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Abstract

Dimensionreductiona leitmotif of statistics.For instance,startingwith a sample����������������	 from a univariatenormalpopulationwith mean 
 andvariance1, we
know that thesamplemean �� is sufficient for 
 . This meansthat we canreplace
theoriginal � -dimensionalsamplewith theone-dimensionalmean �� without loss
of informationon 
 .

In thesamespirit, dimensionreductionwithout lossof informationis a dom-
inant themeof regressiongraphics.The goal of a regressionstudyis to infer, as
far as possiblewith the available data,aboutthe conditionaldistribution of the
response
 giventhe ����� vectorof predictors� : How doestheconditionaldis-
tribution of 
�� � changewith the valueassumedby � ? This goal is relevant in
many scientificareasfor formingpredictionequations,judgingtheeffectivenessof
a treatmentandfor many otherpurposes.

A centralgoalof regressiongraphicsis to reducethedimensionof � without
lossof informationon the conditionaldistribution of 
�� � andwithout requiring
a model.We call this sufficientdimensionreduction, borrowing terminologyfrom
classicalstatistics.Sufficientdimensionreductionleadsnaturallyto sufficientsum-
maryplotswhich containall of the informationon theregressionthat is available
from thesample.Suchsummaryplotscanbequiteusefulthroughouta regression
study, particularlyfor guidingthechoiceof afirst model.

Wewill describeanew context for regressionthatcentersondimensionreduc-
tion andsufficientsummaryplots,andthatrequiresfew scope-limitingconstraints.
The methodologyto be describedis very generalandcanbe usedin almostany
regression.Most of themethodologywill beillustratedusingcomputerprograms
thatwill bemadeavailableto theparticipantswithoutcharge.

Prerequisitesarefamiliarity with standardregressionmethodologyat thelevel
of one of the major textbooksin the area,a first coursein mathematicalstatis-
tics (Master’s level preparationwouldbeadequate),andbasicknowledgeof linear
algebra.
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Outline

Thefollowing outlineis arrangedin logicalunitsthatrequiredifferentamountsof
presentationtime.

1. Introduction. In this first unit we will motivatetheneedfor a well-defined
context for graphicsin regression,arguing that sucha context is neededto
achieve full benefitof visualization.It will alsobeshown thatpresentgraph-
ical methodologycansuffer from thelackof acontext.

2. Foundations.Herewe establishthe populationcontext that will serve asa
focalpoint for therestof thecourse.Centraldimension-reductionsubspaces
andsufficientsummaryplotswill bedefinedanddiscussed.Simpleexamples
will beusedfor illustration.

Two issueswill ariseat the end of this unit: How can centralsubspaces
andsufficient summaryplots be estimated?And, what might be gainedin
practiceby doingso? The latter issuewill beconsideredfirst, sinceit may
beeasierto understandthemethodologywhentheendis in sight.

3. Examples.Severalexampleswill begivenin this unit showing thatthepop-
ulationcontext establishedin thepreviousunit resultsin abetterunderstand-
ing of standardgraphics(eg. residualplots), andhow estimatesof central
subspacesandsufficientsummaryplotscanbenefitananalysis.Mild restric-
tions on the marginal distribution of the predictors(not on the conditional
distribution of ��� � ) will beintroduced.

The graphicalcontext understudyallows for novel, comprehensive meth-
odsof detectingoutliersandsubpopulationstructure(eg. a missingbinary
predictorlikegenderor location).Theseandotherpropertieswill beempha-
sizedduringthepresentation.

Equallyimportant,theexampleswill serve to establishtherole for graphics
in regressionundertheumbrellaof centralsubspaces.

4. Standard Fitting Methods.In thisunit wewill studytherelationshipbetween
standardfitting methods(eg OLS,Huber’s M estimate),andthecentralsub-
space.In particular, whenthecentralsubspaceis one-dimensional,a2D plot
of theresponseversusfitted valuescanbea sufficient summary. Theability
recognizesuchsituationscanbequiteuseful.

Therestof theunitsin thecoursefocusonmethodologyatvaryinglevelsof
detail.
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5. InverseResponsePlots. In thisunit wedescribehow to useinverseresponse
plotsto gaininformationon thedimensionof thecentralsubspace.Scatter-
plot matriceswill playakey role.

6. Graphical Regression. In regressionswith more than two predictors,the
centralsubspacecanoften be estimatedvisually from a seriesof 3D plots
usingthemethodologydescribedin thepreviousunit. It is possiblein some
regressionsto conducta “complete”usinggraphicsalone(nomodels).

7. NumericalMethods.We will discusstwo numericalmethodsfor estimating
thecentralsubspace:Slicedinverseregression(SIR)andslicedaveragevari-
anceestimation(SAVE). At theendof thisunit participantswill have all the
informationnecessaryto reconstructtheexamplesof unit 3.

8. Net Effect Plots. Time permitting,net-effect plots for studyingthe contri-
butionsof individual predictorswill bediscussed.Theseplotsmake useof
many of thedimension-reductionideaspresentedin earlierunits.

3


