
1.DEsandOSs

Chapters1and2contrastdesignedexperiments(DEs)withobservational

studies(OSs).

Theusualpurposeofthiskindofresearchisusuallytodrawconclusions

aboutcausation.Forexample,

•Doesthedeathpenaltydetercrime?Morepolice?

•Doeseducationmakeyouricher?

•Doesairportsecuritydecreaseterrorism?(Isterrorismincreasing

globallyyearoveryear?)

Adouble-blind,randomized,controlled,cross-overexperimentusually

givesmoreaccurateconclusionsthananobservationalstudy.
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DesignedExperiments

Theidealforastatisticalstudyisthedouble-blind,randomized,

controlledcross-overexperiment.

Astudyiscontrolledifonegroupreceivesthetreatmentandanother

groupdoesnot.(Inmedicine,thatgroupusuallygetseitheraplacebo,

orstandardmedicalcare,orboth.Sometimespairing,e.g.for

socio-economicclass.)

Astudyisdouble-blindifneitherthesubjectsnorthescientistsknow

whoisassignedtowhichgroupuntilafterthedataarecollected.This

•preventssubjectsindifferentgroupsfrombehavingindifferentways;

•preventsscientistsfromintroducinganyunconciousbiasintothe

datacollectionprocess.
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Astudyisrandomizedifthecontrolgroupandthetreatmentgroupare

chosenatrandom.

Withoutrandomization,thegroupsmaydifferinasystematicway.For

example,surgeonsusedtoassignonlythehealthiestpatientstoreceive

anexperimentalnewsurgicaltreatment,sincethosepatientscouldbest

withstandtheinvasiveprocedure.Buttheoutcomesforthosepatientsis

notareliableforecastforhownormalpatientswouldrespond.cf.Sex

bias,p.17.

Historicalcontrolsdonotgivearandomizedexperiment.Why?

Cross-over:Thetreatments(placeboincluded)aregiveninrandomorder

withrepeats.
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Statisticiansarethewatchdogs....

•Mostaccidentsoccurwithin2milesofhome.So,it’smuchsaferto

drivetranscontinentallythantoWholefoods.

•SalariesofPresbyterianministersinNHhavebeenincreasing.So

hastheamountofCubanrumillegallyimportedintoFlorida.

•Crimeisreportedmoreandmore.Itmustbegoingup.Buyagun.

•Fertilityratespeakedin1957.Thebirthratepeakedin1963!?

•Callerstoatalkshowwere7to1againstdivorce.Timetomakeit

illegal.

Weaskthesensitivequestions....Sex,race,crime,money,religion,mental

health...Youdon’tknowwhattherealityisuntilyoucollectandanalyze

datacorrectly.MidtownMan./NovaScotia/Uniformprevalence.
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DesigninganExperiment

Advocatesofnaturalmedicinehaveaherbalteatheythinkwillhelp

restorereducedfunctioninelderly.Youhaveaccesstosomeseniorcare

facilities.Sayyouhaveabudgettotestupto30subjects.

Whatdoyoudo?
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Laterinthecoursewewilllearnhowtodecidewhatlevelofsuccessis

significant.18successesoutof30isnotsurprising,but28outof30

(probably)providesstrongevidence.

Classdiscussionquestions:Explainwhetherthisexperimentis:

•double-blind

•randomized

•controlled

•cross-over

Supposethetreatmentwasacupunctureratherthanherbaltea.

Ifyoucouldnotfind30volunteers,couldyoustillperformthis

experimentwithasmallersamplesize?
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ObservationalStudies

Inanobservationalstudy,theresearcherdoesnotgettodeterminewho

recievesthetreatment.

Forexample,peoplewhosmokegetlungcanceratahigherratethan

thosewhodonotsmoke.Doessmokingcauselungcancer?

Thetobaccolobbyusedtosayno,arguingthat

•theremightbeagenethatpredisposespeopletobothenjoysmoking

andgetcancer;

•peoplewholiketosmokemaytendtofollowunhealthylifestyles

(e.g.,lessexercise),andthatmaybetherealcauseoflungcancer;

•norandomized,controlled,double-blindexperiment(onhumans)

hadbeenperformedtoshowcausation.
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Itwouldbeunethicaltodoarandomizedcontrolledexperiment–one

wouldhavetoassign14year-oldsatrandomtosmokeheavilyfortherest

oftheirlives.Anditwouldbehardtomakethisdouble-blind–people

knowiftheysmoke.

Butanimalstudiesstronglyindicatethatsmokingcauseslungcancerin

mammalsandbirds.

Theothertwoargumentsneedrefutation.Thedifferencesbetweenlung

cancerratesinthesmokersandnon-smokersmaybeduetosmoking,or

theymaybeduetoaconfoundingfactor.

Inthiscase,twopossibleconfoundingfactorsaregenesandlifestyle.

8



Aconfoundingfactorisassociatedwithboth

•outcome

•groupmembership.

Forexample,onemightarguethatlungcanceriscausedbymatches,

nottobacco.Oronemightarguethatcholesteroldoesnotcauseheart

disease,butratherisaresultofpoorcirculationorbreakdownofheart

muscletissue.

Onewaytotrytohandleconfoundingistomakesubgroupcomparisons

thatcontrolforpossibleconfoundingeffects.Forexample,onecould

comparethelungcancerratesforsmokerswhousematchesagainst

smokerswhouselighters.
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Doseatbeltssavelives?

Seatbeltstudiesareusuallyobservational(why?).Onecomparesthe

fatalityratesinaccidentsinwhichseatbeltswereworntothefatality

rateinaccidentswithoutseatbelts.

Butonehastoworryaboutconfoundingfactors.Forexample,

•Peoplewhodon’twearseatbeltsmaytendtodrivefaster.

•Peoplewhodon’twearseatbeltsmaytendtodrivecarsthatarenot

designedwithsafetyinmind.

Sopeopletrytocontrolforthisbycomparingthefatalityratesamong

seatbeltwearersandnon-wearersinsimilarcars,orcarsthatarethought

tohavebeentravelingatthesamespeed.Butthisisawkwardand

invitescriticism.
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Educationaltesting(MismeasureofMan,Gould).Onepictureshowsa

manreading.Theotherpictureshowsamanchoppingwood.Which

manisworking?

Educationaltestingquestionsoftenhaveapassagetoreadandthenask

somequestions.Howfairisthis?Itemparameters,subjectparameters...
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Inordertocontrolforaconfoundingfactor,onehastoguesswhatitis.

Thatcanbehard;youcan’tproveyouhavethoughtofeverything.

Incontrast,witharandomizeddesign,therandomassignmentofpeople

tothetreatmentandcontrolgroupsensuresthatthereisalmostno

chanceofasystematicdifferencebetweenthegroups.Youareunlikelyto

getmostofthesafedriversinonegroupandtherecklessintheother,or

mostofthepeoplewithgoodgenesforlungcancerinonegroupandall

thosewithbadgenesintheother.

Somepeoplesaythatprayer/positivethinking/otherpsychological

activitiespromotehealth.HowwouldyouinvestigatetheSTATISTICAL

validityoftheclaim?Howwouldyouassessimprovementinadiseaseas

aconsequenceofframeofmind?
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