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• Recall: in binomial GLM, observe data

where yx is bounded by nx=number of total trials 

• Data: now observe a response with J categories, where J > 2:

(xi1, xi2, . . . , xim, yi), i = 1, 2, . . . , I ⇔ (xi, yi)⇔ (x, yx)

Multinomial Data

(xi1, xi2, . . . , xim, yi1, yi2, . . . , yiJ ), i = 1, 2, . . . , I
⇔ (xi, Yi)⇔ (x, Yx), where (i) Yi = (yi1, yi2, . . . , yiJ ),

(ii) yij= # of observations falling into category j at xi, 

(iii) (or denoted by nx), and ni’s are fixed

Yx ~ multinomial(nx, px1, px2, …, pxJ), where 

we may encounter grouped or ungrouped data

 For ungrouped data, ni=1 for i=1, 2, …, I

 The idea of covariate classes can be similarly applied to 

generate grouped data from ungrouped data (Q: what benefit?)

The J categories can be 

 nominal or ordinal, or 

 have a hierarchical or nested structure

J

j=1 yij = ni
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Nominal Multinomial Responses

• Q: how to link px=(px1, px2, …, pxJ) with x? 

Recall: binomial logit model.

(1−px, px)  (1, px/(1−px))  px/(1−px) ηx = Xβ
• Multinomial logit model:

(px1, px2, …, pxJ)  (1, px2/px1,     …  , pxJ/px1)

log

ηx2 =Xβ2 ηxJ =XβJ

…

…

The link obeys the constraints 0≤pxj≤1, j=1,…,J, and Σj pxj=1

Category 1 declared as the baseline (note that we add ηx1=0)



Inferences

 Estimation of the parameters: can use maximum likelihood

 Other inferences: can use standard likelihood-based approach

 Concepts and methods in GLM can be similarly applied 
(Q: why?)

log

ηx1=0

exp

exp log explog exp

pxj = exp(ηxj)
��
1 +

�J

j=2 exp(ηxj)
�

Xβj = β0j +

h1(x)β1j + · · ·+

hp−1(x)βp−1,j
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Interpretation of βj
 The log-odds in favor of category j over category j’ is

( the contrasts among the vectors βj are of interest) 

 The interpretation of βj depends on the choice of baseline 

category  the kth component of βj represents the change in 

log-odds of moving from the baseline category to the jth

category for a unit change in the kth predictor of x (other 

predictors held constant)

 Intercepts of βj represent probabilities of J categories at x=0

log (pxj/pxj′) = x
T
�
βj − βj′

�

Procedure:

 Arrange the data in a two-way tables

 Declare a nominal variable that has a level for each 
multinomial response category, called it response factor, r

x
r

1 … J

x1 y11 … y1J n1

… … … … …

xI yI1 … yIJ nI

• Multinomial log-linear model:

Recall: the connection between Poisson and 

multinomial  it is possible to fit a model 

for multinomial response using a Poisson 
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