
LessonPlan

•DiscussQuizzes/AnswerQuestions

•AreasUnderNormalCurves

•StatisticalGraphics(Maps)
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4.AreasUnderNormalCurves

Inthelastlecture,welearnedhowtofindareasunderastandardnormal

distribution(meanµ=0,standarddeviationsd=1).Thisrequireduse

ofthetableonpageA-105.

Aregionunderanormalcurvecorrespondstoaproportionofthe

population.Thisisbecauseanormalcurvecanbeviewedasthelimitof

aseriesofhistograms,inwhichthesamplegetslargewhilethebin-size

goestozero.

Forexample,50%oftheareaunderthestandardnormalliestoleftof0.

ThusifthisrepresentstemperaturesinNome,thenabouthalfthetime

thetemperatureisbelow0.
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Wenowshowhowtoconvertaquestionaboutanarbitrarynormal

distributionintoanequivalentquestionaboutthestandardnormal,and

vice-versa.ThuswecanusethetableonA-105toanswerquestions

aboutallnormaldistributions,notjustthestandardnormal.

LetXbearandomvaluefromapopulationwithmeanµandstandard

deviationσ.WewritethisasX∼N(µ,σ).

DefineanewrandomvariableZ=
X−µ

σ.Thenonecanprovethat

Z∼N(0,1).

Thisiscalledthez-transformation.Togotheotherway,weconvertthe

standardnormalvaluetoanarbitrarynormaldistributionbysolvingfor

X.SoX=µ+Zσ.
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4.1Usingthez-Transformation

ReggieJacksonhasanIQof140.Whatpercentageofpeopleare

smarter?

AssumethatIQsarenormallydistributedwithmean100andstandard

deviation16.

WewanttheareaunderthenormaldistributionforIQthatliestothe

rightof140.Bythez-transformation,thisisequivalenttotheareaunder

thestandardnormaldistributionthatliestotherightof

z=
X−µ

σ
=

140−100

16
=2.5.
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FromthetableonA-105,theareabetween±2.5is98.76%.Thusthe

areaabove2.5is
1

2(100−98.76)=.62%.

.
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Nowwegotheotherway.WefindtheXvaluethatcorrespondstoa

givenpercentage.

TojoinMensaonemustbeinthetop2%oftheIQdistribution.What

scoredoyouneed?

OntheA-105table,lookup96%.Thatgivesthez-valueof

approximately2.05.Weknowthat2%oftheareaunderthestandard

normalisabove2.05,and2%isbelow-2.05.

Nowweusetheinversez-transformation.So

X=µ+Zσ=100+(2.05)(16)=132.8.

Oneneedsascoreofatleast132.8tojoin.
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Alwaysdrawapicture.Assumeheightsarenormallydistributedwith

mean5’8”andstandarddeviation4”.Whatproportionofpeopleare

shorterthan5’5”?

.
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Assumeheightsarenormallydistributedwithmean5’8”andstandard

deviation4”.Then30%ofpeopleareshorterthanwhat?

.
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4.2StatisticalGraphics(onMaps)

JohnSnowhelpedtoendthe1854choleraoutbreakthroughuseofa

statisticalgraphicbasedonacitymapofLondon.Themapshows

thepatternofthediseaseoutbreak,andillustratestheimportanceof

exceptionanalysis.

SnowwasQueenVictoria’sphysicianandaprotegeofFlorence

Nightingale.

Healsofoundasmartwaytoestimatetheliteracyrate.Guesshowhe

didit?
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Thesecondgraphicshowstheincidenceofstomachcancerseparatelyfor

menandwomen.

•Isthereagenderdifference?

•WhatisgoingoninNevada?

•WhatisgoingoninNewMexico?

•WhatisgoingoninWisconsin,Minnesota,andNorthDakota?

•WhataboutPittsburgh?

•WhataboutMaine?

Howdoweinterpretsingle-countyhotspots?
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Thethirdgraphicshowsthepedestrianfatalityratesbystate.Floridais

theworst,andhasthetopfivecitiesinthecountry.Whatmightexplain

this(consideralsoNewMexicoandArizona).

Howdoyouinterpretthenorth-southpattern?

ThefourthgraphicshowsthenumbersofpoetsintheTangandSung

dynasties.YoucanseethatthecapitalshiftedfromXiantoHangzhou.

TheTangdynastywasthegoldenage,withLiPo,WangWei,andTu

Fu.TheSungwasthesilverage—themostfamousaretheSsu-MaChien

family.
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ThefifthgraphicisbyCharles-JosephMinard,aninspectorofbridges

andtunnelsinFrance.Itshowsthewineexportsin1864.

ThesixthisalsobyMinard,andhasbeenhailedasthebeststatistical

graphicever.ItshowsthesizeofNapoleon’sarmyin1812-1813,ashe

attacksCzarAlexanderIIIinMoscowandthenretreats.

Thegraphicincludesinformationon:

•location(twodimensions)

•time

•temperature

•sizeofthearmy
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