760 (0.0107) —0.0736 (0.0095) —0.0062 (0.0009)
Timex Meat ,34 —0.0795 (0.0114) —0.0804 (0.0101) —0.0067 (0.0057)
sin(m-year) 65 —0.1532 (0.0661) —0.1505 (0.0574) —0.0112 (0.0051)
cos(m-year) Bs 0.2012 (0.0579) 0.1972 (0.0502) 0.0194 (0.0084)

£ 230 TFAZ 5 gl o] A 3t FAY vEESAE vlolHE shie IR o R T 2ASNE
=Tt IHBEE AJdo uE delelo HHEL o] B3
5% & gk AR 35S vhEA A5t Ay E3E 78 4 ok Table 5.28 534
EEF FRA e F A e RS R A ¢ 7}
the 7Hdolgta & u, Hausman #7 AF2& 7 F7H A
£ v]23 Hausman AR LS 0.000100, (2) E24 222 ¥4
3 Hausman ZAZH2 0.0001920]1, (3) A9 A} 2d $5 2
AZHS 1.4215e—7012 2, AI7HA] A9 BT x*(0.05,df = 6) = 0.999997H T} -2 7}
Th, ©] Hausman A% Ao 2 Aguisol Agdde] 59, A o] A EXE W=

o o
30,
kY
-a
N
i

" o
Bl
o
o
i:‘
o
N
o

N
o

S QAT (1), (209 gkl (3)9) @HTHHRA 2 e At A2 TS w, o Helee] A
N gl Ao} WE PAL i Ao Mol Auusel Ay AHo] o] ofd Aol
ta AZEth Auusel Ay dHe] SYAL A TAA PHE 3o dApsolol ¢ &
Holt}. Table 53 14 A7 AW AR 23 Y A28 BYolth. HTj$E £5%L Roj
A glmer #4% o883, WA VST FH%S RolA glmmPQL ¥4 | §3t4r). Skrondals}
Rabe-Hesketh (2009)0] A% A1%4 Quisl 49 e 8 F4A%E Statacl A gllamm F45
ol g3te] teich.

FEFA FAFE X4 (consistency) E 2L, AHEs FAHF

[*]

12H= Zlo] Newey2} Powell (1990)

o o8} W= gIrk. Telt, Table 528 B3l ThE 5 744 B wlmste], £R4A F4e0] 24t
of WA H AL AL ohde & 4 ATk A $E FAUT FR4A FA%e 49se) Ay 29
o] S oleh 714 dtol A4k FAel R, FRAA 2R 18 AHL A %3 ANE 27
) 42 mefsof Sk,

6. 22

N 249 o) 48R EAY 4 9t PHoE 97 AW TR 22 Bye] FRAA P
2 Age A7 27lseTh Azte) Auuse) Ay Awo] SHoleks ta 28 14 A9 A
o] AFREY L 54 REE GETE 4o YnAoldrh. Te@ A solA Ar) = 24 %
Mol 87 BeE 24 WAL o83 18 2B AY 2RL Sl 2 RRIAE A
27 Qusl A% BYo] 22 ol§H Utk AW, AY Wre} AY Awe] Hyo] oA AW 2
Hol 574 LEE Wax e Aol Teld PHE o g3kt AL EAZ ATk = A 9=
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A L o] 8T ARole FA T st WA A o] Zhdst Fejrt ofu ] Wi 2 e Asks &
w] X% ZA 7 A771E Sty S, HA AT 2L dXE 2R = A Aok vk
Holl, EEFA £ HS o] 83tH AW e Y ool Hyo] ofd A AHY AL HE
T2 7H% Ao x ALt FR4A 2ATS A A (consistency) S Zerh FE SA S
A FAFE o] g3t FHF it A 5 A T 5 A7) wiol] FF ] tigt g A
o] s A 11, AXF Est =Y Atk Fo| HHSE =4 Wl visl & Fholgtn & 4 Ak &
2z Ay A9 224 By ddogs e A B OF Ul T e 2= HeTh
o 2 el st AleE FAE o vk Aoty 53], 13 EAE MES By 2 4E BES
£ £ Qlok ASA dutsl Ay ByoME 3 1 ZEE 75 i, 224 A F A 4|
27t oYy eh E o2 gRHoRE A e 25 WollA vHE 314E molgta 3, °] & & W
7H1Q A5 A7t wd o, AFE ZEE B mx (1) 2719 FLg Adsiof shed], (7)o
3ol 3ol B/ 4 ok T3 v A S 314 ok A s B4 TEAE 5 gith Hd
Y BA2~E By WY o] AAHE o] o BE, dunisel APAANY] 945 S5
£ 22 o5 dojt}. Garcia®l Ma (2015)° A+ Hausman % WS o]§3te] dyuigel Ay
A EH€4E QU 75 o E EQ 0L, o] AFoME A} WY FHo] o] oA
Hausman A% HHo=E o} webd duRiee Ay 29
o)

I AHLS SHE 4 Qs AEE A=z &9
= FAAEA ZA Wil s A7 g3t
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Abstract

o gtol i} ALE]Rslo A o] R HolE] £A] A] Al A (random intercept) S ZH= ZA|AE R o] F231A o)
I Yk AF7AE o) 2A2E BFoA dY FHo| AFEEL} 22 B4 2 (parametric model)S w
ke 7 At Y "Ho] E)]olgie 714 3ol AeE dlolg] B4 Aubdolgitt. et o]t
T 7HA 7HEE tha FE7h Stk o] Aol NE AW wast Ad A EYAE JMREHA 1, vRSs AY A
Ae a2t 2X2E 2y HES V1&g 29 W} vladte] AHIEE sttt Ave] 25EEY
FY AH 2 A S A dlolE e o] WS AL

TRV RXAL R, WY MU, FZOLH WY, uke 53 K12
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