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Examination #1, Stat 8061, Fall, 2000

This is a closedbookexam. You mayuseonepageof notesanda calculator. Putyour answersin thebluebook
provided.Thereare10 parts,worth10 pointseach.

1. Figure1 givesascatterplotof ��� ageversus� � shelllengthfor asampleof 500abalone(whichareedible
marinesnails).
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Figure1: Figurefor Problem1.

(a) Give up to threereasonsfor examininga scatterplotlike Figure1. Then,summarizethe information
in Figure1 in up to threesentences.
Scatterplotsare usedto learn aboutE � ��� � � , Var � ��� � � andaboutoutliers/influentialcases.Thisgraph
suggeststhatE � �!� �"� maybelinear, but that var � ��� �"� increaseswith � � Length.

(b) Explainhow a smootherlike lowessor theslicesmootherestimatesE � �!� �"� . Drawing a graphmight
helpyouwith thisproblem.
LowessestimatesE � ��� � � �$#%� by weightedleastsquaresof � on � , with weightshighestat �&# , and
weightsdecreasingfor � �(')�$# � large. Thebandwidthcontrols therateof decreaseof theweights.

(c) Abalonecanbe classifiedusinga groupingvariable * aseither * �,+ for male, * �.- for female
or * �0/ if sexually immature(even older abalonemay be sexually immature). Supposeit were
hypothesizedthat,for 1 �2/&3�+435- ,

E � �!� � 3 * � 16� � 7 #�8:9 7<; 8 �
Var� �!� � 3 * � 16� � =!>

CouldFigure1 beconsistentwith this hypothesisor doesit contradictthehypothesis?Why? (HINT:
If you havetroublewith this one,assume* hasonly 2 levels,not 3, andthensolve theproblem.)
Let ? ; and ? > bethedummyvariablescorrespondingto thecategories * �@+ and * �A- , respectively.
Thenthemeanfunctionfor all thedatais:

E � �!� � 3 * � 16� � B # 9 B # ; ? ; 9 B # > ? > 9 B ; 9 B ;�; ? ; � 9 B ; > ? > �
Now, apply the resultsof Sections11.1.1and11.1.2to find the meanand the variancefor ��� � . The
resultingmeanfunctionwill be linear if E �C?ED � �"� is linear in � for F �G+H3�- . Thevariancefunction
will be constantif var �C?ED � �"� is independentof � for F �I+435- , but it will be non-constantotherwise.
If youjudgedFigure 1 to havelinear meanandnonconstantvariance, this canbeconsistentwith the
suggestedmodelof thisproblem.
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2. For the abalonedata,using the variablesas definedin Problem1, the following regressionoutput was
obtainedfor aparticularfitted model(valueshavebeenroundedto makecalculationseasier):

Data set = Abalone, Name of Fit = L3
Normal Regression
Kernel mean function = Identity
Response = Age
Terms = ({F}G Length)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 3.84 0.56 6.876 0.0000
{F}G[1] 1.24 0.37 3.345 0.0009
{F}G[2] 0.82 0.34 2.435 0.0152
Length 12.33 1.21 10.160 0.0000

R Squared:
Sigma hat:
Number of cases: 500
Degrees of freedom: 496

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 3 1675 558 71.15 0.0000
Residual 496 3892 7.85
Lack of fit 194 1329 6.85 0.81 0.9473
Pure Error 302 2563 8.49

(a) Theestimatedcoefficient for {F}G[1] is 1.24.Explainwhatthis numbermeans.

Thisis theparallel slopesmodel.Thevalue1.24is thedifferencebetweentheiterceptfor group JLKLM
andgroup JLK2N .

3. OQP , the proportionof variability explained,is often usedasa summaryof a regressionproblem. Give a
formula for computing OQP , andgive the mostgeneralconditionsyou canfor which OQP is indeeda useful
summaryof a regressionproblem.

O P is an excellentsummarywhen RCS T�UWV are multivariatenormal. More generally, it is a goodsummary
wheneverthegraphof S versus XS lookslikea samplefroma bivariatenormaldistribution ( OYP is thesquare
of thecorrelationin thisgraph).
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4. A linearregressionwith two predictorsZ [ and Z$\ hasbeencomputedasfollows(resultshavebeenrounded
to simplify computations):

Data set = Prob4, Name of Model = L1
Normal Regression Model
Mean function = Identity
Response = Y
Predictors = (X1 X2)
Coefficient Estimates
Label Estimate Std. Error t-value
Constant 0.20 0.10 1.99
X1 -0.24 0.12 -1.93
X2 0.90 0.047 19.23

R Squared: 0.93
Sigma hat: 0.094
Number of cases: 53
Degrees of freedom 50

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 2 5.52 2.76 311.21 0.0000
Residual 50 0.44 0.0089

(a) Supposeyou wereto draw added-variableplots for both Z [ and Z \ . Which is morelikely to show a
stronglinear trend?Why? Are therecircumstancesthatwould suggestthat the otheradded-variable
plot would show astrongerlineartrend?Whatarethesecircumstances?
Sincetheadded-variableplot is a visualversionof the ] -statistic,theplot for ^ \ is verylikely to have
a stronger linear trendthan for ^ [ ; of course, the large ] -valuecould be causedby an (extremely)
influentialcase, sothis resultis not certain.

(b) Define _`[ba2Z [dceZ$\ and _%\fa2Z [ . Supposewe thencomputeols regressionusingthemeanfunction

E gCh�i _`[%jk_%\Eldanmpoqcrm6[�_s[tcrmu\v_%\
assumingconstantvariancew \ . Give valuesfor the following statistics,basedon the outputfor this
problem.If you don’t have enough information to give the value, tell what else you need.

i. xm o a2y6z|{`y
ii. xm&[va2y6z }4y
iii. xmu\%aL~�y6z|{s�Y~�y&z }Hy�a@~��4z����
iv. seg�xmu\Hi _`[%j�_E\El . Needthecovariancebetweenthe x� s.

v. Testof m6[�anmp\fa�y againsta generalalternative. Overall � -test.

5. Figure2 is a scatterplotmatrix for theresponse(Age) andtwo predictorsHeightof theshellandtheShell
weight.Supposewe fit thelinearregressionof Ageon HeightandShell.

(a) Explainwhy theinverseresponse-plotof thefittedvaluesfrom this regressionversusAge is not likely
to helpselecta transformationof Age.
Thethepredictorsareclearly not linearly related.

(b) Figure3 is theoutputfrom the“Chooseresponsetransform”item for theregressionsuggestedin this
problem.Explainwhatthisplot shows.
Thisplot suggestsreplacingAge by Age� ov� � to make theresidualsascloseto normalaspossible. A
confidenceinterval for thetransformationparametercanbeobtainedfromthegraph; for example, a
95%interval is approximatelyform ~�y6z �<� to about ~�y&z y<� or so.

6. Theplot shown in Figure4 is labeledasaresidualplot, whereZ is oneof thetermsin thefitted linearmodel.
Is this possible?Why or why not?

If a linear modelwasusedwith an intercept,themeanfunctionin theplot cannothavea linear trend.Either
theplot is wrong, or no interceptwasfit in themeanfunction(andoneshouldhavebeen).
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Figure2: Scatterplotmatrix for abalonedataandProblem5.
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Figure3: Graphicaloutputfrom “Chooseresponsetransform”item in theregressionmenufor Problem5b.
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Figure4: Graphfor Problem6.
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