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Baseline-Category Logits

I The baseline-category logit model

log(
p j

pJ
)=a j + b j x , j = 1, ..., J � 1
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Baseline-Category Logits

I For any pair of categories a and b,

log( p a
p b

)

=log( p a /p J
p b /p J

)

=log( p a
p J

)� log( p b
p J

)

=(a a + b a x)� (a b + b b x)
=(a a � a b )+(b a � b b )x
=a ab +b ab x

Tay-Wey Lee,Ping-Ren Haun g,Yu-Wei Yu Multicategory Logit Mo dels for Nominal and Ordinal Resp onses



Outline

LogitModelsforNominalResponses

CumulativeLogitModelsforOrdinalResponses

Example:AlligatorfoodchoiceExample:Beliefinafterlife

6.16 Example:Alligatorfoodchoice� Table6.1AlligatorsizeandPrimaryfoodchoiceF=Fish,I=Invertebrates,O=OtherTay-WeyLee,Ping-RenHaung,Yu-WeiYuMulticategoryLogitModelsforNominalandOrdinalResponses
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Computer Output

� Table 6.2
Output for Baseline(O) Category Logit Model with Alligator Data

Parameter DF Est Std Chi-sq P-value

Intercept(F) 1 1.6177 1.3073 1.5314 0.2159

Intercept(I) 1 5.6974 1.7938 10.0881 0.0015

Length(F) 1 -0.1101 0.5171 0.0453 0.8314

Length(I) 1 -2.4654 0.8997 7.5101 0.0061
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I log (p̂ F /p̂ O ) = 1.618� 0.110 x
log ( ˆp I /p̂ O ) = 53197� 2.465 x

I log (p̂ F / ˆp I ) = �4.08 + 2.355 x

ex:exp(2.355) = 10.5

I H0 : b1 = b2 = 0

The test statistic equals 16.8, with df = 2.
P-value is 0.0002 : strong evidence of a length e�ect
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6.1.3 Estimating Response Probabilities

The multicategory logit model has an alternative expression

in terms of the response probabilities :

pj = e
a j +b j x

=e a=+ b
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6.1.4 Example: Belief in afterlife

� Table 6.4
Belief in Afterlife by Gender and Race

Belief in Afterlife

Race Gender Yes Undecided No

White Female 371 49 74

Male 250 45 71

Black Female 64 9 15

Male 25 5 13
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I Y =Belief in afterlife,
with categories: (1)Yes, (21�Undecided, (31�No

I X1=Gender, and X2=Race

x1 =1 for Females and 0 for Males

x2 =1 for Whites and 0 for Blacks

I log(
p j

p3
p 3pdx1pdx2d2=
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Computer Output

� Table 6.5
Parameter estimates and Standard errors for Baseline-Category
Logit Model �tted to Table 6.4

Parameter Est Std

Intercept(1) 0.883 0.243

Intercept(2) -0.758 0.361

Gender(1) 0.419 0.171

Gender(2) 0.105 0.246

Race(1) 0.342 0.237

Race(2) 0.271 0.354
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6.2 Cumulative Logit Models for Ordinal Responses

I The logits of the cumulative probabilities are

logit[P(Y � j)] = log [ P ( Y � j )

1 � P ( Y � j )

] = log [
p1 + ... + p j

p j +1 + ... + p J
]

j = 1, ...J � 1
called cumulative logits.

e.g. J=3
logit[P(Y � 1

)] = log [

logit [P(Y � 11

)] =
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Cumulative Logit Models with Proportional Odds Property
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� Table 6.9
Mental Impairment by SES and Life Events

S MI SES LE S MI SES LE
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Computer Output

� Table 6.10
Fitting Cumulative Logit Model to Table 6.9

Parameter DF Est Std Chisq P-value

Intercept1 1 -0.2818 0.6230 0.2045 0.6511
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Latent Variable

I For Y � that is conti and unobserved , we may only be interested in
Y which is discrete and observed

We have that

Y=1 if a j �1 < Y � � aj

And

P(Y=j) = P(a j �1 < Y � � aj )

= P(Y� � aj )� P(Y � � aj �1)

P(Y� � aj ) = P(a j + bx + e � aj )

= P(e � aj � bx � a j )

Y � is probit model if e is normal distribution
Y � is logist model if e is logit distribution
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Invariance to Choice of Response Categories

Parameter DF Est Std Chisq P-value

Party5 1 0.9745 0.1291 57.02176 4.310165e-14

Party3 1 1.0059 0.1321 57.92818 2.718646e-14
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