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Poisson regression



Poisson distribution

• PMF: 


• Support: positive integers (includes 0)


• Parameter: Rate =  = mean = variance (> 0)


• Count data, rates


• Sample mean is given by 
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Poisson distribution

A website has, on average, 28 visitors per hour. What is the probability that the 
website will have 34 visitors in an hour?



Data example

• Number of awards earned by students at a high school


• Predictors:


• Type of program in which student is enrolled (vocational, general, 
academic)


• Final math exam score


https://stats.oarc.ucla.edu/r/dae/poisson-regression/

https://stats.oarc.ucla.edu/r/dae/poisson-regression/


Data example



Data example



Data example

Why not just do a log transformation on the outcome and use linear regression?



Poisson regression setup

• We assume a poisson distribution for the outcome: 


, 


• We need a link function that ensures  at any value of : 



• Putting these pieces together, we have the poisson model:


, 

yi |xi ∼ Poisson(λi) i = 1,...,n

λi > 0 xi
log(λi) = β0 + β1xi1 + . . . + βpxip

log(E[yi |xi]) = β0 + β1xi1 + . . . + βpxip i = 1,...,n



Interpretation 

• 


• 


• We can interpret the s as multiplicative effects on the expected counts


• Continuous : the expected count of  increases by a multiplicative factor of 
 when increasing  by one unit


• Binary : the expected count of  increases by a multiplicative unit of  for 
the group with  compared to the group with 

log(E[yi |xi]) = β0 + β1xi1 + . . . + βpxip

λi = eβ0+β1xi1+...+βpxip
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Implementation in R



Interpretation

Controlling for program, the expected number of awards increases 7% per one unit increase in 
math final exam score. We are 95% confident that the true percent increase is between 5 and 
9%. Math score is statistically significantly associated with number of awards (p<.001).



Plotting predictions and observed counts



Model assessment

• Assumptions


• Model fit


• Predictions



Overdispersion

• The poisson model assumes that the mean and variance are equal. That is, as 
the mean number of counts grows, so does the variance.


• If this assumption does not hold, you might consider other modeling options 
such as negative binomial regression.


