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Chapter 1

Introduction

A commonproblemin appliedstatisticsis thatonehasanindependentvariableor
outcome

�
andvariousdependentvariableor covariates�������������	��
 . Oneusually

observesthesevariablesfor various“subjects”.

One may be interestedin variousthings: What effects do the covariateshave
on the outcome?How well canwe describetheseeffects? Canwe predict the
outcomeusingthecovariates?,etc..

Statisticiansusuallyassumethat
�

andthe � ’s arerandomvariables.Thenone
cansummarizetheabovequestionby asking:whatis E � ��
 �������������	��
�� ? We usu-
ally call �����������������	��
���� E � ��
 �������������	��
�� theregressionfunction.

It shouldbe notedthat for somedesignedexperimentsit doesnot make sense
to assumethe � arerandomvariables.In this casewe usuallyassumewe have
“designpoints” ���������������	� 
��!�	"#�%$&���������(' andnon-IID observations

� ����������� �*) for
eachdesignpoint. In mostcases,thetheoryfor boththesecasesis verysimilar if
not thesame.Thesearecalledthe randomdesignmodelandfixeddesignmodel
respectively.

How dowe learnabout+,� ��
 �������������-�.
�� ?
2



3

A commonprocedureis linearregression.Onetypically assumes

E � ��
 �������������	��
��/� 
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Assumingthattheconditionalprobabilityof
�

is normalis quitecommon.How-
ever, if therangeof thisexpectationis notcontinuousonecangeneralizeto:

4 � E � �5
 �������������	��
��6��� 
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with 4 a link functionwith real-valuedrange. It is typical to assumethe condi-
tional distribution of

�
is part of anexponentialfamily, e.g. binomial,Poisson,

gamma,etc.... Many timesthe link function is chosenfor mathematicalconve-
nience.

Thesemodelhavetheconveniencethattheparameters

3
usuallyhavedirectinter-

pretationwith scientificmeaning.For example

3
�87 maymeanthata manthat

is oneinchhigherthananotheris expectedto weigh5 morepounds.

Anotheradvantageis that, oncean appropriatemodel is in place,the estimates
havemany desirableproperties.

A drawbackof thesemodelsis that they arequite restrictive. Linearity andad-
ditivity aretwo very strongassumptions.This mayhave practicalconsequences.
For example,by assuminglinearity onemaynever noticethata covariatehasan
effect that increasesandthendecreases.We will seevariousexampleof this in
class.

In thisclasswe will

9 Startby introducingvarioussmoothersuseful for smoothingscatterplots: ���;�<� � �6���	"��=$&���������('#> whereboth � and
�

arecontinuousvariables.9 Setdown precisemodelsandoutlinetheproofsof asymptoticresults.9 Introducelocal regression(loess).
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9 Examinesplinemodelsandsomeof thetheorybehindsplines.

9 Somesmoothersare more flexible than others. However with flexibility
comesvariance.Wewill talk aboutthebias-variancetrade-off andhow one
canuseresamplingmethodsto estimatebiasandvariance.

9 After explaining all thesesmootherswe will make a connectionbetween
them.Wewill alsomakeconnectionsto otherstatisticalprocedures.

9 Wewill examinethecasewereonehasmany covariates.Onecanrelaxthe
linearity assumption,assumeadditivity anduseadditive models.Onecan
alsoforgettheadditivity assumptionanduseregressiontrees.

9 After all thiswewill bereadytoconsiderthecasewhere
�

isnotnecessarily
continuous.Wewill generalizeto thiscaseandlookatGeneralizedAdditive
ModelsandLocalLikelihood.

9 While examiningall thesesubjectswe will beconsideringvariousmodels
for onedataset. We will briefly discusstechniquesthatcanbeusedto aid
in thechoiceof suchmodels.

9 Finally wewill look atabrief introductionof timesseriesanalysis.

By relaxingassumptionsweloosesomeof thenicepropertiesof estimates.There
is anongoingdebateaboutspecificationvs. estimation.

We will begin theclasstalkingaboutthecaseweretheregressionfunction � will
dependon a single,real-valuedpredictor � rangingover somepossiblyinfinite
interval of thereal line, ?A@CB . Therefore,the(mean)dependenceof

�
on � is

givenby �����/��� E � ��
 �D�E�F�G�	�AHI?J@KBL� (1.1)

Sometimes,theneedto estimate� ariseswheninvestigatorshaveto decideamong
variousexplanationsfor a physicalphenomenon,andexistingsubject-knowledge
or scientifictheorysaysnothingabout � . In this casewe collectdatato seewhat
it says.Exhibiting someaspectof � maythenimply theconfirmationor revision
of agiventheory.
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Thedatato supportsuchinvestigationsaretypically asetof ' pairedobservations�NMI��� � �-�������������NM ) � �F) � . Thesecanbeeitherarandomsampleof thejoint distribu-
tion of �NMA� � � asis thecasefor observationalstudies,or fixedinput values

:PO �<> ,
arisingperhapsfrom adesignedexperiment.

Sooncewehave thedatawhatdowe do?

If wearegoingto “model” (1.1),wegaininsightinto theimportantfeaturesof the
relationshipbetween

�
and M by entertainingvariousdescriptionsof or models

for � . Throughthisexercisewemight:

9 identify thewidth andheightof peaks9 exploretheoverallshapeof � in someneighborhood9 find areasof sharpincreaseor regionsexhibiting little curvature.

The first threechaptersof the classdealwith this problem. We will thenmove
on to thecasewherewe have many covariates,thencaseswheretheexpectation
needsto betransformed,andvariousothergeneralization.

Throughout all thesesubjectswe will be talking about finite sampletheory,
asymptotics,practicalaspects,andcomputationalconsideration.


