
Stat 8061—FirstExamination, October 22,2001

Mandible data

Thesedatarelategestationalagein weeksto mandiblelengthin 158fetusesof gestationalage
of 42 weeksor less.ThecomputeroutputhasbeenEDITED, but the informationthat remains
is adequateto fill in theblanks.
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Figure1: Mandibledata.
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Figure2: Mandibledata.
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Data set = Mandible, Summary Statistics
Variable N Average Std. Dev Minimum Median Maximum
Length 167 24.497 8.1225 8.0000 24.000 45.000
Age 167 20.646 4.5584 12.286 20.286 33.571

Data set = Mandible, Sample Correlations
Length 1.0000 0.9418
Age 0.9418 1.0000

Length Age

Name of Dataset = Mandible; Name of Model = L1
Normal Regression Model
Mean function = Identity
Response = Length
Predictors = (Age)
Coefficient Estimates
Label Estimate Std. Error t-value
Constant -10.1491 0.986127 -10.292
Age 1.67812 0.0466471 35.975

R Squared:
Sigma hat:
Number of cases: 167
Degrees of freedom:

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 9713.35 1294.18 0.0000
Residual 1238.39

Data set = Mandible, Name of Fit = L1
Normal Regression
Kernel mean function = Identity
Response = Length
Terms = (Age)
Term values = (20)
Prediction = 23.4132, se(pred) = 2.74796, weight = 1
Leverage = 0.0061, Max(h_i) = 0.0544
Estimated population mean value = 23.4132, se = 0.214127

Variance-covariance matrix of the coefficient estimates
Constant 0.97245 -0.044925
Age -0.044925 0.0021760

Constant Age
Correlation matrix of the coefficient estimates
Constant 1.0000 -0.9766
Age -0.9766 1.0000

Consta Age
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Corn data
ThesedatarelateaveragecornYield, in bushelsperacre,to summerRainfall in inchesandmean
high temperatureTemp for the growing seasonin degreesF for the Years1890to 1956. The
variableYear refersto theyearof measurement.Thesedatarepresentan averageover several
Midwesternstates.Hereis somecomputeroutputfor thesedata,anda few graphs.
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Figure3: Scatterplotmatrix for thecorndata.

Data set = Corn, Summary Statistics
Variable N Average Std Dev Minimum Median Maximum
Rainfall 67 10.834 2.359 4.9 10.7 16.5
Temp 67 74.896 2.0082 69.9 75. 80.
Year 67 1923. 19.485 1890. 1923. 1956.
Yield 67 35.176 7.8905 18.5 34. 53.8

Data set = Corn, Sample Correlations
Rainfall 1.0000 -0.6206 0.0761 0.4169
Temp -0.6206 1.0000 0.2776 -0.1458
Year 0.0761 0.2776 1.0000 0.6472
Yield 0.4169 -0.1458 0.6472 1.0000

Rainfal Temp Year Yield

3



���?���4� ��� �4� � � ���������0�����u� �?�

�� ��
����� �
�  ¡
��¢ £
¤¤

¥�¦ ¥¨§ © § ¦ ª«¬­
«®­
­
®­
¬­

¯�°�±�¯�²�³µ´ °?¶�·4¸ ¹�º ·4» »�¼�¯�·u½ ¾?¾

¿À ÁÂ
¿ÃÄÅÀ Æ Ç
Â ÈÉ Ç
ÃÃ Á¿Ç
ÊËË

Ì*Í Ì*Î Ì¨Ï Ð Ï ÎÑÒÓ
ÑÔÓ
Ó
ÔÓ
ÒÓ

a. Rainfall. b. Temp.
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c. Year.

Figure4: Added-variablesplotsfor thecorndata.

Data set = Corn, Name of Fit = L1
Normal Regression, Kernel mean function = Identity
Response = Yield
Terms = (Rainfall Temp Year)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant -449.353 64.7731 -6.937 0.0000
Rainfall 0.863139 0.373209 2.313 0.0240
Temp -0.680397 0.455015 -1.495 0.1398
Year 0.273602 0.0368804 7.419 0.0000

R Squared: -------
Sigma hat: 5.29516
Number of cases: 67
Degrees of freedom: 63

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 3 2342.72 780.908 27.85 0.0000
Residual 63 1766.44 28.0387

Variance-covariance matrix of the coefficient estimates
Constant 4195.6 -1.3032 -3.3341 -2.0444
Rainfall -1.3032 0.13929 0.11375 -0.0045375
Temp -3.3341 0.11375 0.20704 -0.0069707
Year -2.0444 -0.0045375 -0.0069707 0.0013602

Constant Rainfall Temp Year
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Data set = Corn, Name of Fit = L2
Normal Regression
Kernel mean function = Identity
Response = Yield
Terms = (Temp)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant 78.0751 36.1232 2.161 0.0344
Temp -0.572784 0.482144 -1.188 0.2392

R Squared: 0.0212513
Sigma hat: 7.86603
Number of cases: 67
Degrees of freedom: 65

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 1 87.325 87.325 1.41 0.2392
Residual 65 4021.84 61.8744

Data set = Corn, Name of Fit = L3
Normal Regression
Kernel mean function = Identity
Response = Yield
Terms = (Rainfall Year)
Coefficient Estimates
Label Estimate Std. Error t-value p-value
Constant -460.310 64.9758 -7.084 0.0000
Rainfall 1.23697 0.279762 4.422 0.0000
Year 0.250694 0.0338705 7.402 0.0000

R Squared: 0.554864
Sigma hat: 5.34605
Number of cases: 67
Degrees of freedom: 64

Summary Analysis of Variance Table
Source df SS MS F p-value
Regression 2 2280.03 1140.01 39.89 0.0000
Residual 64 1829.13 28.5802

Backward Elimination: Sequentially remove terms
that give the smallest change in C_I.
All fits include an intercept.

Current terms: (Rainfall Temp Year)
df RSS | k C_I

Delete: Temp 64 1829.13 | 3 4.236
Delete: Rainfall 64 1916.41 | 3 7.349
Delete: Year 64 3309.57 | 3 57.036

Current terms: (Rainfall Year)
df RSS | k C_I

Delete: Rainfall 65 2387.87 | 2 22.163
Delete: Year 65 3394.84 | 2 58.077
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Name:

Stat 8061—FirstExamination Problems

You mayuseup to two pagesof notes.Write all your answerson theexam. Partial creditwill
begivenwhereappropriate,soattemptto answerall questions.An answerof û�üýüÿþ��������	� 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 û Length 
 Age � followsa bivariatenormaldistribution.

2. Considertwo regressionmeanfunctions:

E û MandibleLength � age �
� ��������� age

E û age �MandibleLength �
� ��������� MandibleLength

Why is it not truethat �� � �������� � ? Are thereconditions(whicharenotsatisfiedin thisproblem)
suchthat �� � ���	���� � ?
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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?

Questionsabout the Corn data

4. Summarizethe evidencein the computeroutputaboutthe importanceof Temp after

adjustingfor Rainfall andYear; it is up to you to decidewhattheevidenceis, andtell mewhy it
is useful.
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5. Testthehypothesisthatthemeanfunctionfor Yield dependsonly on Year againsttheal-
ternativethatit dependsonall threepredictors.Statethehypotheses,theteststatistic,including
thenumericalvaluesof quantitesfrom thecomputeroutputsupplied,andthedistributionof the
test.Statethefewestassumptionsyou needto makefor thetestto beused.

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

7. An industrialexperimentis carriedout to studyE û"!#� $%� , where $ is temperatureand !
thehardnessof theresultingproduct.In theexperiment,(1) $ is observedateachof fivevalues,
$ � 
'&(&'&)
*$,+ ; and(2) At the - -th valueof $ , a randomsampleof .0/ partsaremeasured.Usethis
informationto answerthenext two questions.

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

7.2. If thedatayoureceivedconsistedonly themeanof ! ateachvalueof $ andthesample
sizes,describehow you would computeestimatesof the slopeandinterceptfor simplelinear
regression,assumingagainthatthevariancefunctionfor a singleobservationis constant.
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8. Explainbriefly why a lowesssmoothof a plot of ! versus$ with smoothingparameter
thatis too largewill generallygiveabiasedestimateof E û1!#� $2� . Sketchinga graphmayhelp.

9. Supposeit is known that

E û1!3� $%���4� � �5� � $6�5�87)$ 7 ����9'$ 9

with varû"!#� $%���;: 7 . Further, supposethatit is known for certain thatE û"!#� $<�=�(>����?� . Given
a sampleû"$ / 
*! / �@
A-B�C�8
EDF
'&(&'&@
*G , describehow you would estimatetheparametersin thecubic
polynomial.
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10. Supposeyou have a regressionproblem H û1!3� $%� with onepredictor $ , andyou have
decidedthatthesimplelinearregressionmeanfunction,

E û1!3� $%�I� � � �5� � $ (1)

isappropriatefor yourdata.Now supposeanew variableJ becomesavailable,andyounow want
to look at H û"!#� $�
�J�� . Supposefurtherthat J is binary, either0 or 1, representingthepresenceor
absenceof somecharacteristic.

10.1. Write down a meanfunctionE û"!#� $�
�J�� thathasacommonslopefor JK�L> and JM�N� ,
but differentinterceptsfor eachof thetwo categories.

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

10.3. To themeanfunctionin thefirst subproblemweaddtheassumptionthatvarû"!#� $�
�J��B�
: 7 , aconstant.Whatis thevariancefunctionvarû"!#� $%� , andunderwhatconditionsis it constant?
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