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1.1 Odds Ratios in                    TableK××22
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• Doi, Nakamura, and Yamamoto (2001) 
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Shapes of              for                                    and  )(θC ,2,1,5.0,1.0=θ 10

1.2 Contour Plot

6

for                    tables322 ××An Example : Contour plots
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• Barrowman & Myers (2003)

1.3 Raindrop Plot
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95 & 99% confidence interval for
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An Example : Raindrop plots  for a                  table322 ××

10

2.1 Three-dimensional log-linear models

:  :  [123] model[123] model

:  :  [12][13][23] model[12][13][23] model

:: [12][13] model[12][13] model

:  :  [12][23] model[12][23] model

:  :  [13][23] model[13][23] model

:  :  [12][3] model[12][3] model

:  :  [13][2] model[13][2] model

:  :  [1][23] model[1][23] model

:  :  [1][2][3] model[1][2][3] model

)(123)(23)(13)(12)(3)(2)(1log ijkjkikijkjiijk uuuuuuuum +++++++=

)(23)(13)(12)(3)(2)(1log jkikijkjiijk uuuuuuum ++++++=

)(13)(12)(3)(2)(1log ikijkjiijk uuuuuum +++++=

)(23)(12)(3)(2)(1log jkijkjiijk uuuuuum +++++=

)(23)(13)(3)(2)(1log jkikkjiijk uuuuuum +++++=

)(12)(3)(2)(1log ijkjiijk uuuuum ++++=

)(13)(3)(2)(1log ikkjiijk uuuuum ++++=

)(23)(3)(2)(1log jkkjiijk uuuuum ++++=

)(3)(2)(1log kjiijk uuuum +++=

2. Collapsibility
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• 1st group : Models including        term12u

ck θθ =- [12][3] & [12][23]model  :

2.2 Odds Ratio of Log-Linear Model
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2nd group•

1== ck θθ for all kOdds ratios

for [1][23] model

for [13][2] model
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• Other group

- [12][13][23]model :                   constant              =kθ for all k

14

: Strong Collapsibility

: Strict Collapsibility

BFH(1975), Agresti(1984), Christensen(1990)

11 ≠=== ck θθθ Λ

Another Def. :  Whittemore(1978),
Ducharme & Lepage(1986), Geng(1992)       

ck θθθ ===Λ1

11 ≠=== ck θθθ Λ

2.3 Definitions of Collapsibility

Note :
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=> Collapsible Models  or

11 ≠=== ck θθθ Λ

Strong Collapsible Models

1.  [12][3], [12][13], [12][23] model :

=> Non-Collapsible Models

11 ==== ck θθθ Λ

(might say Strictly Collapsible Models )

2. [1][2][3], [1][23], [13][2], [13][23] model :

2.4 Criteria of Collapsibility
via Contour plot & Raindrop plot

3. [12][13][23] 
model :

kθθ ==Λ1
=> Non-Collapsible Model

16

• for                        tables (             )K××22 3=KContour plots

[12][3] Model [12][13] Model

[13][2] Model[1][23] Model
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• Raindrop plots

[12][3] Model [12][13] Model

[1][23] Model [13][2] Model

18

3.1 Suppression condition

)( 2XSSR :             on        aloneSSR 2X

)( 12 XXSSR :             on addition        already contains SSR 2X 1X

for linear regression models for       and 1X 2X

)()( 212 XSSRXXSSR >

3. Suppression

:0H iiY εα +=
:1H iii XY εβα ++= 22

)0( 2 =β

:'0H iii XY εβα ++= 11
:'1H iiii XXY εββα +++= 2211

)0( 2 =β
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3.2 Suppression in Logit Models

• Suppression condition for logit models 

)()( 212 YXLYXXL <

Lynn (2003)

)( 2 YXL• : Log Likelihood ratio statistic to test

:0H logit ω=)( jk
:1H logit 2)( ωω +=jk

)0( 2 =ω

:'0H logit 1)( ωω +=jk
:'1H logit 21)( ωωω ++=jk

)0( 2 =ω

• )( 12 YXXL

20

• Log-linear model corresponding to logit model

)0( 13 =u:0H ]23][1[
:1H ]23][13[

:'0H ]23][12[ )0( 13 =u
:'1H ]13][23][12[

1VY →
21 VX →
32 VX →

•Note

:0H logit ω=)( jk
:1H logit 2)( ωω +=jk

)0( 2 =ω

:'0H logit 1)( ωω +=jk
:'1H logit 21)( ωωω ++=jk

)0( 2 =ω

⇒

⇒

3.3 Suppression in Log-Linear Models



40

21

Therefore                    )( 2 YXL
)( 10

2 HHG≡
)( 12 YXXL

)( '
1

'
0

2 HHG≡

• for log-linear models 

)()( 10
2'

1
'
0

2 HHGHHG <

])23][13([])23][1([ 22 GG −=

])13][23][12([])23][12([ 22 GG −=

Suppression condition

Note : Suppression condition for logit models 

)()( 212 YXLYXXL <

22

)()( 212 XSSRXXSSR >

)()( 10
2'

1
'
0

2 HHGHHG <

:0H iiY εα +=

:'0H iii XY εβα ++= 11

:1H iii XY εβα ++= 22
)0( 2 =β

:'1H iiii XXY εββα +++= 2211

)0( 2 =β

)()( 212 YXLYXXL <

:0H logit ω=)( jk
:1H logit 2)( ωω +=jk
:'0H logit 1)( ωω +=jk
:'1H logit 21)( ωωω ++=jk

)0( 2 =ω

)0( 2 =ω

)0( 13 =u:0H ]23][1[
:1H ]23][13[
:'0H ]23][12[ )0( 13 =u
:'1H ]13][23][12[
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• We find that this suppression condition is satisfied for 

all “collapsible models or strong collapsibility models”

=>  [12][3], [12][13], and [12][23] models

)( 1VY
)( 21 VX

)( 32 VX

24

0.0285205.08940.0781

241.2220174.4947277.9259

0.17650.01840.0616

0.2050205.10780.1397

49.4783245.57950.6371

290.7003420.0742278.5630

[12][23] model[12][13] model[12][3] modelModel

]][[: 210 XXYH

]][[: 2121 XXXYH

]][[: 211
'
0 XXXYH

]][][[: 2211
'
1 XYXXXYH

)( 10
2 HHG

)( '
1

'
0

2 HHG

• Suppression condition  for Collapsible models

Lynn (2003)
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76.58300.1612145.8461

0.41430.54820.7189

0.22090.52570.6208

76.80390.6869146.4669

76.39060.1422145.7480

76.80490.6904149.4669

[13][23] model[1][23] model[13][2] modelModel

•

]][[: 210 XXYH

]][[: 2121 XXXYH

]][[: 211
'
0 XXXYH

]][][[: 2211
'
1 XYXXXYH

)( 10
2 HHG

)( '
1

'
0

2 HHG

Suppression condition  for Non-collapsible models

26

4.1  Among three-dimensional log-linear models,

[12][13] model[12][13] model

[12][23] model[12][23] model

[12][3] model[12][3] model

[12][13][23] model[12][13][23] model

[13][23] model[13][23] model

[13][2][13][2]
[1][23] model[1][23] model
[1][2][3] model[1][2][3] model

• Collapsible models over 
the third variables :

• Non-Collapsible models 
over the third 
variables :

Strictly 

Collapsible

Model

Strong 

Collapsible

Model

4. Collapsibility & Suppression     
via Contour Plot & Raindrop Plot

modelmodel
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for regression models )|()( 212 YXSSRYXXSSR >

)()( 212 YXLYXXL < for logit  models

)]23][13[]23][1([)]13][23][12[]23][12([ 22 GG <

for log-linear models

4.2   Suppression Conditions

28

4.3 If for

with         being confounder,

then we find that         is a suppressor.

=>  This condition is satisfied 
under the [12][3], [12][13], [12][23] models. 

The data including the suppressor variable

might be collapsed over the variable . 

]),23[]13[]23][1([])13][23[]12[]23][12([ 22 GG <

3V
three-dimensional contingency table

3V

3V
3V
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4.4 Three dimensional                                             can
be applied to the contour plots and raindrop plots.

If most of       contours corresponding to the odds 
ratios are shown to be convex or concave from origin           

to           coordinate in a contour plot,
then the table might be collapsed over third variable.

If the rain-drops which represents confidence 
intervals of log-odds ratios do not contain “ ” point, 
then one can say that data is collapsible.

K×× 22

K

)0,0( )1,1(

0

contingency table

⇒ Suppression condition is satisfied.
And the best fitted log-linear model is  collapsible 

over the third variable.

30

• Contour plots for                     tables ( ) K××32 3=K
5. Further Studies

[12][3] Model [12][13] Model

[1][23] Model [13][2] Model
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The                                                             
categorical data with the shape of hexahedron with a 
unit length. In the case that most of      contours are 
far from the diagonal line from the origin to             
coordinate, then the table could be regarded as a 
collapsible data.

K××32

K
)1,1,1(

contour method can be extended

⇒ Suppression condition is satisfied.

32

- Collapsible model [12][3], [12][13], [12][23] models

for all       andj k

- Non-collapsible model [1][2][3], [1][23], 

[13][2],  [13][23] models

for all       and1== jcjk θθ j k

jkpjkp
kpkp

jkj 21
2111

),1( =−θ
++
++

− =
jpjp

pp
jcj 21

2111
),1(θand

For                                                   ,

KkJj ,,2,1,,,3,2 ΚΚ ==

KJ ××2
the odds ratios can be generalized as follows,
for

categorical data

1≠= jcjk θθ
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very  much.
cshong@skku.ac.kr

Thank   you


