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24.1Regression:AReview

RecallthatinsimplelinearregressiononetriedtopredictYfromXby

assuming:

Yi=a+bXi+εi.

Hereaandbareunknownconstantsestimatedfromtheobserved

data(i.e.,the(Xi,Yi)pairs),andεiisrandomerror(thisshould

beindependentorothererrors,havemeanzero,andbenormally

distributed).

2



Inthearchaeopteryxexample,wepredictedthelengthofthehumerus

bonefromthelengthofthefemur.JMPindicatedthattheestimated

linearrelationshipwas:

humerus=.9207+1.0941∗femur+ε

whereε∼N(0,
√

15.675).Thisrelationshipexplains96.6%ofthe

variationinhumeruslengthusinginformationonfemurlength.

Ifonewanted,onecouldalsotestwhetherfemurlengthprovidedmore

thanchanceexplanation.Thisisequivalenttotestingwhetherthe

estimatedcoefficientonfemurlength,b̂=1.0941,issignificantlydifferent

from0.
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Tomakethistest,thenullandalternativehypothesesare:

H0:b=0vs.HA:b6=0.

Theteststatisticis

ts=
b̂−0

se
=

1.0941−0

.14998
=7.3.

Thisiscomparedtoat-distributionwithn−2=5−2=3degreesof

freedom.(Recall:weloseinformationequivalenttooneobservationfor

eachestimatewemake,andinregressionwehavehadtoestimatebotha

andb.)
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24.2MultipleRegression

Inmultipleregression,thereismorethanoneexplanatoryvariable.The

modelis

Yi=a+b1X1i+b2X2i+···bpXpi+εi.

Again,theεiareindependentnormalrvswithmean0.

Asanexample,supposeonewantedtopredictthepriceofwine:

price=a+b1(avg.rainfall)+b2(avg.temp.)+b3(calciuminsoil)+ε.

Thiskindofmodelisusedbywinespeculators,butgetsmorecomplex.
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Asanotherexample,

lifespan=a+b1(#cigarattes/day)+b2(avg.grandprntage)+ε.

Weexpectb1tobenegative,b2tobepositive.

Wemaywanttomakeatransformationofthe#ofcigarettesperday

variable—thedifferencebetween0and1probablyhasmoreimpactthan

thedifferencebetween40and41.

Inpractice,oneoftenneedstomakesometransformationofthe

responsevariable(price)toimprovethelinearrelationship.Common

transformationsinclude:

•arcsineofthesquareroot(usefulwhenYisaproportionora

percent)

•log,usedwhenthescatteroftheYvaluesincreasesasoneormore

oftheXvaluesgetslarger.
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Inthe1970’s,HarrisTrustandSavingsBankwasaccusedofgender

discriminationinstartingsalaries.Inparticular,onemainquestionwas

whethermeninentry-levelclericaljobsgothighersalariesthanwomen

withsimilarcredentials.

Toassessdiscrimination,lawyersusedmultipleregression:

salary=a+b1(sex)+b2(seniority)+b3(age)+b4(educ)+

b5(exper)+ε.

Sexwasgivena1ifthepersonwasfemale,and0foramale.

Age,seniority,andexperienceweremeasuredinmonths.
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Thelegalquestionwaswhetherthecoefficientb1wassignificantlyless

than0.Ifso,thentheeffectofgenderwastolowerthestartingsalary.

TheJMPoutputshowsthattheestimatedmodelis

salary=6277.9−767.9(sex)−22.6(seniority)+.63(age)+

92.3(educ)+50(exper)+ε.

Weobservethatthecoefficientonsexisnegative,whichsuggeststhat

theremaybediscrimination.Butwestillneedasignificancetest.We

cannotinterpretthesizeoftheeffectwithoutone,anditmayjustbe

duetochance.
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Thenullandalternativehypothesesare:

H0:b1≥0vs.HA:b1<0.

Theteststatisticis

ts=
b̂1−0

se
=−767.9−0

128.9
=5.95.

Thisiscomparedtoat-distributionwithn−p−1=93−5−1=87

degreesoffreedom.Sincethisisoffourt-tablescale,weuseaz-table.

Theresultishighlysignificant.Rejectthenull;thereisevidenceof

discrimination.
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