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Summary
1. Desired Model

• Data Structure
• Hierarchical Cross-classified Linear Model (HCLM)

2. Motivation for Research
• Missing Data at Multiple Levels
• Efficient Analysis of HCLM

3. Estimation and MI with Ignorable Missing Data

4. Discussion/Future Research
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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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(Raudenbush ‘93; Goldstein and Rasbash ‘94; Hill and Goldstein ‘98)
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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

).,,,,,( Estimate

.,,,

for 
)N(0,~),,0(~),,0(~

},,{},,{
,  ],[  ],[

where
0
0

0
00
0

00
0

0

00
00
00

11

2221

1211

2

1

2221

1211

2

1

1

11

1

2

1

2

1
111

2121

11

221

2

2

πππβββθ

ππ
ππ

π
ππ
ππ

π

πεππ

ε

β
β
β

crcr

cc

cc
c

ppk

k
k

rr

rr
r

ppj

j
j

ijkckrj

p
T
cijkcijkp

T
rijkrijk

T
ckpck

T
ck

T
rjprj

T
ck

T
rj

T
ijkpijk

ijk

k

k

p

cijk

j

j
p

rijk

c

r

ck

rj

ijk

ck

rj

ijk

ccrr

cr

c

r

c
c

c
r
r

r

NcNr
IDdiagZIDdiagZ

CIXCCIXCCCIX

c
c

I

Z

r
r

I
Z

X
X

X

Y
Y
Y

=









=








=








=








=

==

⊗=⊗=⊗=
















+

























+























+
































=

















++

−−



9

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
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Step 2: Estimate Joint Model

.

),,(~|for

,
0

~,|

: schoolfor  model Observed -

for  

),,(~|where

,
0

~,|

: childfor  model Observed -

11111
*
1111

2222
*
11

*
11

2221

121
*

111

1111

111
*
111111

2222
*
11

*
11

2221

121
*
111

ijk
n
i

J
j

T
ckobscckobs

T
obsrJjr

J
jobsrJkobs

T
ckcckkcjrjrjobsj

kc
T
ckobscck

T
ckcckobskobsj

J
jobsrJ

obsrJ
ckobs

kobs

T
ijkijkijk

ijk
n
i

K
k

T
obscKkc

K
kobscK

T
rjobsrrjobsjobs

T
rjrrjjrkckckobsk

jr
T
rjobsrrj

T
rjrrjobsjobsk

K
kobscK

obscK
rjobs

jobs

jkk

k

k

k

k

k
k

jkj

j

j

j

j

j
j

ZZZZV

OOrNdr
ZO

OZVrZNd
d
d

k

OO

ZZZZV

OOcNdc

ZO
OZVcZNd

d
d

j

πππ

πππ
ππ
π

θ

ππ

πππ

πππ

ππ
π

θ

===

=

===

=

⊕⊕++⊕=

=


























 ⊕









=

⊕⊕+⊕+=

=






























 ⊕











17

Step 2: Estimate Joint Model
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Step 3: Proper MI Based on Joint Model
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Discussion/Future Research
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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Estimation with Missing Data: Step 2
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Step 2: Estimate Joint Model
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Step 2: Estimate Joint Model
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