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4ResidualAnalysis

4.1Introduction

aAssumptions:Ei∼N〈0,σ
2
〉

(a)E〈Ei〉=0:Linearity,Additivity,

(b)equalvariances:var〈Ei〉=σ
2
,

(c)normaldistribution,

(d)Eiindependent

Checkmodelassumptions!−→findbettermodel!
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Findbettermodelby

•transformatonofvariables,

•additionalterms,likeinteractions,

•weightsforobservations,

•usealternativemethodsforestimationandinference

Simpleregression:ExaminescatterplotYvs.X

Multipleexplanatoryvariables:usealinearcombinationofX’s

forhorizontalaxis

−→useβ̂0+β̂1X
(1)

+β̂2X
(2)

+...=ŷ,“fittedvalues”.
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4.2Residualsandfittedvalues

aTukey-AnscombePlot:Res.Ri=yi−ŷivs.fittedvaluesŷi
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4.2

bWhatkindsofdeviationsfromassumptionscanshowup?

(a)Regressionfunction:Patternofthepoints:

Slidingmean(smoother)mayshowcurvature.

(b)Equalityofvariances:(vert.)variationofptsaroundsmooth.

Pointsmay“fanout”totheright.

Morepreciselyseeninplotofabsoluteresidualsagainstfit.

(c)Distributionoferrors:Dopointsscattersymmetrically

aroundthe0line(orthesmooth)?Outliers?
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4.2

cHowtojudge?

•Aredeviationsinrangeofchance?−→Simulatedcurves
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•Aredeviationsdangerous?Answerdependsonpurpose.
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4.3Distributionoferrors

a(c)normaldistribution?HistogramofEi...−→residualsRi

!NotethatYdoesNOTneedtobenormallydistributed!
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4.3

bRefinement:quantile-quantile-plot(qq-plot,normalplot)

Quantile der Standardnormalverteilung
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4.3

cDeviationssignificant?−→goodnessoffittest

d...orsimulate!
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4.3

eDistributionoferrors?ErrorsEi6=residualsRi

Ri=Yi−ŷibothrandom.ŷidependantofYi,henceofEi.

fRi∼N〈0,σ
2
(1−Hii)〉.

Hiileverage

•Yi→Yi+∆yi−→ŷi→ŷi+Hii∆yi

•Hiimeasures
”
distance”betweenxiandxi.

simpleregr.:Hii=(1/n)+(xi−x)
2
/SSQ

(X)
.

multipler.:Hii=(1/n)+d〈xi,x〉
2
.d:Mahalanobisdist.

•0≤Hii≤1,avei〈Hii〉=p/n.
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4.3

gStandardizeresiduals−→identicaldistribution.

R̃i=Ri

/(
σ̂
√

1−Hii

)

Usestand.residalsforcheckingthedistribution!

Usuallyunimportant!

But:Notionofleveragewillbeusedagain!
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4.4Shouldwetransformthetargetvariable?

aWhatifdeviationsdoshowup?

Cf.medicaldiagnosisonthebasisofsymptoms.

Studysymptomsofknowndeseasesforcalibration.

Disease:Missinglogtransformation−→

•curvedsmoothinTAplot(plateshape)

•Variationfanningouttotheright

•Skeweddistribution

−→TransformationSyndrom
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4.4

bFirstAidTransformations

amounts−→log

counts−→sqrt

Percentages−→“arcsin”-Trsf.asin(sqrt(p/100))

cOutliers

dLong-taileddistributions−→robustmethods.
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4.5ResidualsandExplanatoryVariables

aPlotResidualsagainstexplanatoryvariables

−→Transfomationofxs,additionalterms

bNon-constantvariances−→weightedregression

cInfluentialPoints

dIndependenceofErrors:PlotResidualsagainstSequence


