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17.1CIReview

Thegeneralformulaforatwo-sidedC%confidenceintervalis:

L,U=pe±se∗zC.

HerezCisthecriticalvaluefromanormaltable—itisthevaluethathas

areaCinthemiddle.

Ifnislargecomparedtothepopulation,usese∗fpcfinplaceofthese

Theseissd/
√

nforanaverage,sd∗
√

nforasum,and
√

p̂(1−p̂)/nfor

aproportion.
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WheredoCIscomefrom?

TheCLTsays:

z=
X̄−EV

sd/
√

n∼̇N(0,1)

so

P[−zC≤
X̄−EV

sd/
√

n≤zC]≈C/100

wherezCisthevaluefromanormaltablethathasareaCshadedinthe

middle.

Nowwecanuseordinaryalgebratomanipulatethetermsinsidethe

probabilitystatementtosolveforLandU.
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C

100≈P[−zC≤
X̄−EV

sd/
√

n≤zC]

=P[−
sd
√

n∗zC≤X̄−EV≤
sd
√

n∗zC]

=P[−
sd
√

n∗zC−X̄≤−EV≤
sd
√

n∗zC−X̄]

=P[
sd
√

n∗zC+X̄≥EV≥X̄−
sd
√

n∗zC]

So

L=X̄−
sd
√

n∗zC

U=X̄+
sd
√

n∗zC
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17.2TheGaussModel

TheGaussmodelwasfirstused(byGauss)tofindtheorbitofCeres,

thefirstasteroidtobediscovered.Butbeforeitsobservationcouldbe

confirmedbyotherastronomers,itdisappearedbehindthesun.

Gaussusedhismodel,andanincrediblycomplexcalcualtioninvolving

ninecoordinatesystems,topredictwhereandwhenastronomersshould

looktorecaptureitwhenitsorbitcarrieditfrombehindthesun.
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TheGaussmodelsaysthatmeasurementerrorsinanobservationarelike

drawsfromabox.

Themeasurementisthetruevaluepluswhatevererrorismarkedonthe

ticket:

measurement=truevalue+randomerror.

TheEVoftheboxiszero(otherwise,themeasurementprocessisbiased).

Thestandarddeviationsoftheboxisusually,butnotalways,unknown.
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17.3Genetics

GregorMendelwasanAugustinianmonkinchargeofthemonastery’s

truckgarden.Henotedthatseveraltraitsinpeaplants,e.g.:

•color

•height

•wrinkledpods

seemedtobeinheritedfromtheparentplantsinapredictableway.

TostudycolorMendelgotinbredstrains,whoseprogenywerealways

yelloworalwaysgreen.Thenhedidexperimentsinwhichthoseinbred

strainswerecrossed,andheobservedthecolorsoftheoffspring.
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Recallfrombiology:Mendeliantheorysaysthateachplanthastwogenes

forcolor,andeachparentcontributesoneofthosegenes,atrandom,to

theprogeny.Thus:

GG×GG⇒GG

YY×YY⇒YY

YY×GG⇒YG

YY×YG⇒YY,YG

GG×YG⇒GG,GY

YG×YG⇒GG,YY,YG,GY

Yellowisdominant.Anyplantthathasayellowgeneprovidesonly

yellowpeas.
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TheinbredplantswereGGorYY.Whencrossingthese,thefirst

generationallhadyellowpeas(becauseofdominance)eventhethough

geneticcompositionofeachplantwasYG.

Thesecondgenerationwasformedbycrossingthefirstgenerationplants.

Thiscrosswas:

YG×YG⇒GG,YY,YG,GY

anditgaveplantssuchthat3/4hadyellowpeas,1/4hadgreenpeas.
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Mendelslowlydevelopedhistheorythateachplanthadtwogenes,

contributedatrandom.Hecouldpredictthatamong,say,100second

generationoffspring,about25shouldbeargreenpeas.SoMendelmade

manysuchcrossesandfoundthathispredictednumberswerecloseto

thoseobserved.

ButhowcanMendelprovehistheory?

Hehadnostatisticalwaytoshowthathisobservedcountsofyellowand

greenpeaplantsmatchedwelltothepredictionsfromhismodel.Allhe

coulddowaspresenthispredictions,hiscounts,andwavehishands.

Sohe(probably)fakedhisdatainordertogetbetteragreementand

thustopresentastrongercase.Webelievethisbecausehisreported

countsweretoogoodtobetrue—theywereclosertohispredictionsthan

couldhappenunderhismodel.
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17.4SignificanceTests

Asignificancetestisawaytodecidewhetherthedatastronglysupport

pointofvieworanother.

Therearemanykindsofsignificancetests,butallinvolve:

•anullandalternativehypothesis

•ateststatistic

•asignificanceprobability(P).

Thehandoutgivesanoverviewofmanytests.
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Step1:Pickthenullandalternativehypotheses.

Ifpossible,putwhatyouwanttoproveasthealternative.Ormakethe

alternativehypothesistheonethatleadstonewaction.

Example1:

H0:Themeanlifetimewiththenewdrug≤72years.

HA:Themeanlifetimewiththenewdrug>72years.

Example2:

H0:Themeanannualglobaltemperature=56F
◦
.

HA:Themeanannualglobaltemperature6=56F
◦
.
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Step2:Calculatetheteststatistic.

Theteststatisicisaone-numbersummaryofalltheinformationinthe

sampleregardingthecorrectnessofthealternativehypothesis.Different

kindsofhypothesistests(e.g.,aboutmeans,proportions,differencesof

means,differencesofproportions,etc.)requiredifferentteststatistics.

Thehandoutlistsmanystandardcases.

Step3:FindtheP-value(orsignificanceprobability).

UseatabletofindtheP-value.Thisis“theprobabilityofobserving

datathatisasormoresupportiveofthealternativehypothesiswhenthe

nullhypothesisiscorrect.”

ThisinterpretationoftheP-valueisabitsubtle—youwillprobablyneed

tothinkaboutit.
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Example:Supposeyouhaveanewdrugthatmayextendlifeexpectancy.

Yougiveitto36randompeopleandfindthattheiraveragelifespanis

76years,andthestandarddeviationintheirlifespanis12.Youknow

thattheaverageU.S.lifespanis72,andhopetoshowthatyourdrug

improvesthat.

Thefirststepistochoosethenullandalternativehypotheses.Forthis

problem,thefollowingaretherightones.ThisiscaseI.2ofthehandout:

H0:Themeanlifetimewiththenewdrug≤72years.

HA:Themeanlifetimewiththenewdrug>72years.

Thesecondstepistofindtheteststatistic.WeareincaseII.aofthe

handout,so:

ts=
X̄−µ0

sd/
√

n
=

76−72

12/
√

36
=2
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Thethirdstepfindsthesignificanceprobability.Ifyouusehypotheses

I.2,thenyouuseruleIII.2.

Thesignificanceprobability,orP-value,is

P[z>2]=(1−.9545)/2=.02275.

Soifthenullhypothesisistrueandthedrugdoesnothelp,thenyou

haveonlyabout2.275chancesin100ofobservingtheresultinyour

experiment.Thisisprettypersuasivethatyourdrughelps.

Ifyouhadalargersample,thenyoumightgetasignificanceprobability

thatisevensmaller,say.000001.Inthiscase,thereisonly1chancein

amillionthatyouwouldgetsuchstrongsupportwhenthedrugisnot

helpful.
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