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Figure 9.1. BIVAR I ATE DAT A: Descr ibing Relationships
Prog ram 8 in: Ag a inst All Odds: Inside Sta tis tics

In Progr ams 6 and 7 we looke dat the change or growth in a variat eov er tim e. This progr amconc e rns rela t ion s hips be-
tween two variat es, expecia l ly bet ween two quantit ative variat es. Aqu ant ita tive var iate take snume rical value sfo r which arith -
meti c operation sma ke sense. Other variat es areca tegorica l variatesthat record into whi c hof two or more groups an obs erva-
tion falls. In many of the exa mples we wil l study, change sin a variat e X− are thoug ht to exp lain or eve n caus echange sin a
se con dvariat eY−. In such exa mples,X− is called an explanator y variateandY− is called aresp onse var iate.

A sc atterplot is a plot of obs ervation son quantit ative variat esX− andY− as poi nts in the pla ne. The exp lanato ry variat e, if
any, is alw ays plo tted on the horizont al axis of a scatt e rplo t. The video con tains sev eral exa mples of scatt e rplo t s. One shows
the rela t ion s hipbetween the numberY− of manatees kil led by boats and the number X− of moto r boats regis tered in Flo rid a fo r
the years 1977-87. Another shows the fluoride con tentX− of wat e rsuppli es and the numberY− of dent alcavities for chil dre nin
21 U.S. cit ies. A thir d scatt e rplo t pi cture sthe lean body weight X− and and resting met aboli c rateY− fo r12 women in a study of
obesity. In each of thes eex amples,X− helps exp lain Y−. Plo tting poi nts wit h different symbols allow sus to see the effect of a
catego rical variable in a scatt e rplo t. In the video, sma l l and large cit ies are dis tinguis hed by different col oure dsy mbols (green
dots, red dots) in the flou rid eex ample [Se ebelow and ove r leaf].

In exa m ining a scatt e rplo t, look for an ove r all patt e rn showing the for m,direction, and stre ngt hof the rela t ion s hip, and then
fo r ou tli ers or other dev iation sfr om this patt e rn. Linear (s traig ht-lin e) rela t ion s hips are an impor tant for m. If the rela t ion s hip
ha sa cle ar direction, we speak of posi tive associa tion when bot h variat es inc rea s etoge the rand of nega tive associa tion when
an inc rea s ein one tends to accompany adecrea s ein the othe r.

Sm oot hing a scatt e rplo t by amedi an tra ce helps rev eal the nature of the dependenc eof Y− on X−. The median trace is fou nd
by sli cing the scatt e rplo t ve rti c a l ly like a loa f of bre ad, calcula t i ng the media n of Y− within each sli ce, and plo tting thes e
me dians conne cted by straig ht lin es. In the video, the negative association bet ween draft numberY− in the 1970 draft lotter y
and bir th dat eX− beco m e scle ar from a media ntrace (se ealso pp. 113,114 of the tex t thir d edit ion).

When a scatt e rplo t suggests that the dependenc eof Y− on X− can be sum marized by a straig ht lin e, the le ast squ ares
regr essi on lin e of Y− on X− can be calcula ted . This is the mos t im por tant calcula t ion in this progr am . The vid eo calcula tes the
estim ated lea stsqu are sregres sio n li ne of met aboli c rateY− on lean body weight X− fo r a group of sub jects. This fitt e dli ne can be
us ed to pre dict Y− fo r a giv en value ofX−.

The fit of a reg res sio n li ne is exa m ine dby plo tting thees tim ated res idu als, or differenc esbetween the obs erved and pre dic-
ted value sof Y−. Look for ou tli ers, whi c hare poi nts wit h un u sually large estim ated residu als. Als o look for nonli near patt e rns
and uneve n variation abou t the lin e. In fluent ial obser vations, individu al poi nts that sub stantia l ly change the reg res sio n li ne,
mu s t also be identifie d and exa m ine d. Influe n tia lobs ervation s are often outli ers in theX− variat e, but may not have large
re sidu als. Evidenc eof the effects of lu rking var iatesonY− may be provide dby plo t sof y and of the estim ated residu als aga inst
the tim eorder of the obs ervation s.
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Manatee Deaths and Motorboat Registr ations
(Flor ida, 1977-1987)
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The fol low ing infor mation(in d exe dby j =1, 2, .....,12) refe rs to the inv estig a t ion of obesity des cribed in the video:

No. Weight Rat e
(j) (xj) (yj)

1 36.1 995
2 54.6 1,425
3 48. 5 1, 396
4 42.0 1,418
5 50.6 1,502
6 42.0 1,256

7 40. 3 1, 189
8 33.1 913
9 42.4 1,124

10 34. 5 1,052
11 51.1 1,347
12 41.2 1,204

Fo r thes en =12 obs ervation s:

Σ
j =1

n
xj = 516.4,

Σ
j =1

n
x2

j = 22,741. 34;

Σ
j =1
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yj = 14 ,821,

Σ
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Me tab olic Rat e an d Lean Body Weight
(12 U.S. Femal es)
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The expre ssi ons for the lea stsqu are ses tim atesof the slo pe (b1)
and the int e rc ept (b0) of the reg res sio n of Y− onX− are:

b1 =
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2
; b0 = y−− b1x− [In the video, b1 andb0 are denot e db̂ andâ, respectiv ely].

Yo u are the medical offic e r of health for a city of 50,000 people, and city cou nci l ha svo ted to int roduce fluoridation of the
city’s drinking wat e r. You are famili ar wit h me dicalev idenc ethat strongly sup por ts the role of fluoride in reducing dent al
caries, par ticularly in chil dre n, and also wit h the cla ims of a  link bet ween fluoride in drinking wat e rand inc rea s ed rat es of
canc e r. Use the rig ht-hand graph giv en ove r leaf on pag e9. 3 to recom mendthe le vel of fluoride to be use din you r city’s
drinking wat e r. Brief ly justify you rchoic eof lev el.

1

Us ing the infor mation provide dabov e, show that the estim ated reg res sio n of met aboli c rate on lean body weight, base don
the dat afo r the 12 U.S. fem ale s ,is: regy− =201.1 6+24.026x.
Draw this lin eon the scatt e rdiag ram giv en above at the rig ht.

• Us ethis model to pre dict the met aboli c rate of a fem ale wit h a lean body weight of 33 kg.
−− Outlin e the facto rs whi c hdeter min etheaccurac yof this pre diction.

• In the video, rou nde dvalue sof 43 and 1,235 are giv en for x− and y−, lea ding to a value of 201.882 being quoted for b0.
Comment brief ly on thes evalue s ,particularly that of b0, in lig ht of you r ow n calcula t ion of the estim ated lea stsqu are s
regres sio n li ne.
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