University of Waterl®m STAT 220 -W. H. Chery

Figure91. BIVARIATE DATA: Describing Reationships
Program 8 n: Agand All Odds Insde Satistics

In Prograrrs 6 and 7 we lodked at the chage a growth in a \arate over time. This programconcens rdationshis be-
tween two vaiates, expedally between two quantitative varates. A quantitative variate takesnumetical valiesfor which aith-
meic operdionsmale erse Other \aliates ae catgyarical variatesthat record into which of two o more groups an dseva-
tion falls. In mary of the eanples ve will study, chargesin a \aiate X are though to explan or even causechamgesin a
seondvariateY. In such exanples, X is called an explanabry variate and¥ is called arespoe \ariate.

A scdterplot is a pld of obsevationson quantitative \anates X and¥ as wints in the gare. The planaory varate if
ary, is dways fotted i the haizontal axs of a sdtemplot. The vdeo contains £vad exanples d scatemplots. One sows
the relatbnshipbeween the number¥ of mandees killed ty boas and the nmber X of motortoas regstered n Horida for
the years ©7787. Anather $rows the fuoride @nient X of watersipplies and the nmber of dentalcaviies br childrenin
21 US dties A third satteplot picturesthe lean lody weight X and and esing metddic rate¥ for 12 women n a gudy of
obesty. In each o theseexanples, X hdps eplan . Plotting points with different ymbds dlowsus to ge tle dfed of a
caegorical vaialde in a cdtemplot. In the vdeo, gnall and hrge dties ae dstinguished ty different olouredsynbds (green
dots, ed dtg in the fburide exanple [Seebdow and orerkal.

In examhing a sdterplot, lodk for an overd patten showing the brm, diredion, and stergth of the elatonship and then
for outiers a other ceviationsfrom this patten. Linea (straight-ling relatonshig ae an important form. If the elatonship
hasa dea diredion, we peak d positive as®dation when oth variates increasdogeherand ¢ negaive asodation when
an ncreasén ore tends to acompany adecreasedn the oher

Smathng a atemplot by amedian trace hdps reval the néure d the d@endenceof ¥ on X. The melian tace & fourd
by dicing the gatemplot vettically like a baf of breal, alcuating the medan of ¥ within each dice, aad gdotting these
medars mnneded ly draght lines. In the vdeo, the regatve asdation between draft number¥ in the D70 draft lottery
and lirth dateX becomeslea from a nedantrace 6eealso p. 113 114 d the extthird edtion).

When a sdtemplot swggests ha the dpendenceof ¥ on X can k& umnarized ty a graght line, the least gjuaes
regresian line of ¥ on X can ke alcdated. This is he nostimportant catuation in this pogram. The video calcuates he
esimaed kastsquaesregreson line of metadic rate¥ on kan lmdy weight X for a goup d subjeds. This fitedline an ke
usal to predct ¥ for a gven value of X.

The fit of a leges®n line is &kamnedby potting the estmated iesduds, or dff erenceshaween the dseved and predc-
ted \aluesof . Lodk for outiers, whichare points with unusidly large esimaed esduds. Alsolook for norlinear pattens
and uneven variation atout the ine. Influential observations individud points tha subgantially charge he eges#on line,
mustalso ke identfied and @amned Influential obsevations are dten aitiers in the X variate but may not hae large
resduds. Bvidenceof the dfeds d lurking \ariateson ¥ may be povidedby potsof y and d the estnated esduds ajairst
the ime order d the dsevations.
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The following information (indexedby j=1, 2 .....,19 refers to he nvesigaton of desity descibed in the video:

l\(l_c)J. W(ei();ht Féat)e Forthesen =12 dosevations: Metabolic Rate and L ean Body Weight
| X, Y 12 U.S Females
1| 361 %05 gxi = 5164, 1600- ( )
2 546 1425 n
3 48.5 1,396 ZX,2 =22741.34,; |\g 1,500+ ®
4 | 20 | 148 o L 1400 . . .
5 50.6 1,502 , =1482 .
6 | 20 | 1256 2 =14521 klé 1200 .
7 40.3 1,189 iyiz =18695125; i 1200+ °°
8 | 31 a3 = ool .
n r
1?) gg J%édé &= 650264.8 g 10004 T
1 | 851 | 1347 1.
12 | 42 | 1204 900
//
The expressians br the leastsquaesestmaesof the dope (b,) I35 ' 4 ' 45 ' 50 ' =5
and thentercet (b,) of the eges®n of ¥ on X are: L ean Body Weight (kg)
n n n
n2.xY, = (lel)(zlyl) _ ~ _
b= - = i b=y-bX [In the video, b, andb, are cenotedb and3, regpectively].

nixf - (ixj)z
i=1 j=1

You are the medical fiicer of heath for a ity of 50,000 peple, and dty courcil hasvoted b introduce fuoridaion of he
citys drinking water You ae famiiar with medicalevidencethat grongly supports the ole d fluoride n redudng dental
caies, @ricularly in children and ako with the daims d a link between fluaride n drinking waterand ncrease rates o
cancer Use he ight-hand gaph gven overkaf o page9.3to recmmendthe leel of fluoride to ke usedin your citys
drinking water Briefly jusify your chdce of leve.

Using the nformation providedabove show tha the edmaed eges®on of metddic rae m lean lody weight, basedon
the datafor the 12 U. S femdes,is: yy =20L16+24.026X.

Draw this ineon the saterdiagam gven ebove d the night.
o Usethis model to predct the netdbdic rae d a femde with a lean lmdy weight of 33 kg.
- Oulinethe fadors which deermine the accuracyof this gredction.

e In the vdeo, rourdedvaluesof 43 and 1235 ae gven for X andy leadng © a \alue of 201882 béng quated br b,.

Comment lriefly on thesevalues,particularly tha of by, in light of your own calcdation of he esmaed kastsquaes
regres$on line.
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