
Negative binomial regression
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Recap: inference with negative binomial models
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Ho : B3=Bu=Bs= 0 HA : atleast one of

13 >
,
Bu ,Bs -1-0

LRT statistic : 6=2 ( lliefui,) - llirreouceo))~×É
q= # parameters tested

(q= 3)



Likelihood ratio test
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TEE Tethered



Likelihood ratio test

Why can I use the residual deviance to perform a likelihood
ratio test for a Poisson regression model, but not for a negative
binomial model?
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LI : G= Zlllirfun) -llireouao) Ñq

For EDM : G= ☐ * (g) irreduao) -D*( y,µ^fn)

But : since we estimates in NB regression , we can't

directly compare full { reduced deviance



EDM in dispersion model form :

Flyin , 0) = bly , exp { -2¥ Otsu}

.2l(Ñ) = 2 [ log f-Hi;Ñ,0)
it

=2(Élogb / Yi,0) - ¥ dHi,µ))
c- =L

= 2{ilogblli , -

=D¥ñ =D * Ly ,ÑD

2(llÑfu) - llÑrduceoD = D*(y,Ñ reduced) - D*(y,µ^fuu)
flyirip) = p↑yy, exp { ylogp - C- rlogcl - PD}

bly , 8) includes
r

full { reduced models given
different ^r

⇒ normalizing function doesn't cancel



New data

Survey data from 77 college students on a dry campus (i.e., alcohol
is prohibited) in the US. Survey asks students "How many alcoholic
drinks did you consume last weekend?"

: the number of drinks the student reports consuming

: an indicator for whether the student identi�es as male

: an indicator for whether the student lives off
campus

: an indicator for whether the student is a �rst-year
student

Our goal: model the number of drinks students report
consuming.
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EDA: drinks

What do you notice about this distribution?
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•

right - Skewed

• lots of zeros! (too many Zeros)

o



Comparisons with Poisson distributions
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1=1

7--2 7=5



Why might there be excess
0s in the data, and why is
that a problem for modeling
the number of drinks
consumed?

Excess zeros
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◦ some students never drink

⇒ a Poisson distribution is not a good choice foray

students in the data



Modeling
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I student i never drinks

variable)Let Zi - { ◦ student i sometimes drinks

""€

Yi = # drinks consumed

Yi / (2-5-1) = 0 ( point mass at 0)

Yi / LZi=o) ~ Poisson Lili) (poison
distribution

Zi ~ Bernoulli ( ti)

P(Yi=y)
= PCYi-ylZ-i-DPCZ-i-dtpcyi-ylzi-DPLZ-i-D-w.im

1- ✗i ={
' 5-0

é÷÷ 0 y
> 0

e-
"'
(1-4) tai y=0

p(Yi=y)= { é"y? a-a:) y
> ◦



e-
"'
(1-4) tai y=0

Pai --g) = { é"y? a-a:) y
> 0

mixtwemode.tl
mixture between a point

mass at 0,
and a Nissan

distribution)

← logistic component

← Poisson component

log / Ai)
= BTXI



Zero-in�ated Poisson (ZIP) model

where
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In R
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zero
inflated

model

- 0
↑
logistic component

poissy
"



Interpretation

How would I interpret the estimated coef�cient 0.892 in the
logistic regression component of the model?
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0

The odds of being a nandrinher are @

◦ '892=2,44

times higher for first year students



Interpretation

How would I interpret the estimated coef�cient 0.372 in the
Poisson regression component of the model?
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0

Fcrdrinhers, the average # of
drinks iee° -372=1 .us

times higher fer off -campus students


