30
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1. Contour Plot & Raindrop Plot
1.1 Odds Ratios in 2x 2 x K Table

« 2x2xK Table {p,.,i=12, j=12 k=12K,K}

plll plll pnz p122 A A p]lK plZK
le] pZZl p212 p222 leK pZZK
p 11 + p 12 +
p 21 + p 22 +

«Define odds P;> 9, and P.,q. for k=12K K

=L g = Po po=tue g =Le

pk c
p+1k p+2k p+l+ p+2+

« Odds Ratios for £ th table

:pk/(l_pk):pllk P k=12K K
Qk/(l_%c) Pk Pok

k

+ Odds Ratio for a collapsed table

G = pc/(l_pc) _ Py Py
‘ qc/(l_qc) Py Poiy
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1.2 Contour Plot
e Doi, Nakamura, and Yamamoto (2001)

CO)={(p,q)(0,1)*: 22 =g} >0,

)
Shapes of C(@)for 6=0.1,0.5,1,2, and 10

—

An Example : Contour plots for 2x2x 3 tables

R mooei [ A2 ¥ mipsded



1.3 Raindrop Plot

« Barrowman & Myers (2003)
Conditional Likelihood for Odds Ratio(4)

L(6) = (lj(2j e/ 5(6)
11./\*21

Approximate 100-(1-7)% confidence interval for 6
{0:2M0") = MO < 211 1}

- Set MOMF)=0

- 95% confidence interval for ¢

{0:M6) >-1.92}

95 & 99% confidence interval for |.g¢ o

ke C
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An Example : Raindrop plots fora 2x2x3 table

1815 resced

2. Collapsibility

[T rradai

10

2.1 Three-dimensional log-linear models

log my =u +uy ) +uy )+t + g F iy + Uy T Uiy ¢ [123] model

LOg 1y = 1+ gy sy F Us )+ Uy )+ Uy + Uy
log My = U+ Uy Uy ) Uy T U g U

log 1y = 10+ gy Uy Uy 8y )+ Uy g

log My = U+ Uy + Uy ) U U F Uy

log My = U+ Uy + Uy gy Us g + U

logmy, =u+u,;) +uy ;) + s + U

log My =+ ;) + )+t )+ Uns

log My =u+ug + Uy )+,

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

: [12][23] model

: [13][23] model

: [12][3] model

: [13][2] model

: [1][23] model

* [1]12][3] model
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11
2.2 Odds Ratio of Log-Linear Model

15t group : Models including u , term

_ Pukr _ Pu+Pi++k _ Pu+ _
P = = =

Pk Pty Py ity ¢
— Pk _ Pr2+Pirk _ Pr2+ _ } for [12][3] model
v = Piok  Pras Puvk  Pias e
p, = P11+ r”+1k7’+1+ — P+ _ p
k Pots Prtk /Py1+ Pyt ¢
_ Pua Pk /Pias _ Py _ } fOI‘[lZ][Z?)] model
9 = Piay Pyog/Pias a Piay qe
_ Pl Pk /P s
Pr = Gp v /P ) oy Pa i [Pae )

_ Pl Proi/Pras
q/\ (/’12+pl+k/ﬁl++)+(p22+/’2+k/p2++)

} for [12][13] model

Odds ratios
- [12][3] & [12][23]model : &, = 6.
[12][13] model : @ = llPale

k Pr2+/P22+ ¢
S0, =0 forall k
k c
12
- 2nd group
_ P+ PPyt _
Pir = Pils Pyt = Pies
g, = Plo+ Pro2+Pitv kb p for[l][Z][3]model
k Pyor Pyyvk b
_ Piy+ Prak _
P = Pty Pilk = Piiy
 Ples Paog for [1]]23] model
qk B Pivt+ Pyok - T+
p. = Plok Priv — Pi+k
k Pivk Pyl+ Pivk
g, = Plek Pyasr _ Piek for [13][2] model
k Pivk Py2+ Pytk
P, = Plak Prik/Pr+k — Pi+k
k p++kp+1k/p++k Pytk for[13][23]m0del
g, = Plok Peok/Pisk — Pi+k
k Povk Piok/Pivik Ptk

Odds ratios 0 =0 =1 forall k



36

« Other group

- [12][13][23]model : @, = constant forall k

2.3 Definitions of Collapsibility

BFH(1975), Agresti(1984), Christensen(1990)
0,=A=0,=0+#1

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

(91 =A = Qk =@ #1 : StrongCollapsibility

Note :
(91 =A = Qk = Hc : Strict Collapsibility

13

14
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2.4 Criteria of Collapsibility
via Contour plot & Raindrop plot

1. [12][3], [12][13], [12][23] model :
0=A=0 =0 =1

=> Collapsible Models or
Strong Collapsible Models

2. [1][2][3], [11[23], [13]1[2], [13][23] model :

0=A =0 =0=1

=> Non-Collapsible Models
(might say Strictly Collapsible Models )

3. [12][13]1[23] 0=\ =0,
ﬂnﬂdﬂlcollapsible Model

16

« Contour plots for 2x2x K tables (K =3)

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

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

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

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

3. Suppression

3.1 Suppression condition

for linear regression models for X, and X,
SSR(X,|X,) > SSR(X,)

SSR(X,) : SSR on X,alone
Hor L=at g, (B, =0)
H: Yi:a+ﬁ2X2i+gi

SSR(XZ‘XI) : SSR on addition X, already contains X
Hy: Y=a+p X, +¢ (B, =0)
H: Y=a+p X, +5, X, +¢

18

17



3.2 Suppression in Logit Models
Lynn (2003)
« Suppression condition for logit models

L(X,| X, Y) < L(X,|Y)
« L(X,|Y) : Log Likelihood ratio statistic to test

H,: logit( jk) = w (w, =0)
H,: logit(jk) = o+ w,

* L(XZ‘XI Y)

H,: logit(jk) = w+ o, (w, =0)
H,: logit(jk) = o+ o, + o,

3.3 Suppression in Log-Linear Models

 Log-linear model corresponding to logit model

H,: logit( jk) = w

.. (@, =0)
H,: logit(jk)=w+ o,
H,: [1][23] (u,, = 0)
= 4[13)23) ;
H,: logit(jk) = @+ o, (@, =0)
H,: logit(jk)= o+ o, + o, -Note
H,:[12][23] (uy, = 0) ¥ o
j 13 1 2

H, : [12][23][13] X2 =7,
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Therefore L(X,|v) =G"([11[23])-G([13][23])
=G’ (H |H))

L(X,|X, Y) = G*([12][23]) - G*([12][23][13])
=G*(H,|H,)

Suppression condition for log-linear models

G*(H|H,) < G* (H,|H,)

Y =a+ g

Y=a+p, X, +e (=0
Yi=a+f X +e, (B, =0)
Y=a+ X+ Xy te,

: logit( jk) = w
: logit(jk) = 0+ o,

:logit(jk) = w+ o, (@, =0)

Note : Suppression condition for logit models

L(X,|X,Y) < L(X,|Y)

22

J SSR(X,|X,)> SSR(X,)

(0)2 = 0)
L(X,|X,Y)< L(X,|Y)

: logit(jk)=w+ o, + o,

[1)[23] 0, = 0)

:[13][23] } Gz(Hé‘H£)<G2(HO‘H1)
[12][23] ()3 =0)



41

23

X ()
Y - )
%"%.......-v X 2 (I/3 )

« We find that this suppression condition is satisfied for

all “collapsible models or strong collapsibility models”

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

24
* Suppression condition for Collapsible models

Lynn (2003)

Model [12][3] model | [12][13] model | [12][23] model
H, [Y][X,X,] 278.5630 420.0742 290.7003
H,:[Y X,][X,X,] 277.9259 174.4947 241.2220
G’(H,|H)) 0.6371 245.5795 49.4783
Hy:[Y X,][X,X,] 0.1397 205.1078 0.2050
H,:[Y X, 10X, X,10Y X,] 0.0616 0.0184 0.1765
G*(H,|H,) 0.0781 205.0894 0.0285
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» Suppression condition for Non-collapsible models

4. Collapsibility & Suppression
via Contour Plot & Raindrop Plot

4.1 Among three-dimensional log-linear models,

« Collapsible models over

the third variables :

[12][13] model Strong )
[12][23] model Collapsible

[12][3] model Model

« Non-Collapsible models

over the third
variables :

[1]12][3] model
[1][23] model
[13][2] model

[13][23] model _/

[12][13][23] model

Strictly
Collapsible
Model

Model [13][2] model | [1][23] model [13][23] model
H,:[Y][X,X,] 149.4669 0.6904 76.8049
H:[Y X,][X,X,] 0.7189 0.5482 0.4143

G*(H, \H ) 145.7480 0.1422 76.3906
H:[Y X,1[X,X,] 146.4669 0.6869 76.8039
H,:[Y X[ X, XY X, ] 0.6208 0.5257 0.2209

G*(H,|H,) 145.8461 0.1612 76.5830

26
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4.2 Suppression Conditions

SSR(X,|X,Y) > SSR(X,|Y) for regression models

L(X,|X,Y) < L(X,|Y) for logit models

G*([121[23][12]23][13]) < G*([1][23][[13][23])

for log-linear models

28
4.3 Iffor three-dimensional contingency table

with 7, being confounder,

G*([12][23]|[12][23][13]) < G*([1][23]|[13][23)),
then we find that /5 is a suppressor.

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

=> The data including the suppressor variable V;
might be collapsed over the variable 7 .
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4.4 Three dimensional 2x2x K contingency table can
be applied to the contour plots and raindrop plots.

= If most of X contours corresponding to the odds
ratios are shown to be convex or concave from origin
(0, 0) to (1,1) 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 “0” point,
then one can say that data is collapsible.

Suppression condition is satisfied.
And the best fitted log-linear model is collapsible
over the third variable.

5. Further Studies
 Contour plots for 2 x3x K tables (K =3)

[121[3] Model [12][13] Model
[1][23] Model [13][2] Model

29
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- The contour method can be extended 2x3x K
categorical data with the shape of hexahedron with a
unit length. In the case that most of K contours are
far from the diagonal line from the origin to (1, 1, 1)
coordinate, then the table could be regarded as a
collapsible data.

= Suppression condition is satisfied.

»For 2xJxK categorical data,
the odds ratios can be generalized as follows,

for j=2,3K.,J, k=1,2K.K

6) — Plk/ P21k — P4/ P21+

(-D.jk DLk P2jk and 0(]’—1),jc T e /p2

- Collapsible model [12][3], [12][13], [12][23] models
0,=0,#1 forall jandk

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

[13][2], [13][23] models
0, =0,

Jjc

1 forall ;jand g
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Thank you very much.

cshong@skku.ac.kr

33



