Stat 8061—Solutiongo First Examination, Fall 2001

Stat 8061—First Examination Problems

You may useup to two pagesof notes.Write all your answeron the exam. Partial credit will
begivenwhereappropriatesoattemptto answerall questions An answerof (77 — 13) /4 will
getthe samecreditasthe answei8, sothereis no needto simplify computationsThereare10
guestionseachworth 10 points. Goodluck!

Questionsabout the Mandible Data

1. Basedon the computeroutputprovided, summarizethe evidencefor or againstthe
possibilitythat (Length Age) follows a bivariatenormaldistribution.

Thepointcloudis notelliptical; themeanfunctionis notlinear (thisis evidentin theresidual
plot for larger valuesof Age), andthe variancefunctionis not constant.Normality requiresan
elliptical point cloudwith a straight meanfunctionandconstantvariancefunction.

2. Considertwo regressiormeanfunctions:

E(MandibleLengthage) = 1o + n1age
E(age|MandibleLength = -~ + 71 MandibleLength

Why is it nottruethat4, = 1/7j;? Are thereconditions(which arenot satisfiedn this problem)
suchthat¥y, =1/ ?

If 7 is the samplecorrelation?; = r x (SD,/SD,), while4; = r x (SD/,/SD,), andwe
have¥, = 1/7; onlyif r = 0,+1 or —1.

3. Assumethemodelfit onthe handouts appropriate(a) Give thevalueof a predictionof
mandiblelengthat gestationage25 weeks. (b) Is the standarcderror of predictionat 25 weeks
larger or smallerthanthe standarcerror of predictionat 20 weeks(you don't needto compute
it)? How do you know? (c) Do you think it is reasonabldo usethe t-distribution to geta
predictioninterval for mandiblelengthatage25 weeksWhy or why not?

Thepredictionat 25 weekss —10.1491 + 1.67812 x 25. Its standad error is larger than
at age=20 weeksbecausethe meanof age in the datais 20.646,and the standad error of
predictionis smallestat the mean. Predictoinintervalsdependon the normality of the errors,
not the asymptoticnormality of the estimates.If the assumptiorof normality of errors is not
acceptablethenthe assumptiorof normalityfor predictionintervalsis notacceptable

Questionsabout the Corn data

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

Lookat thet-valug statethe hypothesist tests,andlook at the added-variableplot. Unfor-
tunately thelabelsunderthe added-variableplotsare in thewrongorder.

5. Testthe hypothesighatthe meanfunctionfor Yield depend®nly on Year againstheal-
ternatve thatit depend®n all threepredictors.Statethe hypothesegheteststatistic,including
thenumericalvaluesof quantitedrom the computeroutputsupplied,andthedistribution of the
test. Statethe fewestassumptiongou needto make for thetestto beused.

Theverbal descriptionof the testwaswrong (but hasbeenfixedas shownabove). Thenull
hypothesiss alwaysthe smallermodel,andthe alternativeis alwaysthelarger one Thetestis
thereforeof NH: E(y|z) = no+m1 YearversusAH: E(y|z) = no+m Year+n. Temptnz Rainfall,
and

F =[(2387.87 — 1766.44) /2]/28.0387 ~ F'(2,63)



Theresidualsumof squaesunderthe null modelmustbe obtainedfromthe badkward elimina-
tion output. Theusualassumptioris normality of theresponseiventhe predictors, Asymptotic
justificiation for the testis availableunderthe evenevenwealer assumptiorthat at worst the
alternativehypothesisolds,andthat residualvarianceis constant.

6. Usingthe computeroutputlabeled‘Backward Elimination” for referencegxplain how
backward eliminationworks, andthe goalsbehindits usein subsetselection.Also, give ONE
reasonwhy subseselectionis a hardproblem.

Thegoal of subseselectionasstatedin classis to find coeficientsthat are effectivelyequal
to zeo (this can be frameddifferently). Badkward eliminationis a numericalalgorithm for
examininga few of the 2% possiblesubsetmodelsthat is likely to examinethe “best” models.
Starting with the full k-term meanfunction,termsare deletedoneat a time so that the term
removed causeghe smallestincreasein Cr, and estimateof the scaledmeansquae error of
prediction.BettermodelshaveCr ~ k(I), thenumberof elementsn subsetl. Subseselection
may be hard becauseof collinearity, computationalissues difficulty in makinginferences,or
otherproblems.

Other Questions

7. An industrialexperimentis carriedout to studyE(y|z), wherez is temperatureandy
thehardnes®f theresultingproduct.In theexperiment,(1) z is obseredat eachof five values,
Z1,-..,x5; and(2) At thei-th valueof z, arandomsampleof m; partsaremeasuredUsethis
informationto answetthe next two questions.

7.1. Describeamodelyou canfit for which theresidualsumof squarewill beexactly the
sameasthe sumof squaresor pureerror.

Fit the usualregressiorwith responseg andx corvertedto a factor.

7.2. If thedatayou receivedconsistednly themeanof y ateachvalueof z andthesample
sizes,describehow you would computeestimatesof the slopeandinterceptfor simplelinear
regressionassumingagainthatthe variancefunctionfor a singleobsenationis constant.

Fit with weightedeastsquaes,responsés i;, termis x;, andweightsare m;.

8. Explainbriefly why alowesssmoothof a plot of y versuse with smoothingparameter
thatis too largewill generallygive abiasedestimateof E(y|z). Sketchingagraphmayhelp.

The lowesssmoothlocally 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. Supposet is known that

E(y|z) =no + ma + nex? + nzz®

with var(y|z) = o2. Further supposehatit is knownfor certainthatE(y|z = 10) = 4. Given

asample(z;,y;),4 = 1,2, ...,n, describehow you would estimatethe parameterin the cubic
polynomial.

Computehecubicregressionofy — 4 onz — 10 with nointercept.
10. Supposeyou have a regressionproblem F'(y|z) with one predictorz, andyou have
decidedthatthe simplelinearregressiormeanfunction,

E(ylr) = mno+m= 1)

is appropriatéor yourdata.Now suppos@new variablez becomeswvailable,andyounow want
tolook at F'(y|z, z). Supposdurtherthatz is binary, either0 or 1, representinghe presencer
absencef somecharacteristic.

10.1. Write down ameanfunctionE(y|z, z) thathasa commonslopefor z = 0 andz = 1,
but differentinterceptdor eachof thetwo cateyories.

E(y|z,2) =no + mz + noz



10.2. Assumingall the parameters the meanfunctionyouwrotedonein thelastsubprob-
lem arenon-zeroandthat z is not constantunderwhat conditionscanboth the meanfunction
you derivedin thelastsubproblemandthe meanfunction (1) betrue?

We havethat

E(E(y|z, 2))
= 1o +mz +nE(z|z)

E(ylx)

Thiswill give (1) if E(z|z) isindependenof z, or if E(z|z) is linearin .
10.3. Tothemeanfunctionin thefirst subproblenwe addtheassumptiotthatvar(y|z, z) =
o2, aconstantWhatis thevariancefunctionvar(y|z), andunderwhatconditionsis it constant?

var(y|lz) = E(var(y|z,z)) + var(E(y|z, 2))
o? + navar(z|z)

Sincez is binary, thetermvar(z|z) will bea constanonly if E(z|z) is constant.



