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Figure13.10. SIMPLE LINEAR REGRESSION: Inference for Reationships
Program 5 in: Agand All Odds Indde Satistics

Assdation ketween two cateyarical variabesis dsplayedin atwo-way tible, and the null gpothess tha no asodation is
presentis testecby the clirsquaedtest dsaisse in Program24, asdation ketween two quantitative variabesis dsplayed
by ascdterplot. If the a&odation islinea, it is descibed by aregresion line and its gergthis measwedby the orrelatbn
coeffident This programdisaussednferencealout straght-line rdationshifs. You may want to eview kastsquaesregres-
sion from Prograns 8 and 9 lefore gudying this program. Before wsingthe inferencemethods in this program, cheketha the
daa $ow a draght-line rdationshipand bdk for outiers andinfluential observations

Confidene intevals and tests alays make gatements aaut atributes of the respandent population from which our data
are asample To this point, we havelearned methods for inferenceabout popuation aveagesand puation propations To
tak abaut inferencein the Inear reges®n sdting, we nust first sg wha atributes we will draw ondusons @aut. The
stdisticalmodd for simplelinea reges#on says ha, in the epandent mpuation, the aeraye of he eponsevarialde ¥ de-
pends m the explanaory variable X in a draight-line fashion. The rotaion w4, (X) stands for themean d the mndom vaiable Y
represerting he espn® \ariable ¥ whan the eplanabry variable X has the \aluex. The nodel for the popuation says,first,
that 1, = 8, +5.X; the $opes,and ntercet g, of this ppuation reges®on line ae tnknovn parameers we want to dav con-
clusons éaut.

When we haven dbsevationson the vaiadesX andY, we estmae the tnknawn g, and g, by the ®pe b, and ntercet b,
of the least gluaes reges#on line i.e, we let the kastsquaesline we fit to he déa esimae the inknovn popuation
regres#on line. Notice that, to emphasze the bs ae estimaesof the gs, we wse dfferent rotaion from Program8: the kast
squaesline is row y= b, +b,x, inseadof y= a+bx.

Edimaing 8, and 3, by b, andh, is nmuch like wsingthe sanple areraje yto esimae a nodel parameer  repreening a
repondent ppuation arerge In both casesye reed nformation atout the distibution of the mpuation in ader © move
on b confidene intewvals or ests dsignifican@. The rest d the sétisticalmodd for reges®n sg/s ha the random vdale
Y repreening the eponsey; for the value x of the eplanaory variade has anormal distibuion, and thét the standird devi-
ation o of Y is the samefor all valuesof x;; by contrast, the meanof Y does charge with x; — it is 3, +8,X.

The dandad deviation o descibes how variable the regponseis. Varation is rot meaued arourd a fixed centre but
aboutthe popuation regresian line becau® the aerae of ¥ chargeswith X, To gve a test @ confidene intewval, we must
estmae 0. Reall the estmatkd estluds T, = obervedy - predctedy = y -y, The suae d the sarple dandad deviation
(i.e, the sample varan®) d Y about the leastsquaesline is as bown & the fght; this varane s
(MSE or &) is aur esimae d o2 (sos estmaes o). The diisorn—2 in the epresion at he iight MSE=¢g = n—lz
is the degreesof freedonof s2and ¢ s

The priminary calcuationsin a leges#n prodem are: first, calcuate the bastsquaesline y=b,+b,x; send calcu-
late the edmaed esduds from this ine and the stndad deviations (or obtain MSE fom the ANOVA tale). Thesecalcua-
tionsare quite kergthy, 0 tha you $auld usea gatistical calcdator or oftware wheneer possble; in eercises, yo may ke
giventhis basc information

Severd kinds of inferenceare possdble in the egeson sdting; this programpresentshe o mostimportant: inference
about the slope g, of the ppuation ine, and predction of the egpaonsefor a gven X. Both kinds of inferenceuset proce-
dures and tet distiibution with n—2 degees of freedm. Althouch the brimulae ae nmore onplicaed the deasare smilar
to t proceduresfor the model parameer u repreening a epondent ppuation arergge The dmilarity is due b the fd tha
the esimated $ope b, and the pedcted eponsey = b, +bx both have normal distibuions. You @n fnd dealed brmulae n
the Course Mateials (or the Tex). All make wse d the kasc cakuationsof b, b, ands

Beau® the dope g,is the chage in he aveage of ¥ when X chargesby J, it is the nostimportant parameer that des-
cribes the elatonshipbeween ¥ andX. The 100(1-a)% wnfidene intewval for g, is & gvg\n in the uppe expression at he
right. Throughaut this Program,,t}-, is the upper a/2 critical value of het, -, distibuion; s.d(b,)

is the edsmaed $andad deviation pr gandad error) of the satistich,. To test the null ypothes b, ot xS7d(b)
Ho: 5,=0, use he t-ddistic given at te lower right; H, staes tha thee is no linea relatbnship b,
beween ¥ andX, or tha sraight-line dependenceon X is of no value inpredcting (or ‘explaining) Sa(0) Utn-.

¥. Inferenceaboutthe intercet by, is dmilar but is lessoften important.

To predct the mean respne 1, (x =x*) for a gven value X of the eplanaory variabe X, we ~ . A n
usethe value i = b,+bx* from the kastsquaesline whenX is x* The onfidene inteval for the H % gth-p xS.d()
mean eponseis & $rown & the iight.

Insteadof predcting the mear{long-term avaage reponse we nay wish to predct the individual reponsey on a @r-
ticuar (future occason whenX hasthe value X Againusethe predcted \alue fom the kastsquaesline: y=b,+bx* Thee
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is more wncetainty in predcting asirgleY than n predcting the meaneponsew, when X is the valie ofX. So the predc-
tion interval forYis wide than the onfidene intewval for i; it has he brm shavn & the ight below In theseintenals,
the pant estmates 2 and yare the samevalue — he rotaion is just to emind us vivat we ae wsing

the leastsquaesline to gedct: an aveage reponseand anindvidual reponse The edmaed i1+ otho, xS, d(y)
standad deviation pr gandad erron) S.d(y) is smilar to s.d(%Z) but has @ extra termthat refleds

the alditional unertanty in predcting an individual obsevation
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