
LessonPlan

•DiscussQuizzes/AnswerQuestions

•StatisticalGraphics(NotMaps)

•BoxPlots

•LinearRelationships

•Correlation
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5.1StatisticalGraphics(NotMaps)

Inthelastlecture,weexaminedstatisticalgraphicsrelatedtomaps.We

nowbeginwithsomeotherkindsofgraphics.

WilliamPlayfair,themanwhoinventedthehistogram,mademanyplots

forParliament.Theoneshownhereisalongitudinalplot,showing

changeovertime.

Whystorydoesthegraphtell?
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ThesecondplotshowstheagepyramidfortheFrenchpopulationin

1968.Theupperplothasunnecessarydetail(chartjunk)whichmany

graphicsexpertsdislike.

•Whyarethere“notches”inthecurve?

•Whyaretherefewermenincertainagegroups?

•Whereisthebabyboom?

ThethirdgraphisaParetochart,basedonresponsesstudentsgavein

theircourseevaluationsafewyearsago.

AParetochartisusedinindustrytoidentifypatternsofproblems.
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Thefourthgraphisahistogramofthenumberofhoursstudentsreported

workingonanintroductorystatisticscourse.Whyisthereaspikeat9?

Thefifthgraphisasetofside-by-sideboxplotsthatshowhowthe

numberofhoursthatstudentsspentonmycourseisrelatedtotheir

overallevaluationofthecourse.Whyisthereanirregularityforthose

givingthelowestrating?

Thesixthgraphisanothersetofside-by-sideboxplots,showingdraft

rankagainstbirthmonthforthe1970lotterytogotoVietnam.What

doesthisshow?
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Theseventhgraphisascatterplotofthescoresthatmystudentsgoton

thefinalagainstthenumberofhoursofsleepthattheyhad.

Thereweretwosectionsfortheclass,denotedbyopencirclesanddots.

Isthereanydifferencebetweenthesections?

Thereisaweaktrendtoincreasingscoreswithincreasinghoursofsleep.

Butthetrendisnotstrong,andthecorrelationisprobablyonlyabout.3

orso.

Whataretwopossiblereasonsforthisincreasingtrend?
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5.2Boxplots

Theboxplotisagraphicthatsummarizesadatasetbyplotting5

numbers:

•theleast

•thelargest

•themedian

•the25thpercentile

•the75thpercentile

Thelasttwoarethemediansofthenumberslessthanthemedianand

thenumbersgreaterthanthemedian,respectively(accordingtothe

conventionforthisclass).
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Aboxplotlookslikethis:

Boxplotsareoftenmadefordifferentgroupsandplottedsidebysideto

highlightdifferences.
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Supposeonemadeaside-by-sideboxplotoftheIQscoresforDuke

studentsandtheIQscoresforstudentsattheUniversityofIdaho.What

doyouthinktheywouldlooklike?

.
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5.3Lines

Thealgebraicequationforalineis

Y=mX+b

Ifyoudon’tknowthisstuff,readthebookcarefully.

Theuseofcoordinateaxestoshowfunctionalrelationshipswasinvented

byRenéDescartes(1596-1650).Hewasanartilleryofficer,andprobably

gottheideafrompicturesthatshowedthetrajectoriesofcannonballs.
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5.4Correlation

SirFrancisGaltonexploredAfrica,inventedeugenics,studiedwhether

shipsthatcarriedmissionarieswerelesslikelytobelostatsea,pioneered

birth-and-deathmodelsandmeteorology,andwasCharlesDarwin’s

cousin.

Healsowasthefirsttoconceiveoflinearregression(althoughhedidnot

havethemathematicalskilltodeveloptheformulae,andgotafriendof

hisatCambridgetodothederivations).

10



Correlationisameasureofthestrengthofthelinearassociationbetween

twocontinuousvariables.Thebookdiscussestherelationshipbetween

theheightoffathersandtheheightofsons.

Clearly,tallfatherstendtohavetallsons,andshortfatherstendto

haveshortsons.Ifthefather’sheightwereaperfectpredictorofthe

son’sheight,thenallfather-sonpairswouldlieonastraightlineina

scatterplot.

Regressionfitsalinetothepointsinascatterplot.Thetermcomesfrom

thefather-sonexample.Anexceptionallytallfathertendstohavesons

thatareshorter;anexceptionallyshortfathertendstohavesonsthat

aretaller.Thusthesons’heighttendto“regresstowardsthemean”.
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Thecorrelationtellsyouhowmuchinformationoneofthevariables

providesabouttheother.Iftheabsolutevalueofthecorrelationisnear

1,thenknowingonetellstheotheralmostperfectly(iftherelationshipis

linear).

Ifthecorrelationisnearzero,thenknowingonevariablegivesessentially

noinformationabouttheother.

Allcorrelationsarebetween-1and1,inclusive.

Thesquareofthecorrelationiscalledthecoefficientofdetermination.It

istheproportionofthevariationinYthatisexplainedbyknowledgeof

X.Ifthisis0,thenXprovidesnoinsightaboutY(assuminglinearity).
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Theassumptionoflinearityisimportant.Specifically,itassertsthat:

Yi=mXi+b+εi

wheretheYiandXiaretheobservedvaluesfortheithcase(e.g.,a

father-sonpair)andtheεiisrandomerror(duetogenetics,measurement

error,etc.).

Iftheassumptiondoesnothold,thenonecangetstrangeandeven

misleadingbehavior.

Tocalculatethecorrelationcoefficient,justtaketheaverageofthe

productsofthez-transformsoftheXvalueswiththez-transformsof

theYvalues.

13



Example:Supposeyourdataare(1,0),(2,1),and(3,5).Thenthemean

oftheXvaluesis2,themeanoftheYvaluesis2,andthesdsare:

sdX=

√

1

3
(1

2
+2

2
+3

2
)−2

2
=.8165

sdY=

√

1

3
(0

2
+1

2
+5

2
)−2

2
=2.1602

Thez-transformationsubtractsthemeananddividesbythestandard

deviationforeachoftheXandYvalues,giving:

XZXYZY

1(1-2)/.8165=-1.22450(0-2)/2.1602=-.9258

2(2-2)/.8165=01(1-2)/2.1602=-.4629

3(3-2)/.8165=1.22455(5-2)/2.1602=1.3888
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Thenthecorrelationcoefficientis

r=
1

3
[(−1.224)(−.9258)+(0)(−.4629)+(1.2245)(1.3888)]=.9446.

Dowereallybelievethis?

HowmuchofthevariationinYisexplainedbyknowingX?Thisis

r
2

=(.9446)
2

=.89.
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