
Stat 8061—Solutionsto First Examination, Fall 2001

Stat 8061—FirstExamination Problems

You mayuseup to two pagesof notes.Write all your answerson theexam. Partial creditwill
begivenwhereappropriate,soattemptto answerall questions.An answerof
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will

get thesamecreditastheanswer8, sothereis no needto simplify computations.Thereare10
questions,eachworth 10points.Goodluck!

Questionsabout the Mandible Data

1. Basedon the computeroutputprovided, summarizethe evidencefor or againstthe
possibilitythat

�
Length� Age



followsa bivariatenormaldistribution.

Thepointcloudis notelliptical; themeanfunctionis notlinear (this is evidentin theresidual
plot for larger valuesof Age), andthevariancefunctionis not constant.Normalityrequiresan
elliptical point cloudwith a straight meanfunctionandconstantvariancefunction.

2. Considertwo regressionmeanfunctions:
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Why is it not truethat !� � �"�#� !� � ? Are thereconditions(whicharenotsatisfiedin thisproblem)
suchthat !� � �"��� !� � ?

If $ is thesamplecorrelation !� � � $&% �
SD' � SD( 
 , while !� � � $&% �

SD
� ( � SD' 
 , andwe

have !� � �"��� !� � only if $ �*) � �+� or
�,�

.
3. Assumethemodelfit on thehandoutis appropriate.(a)Give thevalueof a predictionof

mandiblelengthat gestationage25 weeks.(b) Is thestandarderrorof predictionat 25 weeks
largeror smallerthanthestandarderrorof predictionat 20 weeks(you don’t needto compute
it)? How do you know? (c) Do you think it is reasonableto usethe - -distribution to get a
predictioninterval for mandiblelengthat age25 weeks?Why or why not?

Thepredictionat 25 weeksis
�,�	)/.0�1��2/���3��. 4���5/��6 % 6�7

. Its standard error is larger than
at age=20 weeksbecausethe meanof age in the data is 20.646,and the standard error of
predictionis smallestat themean.Predictoinintervalsdependon thenormalityof theerrors,
not the asymptoticnormality of the estimates.If the assumptionof normality of errors is not
acceptable, thentheassumptionof normalityfor predictionintervalsis not acceptable.

Questionsabout the Corn data

4. Summarizethe evidencein the computeroutputaboutthe importanceof Tempafter
adjustingfor RainfallandYear; it is up to you to decidewhattheevidenceis, andtell mewhy it
is useful.

Lookat the - -value, statethehypothesisit tests,andlookat theadded-variableplot. Unfor-
tunately, thelabelsundertheadded-variableplotsare in thewrongorder.

5. Testthehypothesisthatthemeanfunctionfor Yield dependsonly on Year againsttheal-
ternativethatit dependsonall threepredictors.Statethehypotheses,theteststatistic,including
thenumericalvaluesof quantitesfrom thecomputeroutputsupplied,andthedistributionof the
test.Statethefewestassumptionsyou needto makefor thetestto beused.

Theverbaldescriptionof thetestwaswrong(but hasbeenfixedasshownabove). Thenull
hypothesisis alwaysthesmallermodel,andthealternativeis alwaysthelarger one. Thetestis
thereforeof NH: E
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Theresidualsumof squaresunderthenull modelmustbeobtainedfromthebackward elimina-
tion output.Theusualassumptionis normalityof theresponsegiventhepredictors,Asymptotic
justificiation for the testis availableunderthe evenevenweaker assumptionthat at worst the
alternativehypothesisholds,andthat residualvarianceis constant.

6. Usingthecomputeroutputlabeled“BackwardElimination” for reference,explain how
backwardeliminationworks,andthegoalsbehindits usein subsetselection.Also, give ONE
reasonwhy subsetselectionis a hardproblem.

Thegoalof subsetselectionasstatedin classis to findcoefficientsthatareeffectivelyequal
to zero (this can be frameddifferently). Backward elimination is a numericalalgorithm for
examininga few of the

6�J
possiblesubsetmodelsthat is likely to examinethe “best” models.

Startingwith the full K -term meanfunction, termsare deletedoneat a time so that the term
removedcausesthe smallestincreasein L�M , and estimateof the scaledmeansquare error of
prediction.Bettermodelshave LNMPO3K �9Q�
 , thenumberof elementsin subset

Q
. Subsetselection

maybe hard becauseof collinearity, computationalissues,difficulty in makinginferences,or
otherproblems.

Other Questions

7. An industrialexperimentis carriedout to studyE
�>8 � : 
 , where : is temperatureand

8
thehardnessof theresultingproduct.In theexperiment,(1) : is observedateachof fivevalues,
: � � .R.1. �S:UT ; and(2) At the V -th valueof : , a randomsampleof WYX partsaremeasured.Usethis
informationto answerthenext two questions.

7.1. Describea modelyou canfit for which theresidualsumof squareswill beexactly the
sameasthesumof squaresfor pureerror.

Fit theusualregressionwith response
8

and : convertedto a factor.
7.2. If thedatayoureceivedconsistedonly themeanof

8
ateachvalueof : andthesample

sizes,describehow you would computeestimatesof the slopeandinterceptfor simplelinear
regression,assumingagainthatthevariancefunctionfor a singleobservationis constant.

Fit with weightedleastsquares,responseis Z8 X , termis :UX , andweightsare WYX .
8. Explainbriefly why a lowesssmoothof a plot of

8
versus: with smoothingparameter

thatis too largewill generallygiveabiasedestimateof E
�98 � : 
 . Sketchinga graphmayhelp.

Thelowesssmoothlocally fits be estimatingstraight lines. If the smoothingparameteris
too large, the overall fit tendsto look like a straight line evenif the the true meanfunctionis
curved.

9. Supposeit is known that

E
�98 � : 
��<�����[��� : �[� @ :
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A

with var
�>8 � : 
��]\ @

. Further, supposethatit is knownfor certain thatE
�>8 � : �^�R)�
��3�

. Given
a sample

� : X � 8 X 
 �_V �`� � 6 � .R.1. �Sa , describehow you would estimatetheparametersin thecubic
polynomial.

Computethecubicregressionof
8=�b�

on : ���R)
with no intercept.

10. Supposeyou have a regressionproblem
B �98 � : 
 with onepredictor : , andyou have

decidedthatthesimplelinearregressionmeanfunction,

E
�98 � : 
c� � � �[� � : (1)

isappropriatefor yourdata.Now supposeanew variabled becomesavailable,andyounow want
to look at

B �>8 � :e�
d 
 . Supposefurtherthat d is binary, either0 or 1, representingthepresenceor
absenceof somecharacteristic.

10.1. Write down a meanfunctionE
�>8 � :e�
d 
 thathasacommonslopefor d �*)

and d �D�
,

but differentinterceptsfor eachof thetwo categories.

E
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10.2. Assumingall theparametersin themeanfunctionyouwrotedonein thelastsubprob-
lem arenon-zero,andthat d is not constant,underwhatconditionscanboth themeanfunction
youderivedin thelastsubproblemandthemeanfunction(1) betrue?

We havethat

E
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g�

E
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S
� � � ��� � : �[��@

E
� dh� : 


Thiswill give(1) if E
� dh� : 
 is independentof : , or if E

� di� : 
 is linear in : .
10.3. To themeanfunctionin thefirst subproblemweaddtheassumptionthatvar

�>8 � :e�
d 
f�\ @
, aconstant.Whatis thevariancefunctionvar
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 , andunderwhatconditionsis it constant?
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Sinced is binary, thetermvar
� dh� : 
 will bea constantonly if E

� dh� : 
 is constant.
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