Agenda

Multinomial
regression

1. Categorical outcomes
2. Softmax link function
3. Interpreting coefficients

4. Hands on:
Multinomial logistic in R

Slides are licensed under


https://creativecommons.org/licenses/by-nc-sa/4.0/?ref=chooser-v1




INCOME AND MARITAL STATUS 3

Are rich people more likely to be married?

: Predictor: Annual earnings
E; € |0, 00)

: Qutcome: Marital status
M; € {Single, Married, Divorced, Widowed }

The Outcome variable has multiple The Use a categorical / multinomial
problem (>2) categories. Binomial and o) [Thife] @ outcome distribution (and a new

Poisson models won't work. link function) to account for the




CATEGORICAL DISTRIBUTION

The categorical distribution is analagous to a
Bernoulli distribution with k > 2 outcomes:

Prob(X = i) = p;
Db = [p17p27-°°7pk]

p = [0.20,0.10,0.45,0.25]
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The Binomial, Bernoulli, and categorical distributions are
each special cases of the multinomial distribution.

Binomial | B = Mult T-
distributionl intn, p) ultinom(n, (i-p, p))

Bernoulli | B lli{p) = Multi 1, (1-
dlstrlbutlonl ernoulli(p) ultinom(1, (1-p, p))

Cate orlcaI‘Cat P P2, - Pk) =

distribution | Multinom(7, (p1, P2, ... Pk))
1 trial >1 trial
2 categories | Bernoulli Binomial

>2 categories | Categorical | Multinomial




M; ~ Categorical(p;)

D;

One category |mmmmrg Hsi

must be the Hmi
reference Hdi

category L

f_l ([NSi) Hmi, Hdiy /’LWZ])

0

Oy + BmEz’
aq+ Pak;
ay + Buk;

Each other category
gets its own intercept
and coefficient

(Can be thought of as a series of
logistic regressions against the
reference category)

But we still need a link function



The softmax '
link function




Softmax is a straightforward generalization of
the the inverse logit

[Dsy Py Pds Dw] = softmax (s, thm, fdy thw)

_ [exp(ps) exp(pm) exp(pa) exp(pw)
zZ 'z 'z ' Z

where Z = exp(ps) + exp(pm) + exp(pa) + exp(pw)
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MULTINOMIAL MODEL

Putting it all together gives us the multinomial logistic
regression model (a.k.a. categorical regression model)

. ~ Categorical(p;)

, = softmax (|si, lmis dis Hwil)

Hsi = 0

Mmi = Oy + BmE;
pai = o + Bk
Pwi = @y + By

Qi , O, Oy ~ Student(3, 0, 2.5)
/Bma /Bda Bw ™~ Norm(O, 2)




Note that with only two categories, the multinomial logistic
regression reduces to the standard logistic regression:

M; ~ Categorical(p;)

Pp; = softmax ([,Ulia ,ugz-])

p1; =0
to; = as + Bo F;




Interpreting
coefficients
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M;

D;

Msi
Hmi
Hds
i

Estimate Q25 Q975
~ Categorical(p;) o, -540 -616 -467

— softmax ([fiai, fiumi, fiai, fius])  Bm 059 052 067
oag -481 -580 -3.86

~0
o+ B E B, 041 032 051
— oy + B4E; o, -343 -468 -2.23
= aw T Pubi B, 019 007 032

Interpreting these cofficients on their own is complex — the results are
analagous to a series of logistic regressions against the reference category,
conditional on the other outcomes.

E.g. ap, and B, determine the probability of a person being married rather
than single, assuming that they are neither divorced nor widowed.

Assessing the sign of the a and 8 estimates is the only straightforward
interpretation.



INTERPRETING COEFFICIENTS
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