
Lecture 8 
GLM for nominal response



Today’s topics:

• Nominal response: baseline-category logit model
• Model setup

• Multivariate GLM

• Model fitting

• Data example



Nominal response: Alligator Food Choice

This is a dataset with grouped multinomial responses



Ordinal response: Mental impairment



Multinomial response variables

• Nominal response: 
𝑐 categories without orders. For instance, the response can be the answer to: 
which major does an undergraduate student choose?

• Ordinal response: 
categories with orders: not satisfied, satisfied, very satisfied

How to model their relationship with the covariates?
• Random component: 

• natural choice is the multinomial distribution for the response:

• Link function: what is the difference between nominal and ordinal responses?



Nominal response: model setup

• We can build a Binary GLM model for each pair of categories.

• Select a base category (say category 𝑐)
• We can build a binary GLM for each of 1, 2, … , 𝑐 − 1 categories to 

compare with category 𝑐
• Basically, we assume

• Not every 𝐹 is good, we need to make our modeling assumption 
irrelevant to the choice of base category



Nominal response: choose a good 𝐹

Not every 𝐹 is good, we need to make our modeling assumption irrelevant 
to the choice of base category

• If we switch to another base category 𝑐′, for any 𝑘′ ≠ 𝑐′, we can find 

some ෨𝛽𝑘′



Nominal response: Baseline-Category logit model



Multivariate GLM

Treating each pair as a separate logistic regression, we can get the 

asymptotic distribution of each መ𝛽𝑘. 

• The መ𝛽𝑘  for 𝑘 = 1,2, ⋯ , 𝑐 − 1 categories are not independent (as 𝑦𝑖𝑘 
are not across 𝑘 and all models share the same base category data)  

• The estimation of መ𝛽𝑘  may not be efficient ignoring other categories 

• How to calculate the distribution of some function ℎ( መ𝛽1, ⋯ , መ𝛽𝑐−1) if 
needed? (For example, we may want to know the distribution of 

Ƹ𝑝𝑖1 − Ƹ𝑝𝑖2)

• We can write down the joint likelihood of across all categories



Multivariate GLM

Generalize the univariate GLM to a multivariate GLM where 
𝑦𝑖 = (𝑦𝑖1, ⋯ , 𝑦𝑖,𝑐−1)

• Assume that 𝑦𝑖  follows a multivariate exponential dispersion family 
distribution

• For the multinomial response:



Multivariate GLM



Fitting baseline-category logit model

Consider the ungrouped data format and let 𝑁 be the total sample 
size 
• The joint log-likelihood for the multivariate GLM is



Fitting baseline-category logit model



R data example for nominal response

• Check Example 4_1 R notebook
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