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E 3 2 1A o=0d W, T5HF HF7F 3 AS A 1F 27E
n=100 n =200 n =400 n =800
ol 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
x ~ U(0,10)
250 A 15 5.3 9.9 1.1 5.1 10.7 16 5.7 10.1 1.0 5.0 11.7
9= AA 1.6 55 10.0 1.1 5.4 105 16 5.7 10.1 1.0 5.0 11.7
] ks 1.3 5.2 9.8 1.1 5.0 10.4 1.7 5.6 10.1 1.0 5.0 11.6
Y? 714 1.4 6.9 11.6 0.8 5.6 12.6 1.0 6.0 12.3 1.1 55 11.0
D? AA 15 73 12.2 0.9 5.9 12.6 1.0 6.0 12.2 1.1 5.6 10.9
r ~ N(5,3)
23] HA 1.4 5.4 9.8 0.8 4.6 10.0 1.1 4.9 9.8 1.2 5.3 10.6
9= 7AA 1.7 5.9 10.0 1.4 5.2 10.6 1.3 5.1 10.3 1.3 5.4 10.6
$-=H AA 15 5.6 9.8 0.8 4.7 10.1 1.1 5.0 9.9 1.2 5.1 105
Y? 714 1.7 72 13.8 1.7 6.3 135 1.1 6.5 13.7 1.1 6.1 12.4
D? AA 1.7 7.1 13.6 1.8 6.3 13.6 1.1 6.5 13.8 1.1 6.2 12.1
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5

4, 28 194 g=0.2Y FEAF HFEVE 3 A AAY

’

n=100 n =200 n =400 n =800

TolrE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%

z ~ U(0,10)

»50] A4 27.1 48.9 58.7 53.7 75.0 83.6 87.7 96.0 97.7 99.6 100.0 100.0
4= A4 26.5 48.2 58.3 53.0 74.4 83.2 87.5 96.0 97.6 99.6 100.0 100.0

T-=v HA 24.2 45.9 57.6 50.4 73.1 82.5 86.9 95.9 97.5 99.6 100.0 100.0
Y2 A4 19.2 38.9 50.1 41.3 66.5 76.6 74.1 89.2 92.8 97.1 99.5 99.9
D? AA 17.7 38.0 49.3 39.5 66.0 75.9 72.9 88.9 92.5 97.1 99.5 99.9

r~ N(5,3)

»50] A4 9.2 20.2 29.7 16.5 35.6 49.0 37.8 62.0 75.1 75.3 91.6 96.2
4= A4 10.2 21.0 30.3 172 36.1 49.7 38.7 62.6 75.3 75.7 91.6 96.3

v HA 8.9 19.8 28.9 16.2 34.9 48.0 36.9 61.3 74.9 74.9 91.5 96.3
Y AA 5.5 185 27.8 10.9 26.8 40.2 25.0 49.0 62.1 53.1 75.1 84.2
D? AA 5.3 18.6 275 10.6 26.5 39.7 24.9 48.6 61.9 52.5 74.8 84.0
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5 5Y 2004 0,=0,=09 W, FEUF T N A A 1F 2FE
n =100 n =200 n =400 n=_800
frolas 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
x ~ U(0,10); d ~ Bernoulli(0.5)
230 HA4 1.9 7.0 14.0 1.9 6.0 109 1.7 6.2 114 09 5.7 10.8
g= AA 2.0 6.7 14.3 1.8 6.0 11.3 1.7 6.4 11.1 09 59 10.7
=4 #2A 1.9 6.4 12.8 1.8 5.7 10.7 14 6.1 11.0 09 5.8 10.7
X*Q AA 09 59 10.5 1.0 5.0 105 1.0 4.8 9.1 1.2 4.7 10.3
D2 7AA 1.1 5.8 11.0 1.1 54 109 15 4.8 10.2 14 49 10.2
z ~ N(5,3); d~ Bernoulli(0.5)
230 HA4 1.7 7.2 12.4 1.1 55 109 09 4.8 10.6 1.1 4.8 9.5
g= AA 1.7 7.6 12.8 1.3 54 11.8 1.0 5.2 10.8 1.1 5.1 9.6
=9 H2A 1.3 7.1 12.0 1.0 54 10.8 09 4.7 10.6 1.1 4.6 9.5
X*Q A4 1.7 6.7 13.7 15 6.3 12.6 14 6.7 116 1.1 59 10.2
D 7AA 14 6.7 13.7 1.6 6.7 12.6 14 6.9 12.2 1.0 6.0 104
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® 6. 2E 2004 0, =0,=02% W], THHFT HFVF 30 A HAE
n =100 n =200 n =400 n =800
frol e 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
xz ~ U(0,10); d ~ Bernoulli(0.5)
30l A4 | 190 355 46.9 39.6 63.3 72.8 735 89.3 936 96.9 99.5 99.7
g= 74 166 32.8 439 385 62.3 72.1 72.9 89.2 935 96.7 99.5 99.7
<=8 A4 | 160 325 444 35.6 59.9 70.8 70.8 8.0 93.2 96.4 99.4 99.7
Y2 A4 9.2 256 35.1 22.0 423 544 474 69.3 796 82.8 95.2 976
D*? A 42 135 197 17.4 37.3 49.3 431 67.9 779 80.8 94.7 975
z ~ N(5,3); d~ Bernoulli(0.5)
230l AA | 52 158 255 11.6 279 389 28.1 52.3 63.5 54.6 787 87.7
g= 74 46 156 239 12.1 28.1 39.3 29.0 52.1 63.7 54.6 789 87.3
<=n A4 | 54 158 255 11.2 27.8 386 275 52.3 62.9 54.4 784 87.6
Y2 A4 2.2 10.1 193 48 175 259 11.9 30.2 42.3 286 534 66.4
2 A 0.6 5.1 9.1 43 159 24.3 11.9 30.0 42.2 275 52.2 65.3
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E 7R 204 6,=02,0,=0d o, FHHF HFTF Q) B AAHE
n =100 n =200 n =400 n =800
frolas 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
z ~ U(0,10); d ~ Bernoulli(0.5)
230 HA4 20.8 36.8 47.6 41.6 63.3 %39 75.3 90.7 94.6 97.3 99.1 994
g= AA 23.7 42.2 53.4 494 70.5 30.0 32.1 94.0 97.1 98.2 994 99.8
=9 H1A 21.1 40.2 51.3 46.1 69.0 78.9 80.5 93.5 96.9 98.1 99.3 99.7
Y2 A4 9.9 25.7 37.3 20.6 42.8 56.0 47.3 69.8 799 85.7 95.0 97.2
D™ A4 49 15.7 23.7 174 39.6 52.6 43.2 67.3 7.7 34.1 94.5 96.9
z ~ N(5,3); d~ Bernoulli(0.5)
239 HA 6.0 174 25.0 11.3 274 40.7 27.2 49.0 61.7 53.1 79.1 87.1
g= AA 8.7 20.4 29.6 17.3 36.4 46.5 36.7 594 70.0 69.8 859 92.5
=9 H1A 75 19.5 29.0 15.9 34.6 454 35.1 58.3 69.4 63.6 85.6 92.3
Y2 A4 3.2 11.8 20.0 4.2 16.2 26.9 11.1 27.3 40.6 26.8 49.8 62.8
2 1A 2.0 8.6 14.5 4.3 15.1 25.6 10.9 276 39.7 25.5 49.1 61.9
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X8 Y 204 6,=0,0,=02% W, SHHF HAF7F 3 A5 AAFH
n =100 n =200 n =400 n =800

frolas 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%

z ~ U(0,10); d ~ Bernoulli(0.5)

230 HA4 2.5 8.6 14.9 2.6 9.5 15.8 3.2 10.5 18.7 59 16.3 25.8
g= AA 1.7 74 13.3 2.5 9.6 15.5 3.6 12.9 21.2 7.6 19.8 30.3

T+=H H1A 2.6 3.0 14.4 2.7 99 15.7 39 13.1 21.0 7.8 19.9 30.5
Y2 A4 1.1 6.6 13.1 1.3 8.4 154 24 9.3 174 5.0 14.4 229
D 7AA 1.4 6.4 12.9 1.4 8.7 16.0 2.8 99 17.9 5.0 14.6 23.1

z ~ N(5,3); d~ Bernoulli(0.5)

230 HA4 2.3 7.8 13.7 2.2 9.1 14.1 34 12.3 21.8 54 18.3 27.1
g= AA 1.5 74 14.9 2.5 10.6 16.6 4.7 15.5 24.2 79 22.2 34.6

T+=H H1A 1.8 8.1 15.3 2.7 11.1 16.7 5.0 15.8 24.7 8.2 224 34.8
Y2 A4 1.8 79 15.2 2.5 10.1 16.6 4.0 10.8 18.5 52 17.2 25.8
D™? 1A 1.8 7.6 15.7 2.6 10.3 17.3 4.2 11.2 18.8 54 174 26.4
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E9 2Y 394 =04 W, TEHF AF7F AN AS A 1T LFE
n=100 n =200 n =400 n =800
frolTE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
x ~ U(0,10)
250 A 16 55 115 1.2 5.3 111 1.0 4.7 9.8 0.9 5.1 9.9
9= AA 15 55 11.2 1.2 5.6 11.2 1.2 4.9 9.9 0.9 5.1 9.9
] ks 15 5.4 116 0.9 45 105 0.9 4.4 9.9 0.9 5.0 10.2
Y2 A 1.3 6.0 11.9 1.1 5.6 116 1.2 55 10.7 1.0 5.3 10.1
D™ AA 14 6.8 125 1.3 6.0 11.9 I3 5.7 10.8 1.1 5.3 10.4
z ~ N(5,3)
250 A 16 55 10.9 1.4 5.4 10.7 1.3 5.0 105 1.1 4.8 9.3
9= 7AA 1.7 5.8 11.8 16 5.3 12.4 15 5.2 11.2 1.3 55 9.7
] ks 16 5.6 11.6 1.7 5.6 105 1.1 5.1 10.3 1.0 4.8 9.3
Y? 714 1.8 6.5 125 1.7 6.4 12.3 1.3 5.8 115 1.1 55 10.7
2 A4 1.8 6.7 13.0 1.8 6.5 12.8 1.3 5.8 11.8 1.1 5.6 10.6
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5

10, 23 3004 =029 9, LA W7 449 35 9

’

n=100 n =200 n =400 n =800
frolTE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
~ U(0,10)
o] HA | 294 50.4 61.7 61.8 79.3 87.1 93.1 98.1 99.2 100.0 100.0 100.0
9= AA 28.4 50.0 60.6 62.0 79.2 87.0 93.1 98.1 99.2 100.0 100.0 100.0
v H1A | 270 479 60.5 58.8 777 86.7 92.2 97.9 99.1 99.9 100.0 100.0
Y2 A 215 41.1 545 42.7 68.9 79.4 81.1 93.6 9.5 99.4 99.9 99.9
D? AA 19.6 38.2 52.0 41.8 67.8 78.8 80.9 93.4 96.3 99.4 99.9 99.9
z ~ N(5,3)
250 A 9.8 216 30.6 18.1 39.0 592 43.0 67.3 787 83.4 94.0 96.2
9= 7AA 11.8 23.1 316 21.3 415 535 45.3 67.9 79.3 83.9 94.1 96.3
T-=H HA 9.8 21.3 29.1 17.8 38.3 52.1 42.2 67.3 783 83.3 93.9 96.3
Y? 714 6.3 195 29.6 12.3 29.7 41.7 255 49.4 62.3 58.4 80.5 87.6
D? AA 6.4 19.4 29.1 12.5 29.2 41.8 25.2 49.0 62.2 57.8 80.4 87.3
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1L 2 dol4 6, —6,—0% 9, THA5 W77 44D A4 A 1F 978
n =100 n =200 n =400 n =800
TolrE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%
x ~ U(0,10); d ~ Bernoulli(0.5)
250 A4 2.0 6.7 11.7 1.7 59 10.5 15 53 104 1.2 5.1 10.3
g4 HA 2.1 6.0 11.3 1.8 59 11.3 16 55 10.7 1.2 53 10.2
F-=v HA 2.0 5.8 10.6 15 5.1 10.4 2 5.0 10.3 1.1 5.1 10.1
X*Q A7 15 5.7 10.5 1.2 54 104 lidl 5.1 10.3 1.0 5.0 10.2
D A4 1.3 55 10.9 1.3 5.6 10.7 1.2 54 10.5 0.9 52 10.5
x ~ N(5,3); d~ Bernoulli(0.5)
2501 HA 2.3 6.5 11.1 15 59 10.8 1.0 54 10.3 1.0 52 10.2
g4 HA 2.1 6.1 10.9 1.7 6.0 10.8 1.3 5.7 10.5 1.1 54 104
F-=v HA 2.0 5.6 10.8 1.2 5.6 10.5 0.9 54 10.3 1.0 5.0 10.1
X*Q AA 15 6.1 10.5 14 6.2 114 1.3 6.0 11.2 1.1 49 10.5
2 A4 1.1 5.8 10.5 15 6.7 12.0 14 6.3 115 1.1 5.1 10.7
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5

12. 29 49lM 0, =0,=02 w, TEHF WF7F 4700 A5 H2AH

n =100 n =200 n =400 n=_800

frolaE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%

x ~ U(0,10); d ~ Bernoulli(0.5)

250 A4 23.0 42.1 55.0 48.8 70.1 93 89.5 96.9 98.5 99.9 99.9 100.0
9= 74 20.2 384 51.9 48.6 69.8 79.0 89.5 96.9 98.5 99.9 99.9 100.0

T-=v HA 21.7 41.3 54.1 45.6 68.9 78.1 89.0 96.6 98.4 99.9 99.9 100.0
Y2 AA 9.5 25.0 36.5 24.8 474 59.9 59.7 80.8 89.2 95.4 98.8 99.8
D™? AA 54 10.6 17.4 204 40.1 52.8 59.2 79.4 88.2 95.5 98.9 99.7

x ~ N(5,3); d~ Bernoulli(0.5)

239 HA 10.3 224 33.2 14.2 30.6 42.1 34.7 574 69.2 5.7 90.9 94.2
9= 1A 6.7 18.7 29.2 16.4 319 429 36.6 58.6 70.5 76.6 91.1 94.3

T+=H H2A 11.1 23.2 34.1 14.0 30.7 42.2 34.5 57.0 68.6 75.1 90.8 94.1
Y2 AA 25 10.6 19.5 6.2 18.1 29.5 12.7 31.3 45.3 419 64.5 75.6
D™? 1A 2.1 6.6 10.5 4.6 16.3 259 135 325 46.5 419 64.9 5.7
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5

13 2 4ollM 6, =02, 0,=0 W, 5T HF7F 47090 F5 A4 E

n =100 n =200 n =400 n =800

frolas 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%

z ~ U(0,10); d ~ Bernoulli(0.5)

230 HA4 24.0 45.3 58.1 489 73.6 824 89.4 96.7 98.1 99.7 99.9 99.9
g= AA 29.9 52.8 64.9 63.6 31.8 38.0 95.0 98.5 99.0 99.9 100.0 100.0

T=H H2A 29.1 52.1 64.0 61.3 31.1 87.6 94.4 98.5 99.0 99.9 100.0 100.0
X*Q A4 10.6 26.2 384 259 50.3 63.2 63.5 82.1 89.8 96.2 989 99.7
D2 AA 56 15.0 24.8 23.0 46.7 57.7 62.1 81.6 89.5 96.1 989 99.7

z ~ N(5,3); d~ Bernoulli(0.5)

230 #A4 9.0 219 31.1 12.4 30.5 41.7 34.4 56.3 68.2 73.2 89.1 93.1
g= AA 9.6 26.3 36.5 19.7 39.3 51.1 47.1 67.2 77.0 34.2 93.1 96.7

T+=H H2A 9.5 24.7 359 17.3 36.7 49.1 44.5 66.0 76.0 83.3 929 96.7
Y2 A4 3.3 12.7 21.8 56 16.4 276 12.9 29.6 43.8 35.1 58.2 70.9
D 1A 2.1 9.2 17.3 56 15.7 26.5 11.1 30.1 44.6 35.4 58.7 71.2
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5

14. 28 4004 9, =0, 6,=0.2% v, TEAF HF7F 409 A9 AA4H

n =100 n =200 n =400 n=_800

frolaE 1% 5% 10% 1% 5% 10% 1% 5% 10% 1% 5% 10%

x ~ U(0,10); d ~ Bernoulli(0.5)

230 #A4 2.5 9.7 16.8 2.7 10.5 17.0 3.5 11.1 199 6.0 174 284
g= AA 2.0 7.8 14.0 2.6 10.1 16.6 4.3 14.2 21.9 79 21.2 34.2

=4 #2A 2.2 8.3 14.9 3.0 10.6 i/ .2 4.2 14.5 22.2 8.2 21.2 34.3
X*Q AA 1.5 6.7 13.7 1.9 3.1 15.3 2.6 9.7 18.2 54 14.9 24.2
D 7AA 14 5.8 129 2.0 39 15.8 2.8 10.1 18.7 54 159 24.9

z ~ N(5,3); d~ Bernoulli(0.5)

230 #A4 2.3 8.6 144 2.6 9.5 15.8 3.5 11.2 20.5 7.4 19.1 29.0
g= AA 1.8 7.6 115 24 10.0 14.8 4.5 159 21.8 8.5 23.3 354

=4 #2A 1.8 79 12.4 29 10.2 16.2 4.4 159 22.0 8.7 23.5 355
X*Q A4 1.8 7.3 156 2.8 10.2 16.7 4.0 10.7 18.0 5.8 16.9 25.0
D 1A 15 6.8 14.5 3.0 10.3 17.0 4.1 11.2 189 59 14.7 25.6
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Abstract

Comparison of methods for assessing
the proportional odds assumption in cumulative logit model

Choi, Hyo Jin
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Of the data acquired from many studies, the analysis through generalized
linear model is most frequently used to examine the inter-relation between
continuous or categorial independent variables and categorial response
variable. In the medical field in particular, in order to modelize the
multinomial response variable having 3 or more categories, such as the
worsening, improvement and complete recovery of the disease, the logit—
considering the order—is utilized and used for cumulative logit model. The
cumulative logit model, because of the nature in having equal effect of
independent variables on the cumulative probability of response variable in
each category, is called the proportional odds model. In order to apply such
cumulative logit model, the hypothesis of the proportional odds must be

satisfied. Methods of reviewing this are as follows: score test, likelihood

ratio test, Wald test, modified Pearson chi-square(x 2), deviance test(D?)

suggested by Pulkstenis and Robinson (2004), and graphical method. To
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compare the power, the above methods were introduced, type I error rate
was verified through simulation, and a situation in which the proportional
odds hypothesis is not valid was suggested. In addition, the practical
significance in each situation was judged by the graphical method.

As a consequence of the simulation, the type I error rate, in the case of
Y2, D test method, had all five methods to be similar despite having a
closer number to the significance level. In the case of power, the score,
Wald and likelihood ratio test had higher power; the bigger the sample size
of all method, the higher the power. However, it was verified that in the
case of the categorial independent variable not satisfying the proportional
odds hypothesis, the power was shown to be very low. Therefore in such
case, graphical method was used to evaluate the practical significance. In
the situation that the proportional odds hypothesis did not satisfy, all 5
stat were concluded to satisfy the proportional odds hypothesis, however,
because the two plots, plot and reference plot, when compared through the
graphical method, showed little difference, implying the difficulty in saying
it satisfied the proportional odds hypothesis.

The x 2, D™ test method has lower power than other test methods,
hence requires caution when used for proportional odds hypothesis test.
Therefore, it is suggested that all tests—the score, Wald, and likelihood
ratio tests — be verified, and because of its need for discretion for possibly
making subjective judgment (Kim, 2004), the use of graphical method is
considered being helpful for a more precise judging and analyzing when

presented as additional supplement.

Key words : ordinal response variable, cumulative probability, cumulative

logit model, proportional odds
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