Name:

Examination #1, Stat 8061, Fall, 2000

This is a closedbook exam. You may useone pageof notesanda calculator Putyour answersn the blue book
provided. Thereare10 parts,worth 10 pointseach.

1. Figurel givesascatterploof y = ageversuse = shelllengthfor asampleof 500abalongwhichareedible
marinesnails).
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Figurel: Figurefor Problem1.

(a) Give up to threereasondor examininga scatterplotike Figure1l. Then,summarizehe information
in Figurel in upto threesentences.
Scatterplotsare usedto learn aboutE(y|z), Var(y|z) andaboutoutliers/influentialcases Thisgraph
suggeststhat E(y|xz) maybelinear, but thatvar(y|z) increaseswith z = Length

(b) Explainhow a smoothetik e lowessor the slice smootherestimatesE(y|z). Drawing a graphmight
helpyou with this problem.
LowessestimateE(y|z = zo) by weightedleastsquaesof y on z, with weightshighestat z,, and
weightsdeceasingfor |z — z¢| large. Thebandwidthcontmls therate of decieaseof theweights.

(c) Abalonecanbe classifiedusinga groupingvariableG aseitherG = 1 for male,G = 2 for female
or G = 0 if sexually immature(even older abalonemay be sexually immature). Supposét were
hypothesizedhat,for g = 0,1, 2,

E(ylz,G=g) = mnog+mgx
Varylz,G=g) = o°

CouldFigurel be consistentvith this hypothesior doesit contradictthe hypothesis2Why? (HINT:
If you have troublewith this one,assumez hasonly 2 levels,not 3, andthensolve the problem.)
Letv; andwv, bethedummyvariablescorrespondindo thecategoriesG = 1 andG = 2, respectively
Thenthemeanfunctionfor all thedatais:

E(y|lz,G=g) = Po+ Borvr + Poz2vz + f1 + Brivix + fravez

Now apply the resultsof Sectionsl1.1.1and 11.1.2to find the meanandthe variancefor y|z. The
resultingmeanfunctionwill belinear if E(v;|z) is linear in z for j = 1,2. Thevariancefunction
will be constantf var(v;|x) is independenbf z for j = 1,2, butit will be non-constanbtherwise
If youjudgedFigure 1 to havelinear meanand nonconstantariance this canbe consistentvith the
suggestedmodelof this problem.



2. For the abalonedata, using the variablesas definedin Problem1, the following regressionoutput was
obtainedfor a particularfitted model(valueshave beenroundedo make calculationseasier):

Data set = Abal one, Nane of Fit = L3
Nor mal Regression
Kernel nean function = Identity
Response = Age
Ter s = ({F}G Length)
Coefficient Estinates
Label Esti mate Std. Error t-val ue p- val ue
Const ant 3.84 0.56 6.876 0. 0000
{Frd 1] 1.24 0. 37 3. 345 0. 0009
{Fr g 2] 0. 82 0.34 2.435 0. 0152
Lengt h 12. 33 1.21 10. 160 0. 0000
R Squar ed:
Si gna hat :
Nunber of cases: 500
Degrees of freedom 496
Sumary Anal ysis of Variance Table
Sour ce df SS \Y%S3 F p- val ue
Regr essi on 3 1675 558 71.15 0. 0000
Resi dual 496 3892 7.85
Lack of fit 194 1329 6. 85 0.81 0.9473
Pure Error 302 2563 8. 49

(a) Theestimatedcoeficientfor { F} d 1] is 1.24. Explainwhatthis numbemeans.

Thisis theparallel slopesmodel. Thevaluel.24is thedifferencebetweerheiterceptfor groupG = 1
andgroupG = 0.

. R?, the proportionof variability explained, is often usedasa summaryof a regressionproblem. Give a
formulafor computingR2, andgive the mostgeneralconditionsyou canfor which R? is indeeda useful
summaryof aregressiomproblem.

R? is an excellentsummarywhen(y,x) are multivariate normal. More geneally, it is a good summary
wheneerthegraphof y versusg lookslike a samplefroma bivariate normaldistribution (R? is the squae
of the correlationin this graph).



4. A linearregressiornwith two predictorse; andz, hasbeencomputedasfollows (resultshave beenrounded

to simplify computations):

Data set = Prob4, Name of Mdel = L1

Nor mal Regressi on Model
Mean function = ldentity
Response =Y
Predictors = (X1 X2)

Coefficient Estinates

Label Estinate Std. Error t-val ue
Const ant 0. 20 0.10 1.99

X1 -0.24 0.12 -1.93

X2 0.90 0. 047 19. 23

R Squar ed: .93

Si gma hat : . 094

Nunber of cases: 53

Degrees of freedom 50

Summary Anal ysis of Variance Table

Sour ce df SS Ms F
Regr essi on 2 5.52 2.76 311.21
Resi dual 50 0. 44 0. 0089

p- val ue
0. 0000

(a) Supposeyou wereto draw added-ariableplotsfor bothz; andz,. Which is morelikely to shav a
stronglineartrend? Why? Are therecircumstanceshatwould suggesthatthe otheradded-ariable
plot would shav a strongeiineartrend?Whatarethesecircumstances?
Sincetheadded-variablelot is a visualversionof thet-statistic,the plot for X5 is verylikely to have
a stronger linear trendthan for X;; of course the large ¢-value could be causedby an (extremely)

influentialcase sothis resultis not certain.

(b) Definez; = x1 + z2 andzy = x1. Supposeave thencomputeols regressiorusingthe meanfunction

E(y|z1, 22) = Yo + 1121 + Y222

assumingconstantvariances?. Give valuesfor the following statistics,basedon the outputfor this
problem.If you don’t have enough infor mation to givethe value, tell what else you need.

i. Yo=0.20

ii. 1= 0.90

jii. Jp=—0.24—0.90=—1.14

iv. s€4a|21,22). Needthecovariancebetweerthefs.

v. Testof y1 = v2 = 0 againstagenerahlternatve. Ovemll F'-test.

5. Figure2 is a scatterploimatrix for the respons€Age) andtwo predictorsHeight of the shellandthe Shell

weight. Supposave fit thelinearregressiorof Age on HeightandShell

(a) Explainwhy theinverseresponse-plotf thefitted valuesfrom this regressionversusAge is notlikely

to helpselectatransformatiorof Age.
Thethe predictors are clearly notlinearly related.

(b) Figure3is theoutputfrom the “Chooseresponsearansform”item for theregressiorsuggesteéh this

problem.Explainwhatthis plot shavs.

This plot suggestsreplacingAge by Age=%-® to male the residualsas closeto normal as possible A
confidencenterval for thetransformatiorparametercan be obtainedfromthe graph; for example a
95%intervalis approximatelyform —0.45 to about—0.05 or so.

Is this possibleWhy or why not?

6. Theplotshavnin Figure4 is labeledasaresidualplot, wherez is oneof thetermsin thefitted linearmodel.

If alinear modelwasusedwith anintercept,themeanfunctionin theplot cannothavea linear trend.Either
theplot is wrong, or nointerceptwasfit in the meanfunction(and oneshouldhavebeen).
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Figure2: Scatterplotnatrix for abalonedataandProblem5.
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Figure3: Graphicaloutputfrom “Chooseresponseransform”item in theregressiormenufor Problem5b.
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Figure4: Graphfor Problem6.




