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Desired Model: Data Structure
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Desired Model: HCM
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Desired Model: HCM
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Motivation: Efficient Analysis
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Estimation with Ignorable Missing Data
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Step 1: Express Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model

'07). Raudenbush and(Shin 

;,,},,{

;,,},,{

:,  like  matrices indicator     valueObserved -

111

11

1

111

11

1

ckkckobsrjk
J
jkobsrJ

ckobs

obsrJ

kobs

ck

rJ

k

ckrJk

cjk
K
kjobscKrjjrjobs

obscK

rjobs

jobs

cK

rj

j

cKrjj

kj

ZOZZOZ
d
d
d

d
d
d

OOOdiag

ZOZZOZ
d
d
d

d
d
d

OOOdiag

RC

k

kkkk

j

j

jj

j

=⊕=















=

















⊕==
















=
















=

=



16

Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Step 3: Proper MI Based on Joint Model

.~,,,given    Construct )
);,,(),,,(  )~,,,|,(~,)

);,,(  )~,,,|(~)

;)~,,,|,()~,,,|(
)~,,|,()~,|()~,|,,(

).,(Let  .2

.,
1
1

log),,(log)],ˆvar(,ˆ[ from )~~~,~(~  Generate

,
ˆˆ

ˆ
ˆfor  

ˆ1
ˆ1

logvar,)]ˆvar[log(

s.t. )(in   diagonal-off   diagonalFor  1.

111

11

1 111 1

1

ij

1

θε

εεεθεε

θ

θεθ

θεθθε

ρ
ρ

βββθ

ρ
ρ
ρ

mimimi
mis

mi
J

mimimi
J

mimi
rjobsjobs

mi
jjjj

mi
K

mimi
ckobsobsrJkobsk

mi
k

J

j rjobsjobsKjj
K

k ckobsobsrJkobsk

obsobsobs

misobs

ij
ij

ij
iiiicr

jjii

ij
ij

ij

ij
iiii

crijii

rcYiii
rrrYYcrfrii

cccYYYcfci

YYcrfYYYcf
YcrfYcfYcrf

YYY

vNvπNNπ,π,π

ππ
π

vvπ

,π,πππ,π

k

jk





==⇒

=⇒

=

=
=












−

+
=

==












−

+
=

∏∏ ==



19

Discussion/Future Research

schools. 3022  students, 21409  occasions, 7
 data ECLS

e.g./ :nsApplicatio 3.
level(s); additionalnesting more.2

effects;n interactio random .1

.scientists of range broad a  toAppeals 4.
HCLM; data-complete of knowledge Requires 3.

tion;classifica-crossby  burdenednot n Computatio 2.
data; missing with HCLMfor  method estimationEfficient  .1

 

•

⇒

:Research Future

:Discussion



20

Step 2: Estimate Joint Model
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Estimation with Missing Data: Step 2
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