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19.1ReviewofSignificanceTests

Example1:Youwanttoshowthat,onaverage,menweighatleast40

poundsmorethanwomen.Youcollectarandomsampleof100menand

findX̄M=180;thesamplestandarddeviationissdM=20.Youalso

collectarandomsampleof200womenandfindX̄W=130andsdW=30.

Whatarethehypotheses,theteststatistic,andtheconclusion?
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Thehypothesesare:

H0:µM−µW≤40vs.HA:µM−µW>40

or,inwords,H0:Theaverageweightofmenisatleast40poundsmore

thantheaverageweightofwomen.

HA:Theaverageweightofmenislessthan40poundsmorethanthe

averageweightofwomen.

Theteststatisticis:

ts=
X̄M−X̄W−40
√

sd
2

M

nM+
sd

2

W

nW

=
180−130−40

√

20
2

100+
30

2

200

=3.42997

3



Theteststatisticis3.43.Wewantthesignificanceprobability.Fromthe

table,thisis:

P−value=P[z>3.43]=.00028.

Thismeansthatthechanceofobservingadifferenceaslargeastheone

seeninthisdatasetisveryunlikelyifthenullhypothesisistrue.

Westronglyreject(atthe.05level,the.01,level,the.001level)thenull

hypothesis.Thereislotsofevidencethatthemeanweightofmenis

morethan40poundslargerthanthemeanweightofwomen.

4



Example2:Youwanttoshowthatmoremenlike“KillBillVol.2”thn

women.Yousample100randommen—50likedit.Of200random

women,110likedit.

Whatareyourhypotheses?Insymbols,itis:

H0:pM−pW≤0vs.HA:pM−pW>0

or,inwords,H0:TheproportionofmenwholikeKB2islessthanor

equaltotheproportionofwomenwholikeit.

HA:TheproportionofmenwholikeKB2isgreaterthantheproportion

ofwomenwholikeit.

Dowereallyneedtodoahypothesistesthere?Isn’ttheanswerobvious?
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Theteststatisticis:

ts=
p̂M−p̂W−0

√

p̂M(1−p̂M)
nM+

p̂W(1−p̂W)
nW

=
.5−.55−0

√

.5∗(1−.5)
100+

.55∗(1−.55)
200

=−.8179

Thesignificanceprobabilitycomesfromaz-table:

P−value=P[z≥−.8179]=.78815.

Whenthenullhypothesisistrue,about79%ofthetimeyouwould

expectthiskindofresult.Thereisnoevidencetosupportthealternative.

6



19.2Goodness-of-FitTests

RecallDarwin’sexperimentwithpeonies.Hecrossedredandwhiteand

gotallpink.Hecrossedpinkswithpinksandgotsomered,somewhite,

andsomepink.

IfhehadreadMendel’spaper,hewouldhavepredictedwhat?

MendelandDarwinneededawaytoassessthestatisticalsignificanceof

suchpredictions.Aretheobservednumberstoofarfromthenumbers

predictedbyMendeliangenetics,thusmakingitveryunlikely,orarethe

numberscloseenoughthatthereisnoreasontodoubtMendel’smodel

forinheritance?
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Forthisexample,wewanttoknowwhetherthecountsofred,white

andpinkpeoniesagreecloselywiththe1/4:1/4:1/2ratiosthatare

predicted.

Inthistypeoftest,thenullandalternativedonotfollowtheusual

pattern.Theyare:

H0:Themodelholdsvs.HA:Themodelfails.

Inparticularapplicationsonecanbemorespecific;e.g.:

H0:Theratiosofred,whiteandpinkare1/4:1/4/:1/2

HA:Theratiosdifferfrom1/4:1/4/:1/2.

Notethatwecanonlyrejectthemodel.Wecannotproveit,sincewe

never“prove”thenullhypothesis.Allwedoisfailtorejectit.
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Theteststatisticisalsodifferent.Itis:

ts=
∑

(Oi−Ei)
2

Ei

wherethesumistakenoverallcategories(i.e.,red,white,andpink).

TheOiistheobservedcountincategoryi,andEiisthecountpredicted

inthatcategorybythemodel.

Tobeconcrete,supposeDarwinhadmade100crossesofpinkwithpink

andhadgotten22red,29white,and49pink.SoO1=22,O2=29,and

O3=49.

Theexpectedcountsarethosepredictedbythemodel.ThusE1=25,

E2=25,andE3=50.
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Theteststatisticis

ts=
(22−25)

2

25
+

(29−25)
2

25
+

(49−50)
2

50
=1.02.

Thesignificanceprobabilitycomesfromachi-squaredtable.LetWbea

chi-squaredrandomvariablewith

k=#categories−1

degreesoffreedom.Inthisexample,k=3−1=2.

Thesignificanceprobabilityis:

P−value=P[W≥ts]=P[W≥1.02].

Fromthetable,thisisbetween.7and.5.Sothenullisnotrejected.

ThedatasupportMendel.
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