
Fitting Extra-PoissonVariation

in PoissonRegressionModelsusingArc

LucaScrucca
Departmentof Statistics,Universit̀adegli Studidi Perugia,Italy

luca@stat.unipg.it

March21,2000

Abstract

Thisdocumentdescribesthefitting of overdispersedPoissonlog-linearmodelsusingArc, acomputer
programfor the analysisof regressiondata,asdescribedin Cook andWeisberg (1999),which canbe
obtainedfrom theWebathttp://www.stat.umn.edu/arc.

Thecodeis written in Xlisp-Stat andis containedin thefile poisson-extra-var.lsp, available
on theWebat theaddresshttp://www.stat.umn.edu/arc/addons or at
http://www.stat.unipg.it/ � luca/xlispstat. To useit, download the file andput it in
yourExtras directory.

1 Introduction

Breslow (1984)proposedaniterative algorithmfor fitting a dispersionparameterin overdispersedPoisson
regressionmodels.Themethodis similar to thatproposedby Williams (1982)for handlingoverdispersion
in logistic regressionmodels.Thelisp codefor thelattermethodis alreadyavailablein thestandarddistri-
bution of Arc, andthecorrespondingdocumentationmaybefoundat theaddress
http://www.stat.umn.edu/arc/addons.

Supposewe observe � independentresponsessuchthat
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Theresponsevariable � � maybeaneventcountsvariableobservedover a periodof time (or in thespace)
of length � � , whereas� � is therateparameter. Then,
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where 19
:4��'� � � is anoffsetand 13
�45��� � �;�=<< <
>�? � expressesthedependenceof thePoissonrateparameteron
a setof, say @ , predictors.If theperiodsof time areall of thesamelength,we canset ���A�B� for all � so
theoffsetis zero.MLE for < < < areusuallyobtainedby iterativemethods,suchasNewton-Raphsonor Fisher
scoring,alsocalledIRWLS (Arc usesthelatteriterativeprocedure).

ThePoissondistributionhas
& �2�:��� ���6�(�DC E�FG�'����� ����� , but it mayhappenthattheactualvarianceexceeds

the nominal varianceunderthe assumedprobability model. Supposenow that H �I�J���'��� is a random
variabledistributedaccordingto
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where UWV'XSY�Z\[+]�Y and ^ _a`!V'XbY�ZA[�]�cYGd . Thus,it canbeshown thattheunconditionalmeanandvarianceofe Y aregivenby
UfV e Y�Z([D]�Y

and
^ _a`GV e Y Z [g] Y�h ] cYGd [g] Y V%i h ] Y d Z

Hence,for dDjlk we have overdispersion.It is interestingto notethat the samemeanandvariancearise
alsoif we assumea negativebinomialdistribution for e .

Themethodproposedby Breslow usesaniterativealgorithmfor estimatingthedispersionparameterd
andhencethenecessaryweights Vmi h ]�Y0nd Zpo�q (for detailsseeBreslow, 1984).

2 Fitting using Arc

To fit extra-Poissonvariationin Arc you needto loadthefile poisson-extra-var.lsp. If thefile is
in theExtras directory, thenit is automaticallyloadedat thestart-up.

Thus, every time you fit a Poissonlog-linear model a new item called Fit extra Poisson variance
appearson the model’s menu. Selectingthe item, the iterative fitting procedurefor the estimationof the
dispersionparameterstarts.At convergence,theusualsummaryfor aGLM regressionmodelis shown with
a new information,theestimate nd . In addition,thefinal estimatedweightsusedin thefitting procedureare
addedto thedatasetfor usingin subsequentmodellingstages.

The variable*poisson-extra-variance* (by default setat T) controlsthe appearanceof the
item on themodel’s menufor all Poissonmodels.If you do not want the item to appear, you maychange
thevalueof *poisson-extra-variance* to NIL, usingtheSettings item from theArc menu.

Example: Ames Salmonella reverse mutagenicity assay The following table shows the numbersof
revertantcoloniesof TA98 Salmonella( rts0uGv ) observedon eachof threereplicateplatestestedat eachof
six doselevelsof quinoline( w0x�y�z ):

Dosesof quinoline
0 10 33 100 333 1000
15 16 16 27 33 20
21 18 26 41 38 27
29 21 33 60 41 42

The modelproposedfor the expectedrate {
V2|$Z of revertantsasa function of dose| is the log-linear
model: }9~:�
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where� is themutageniceffectsof dose,and � is thetoxic effect.

We startfitting theabovemodel.

Data set = SalmonellaTA98, Name of Fit = P1
Poisson Regression
Kernel mean function = Exponential
Response = salm
Terms = (log[dose+10] dose)
Coefficient Estimates
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Label Estimate Std. Error Est/SE
Constant 2.17277 0.218309 9.953
log[dose+10] 0.319825 0.0569740 5.614
dose -0.00101303 0.000245118 -4.133
Scale factor: 1.
Number of cases: 18
Degrees of freedom: 15
Pearson X2: 46.229
Deviance: 43.716

Then,we selecttheitem Fit extra Poisson variance on thecorrespondingmodel’smenu.

Extra-Poisson Variation in Log-linear Models
Fitting . . .
Converged after 3 iteration(s)

Data set = SalmonellaTA98, Name of Fit = P1
Poisson Regression
Kernel mean function = Exponential
Response = salm
Terms = (log[dose+10] dose)
Weights = Extra-poisson-var
Coefficient Estimates
Label Estimate Std. Error Est/SE
Constant 2.20302 0.363361 6.063
log[dose+10] 0.310977 0.0989867 3.142
dose -0.000974122 0.000436848 -2.230

Scale factor: 1.
Number of cases: 18
Degrees of freedom: 15
Pearson X2: 14.992
Deviance: 14.219
Extra variation: 0.072

Thus, the estimateddispersionparameteris �������� �t�a�
, andconsequentlythe standarderrorsof the re-

gressioncoefficients increase,whereasthe valuesof coefficient estimatesare almostthe same. As for
overdispersedbinomialmodels,thegoodnessof fit statisticsareno longermeaningful,andwemustrely on
graphicalchecking,suchasresidualsplotsandmarginalmodelplots.
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