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Abstract

When analyzing repeated binary data, the generalized estimating equations(GEE) approach produces con-
sistent estimates for regression parameters even if an incorrect working correlation matrix is used. However,
time-varying covariates experience larger changes in coefficients than time-invariant covariates across var-
ious working correlation structures for finite samples. In addition, the GEE approach may give biased
estimates under missing at random(MAR). Weighted estimating equations and multiple imputation meth-
ods have been proposed to reduce biases in parameter estimates under MAR. This article studies if the
two methods produce robust estimates across various working correlation structures for longitudinal binary
data with time-varying covariates under different missing mechanisms. Through simulation, we observe that
time-varying covariates have greater differences in parameter estimates across different working correlation
structures than time-invariant covariates. The multiple imputation method produces more robust estimates

under any working correlation structure and smaller biases compared to the other two methods.

Keywords: Generalized estimating equations, multiple imputation, weighted estimating equations, MCAR,
MAR.

1. M2

Al 21& (longitudinal data)i= AlZbell wheh 22 7HA] oA ¥HE S48 2852 AS3E Abelel
F540] AV olAT BEUE AI9 HTTAE 2] AN LAE3A (generalized
estimating equations; GEE) o] Bo] O]JQLQ Aok duksiEgA AL 733 E (working correla-
tion matrix)S 2% 78l et B9 XA B (consistent estimator)= 7+ 4 1t} (Liang}
Zeger, 1986). SFAIRF, GRS} S7gnbag 412 ﬁé AA7 AL ZE(MCAR) o] ofd Aol AfF
A ATt (Troxel 5, 1997), A|ZH-542 FHZ(time-varying covariate)©] Z3HH Ffof=
gagEel wet 9AAS 2%kl theAl U 4 9ok (Liangsh Zeger, 1986). 2% AA7E 49
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25 (MAR) QI o-or"ﬂ dAeHs 2AE 27 A8 7% W (Robins 5, 1995)3 oAl (Ru—

bin, 1987) & A= Zlo] A=t B =RidAE BYAFHE Tkl A5 AHTE,

Z AAE "IN ZIEA Al 742 EE AL W AI-5E A %—‘ﬂ"/h} N7h-24R 2wk z7b

ghol 7hdda ol wet o o R WdleleA "1'-141-1—7‘]' sict. mEst, 7y Eﬂ ol m-2 3] A

T FAZ el AJolE B3 4 e EHAEA (robustness)= AT E I T Ak AL, ::J, 3
=, %i AEAdS vlwstaz) sty 2d8oAM = dukslEAgdg A, 25 Al

ol ofsl 78k, 3@ A= 7+ 215 (epileptic data)oll Al 7FA]

e A8 AAE vudth 4dolM s A5 ATzt A5 AAE thdstAl USAIA Al 7HA
e A8 RojAddel disl dwstal, 5EelM= A7 AaE 8.9, Atk

2wk 249 ARE o AANAY BEGE Alolo] B540] EAUTE oled BERE
J9BAE 127 19 Liang? Zeger (1986)7F Alkat Ankal 4344 (GEE) S o] &3

AR ARG = 1,...,K)Y 88 AZHE = 1,...,n)00A 9SS FE ns x 1 FEA Y =
sar, AWM e ny x p FEA X, = (241, .., T, )L 0l AR AS

) — =2
2 B2 ool PHUEHAE A (20)7 2ol o) B

f(yit) = exp [{yibie — a(Br) + b(yir)} ¢], (2.1)
o714 a(-),b(-)= A28 (link function), ¢p= H =X (scale parameter), 0;; = h(nit), Nit = T3]
I, 8= (B, B2, Bp) 2 AR & B4 px 1 HEolth g, o) 13}, 23 82 53 B2
A A7 vt 2

Zeger, 1986).
K
Ur(B) = > XTAS =0, (2.3)
i=1

0:17]/ﬂ Al = diag(d@lt/dmt)‘_ n; X nl ‘EWE:]O]_TV_ SZ = Y7, — ai(@)o] n; X 1 H“EJOIE]' Dz =
d{a(0)}/dA=T 3R, XTA, = DIV, Vo] Bir}. Wk 245 @23ko] Az Solzm Asle
BE Vit 94 g 4 B 353 /‘POH BAE A Tt
A W S B2k Abolo] FBBAS EANY 1 ABBAES el AFBALLS ny x g
B2 R()2h @, g, o] BA-FEA B Vi the 2.

 AZR(a)A?

Vi & t, (2.4)
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714 A; = diag{a” (0it)} < ni x n; ZAEE, o 7PFHFEQ Al s x 1 WEo]la vk

o R(a)7} Vel ZATALOIe Vit cov(V) 2} BLsiTh. W 248 B33k Aolo] EAlele 4
BAS T3 B R DL o] g8 YNEAPAAL BG4 (2.5)9) 2ol Hel k.
K
> DIV s =0, (2.5)
i=1
71 D; = d{a;(0)}/dB = A;A; X012, A, = diag(dfi/dnit), Sz =Y, —aj(0) ]"4‘ E’}

Q

m
o o mh =
30 o |

ok R(a) = I, & BZ3to]l A2 Solghd 4 (2.5)& 4 (2.3)3 LA Aot 222
DIV S AR gs) AT, oA BEG Aol 284S Teisne vm
2 Wyl ohjeh ao) GoITE ST 45t 6B BT AL A9, A (24)9) 0 ol KV2-Ux

=
=
=
& ek 8 43 9

E/‘\_
LE

ol &(Y, B,¢) 2 HAIFC2H 4] (2.5)2 g9 g A BT = oy 9le Ao
¢ K'/2-AxZ2A §(V, B)2 AT EMN 4 (2.5)F The3} 22 W40 Fe= HoT 5

.

ARkt g A W2 7R EE AR SR EE RE Y Byel O A AR dA
A © 2 (consistently) 57 gt} EW‘?_, 5§°ﬂ AZE-F5A g 23T ZdAE Adof o}
o 9% 2 4e] el FAR B, AgRaee] Aol 52870 (Wall 5, 2005)

2.2. 2= HA

OAIA 285 22 WA WA A7kl met 98 SA4E X188 Z S (missing) ©] %ol WS =}
SoA AFe] WA= deod uetA S Al ﬂ](mlssing mechanisms) & F A A 2= (missing
completely at random; MCAR), 9] Z 5 (missing at random; MAR), ]98] 23 (not missing at

_]

random; NMAR)2 2 FE3IT} (Littled} Rubin, 2002). 2= AAlol webs] 4 9bgo] 221d o
Slorz A2 AAE 393 sl AL ARE B4 g F2 o)} ok,

AR AR A HAR] SRS Y = (Ya, Yio, ..., Ya) B2 S 0l Vi = (VO0,VM) & 359 A8
YOt #&5 A ke 27 vM e TS Aok =3 9k AAXMEE R, = (Rit, Rio, ..., Ri) 8L
), ;1A AT A HANA BASEE Ry = 10]22, A5o|H Ry = =
2 Auuseln s 2 42 AL olels) 28 Aoz HE 4 sl

(e}
o
fru
1o
ot
&
el
rir
td
—r
i

Pr (Ri|Y:, X:) = Pr (Ri| X3), (2.7)
Pr(Ri|Y;, X;) = Pr Ri\YiO,X¢>, (2.8)
Pr (Ri|Y:, Xi) = Pr (Ri\YiO,YiM,Xi) . (2.9)
FAYNAZL R7L YO, VM BRSSP HolnE 4 27)% 23, 44BEL RVt VIOOE %

° R
SqQgelng 4 (2.8)5) 20, MY A2 R7 VO e opieh Yol S4geln
2 4 (299 Zo] BAY 5 ATk
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dukslEAg A 2 259 23 AAI7F MCARS A9 B4d st 22 S AlTshAw
MCARG] o1 22 A9 A5l B 5ABE AR, oeld EAE A5 A9 Azel 2
= 7747} MAR 9X AT+ 7 W (weighted estimating equations)< A}
£3t= Zo] A= At} (Robins 5, 1995).

;‘i
H
e
e
e
m o
O
m% rE

78 2 iiA WA tAelA #5E BES] QulE e #5Fl TS T Aol Al
HAZE AN BSH AT R = 10131, I &Joll Ry = 022 o7ty A WA A= &
g BSol HaL, B Ao s I AIRRE 2 AR BF dSo] B Aow AT
o 5 2EE 7H2ﬂ A Rin = 1014, W Rip = 001W Ri(141) = 0942 2| g}

o
A t=17F] A5 A5 F AR tolA] 25 2T FEL2 A L v ASX QA (Vi ..., Yir} &
AR, dA #FEAQ Dy = {Xi, Yo, Y, ..., Yie—y ol et @bk ad=) 7Hx7F ¢ — 1A]
oA F== = 24 ]‘ o tAFNME BEE FE2 A\t = P(Rit = 1|Riu—1) = 1,Di,Y3) =
P(Rit = 1|R;—1) = Ag mEitia gttt 2iu MAR AAGAME A = P(Rie =
1|R;t—1) =1 Dz(T+1)) P Rit = 1|R;—1y) =1 Dit) A& W&ttty 71 s} (Robins 5, 1994).
A WA Ao e B ASAThL 7P ERE BE o thaliA A = 1e]th 4 (2.10)2 T3 7
Hhgol 9] fe 7 4 gtk

rlr

K O 1 1\ 7!
By =3 Wi aﬂf (¢A£" RM?) (yi — pi) =0, (2.10)
i=1

A71 Wi = diag{ Rivwir, .., Rirwir }o13L, wiy! = A coleh. i AAle] A2l 7}
Y wat AR oA AEE EFA FEY o FARAFE 20R FEY 74 FY 9
E22] 9} o] FKIT). o] Fhegh wi st 259 %—‘?% ‘/}E}W% 4+ 32 Q94 g 2k izt
HE W, 7F duslEAgulg Ao 2718t AR (oA BEE FFo| G FEZLS = JEo] 1A
1, F5E FEo| £ ASHE ¥ 7HEo] 7T (Kim, 2004). ©o|X 8 W, & &3 25 A
ForH 7HE E-2 MAR 7HEstolA ® frast FA S ATt

>
_Ol
K
Ll
NI
3 X
f*
N

57

IOLF
z

N'r

2.4. CHEUA

A5l FAA R¥S H o} groz A= A2 A (imputation method) ]
th. A&3kl e gk = WS &Y A (single imputation)2kil sh=d], o] ®
9 3 A" #@ & 4 qlo] AR 2 ArtFAety, FAHFY kS -‘4"\17‘4
A7y BAzT) o]2d FAIFS A7) Al 2S5kl A A grem tiAlSkaL o] e T
o] Fate] A ] Babs A4be uf Frhe o] RBAte] AR HA FEE s Al (multiple
imputation) #H o] Rubin (1987)9] ]3] A ot=] it

OSUAIE mA AT F hAE 28 Azl thete] myl EASte] Aol R4 ARk

ol E
m fo ;i%
do oot

N
~
(
-
)

=
ﬂhﬂ%...,ﬁm‘j/]' &, o 95 AL Vi, Vs, ..., Vel 318 m7Y 538" 249
g FAF(VHS A (2.11)3 Zo] st}

FAR(F)H 1 e 24
. 1 < . . 1
Br=— 3B V=Wt (%) B, (2.11)

( _1),
i
lo
i
o,

o7l SE o] B4 FAR VI 4 (2.12)8] Wit By 7 7S] B4 HES Skl Add
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W, — iivi, B,, — %i (ﬂ _B*)2. (2.12)
i =1

A AEEZHE FHE mo] 2542 B4 FAHAZE F7 A diAUE 4K within- imputation vari-
ance; Wy,)3F m7| 2420 475 Ale 2ol oA 7HE A (between-imputation variance; B, )=
Tt FEE 2o B4 FAZE 78 (Rubin, 1987).

@ A9 Azgel FaAY oz YABLE FAZe) Baol AusA F4Y Aolnh HAW Ba
M| e & tAleh= A2 B7Fs3RE {39 g E thAlsHAl "t o] uf uE Al AlS3lTt
Auiels 9502 A9 ¢48 o) BT el ofF 24 Yoj AFAL Fo) 259 2o
A9 vlsHAl FAEE 250 = Qs £AH o tigk R Fo|g A5o] gl &g A5} )
PSS u] A2o 7 QAd|A DATE B4 AU (prec151on).4 AAEE oJu]sit} (Song¥ An, 2009).

©
Me
>
2
O

—

3. ARl A2 083 24

M=Z 7ekst gFF2EA] (anti-epileptic drug; AED)«] %% AH R 7] 95 £AsE £ 891 o] 7HA A}
AR (Faught 5, 1096) 28014 2708 Al 712 Wilo2 HAs) B4} 9ok RE SAE okg 4
(e}

4317 A *éﬁf& XY 7o R 125 F2 S E%EPZI k3 v HEE WEst] A d=d
Y] Wz JE SAEHAL, 13FRE 28F7HA] 4572 f1ekS 85t 4482 AlokE H&5td
A i B2 Z4E ST Al 8982 H 4 29oA Hof 274 #S5o] HA, F ASA =
L4192 S AR a8 o g 16WM4] HS5H it ofefet 22 RYE A5l A 83t} gt

logit [P(Yie = 1)] = X508, i=1,...,89, t=1,...,28 (3.1)

/
tgh d
Xit = (17xz’rtﬁrfezax:ace7x?geax;ﬂelg t?‘mitrug) ’ /8 = (ﬂOyB17B27B37B47B57Bdrug)l .

= A 459 Sk L7 o R E dbate] dojtow 1, dojubA] fdgtew™ 0ot Xy Al
=2 FH3F(time-invariant covariate) Q1 X825 (Y, Al2F), AW, A%, o, BFA, 18
I A-FEHA FHZ(time-varying covariate)Ql oF 5§ oF7} £y 7|4, F & oAf =
> 13} A Hgolth AIZE-EHA T A8 TR 3AAGTE Aol vle) Aok
5|

Il
~
—~

o2 A¥S e, 1@-%—%“31 ST oF B8 FAATE tAIFANA < 7|

= Mo

dz
ofo
ST
2 N

2
12
Iz
ofo
=t
o
i)
L)
tlo
mE
m‘“
Ho

Qs

O

O
=)
)
i)

i
i
o]
-0,
1y
L,
X,
9
e,
2
S
rr
Y
]
i)

fll
% N

T sl A iy, 7 3, 283 oA
Al Z2 2 3 © (monotone pattern) OE EUA=
oz 109 AlgsAct. zH A5 B AAS FAZ(BY), 2HAE
AgaEel et e HAAS =

2 31 (BY = B)2/Vi(B™)ol Ak Table 3.1 Vreh2d

AL SRAS 2 00 Aol AP het £28 HAAAG 24 guhit o
b, 2 %kol TF 7VEEE el uet IAAS FHRY Aol vk AL vzt
P2 =7 Z 9l (independent) T+2, W 8753 (exchangeable) T2, Z}7]/dF(autoregressive;
S%, 2-%% 4 (2-dependent; Toep(2)) T2 4748 nestedeh. BAAS 247 7k Aol
- s W 5707} Bledt glES Ko X535 (treatment) W] A Fo AA]

)
o
23 of
oo 1
=
iy,
|
i
)
El
1)
38
o
>

>
N w
7->‘J\" =
ﬁ fru
<X
2y
I i
ool ot
o A
rly M
iLJ oftt
: ok N[O
o
iy rE
to
=
5
ru]m
£
ofo
‘SL'
ﬁ
)

2 AN
-

-

9] x}o) (measure of difference)

o 3,1 o B 4
o £

ox

N
-~
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Table 3.1. Coefficient estimates with robust and model-based standard errors (v/Vs and +/V,;,) for the epileptic
data with four different working correlation matrices

Method Parameter Ind Exch AR(1) Toep(2) M?asure of
Difference

Burt —0.443 —0.366 —0.440 Z0.427

Treatment VVs 0.279 0.275 0.277 0.277 0.051
GEE VVin 0.117 0.285 0.155 0.166
Barug 0577 0414  —0.504 —0.437

Drug \/VS 0.128 0.117 0.124 0.130 1.041
VVin 0.123 0.106 0.151 0.155
Btrt —0.497 —0.429 —0.485 —0.465

Treatment VVs 0.261 0.294 0.267 0.270 0.034
WGEE Vi 0.026 0.056 0.032 0.034
Bdrug —0.702 —0.476 —0.632 —0.587

Drug VVs 0.136 0.124 0.136 0.138 1.619
V'V 0.028 0.026 0.034 0.035
Btrt —0.438 —0.446 —0.438 —0.437

Treatment VVs 0.195 0.192 0.195 0.195 0.001
MI V'V 0.128 0.203 0.140 0.147
Bdrug —0.563 —0.563 —0.545 —0.524

Drug VVs 0.159 0.159 0.159 0.159 0.042
V'V 0.139 0.135 0.149 0.154

A ZHA e 2RolA Ra Aol ek GekAls SRS 243k 0 Aol AU B

W (treatment) o] W3] A|7H-FEA FAF(drug) oA iAoz o 24 vebgth dusEA4w
Al v 7z bl oA EY AIZ-E PR FHEF(Treatment) ol A xfol= 242 0.051, 0.034,
0.001 915 Hkal, ,\]7}_ %42 FHF(Drug)ollA Fole= 72 1.041, 1.619, 0.0422 © ZA by
tHs oAl ol 7?% WP R T ARl Al e 1A A 23 o fARRAL, THEEs
ol w2 27145 *%k 2kl Aol v AA vebgtt g el W A A el
T A-E5YA R AN EAg A oA, AI-S45E SRS 7 IRelA 7 24
Lrebstet. 7*’“4#4 7&% AAE &stA &1 YA ¢keng o bget 23 AA et 242 %
S A8Ae of 7PFayEo] we AAAS FA Y Aol vehbs HEE At 480
A o)A S AlBEA T

o

o

ﬁml
o

4. Po|4

el

4.1. Al=0l Cist e

4.1.1. A2 48 28R ARE 2712 100719 &He A8 E AFAstsle. FHEd A

%, oF B8 Az AFL g5EEZ(Uniform distribution) & wWas g 4L 5

o], BRAE AFE%(Normal distribution) S wh2& W WIS Sto] A5

S 1007, A1k 1008 L2 F 2007 0] 242zt 10574 #=drhar 7H4 4

A 0 AR Aul oF B8 A& NS thaA AAea, A-F45E g oF &
B ol = I{t > {9} 9 Ao},

7 B AN F ARl EASE olF MSUEE A YA T o FEE (multi-
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Table 4.1. Four different missing mechanisms determined by a = (ag, a1, a2, as)

Missing mechanism a = (ap, a1, a2,a3)
MCAR a = (ap,0,0,0)
MAR-weak a = (ap,—0.2,0,0)
MAR-strong a = (ap,—0.5,0,0)
MAR-2-dep a = (ag, —0.5,—0.2,0)

variate binary distribution)e]] =43t o} 9} 22 WIS 0] &3t} (Preisser 5, 2002). ©] ¥HL
ni x 147 WY 1, ny x n; 324 FE Vi, 223 n; x n; AL Cioll thEk g o] Aesith W
A, B e A8 A ARE ol&ste] SN IS A8e d =Y 2ARY
o Z2A3te] TR e EARH logit[P(Yie = 1)] = —1.508 — 0.543z!"" — 0.29525° + 0.199z7°¢ +
0.006x9¢ + 0. 036 weight _ 0 57724098 o] g3 Tatgeh. BEA HHL V, = A,CA, 0= o7
A A; = diag{v)/ } vie = ma(l — m) oItk AL G 471/‘0}4\:]'(&11‘501”‘3%1”@551"6; AR(1)) ¥
g (p = 0.4,0.6) 3 w3753 (exchangeable) & (p = 0.2,0.4,0.6) 2 & 571X FENE 7P 5te] 45
Rkt

8}t Zo] FudY, A g, 4aAgLEE 7MEet Z = (Y, ..,
cov(Zy), st = cov(Zy, Y3), by = Gyl (t=2,...,T)7F FARS o], AR FF 1,2 4 (4.1)7 2ol
CE k=

v =vi(z;m, V) = P(Ys = 1|2y = ) = 70 + b] (20 — ur) (4.1)

t—1
=m+ Y by —m) (t=2,....T).
=1

iy £ Uehle ol WHs Y = (Y1,...,Y0)MA Vi HE mS Ze WE2Fe] &
(Bernoulh distribution) & wat J¢ BABS Edto] AL, Vit = 2,...,10)= AR
Atk olAH

Ae) WML FFNEE o5k A AGolAe] WIMAE AN FTL o8] =
2 A3 A& (conditional linear property)S zZb= thA sk o] 3o ZA3Ie] Aol EAlsH=
o1} Whg M2 AT

T 1S Ze= W 23%0] E3Z(Bernoulli distribution) & wW2= W WA E3lo] A5}
A
Kl

412, ABMY B =R UYL BT Aok /Pgse] e 248 wsuseAe)
AT uEsto] RojdPS AlY biD} olg vk H o Ad5g A At ZF HAY 7 Al
NA #5E FE (i) S 7otk A AR Vu M G #5el Ha, & H ASo] IAskd 1

1. "lek

il

AFEE 2 AA H¢—réé°l‘i‘=}§ i 7Wgtt. &, 2E A tiiA R = 10]aL, 7
Rit = 0°19 Rir =0, k> 082 9 ]?}E‘r. ofgfe} 22 2ARYS o] f3te] ZF A|HA A5
5 (\it) S 33T (Preisser 5, 2002).

logit(Xit) = o + @1yji—1) + 2yin_oy[(t > 2) + azys, t=2,...,10, (4.2)
AZIA yie v = 2 — 12 (AR AT} LA A dzbe] dojytom i = 1, ihate] dojupA] ¢
U™ yi = —loth. T F AA Al o]Fold I(¢t > 2) =1, YA I(t > 2) = 0°]H, A&
AR A vt S E ks MRS 53 4 A = 1ot
a1, az, 039 FhE Table 4.13} o] A= A A we} 2444 vh=7 A4St MCARS B9l &

A o]u

J
A ABAN BEE FES ol o AHe] BEPNE FYL WA gtk o W 25 AA
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Treatment - AR(1) 0.4 Drug - AR(1) 0.4

3.000 3.000

2700 2700

2400 2.400
v [
Q Qo
$ 210 S 2100
] ]
& 1300 & 1800
a —p—GEE o G EE
-
5 1500 P 6 1500 P
2w =+ sweee 0 a0 —+ -WGEE
3 3
w w
D oseo § oo

0.600 0500

0300 0.300

a— Pra— =
aom0 0000 | Trfrmfirend Ty AR 1
Mear Weak MAR Strong MAR 2-dep MAR MCAR WeskMAR  Strong MAR 2-dep MAR
Treatment - AR(1) 0.6 Drug - AR(1) 0.6

3.000 3.000

2700 2700

2400 2.400
8 8
§ 210 | 5 2100 |
] ]
*® 180 & 1800
Q ——GEE =} —a—GEE
5 o P & o e
9 1m0 —+ -weEE @ 1m0 —+ -WGEE
= =
w “
& o900 T 0900

0600 0.600

0300 0.300

MCAR Weak MAR Strong MAR 2-dep MAR MCAR Wesk MAR Strong MAR 2-dep MAR

Figure 4.1. Measure of difference of parameter estimates for time-invariant and time-varying covariates across
the different working correlation matrices (Autoregressive)

7t MARY wi& @A) Al-OIA &5

m&ﬂ
ot

il
)
)
l->~l

AR B5gel 9Fe etk MAR-weakd}

MAR-strong-& $+ AlH o] #53kel wpet #5E FEo| ZebA ], MAR-2-dep+= F Al Az} &
AR A T 4] A5l wet #5532 FEo] 2Rtk 4 (4.2) A olA AR BE5H
o= 2746]—01] A A|FHo|A BZo] @ Hg AR FE(average conditional probability)d} HHH
aoes ASE wt g2A A F, A5 XS

e aol 2 S A5EC] 2 ue &
2 & AAsE, 25EC] 5%, 10%, 20%, 40%9Q o Z+2+9] ap ke 3.0, 2.2, 1.4, 0.4Z A A3}
(Preisser 5, 2002). & =&oAes ZE 2= AN B2ESELS 5%t 7HE3] a0 = 3.022 AF
3la Bo| A F-E AT

U] thFst AR oy 7R ASAA MY duksl g A U9 (GEE), 7H W
H(WGEE), t&oia] 2 (MI)e] 2 AEA (robustness)S A B 1z} sty Z4zke] 23 AAE
2 A 7HA] e ARste] hdd e mE I AAS FA G e Aol & wlastiith o714, 3
A4 247k 7+9] 2}o] (measure of difference)+= 100W 2] _1_-/]/“5401]/\'] Zw I(Bw B2V (B)el =
Adte] &% 100709 A7 FdWo] AR, AAAST F43 7Y Aol 7k A-594 5
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Treatment - Exchangeable 0.2 Drug - Exchangeable 0.2
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2700 2.700
2400 2.400
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g e
o 2100 ] 2100
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o) 1500 ¥ V] 6 200 Y
® 1200 =+ weee 0 0 —+ -WGEE
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® ]
g 0.900 § 0.900
0.600 0.600
0300 0.300
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2400 2.400
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) —+ waEE o / —+ ~weEE
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0300 0.300
L o [ T TT TS TTORy W ..
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Figure 4.2. Measure of difference of parameter estimates for time-invariant and time-varying covariates across
the different working correlation matrices (Exchangeable)
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Figure 4.3. Bias of parameter estimates for time-invariant and time-varying covariates (Autoregressive)
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Figure 4.4. Bias of parameter estimates for time-invariant and time-varying covariates (Exchangeable)
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Figure 4.5. Mean squared error (MSE) of parameter estimates for time-invariant and time-varying covariates
(Autoregressive)
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Figure 4.6. Mean squared error (MSE) of parameter estimates for time-invariant and time-varying covariates
(Exchangeable)
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