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1.1 NHETREXIEE
o JEIRIEAY (Hierachical model) FFEA— A IARIE X
e Gelman et al., 2004

— “Estimating the population distribution of unonobserved

»
parameters

— “Multiple parameters related by the structure of the

problem”
o FUE WIS BRI S A MR g
— ZALI R
— R AR B
— fEF—4EG ERTEAMES




« “Sharing statistical strength.” X HEEERE—LIR(TREMN—A
B P AW AR VY, AT LA B FRAT TR DA 3 S — A E R
HURBETTEEHEWTRO AP tean, FRA1A A ISR 280, E26
hitss B WIEERIR Do BEAFRMTINEES A AR b2 >
RIUREBH BRI AT B B

o KBERGE XD RMIGHIHEWT, FLARNT 55 Hh— AR HI A HENT o

— ZFFRI: Multilevel models, BENURUN AR YA RN AR
5

— WAR T2 AL G RS

— SR MUSRATR A B AR

— HE— LI R R U AR 40 HMMs , Kalman
filters, TR AR 45




xf

xf

xS

xf

AN K =

HA R IR Bt

— AWZ RN LM B S5, Biln=r A i B R A A
b R B EAEAT X 4

S DOt A

— FRHERIAZE R PRy RS AN T 2 B TR,
Wps NSRBI X E) 5 — X

HEAR B e A

— SERBEET ], ASE), BRI A AR R IO R
R SES 2 R eIIVSPSEN

— AR A AR AR T LR R R DR R




— L5
. BEBFATE R

— Gt NI B B

— [AJEE: AR BEBEAE LR R BRI
o EEREE (THM)

— 2 EA R EORACH I =5 i e (THM) ¥
-3

— A A A KERE R THM WREE, THM IR
X 3, A 22 ] ) 308 st Ay 2

o YAl AL

— G5t EALE A E




— [ JRITRCR ERBAZESRY AFIRIT TSR N AR
S AT S Bk
o HEWCR

R KA 16 BH IR, FAE AN
(BHIE)

L AR 2 MR N, 20K
G

o IR (N-of-1) 135

— 2k XA B W Z BT 22 5
— [ TR AR




M EAEREMRBIEEE
AR T AR AR AL BT BT BT
A BT (MK, T, WIX, AT, HIE4E) M ESE 6. .., 0n,
EATZ AL A AR R AR A TATE FE T I = AN ] B A
Ul Fvs
- HESHE A 0 FHE, AR LR EER, MESBITH
L AR 2%
o WMIISH A 6 LSRG, AR BT R R AT Lo
S

o SHWRH A 0 BRE” ML, RIENTRRE A E
BOBCE R R 61, ., 0, RER—MEARMSE
IS oA




Exchangeability

AR ER TR S, A MR 0,5 = 1,...,n, &
B BOA NP el 200 AR, AR A BT B S B B & A

HURXIFRA.

[
A AR X, X, REARSM, R 1,0 #
F—E# o(1),...,0(n), A

(Xl,...,Xn) % (Xo(l),...,XJ(n)) Definition

RENERMARE S TRMN, R EHRAHRT
el

EI 1. (de Finetti’s theorem,roughly) X1, Xo,... ARF 7T k8,




LAY IEZH R n o XAD>H P, 447

p(X1,..., X /[Hp X;10)

B, R — A ARTCSS PSRy, W FAERAN S8 0 5H L
MR P, AS455E 0 )5, Pradiie iid 19, (A BRI
LU

do)




U E K THM WREEE: 70 B, aFfEpokxse o
BEHLRRE. BRI KB TR
|

| JExample

XA DI fB R TE AR
Tiy ~ N(az,UFe]),i =1,...,n:,2=1,...,70
o FAVE 701 0., FIZHIH 258K
o XUTE, @B, of,) ~ InuGamma(0.001,0.001)

HESH
i 6. =0,2=1,...,70 8E ERLK

6 ~ N(bo,00)
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[ @ ~ N(0,100000).

BB A EES B R R G RE, FROTH AR 7K DX
THM ZA[F .

WIS

BULFTAR) 0. AHE RN, BTG, tan

6. ~ N(0,100000),z = 1,...,70

BEIEEA 0, FA TS 1, oAl Ao ELAh 115G 5w, Tev
H Al b DX P ESCH
A RiESH
FAMEA T3 255
0. NN(,u,afz]),z: 1,...,70
i~ N(0,100000)
oty ~ InvGamma(0.001, 0.001)
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Hooft o) FRARRBOKKIZ I THM W72, o) %75 7 THM
WA 725 0 SRR TAYIH.

o BKAESERME
70
p (915 ey 9707 0[26]? 2 0[22]) o8 {H p (02 |1u‘v 0[22]) } p (0[26]) p(lu’)p (0[22])
z=1
o FMMIXEME 6. HYABRIEIE B2 WS 5 55204 Th AR
P H AR
o MIRILA” A0y HoAthith DX B
o 1FENEEAHIXIE RS RGN, S KB EMN T AR 52

ZEEEI

o

o
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THM R ) AR 2R

Pooled
model

O,

Independent

model

Hierarchical
model

@

o

measurement @

measurement i

measurement i

zone 2

zone z

zone 2

0. 24 2z MHXNEIE

p R P D T2

oty AN R DI FE R 5
oty A& THM WKEERARZE 7 72
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TR KA T e A

Raw meanTHM levels

[Jw=< s00
[Jm soo- 1000
@ 1000- 1100
.122; 1100- 1200
(1) 1200- 130.0
.19) 130.0- 140.0

| RS

Posterior mean THM level

D(n)< %00
[J® soo- 100
[ @ 1000- 1100
[ @7 1100- 1200
.m) 1200- 1300
W © 1200- 1200

W @> w0
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BHM XEMEIAT TR (6#)

o
<t —
—
o —
=
[0}
- o
= o
T -
= —
o
o -
—

Posterior
mean
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ANFEMEK K THM R R TR 95% EAFIXR]

THM level

100

THM level

100

140

140

Independent MLE

el

T
0 10 20 30 40 50 80 70

Zone

Hierarchical model

o TEEAME BHM F4AHT 54
WA G X T

o B3y MLE #ERIEEA K0
Ty 2 RS Y, TR R
HAE—AM, %A I 2%
it it

« BHM {83 7 MR35 2 77
% (Bt AT AR R 2

%
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SRR AT

I Fixed hyperparameter

Shared hyperparameter

Xij ~ Fa(py)

@ @ Per-group parameters Mg~ F1 (9)

1 l 0 ~ Fo(a)

. . Multiple groups of observations
FATUMEI 2 A5, FTAAH SIS

SRR () B2, BSHEE A CHREEE
iﬁﬁo

XS A THE W & Nt LA AL A 25
& ARG R, FIEBESH o
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— G ~ Fo(a)
— XM e {1,...,m}:
AL 0310 ~ F1(0)
w RFNEERS G e {1,k
© Iz ~ Fo ()

o HIEH o ABHW KA

p(15]2) o / p(8l)p (11s19) p (i) (H / p(ujlé’)p(leuj)duj) d

J#i

o X = (Try e i, Tty Tn)ofii = (B fim 1y it 1y s B,

R S BRI I &N p(x i, 0]r), FEEE]

P(X—i,0|a) = p(x—i|a)p(0]x—i, @)
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At
p(12) 5 [ p(Olx-i,0)p (ul6)  (xil1s) do
R HAthZH B S5 A sg i 728 & LS50
o WNEHSEL 0 [EE, M EIRIH HABH BN « HASHEER

AR

o THIMNTERHEMAEIREE 250 0 K. MERI AT
PEHEANED p; K 6. (B2t n] LUB YT I 556 70
p(0]x_;) KA

o 0 %55E x_; WMEKIMEN

p(Ox_i, ) < p(O]e) [ | / P (14516) p (x5 115 dss
j#i

19



o MEEDBUN pu;|0) BIMBFLE, RS py, B p(x]p5).
BISEEE D PR BEAE— I AL BB, SCHN oy, WIRT AR
JE% A

p(Olx—i,a) o< p(0le) [ [ p (210)
J#i

R, LA A S B 2 A R i e 25 B ALKk AT
.
o RERARATLRICIE /USREE. BIIR p(0la) T p(i;10) B
SRR, S5 A d R Y.
o IXARSLPRAYHERT, (HR R T R AR A
- HEHHFRRIENNIZEL
— RESHCE RN T B — LR
— BSHEEIRRA IR T YRR SRR — AR
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o FBEHA R, S SRR T
— M EMANTENAG p (27 |2) KRB AL (Ol
2480 Mzl Al EdE (A ZE)

— T MIERRRASEL pre M ARARIT 0 42 RTA %L
e e 5 A
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FEDERRY (VPO)

AE 2 UASRL AR W 7 At Y 5 220 IR R 7 O BEAS [ 7K P Y
NGk

el e PTG B ot £ Jup SR 22 U T E R

TEMHR 2-7CF IEAS Lt ) FRATRTLAH VPC 3SR
RE ,
91z)
AR
— oy level 17 Ji . (IEAMUAIITIE)

e]

— of) R7level 27 % (HEHVS T 22)

VPC =

£ WINBUGS H, #Iin—17i1 5 VPC RARAS, R IEHE VPC
F) JE AR A SR AR 2 A 55
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THM fl-F8) VPC
Posterior distribution of VPC

vpe chains 1:2 sample: 10000
6.0 Posterior mean = 0.49

vol A 95% Cl (0.32, 0.64)
00

00 02 04 06 08
PHIE, K204 R 5 1R A2 R B, 53—
SR DA B
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TEAR 2 I JR ARSI Y 23K [ R I K sk AT,
FM X 5 FEAG3E 10 AF IR [ B V0] )L 3 F3 0955 A BE, e,
Q= 1,...,879 MHBIX. RS E AR MRS KRR, LA
R, T T LA A M B2 5 A . S P DL 3072

U T AT LExampl
‘ | LExample

RFEED X3 BIRUEGR Poisson USA
yi ~ Pois(ME;),i=1,...,879
o WHRESH BUkIrf N = A, R
A ~ Gamma(a, b)

Hrf a,b HIEEWE, LW o = b = 1, HATERN Poisson-
Gamma L4 R4t

24



o JMILBE XD N BN SE, BN
Ai ~ Gamma(0.1,0.1),s =1,...,879

W EREHEET N ~ i /Ei, TEE N MLERFRCA R
K &%, SMR)

o AIRBBSE B2 RBEHEY SE5
Ai ~ Gamma(a,b),a ~ G1,b ~ G2

2B Gi, Ge RAEEN? EMHIEA RV
A 2SR ARG
o log \; IEASKEATL N A BN 24 3%
yi ~ Pois (E;\;)
loghi = a+0;
0; ~ N (0,0°)
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WSEL o® M o AT LARUTEAF E5E5, Flin
o® ~ InvGamma(0.001,0.001), o ~ N(0,10000)

— 0 AR

— X = exp(a+0;) = % i DHIDKAXSEET ARFPAERFIE
1) 14 S0 B2 XS ) AR XS

— 0, AT DIRER — aed, AR T ARRIEBOA W
XK A LU,

— ARG LM DO A R EA A RIS R (B3R IRk
), WIBATXE 0; AURIY R % S v — a0 (R 25 8] 40
A B IEASRENUR RS )

— FERRRN T 22 o M T 8 extra-Poisson 3 31
— X SR B M AN R A /TR VPC
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— KT BERURSON BB TR I AR 5T B4 4
A .

— Bt —F A S MR S B 5 2, XS REL
RS TR, SRJE T I RO ME R 228 EE. b, 3k
155 B DX AR X RS AT 5% F1 95% %L, T A5y
RIS AL T4 5 P AT XA A KUK, Agsor
FEORAN KB AL T45 95 71 3 A5 A b DX A AR JXUss:, D)
QRyo = Xosn/Asys = PETHIAMIX _ETF 5% ALAT#Hs
DXARXT KR 2 L

— WINBUGS Wi [ Inference Y Rank JETUR I —
MAHTTEHET: rank(x[],i) 1B x & i MITENE;
ranked (x[],i) & x A 1 ITE
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ERAW
e e GOk

o N = exp(a+0;): 5 i DR THHZE XU I AR XS (U
TH)

o o KTHUHDR XS TR [l X 2 RO bRE R 22, J5 30318 95%
X4 0.46(0.34,0.62)

e QRgo = 4.7, 95% XI[HN (2.9,7.5), FMAFREHX EF 5%
PR 1l DR IRUR: A 4.7 5
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i 3t X 7k < 13 I o 4 0o Bt 2

SMR

AR
M s

o507
[] o709
[] 0911
[] 1114
I 1420
. =20

Smoothed RR

1
]
L2 d
!_': :,‘\. ‘.

/
7
i
ok

T

A
o.ﬁ
Xy
R LEr
T -..’.-'.'a‘!} P
75 &
e

.
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ALY

A
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o
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o XE) SMR 5B EESE

o
—
oo —
X
@
— © —
0]
=
prae}
8 v A
0]
—_
ol -
o -

SMR post. mean RR
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XHER i X AR AE T 95% X (E it

< nH! m

l
0 5 10 15 20 25 30

8 —}Hl#m!h#uhqﬂuumh

0 5 10 15 20 25 30
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b X AE XS KB B 5 38 5> A HE P

box plot: rankRR
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BRREN— R &
JEUI AT IR L HIE 7

o 0; MRS WA BT BISA BTk > £5 77, i e Tx AR
SRR AT RBCE TR, AT AR

o MCMC FuiFREHLAUN 73 Ar R, b 2R T IE 2B
l\L
o HISCHE YT RE EAT VT A
— XTUEMEERA RG22 SR IC, AT LA 5| AR
AR R IR P B RE S A R S i m] S ofe s e
— HA SRR TR B &
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1.2 BRRBIRSEE
Seue e 2 i — R L
o« X4
— XTSRS S, AT A D S R s
— MR ELS N, — (EF) BEEEREASIE

o TEZUCHRI, FATAMREE BREOK IR — 224 (BIHREEE),
HOETT 250 (BRSO A E T T 22), BUE B HE

o SERERAFMEIAE RS L

o BRI 7 AEE BT h— SO AR R B S e s
AN RARRAF R X — M

o 7 IRAERBAE T LKEGR LMEN— TofE R 65k, BIEAIE
WKt B R A W REE RS T HERY” (Fisher, 1996)
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WMESHRITE
BB SHHGE, TR
- AEBKTEBI R 59 5, SRR RS A,

0 ~ U(—100,100), 6 ~ dunif(—100, 100)
0 ~ N(0,1€5),6 ~ dnorm(0,0.00001)
SERAEAIR S IR R A Y
o TEE WINBUGS R IEZSM 0 FERERE (O7 Z %)
o TERD BB VBRI /N ORSEEIRET 0 HYRUE
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F—ESHHER

HEARIITZ 02 Frill'reference(Jeffreys)’ Sl

D (0'2) x % o Gamma(0, 0)

BT AU FIREE (195) %65
p (log (02)) o Uniform (—o0, o00)

WARKREN LG, EREeAM T2EMRNE (BR), MEM
FIX[A] 1-10, 2T 10-100 S A RER

IHEE T = 072, Jeffreys Jole A

p(T) % o Gamma(0, 0)
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XEMT

7 ~ Gamma(e,€) (with e small )

o XMRE AL, FEIE AT G WA

« 7E WINBUGS H, tau ~ dgamma(0.001,0.001)
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BSHRIER
B B ELA A 4 AL,
0: ~N(p,0%) i=1,...,1

WXS o, 0 BOZEEEAT 456852
W A B AR RERUSOY Ty ZE f e A B T A5 BB

o MCESH, BUETERBRNEA LR, S BA A 2N RS
Jol, #RAr LA

o REALEUY T 22 TC AR BB N L BOA BT 1

— Jeffreys Jo{5 505

D (02) o % o Gamma(0, 0)

FEARIERSEL, (RS — 2T e ] LMER /5 5
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Prior density

0.15

0.10

0.05

0.0

— VENBEHLRRN 7 Z RS, An]

Fzg=A
AB~F

HURRAIER

— IAE 0 SATH B, (B o = 0ES 2 ZWD

), SCHEX— BRI IAARE 2
— Gammal(e,e), Hifte > 0 JEH /N,

AN IERSE%. Gamma(0.001,0.001)

AR RIS BER S8, RO IR Ao A AT ARAT Y
SEHEPE T, (HREHEIRTES RADIRFTRERS e HOEAUR

Gamma(0.5, 0.0005)
~- Gamma(0.1, 0.1)
————— Gamma(0.001, 0.001)
- /
L{ s
T T T T T
00 02 04 06 08 10 12

Standard Deviation

R A S TR B
gammal(a, b) %
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T EAL O B SR B SE A
o XIPRIERZE R E— A R IX ] _ERYIY A1, e
o ~ U(0,1000)
AR, ERRATERRARME T 28 R

o XTESREHE MO, RS R TAREE A
SLRRIER B

Uniform prior on variance Uniform prior on SD

Prior density
Prior density

01 2 3 45 0 5 10 20
Standard Deviation Variance
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o HAEEOEARARERI T IESEE ¢ A0
o ~ N(0,100)1(0,)
1E WINBUGS H, sigma ~ dnorm(0,0.01)1(0,)

o IR, LTI ZEREM T &S M R

Gelman(2006) ML A R KN IExamz:e
| e Xample
PR IEZS 2 s

Xij ~ N(0;,0°),0; ~ N(0,03)
0; NIRRT BEPLRLY

o 8 FFAR IS A M -2.75(SE 16.3) £ 28.4(SE 14.9)
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o PRURSTRE AR ) A bR e 22 BUETE RO

— A B AR, (5218] SD=0) REAELHY
— BRSPS, R SD > 50 NG H

o FIEHT A (HAEAEEG), BSOS BESES Gamma(0.001, 0.00
SNV FREZRUEEE U(0,1000) LA t 4345 £(0, 25, 2)1(0, ):

Gamma(0.001, 0.001) Unif(0, 1000)

Half (0, 25, 2)
prior on precision prior on SD

prior on SD

| -

0 50 100 150 0 50 100 150 [
Random Effects SD

50 100 150

Random Effects SD Random Effects SD
Posterior Posterior Posterior
... |III|II-. _____ |I||-
0 50 100 150 0 50 100 150 ] 50 100 150
Random Effects SD Random Effects SD Random Effects SO _
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1.3 HAEEFIFEHPRERIEE
o JEURIRTY B — A~ 2B 4T R ]
o K (8% KF multilevel) BT AT IE S 298RS (1 H
B
— SPBIAR (ie., HRELEH)
— ESHAUNM (ie., IEHELEN)
— BEHAE AR RE AR
— BRI AR
o AT ERATIE B EOHE AR e XS O I B A T A ) Ty
— AP ARG AR5 Hp R R b #E
— PR TA I B RS DR
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o AR TR B IS 2 AR, [F— AR R
Al HRHY

o AEHEAAR R AP

— EELE B R i R A

— S (AR AN S (A EEOU

— AR 8] 25 AH ] SR ]
— HEBA AL

— WEEARDIELR, T

— WEZHEIRDME, n

o FAVBORTE BB Ze AR 5 8] )57
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HAMD: ##lERERLE

6 MIEARIAIE FL, Hd 3 FHAREST %
367 I MARBENL AR 3 4
fii ] Hamilton depression score(HAMD) P4 R4 MAIETT
RORBHATIRSY, B IMAEERI R T —IK, 3£ 5 &
— 55 0 RS ilE RS
— & 14 FUEYRTTHIE
— HAMD 1534324 0-50 43, 5k = MV ARAE ™ 5

HLEARE 2 FIRIBHIRE (dropout), FRATZMEHEIR H 14
A, M HEAD 246 17 58 AR I MAZE (Diggle and Ken-
ward, 1994)
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HAMD i+ %

Mean Response Profiles

50 Individual Profiles

= treatment 1
= treatment 2
— {reatment 3

or

= treatment 1
— treatment 2
— {reatment 3

or

8100s QINVYH

week

week
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HAMD iR3& B#r

o =FEYT I AT, HAMD 155 Bfl [R12E (0 A 72 S g

62

i

— y: HAMD 7154
— t: 4b3 (treatment)
— w: B2
o MFHEN, TATZMLE ORI R, BRI R B, %
J& =R
— PRUELEART (B AR
— FEHUER AR (JE R
— HEHEBAL (AR1)
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TR R (JER ORI
82
Yiw ~ N (Hiw, 07)

Piw = @+ /Btreat(i)W

o treat(i): 5 i MR () RER L, RILEUE
1,2,3

o w: RITRIAEM, BUH 0,1-4.
MASTRY R B M S5 A e 2 1. SE5e  An U
o, B, B2,83 ~ N(0,10000)

1
— ~ Gamma(0.001,0.001)
o
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B ik
Yiw ™~ N (,uiw70_2)

Miw = O + ﬁtreat(i)W

o BT o M, {yiw,w=0,1,...,4} HEMT
o B i~ N (pa,05) i=1,...,246; BIZ AT SCHAE AL
o BRI

ta ~ N(0,10000) 0o ~ Uniform(0,100)

AR SR R AR Bl 2 MR 5 R B (LIMIM) B REATL AR AR 1]
%
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HAMD -5 LM 1 LMM #ER IR
non-hierarchical model (LM) hierarchical model (LMM)

QOOO  QYOOV
o jl e o]
@ Giur

week w week w
individual 7 individual 7

t; represents the treatment indicator of individual ¢
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HAMD #17: LM #l LMM 4B

linear model (LM)

LMM: random intercepts

Q _] j=
@ @
n_|e n_|e
o 3y
RS QD
'6 N s N
& &
o®- 2?2
2 2
T2 T2
o - - treatment 1 . o - - treatment 1
= freatment 2 = freatment 2 .
—— treatment 3 —— ftreatment 3
o o
T T
0 1 2 3 0 1 2 3 4
week week

FLERA = MY AFR 6 AR5 (AR5 2 /)
o IM: BLE 3 SEIHL, B 1 S BRI, (AR
o LMM: AR B AR, MR

GElE!
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HAMD #17: LM #l LMM G455

Table: posterior mean (95% credible interval) for the non-hierarchical and
hierarchical models fitted to the HAMD data

non-hierarchical model hierarchical model

a 1979  (19.20,20.35) . 19.81 (19.14,20.47)
02 17.62 (14.03,21.92)

Ay -2.30 (-2.58,-2.02)
B 277 (-3.03,-2.50)
B3  -1.74  (-1.99,-1.48)
o2 18.17 (16.62,19.85)

By 212 (-2.42,-1.79
B 287  (-3.18,-2.56
B3 -178  (-2.07,-1.50
o2 3541 (32.64,38.48

_— 2=

o

HE
o JZUERIRER I AR

o BRETIFE (o) FEFINBENLRUY AR T
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HAMD 7 #fafie

50 Individual Profiles

g — treatment 1
- treatment 2
—— treatment 3
o _|
@
o
8
a&
=
<
I
o
o -
I I I I I
0 1 2 3 4
week

MR IR K B B _E AT LA
o NFEIEEEE SIS
o [FIRPEEBUR IR
PRI BRATAE J2 AR R B A\ BEATLAR
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BRAER: sEpEH R R ik
Yiw ~ N (Hiw, 07)

Miw = 4 + Bireat(i),i W

o BIREIE ai, Brrear(iy,i M, {yiw,w =0,1,..., 4} HEMT

o B o ~ N(Maggi) i=1,...,246; B, B2, B3, MMNIH
CEA TR 8 s S YA

o BE S

ta ~ N(0,10000) Bii ~ N(Bu,Br) 0o ~ Uniform(0,100)
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HAMD #17: LM #l LMM 4B

LMM: random intercepts LMM: random intercepts and slopes

Q] [
A &
w _|e w _|e
Y [
A . A
o S84
s s«
@ @
w w
[a [a R
> >
fe EER
o —| = treatment 1 - o | = treatment 1
— treatment 2 ° — treatment 2
—— treatment 3 —— treatment 3
o o
T T T

0 1 2 3 4 0 1 2 3 4 .
week )‘J_:T\ %ﬂ =

ML RETR 6 DRI (B AEL 2 1)
o LMM: ST BEALESR A A A B LR, (R — bR,
HAEBEEAR
o LMM: BEHLEEERIFEHLAE: G MR EUE AR ERAR,
B A R IMA
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HAMD 5 fliitaf R
Table: posterior mean (95% credible interval) for the non-hierarchical and
hierarchical models fitted to the HAMD data

linear model hierarchical model 1* hierarchical model 2F

a 1979 (19.20,20.35) ;1. 19.81 (19.14,20.47) u, 19.81 (19.23,20.39)
02 17.62 (14.03,21.92) 02 11.09 (8.38,14.35)

By -212 (-2.42,-1.79) By -2.30 (-2.58,-2.02) ps, -2.29 (-2.70,-1.90)
o3 196  (1.153.02)

Bz -2.87 (-3.18,-2.56) £ -2.77 (-3.03,-2.50) s, -2.79 (-3.15,-2.45)
72 1.8  (0.53,2.02)

Bz -178 (-2.07,-1.50) f3 -1.74 (-1.99,-1.48) s, -1.73 (-2.11,-1.38)
o3 191 (1.11,2.93)

o? 3541 (32.64,38.48) o2 18.17 (16.62,19.85) o2 14.39 (13.05,15.92)

* random intercepts only
t random intercepts and random slopes
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BEFRE-GANEE

° i_l;'y:(yl,

syr) RIS AL

o H RIS Y

Ye|Yt—1,Yt—2, - - -

o fEEAIETE: AR(1) 1%L

HE LT,

Yt = 1Ys—1+e€; €~ N (0,062)

=y ~ N (ny-1,07)

- <E%yt ;,ae>, t=p+l,...

57



BEFRE-FiHTE
o DA AT DA (B A AR R R ST

o Piltn, Xt AR(1) BB, —RRREAS, 2, t=1,. ..

- & = By
— IF yelye—r = pe+y (W1 — 1)+ €5
AILAZRTR N
Yelye—1 = pe + Re
Ri=¢e
Rt =7Ri—1+e t>1

€+ ~ Normal (0, 02)

,n

€ ~ N (0, 02)
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HAMD -7 H B[R
o RE
Yiw = Hiw + Riw
Miw = Qi + /Bt'reat(i)w

®

Rio = €0

Riw = YRi(w—-1) + €iw w>1

€iw ~ Normal (0,0%) w=0,...,4

£ WINBUGS B3R N

Yiw ~ Normal (Giw, 02)
Bi0 = pio
O = priw + ¥ (Yiw—1) — Piw—1)) w>1
Hiw = & + Bireat(s)W
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HAMD f7: LMM F1 AR(1) & EZ%

LMM: random intercepts and slopes AR(1): autoregressive model
o ] Q
[} @
o _{e n _|e
« a
A . A
28 28
3 &
atie a® -
z z
T8 I
1 || == treatment 1 o || == treatment 1
— treatment 2 = treatment 2 .
= {reatment 3 = freatment 3
o - o~
T T T T T T T T T T
0 1 2 3 4 0 1 2 3 4
week week

A A =P SR 6 MRS (LR 2 1)

o LMM: FEHLERTAEEHURRR: A AR AT R R AR,
B A B IMA

o AR(1): FrAZ— M IEEEEREH & BRI T T (A 502
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HAMD i~ &5 RIEL
Table: posterior mean (95% credible interval) for the parameter estimates

from the linear, random effects and autoregressive models fitted to the
HAMD data

linear model

random effects model

autoregressive model

B

B2

3

19.79 (19.20,20.35)
212 (-2.42,-1.79)
-2.87 (-3.18,-2.56)

-1.78 (-2.07,-1.50)

35.41 (32.64,38.48)

fha

2
Ta

Mg,
2

5,

18p

2
75
[a2:2)

2
T

s

19.81
11.09
-2.29
1.96
-2.79
1.18
-1.73
1.91

14.39

(19.23,20.39) o 20.99 (20.39,21.54)

(8.38,14.35)
(-2.70,-1.90)
(1.15,3.02)
(-3.15,-2.45)
(0.53,2.02)
(-2.11,-1.38)
(1.11,2.93)

(13.05,15.92)

B

e

-2.46 (-2.83,-2.07)
-2.95 (-3.32,-2.55)
-1.96 (-2.30,-1.62)

072  (0.66,0.77)
2253 (20.82,24.39)
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HAMD 7 £ Rk

o AR HAMD 1593 Bl 2840 22 FARILE 81— B2, B1—Bs
FI Ba — o, SEAEBEVAEREIINE s — s iy — iy Fl
HBe — KBs3

o £ WINBUS Ay 2 Il st i

# Calculate contrasts
contrasts[1]<-beta[1]-beta[2]
contrasts[2]<-beta[1]-betal[3]
contrasts[3]<-beta[2]-beta[3]
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HAMD fil-y~ X
Table: posterior mean (95% credible interval) for the contrasts (treatment
comparisons) from models fitted to the HAMD data

treatments  linear model  hierarchical 1* hierarchical 27 AR(1)

iv2 0.8 (0.41.1) 05 (0.1,0.8) 05 (0.0,1.0) 0.5 (0.0,1.0)
iv3 -0.3 (-0.7,0.0) -0.6 (-0.9,-0.2) -0.6 (-1.1,0.0) -0.5 (-1.0,0.0)
2v3 11 (-1.4,-0.8) -1.0 (-1.4,-0.7) -1.1 (-1.6,-0.6) -1.0 (-1.5,-0.5)

* random intercepts only
T random intercepts and random slopes

Density plots for hierarchical 2

Kernel density

contrasts(1] chains 1:2 sample: 2000 contrasts(2] chains 1:2 sample: 2000 contrasts{3] chains 1:2 sample: 2000
20 15 20
15 15
10 0 10
05 08 05
= T T T oeE T T T T oo T T T T T
-0 00 10 -15 -0 -05 o0 -25 20 <15 10 05
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HAMD ¥ R L%

Table: DIC for the linear, random effects and autoregressive models fitted to

the HAMD data

Dbar Dhat pD DIC
linear 7877 7872 5 7882
random intercepts 7056 6849 207 7263
random intercepts & slopes 6768 6454 314 7082
autoregressive 7320 7314 6 7326

o GIEEHR TR AN B
o BENUBUMARLE AR(1) AAUGF
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HAMD -y~ FALY
o FRVFHRRMENE: SIAIRIN
fiw = Q% + Bureat(i) W + Streat(iyw”
o S HUDIRR, SOV O]
— AEAE E R
Miw = Qcentre(i) T Bireat(s) W
— B B

iy = o + /Btreat(i)W

2
QG ~ Normal (l'l’acente(i) ) aacente(i))
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o RVHEZRATHNTZS, i AR(2) R

Rio = €io

Ri1 = 71 Rio + €1

Riw = M1 Ri(w-1) + 72Ri(w-2) + €iw w=>2
€iw ~ N (0,02)
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RESINHRENHR

o WIMBISEEAY: PG FRIHAEARIGEE LR, PRAEHE
K22 SR S WA KRR (R 22 AL 48 [ (FROMIARI DR B )

o AR B ZAR B X KN Ah Z 9 BRI IS . 1R 2R
DR GRS I S R W B A I RN R RE
I ELUIE: T RN 0% A 455 T 454475 3k

o FAEH Canberra Longitudinal Study (CLS, Australia) %
i, 6451 586 I MALEEEHARIZIAERY Mini-Mental State
Examination (MMSE) _#155-#

— 85 H 1991 LR, SR N FEFHAE 70 2 93 Z[A]
(BRI

— BB T 14 4F, BT T 4 X MMSE 204, BUE
0-30 4, THM/IMARIRE ST k22
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MMSE

— HpbAR R MERAER, MR X B EERT), #F (0=
% 1= &1
— AEES Ik MMSE 155 > 24 7 LA ERY (GERREIR)

CLS

—— Low edu.
—— High edu.

70

75

80

Age

85

Frequency

Initial score

MMSE score
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RESINNENAREF: KIEFRIEIKHH&RRE

o N TIHEEEIFAEE S, AR MMSE 155 yi;
2
Yi; ~ N (piz,0°)
pij = o + Bi - age;;
Hrfri FORMME, j K5 § X MMSE M. age;; %K agei;—
75, Bi TR i MIAHITNEEFE A, sigma® NERZETE

o o M By HBERURON, (BT SE:
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Bl i A S Ao i T RERYHH O

(5 )=~())
Bi K
¥ HSEIE Oy

»~! ~ Wishart (R, k)

Hp RN pxp EEHEE, k> p—1 NEHE FRAW
R = diag(20, 2).

Lte, s ~ N(0,10000).
— PRI A AR HY B SR T
Qi -~ N ( ,ua,i ’ E
Bi 1B,
Ma,i = Mo + M - edu;
1ai =Y + 71 - edu;
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no A 75 PREE AR MMSE 185 0 AMEHE
MIGNHIRE TR E, o 75 B R E KPR
MMSE 185; y1 NEBE MOAFIE S TR,
A A edu E— MRS BB BN — 2 [
IR
pij = (no + i) + (v0 + Bi) - ages;
+m1 - edu; + 71 - age;; - edu;

(3)-~((2))

HERRNLEL age x edu FIZCHINREL v KRFIR; XTI
SRR ARl FonTE
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DAGs:

Hierarchically centred

N N N
(m) (%) (n)
it WY A

¥
(M. i du [— > r\
‘\“l;f g A5 )
g%{ }ﬁ;
(o) N
\\-»’4\\ \ L K
\,,xﬁ-\ -
wgc,j
,
i=1..T
i=1,..N

Non-centred
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RESINHBE NIRRT &R
Figure: A box plot of the subject-specific rates of change (/) from model
without education

o plot: beta{1:20) with low education box plat: beta[21:40] with high education
e
05 05
g Uelnm
00 00
05 -05
1.0 -1.0
15 -15
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RESINNBENHARGF: &R
Table: posterior mean (95% credible intervals) for the parameter estimates
from models with/without education

without edu. with edu.

1. 28.24(28.03,28.43) 1o  28.21 (27.96, 28.49
o+ 28.49 (28.11, 28.87

)

)

m 0.33 (-0.19, 0.81)

ps -047(-0.21,-0.13) 4 -0.19 (-0.24, -0.14)
0+ -0.10(-0.18,-0.01)

- 0.09 (-0.01, 0.18)

« MMSE fE 77 .35 1 BEHS (5] 381%

o HHMRA MR RIANRIRES AR LLACH m A B PR, (2,
RGBT
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RESINHREDARLF: &R

Table: posterior mean (95% credible intervals) for the parameter estimates

from models with/without education and model comparisons

without edu. with edu.

o2 1.12 (0.73, 1.63) 1.12 (0.74, 1.61)

o8 0.08 (0.06, 0.10) 0.08 (0.06, 0.10)
cor(ey, ) -0.12(-0.35,0.11)  -0.15(-0.37, 0.08)
o2 3.60 (3.15, 4.03) 3.59 (3.15, 4.03)

D 3656 3652
pD 283 283
DIC 3939 3935
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RESINMBENRREGF: AW R

o K MMSE A aRiRmistit iy, AL THT IR
T, IR AN %A B U 7Y, 155 30 5 2K MAE
FRE M Rl KR T —A kT

o BRATHEATINT

Z/:j ~ N (,ui]-,az) I (lower;j, +00)

k:t

. 30 ify; =30 =y, =NA
ower ;; =
Lo iy <30y =
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RESINHREDARLF: &R

Table: posterior mean (95% credible intervals) for the parameter estimates

from models with/without ceiling effects

Without ceiling effect

With ceiling effect

cor(ay, )

28.21 (27.96, 28.49)
28.49 (28.11, 28.87)
0.33 (-0.19, 0.81)
-0.19 (-0.24, -0.14)
-0.10 (-0.18, -0.01)
0.09 (-0.01, 0.18)
1.12 (0.74, 1.61)
0.08 (0.06, 0.10)
-0.12 (-0.35, 0.11)
3.50 (3.15, 4.03)

28.47 (28.18, 28.78
28.89 (28.36, 29.42
0.41 (-0.21,1.01
-0.21 (-0.26, -0.15
-0.10 (-0.20, -0.01
0.11 (-0.01, 0.22
1.62 (1.02, 2.42
0.08 (0.06, 0.11
-0.18 (-0.42, 0.08
4.45 (3.84,5.09

o GHEAE

o AHEVERGOE M, Y S il Bk

7



1.4 TREHE

o VAR YB3 A0 TR €5 05 WU, L6 T2

73 1
Jir TR A R ASE AR
Mean response profiles by drop—out pattern
w0 _|
[V
o |
&
o
g2
o
2]
(=]
=
o |
-
o — complete cases
— treatment 1 dropout at wk 4
— treatment 2 dropout at wk 3
o || — treatment3 - dropout at wk 2
T T T T T
o 1 2 3 4
week

AMAFESS 1R 3 A— AL
BEnR

{HEE BRI SE 2504 2
ZH2M
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RESINABENTHRGF: FEREMEERE

o SEREURATE
— y: HAMD 134 (WIAFIHRAAE)

— ¢ AbE
— BRIHEPR
{ 0: yiw observed
Miw =
1: Yiyw missing
o IHTEAT]
— (R R
— y BRI

Miw ~ Bernoulli (piw)
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BREBIRER

o SERBIHUEG (MCAR): SRAABII IS AN, e.g.
log it (piw) = 6o
o FENLER (MAR): BRICHM T NELE, e.g.
logit (piw) = 00 + 01t; B logit (piw) = 0o + O2yi0
o AERENLERS: (MNAR): MCAR B MAR #REGL. e.g.

logit (piw) = 0o + O3Yiw

80



DAG: MCAR #4&

Model of Interest

¥ i
PR €T; ‘
'
o '
individual ¢ :
Model of
Missingness
Kty AERRE

FEREx SEANMN,
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DAG: MAR #Ht4&

= g
\ ’

individual ¢
Model of Interest

|
GF e

Model of Missingness

HRx e, (B y AkAAE
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DAG: MNAR #sk

()

0%

individu

vy
& ®

Model of Interest

TEE

Model of Missingness

x SEANI,

ity AEARE
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Sz = (ziy) BB, i=1,...,n MK 5=1,...

¥z R PRI, 2 = (2°°°,2™)

0: 2z observed
mij = .
1: 2z;; missing

& B0 FIRATIZEL
SERA A B

f(z,m|B,0) = f (z"bs,zmis,mw,@)

,k/\

A

=X
B
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SRR (185
2, ml5,6) (/f 2", ml5,0) d

o HRAMURT LA RN

£ (22", mlB.60) = f (mlz"", 2", 8.6) f (27,2"""|8,6)
HVSRBEIS A A, DU B2

f (22" miB.60) = f (mlz"",2"",0) f (2, 2""|)
BRI R

o TEREMLIMLLA

“mi5,0) = [ 1 (s 2" mip.6

—/f m|z .z 7 s’Zmis |B) dzmis




« MAR LI~

f (mlzobs 7Zmis ’9) —f (mlzobs 70)
)i

¥ (Zobs’m|/3’ 9) —f (m|zobs’0) ¥ zobs’zmi5|ﬁ) da™

—f (m|zobs’0) ¥ (zob5|/3)

o MCAR #L#IF

f (mlz"*,27%,0) = f(ml|0)

it
1 (2. ml8,0) = f(m|6)f (2"|8)
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BRAHARHBIR A AT 2B A, An s
— BREHRE R MCAR 5 MAR
— ZH B 0 BRI
AE D v AR R ZE B A 0 2l iy

? ] 2 TR FATAT LA ERIALHIIY, EARIR AR A
B BRIEE. AR AT 2B EY, AL 2 REZ 0
BRI AR

FHEC TR (W TR, SRR AR

il B SAEEA R E SRR R, (R AR T e e
AIEE, (8 AR B 2 W7 5%, R s il e i qBs
H & EE:
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o MUY, SRIAC R S Z (856 &, FEAREH EIRBIBRIHL
. ARASERR, BADS BRI BB A RESE 2 E M
Wi F i R

DUR 77 i AL PR R 2K AL 4R

o FEDUFT ¥, KBS BRI AN AR A Gy, HAT LA
IS TG T, ARFEE S AR MBS A AT LX)

o XPMLMANG A ER, BRS80S M — R R AR Al ity
Wl LA — i MCMC J7 ik

o TERRIXO0 WA AL B BRI P AL BRG] 22 RIS T 22 fi O
L.
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] 2 B R AL

H:EH‘J Z'mis — ymis’ Zobs — (yObS,X)

o TTALSE UL B MR A [ S AT A BT AR

o BLAHRHE I DU HRE £ (yo, y™|x, 6), HISSRERM.
sRiEs

o REVFBRARTRRE ym™is ST o ISR L& B G AT T 0
T o] 2R SRR, el i v A v AT AEAS 5 M AR
ZHH T

o WINBUGS H, (HH NA /R EIE, RAMEPM A i, WIN-
BUGS H i MR A, £E25 € LR T AR S EE
T, BEMLAR bR A el
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HAMD f77: MCAR #LiI%F A0 EE E 5 5% 1)

Table: posterior mean (95% credible interval) for the contrasts (treatment

comparisons) from random effects models fitted to the HAMD data

treatments  complete cases* all cases'

1v2 050 (-0.03,1.00) 0.74 (0.251.23)
1v3  -056 (-1.06,-0.04) -0.51 (-1.01,-0.01)
2v3  -1.08 (-1.56,-0.55) -1.25 (-1.73,-0.77)

* individuals with missing scores ignored
T individuals with missing scores included under the assumption that
the missingness mechanism is ignorable

8 A SRR T SR AT AP 2 FALER 1 AR A
2 tLAbEE 3 EHARL.
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HAMD f-1: NMAR HUHI b HE T AR 5
o (BB AL AR
Miw ~ Bernoulli (piw)

logit (piw) = o + 01 (Yiw — §)

0o, 601 ~ mildly informative priors
g AFHMA.

o BEEXT 6, SRMMEEAER . [FREET S AL B
WREM
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HAMD f-7: MAR 5 NMAR
Table: posterior mean (95% credible interval) for the contrasts (treatment
comparisons) from random effects models fitted to the HAMD data

treatments complete cases' all cases (mar)?  all cases (mnar)®

1v2 050 (-0.03,1.00) 074 (0.251.23) 0.75 (0.26,1.24)
1v3  -0.56 (-1.06,-0.04) -0.51 (-1.01,-0.01) -0.47 (-0.98,0.05)
2v3  -1.06 (-1.56,-0.55) -1.25 (-1.78,-0.77) -1.22 (-1.70,-0.75)

1
2

individuals with missing scores ignored

individuals with missing scores included under the assumption that the miss-
ingness mechanism is ignorable

individuals with missing scores included under the assumption that the miss-
ingness mechanism is non-ignorable

FEFER AR T 24 RIS IME XS AL B AR 2k BE S e i, S84t
1R 3 95% XIAEE 0

3
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HAMD #IF: REERT
o FUNESZHERIHUER AN, Rt A BT REUE

o HITH A @RI KR P20, LU (E BB DRk
PRAL TS

o (R, FRATETE ZAR A HAL I A (5 B BLIHLE], il
— R iFIR R T3 9 1 ARk
logit (pi) = 6o + 02 (Yicw—1) — ¥) + 03 (Yiw — Yi(w—1))

— R 0 XARLHEAR
— RN SER
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HAMD 5 REULS B
Table: posterior mean (95% credible interval) for the contrasts (treatment
comparisons) from random effects models fitted to all the HAMD data

treatments mar mnar1* mnar2!

1v2 074 (0.25123) 075 (0.26,1.24) 072 (0.23,1.22)
1v3  -051 (-1.01,-0.01) -0.47 (-0.98,0.05) -0.60 (-1.09,-0.11)
2v3  -1.25 (-1.73,-0.77) -1.22 (-1.70,-0.75) -1.32 (-1.80,-0.84)

* probability of missingness dependent on current score
t probability of missingness dependent on change in score

AR RGUENT, BAVFHFEAIEF BT IR, X BE 1
TR T L BEGE AR T MES N, FRATASREME A WINBUGS H 34 i
DIC(Mason et al. 2010).
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