
14.0Surveys

•AnswerQuestions

•RandomSamples

•Bias

•Variance

•MajorIssues

•Problems

1



14.1RandomSamples

Inasimplerandomsampleofnunitsfromapopulation,

•eachunitisequallylikelytobechosen,

•eachpairofunitsisequallylikelytobechosen,

•andsoforth,until

•eachn-tupletisequallylikelytobechosen.

Samplingisdonewithoutreplacement.
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Surveysamplingisdoneinordertolearnaboutapopulationparameter,

e.g.:

•apopulationproportion

•apopulationmean

•apopulationstandarddeviation(morerarely).

Onewantstogetboth:

•anestimateoftheunknownparameter,and

•anumericaldescriptionoftheuncertaintyintheestimate.
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Theuncertainty(ortotalsurveyerrorintheestimatehastwoparts:

•bias,whichisthesystematicdeviationoftheestimatefromthetrue

value,and

•variance,whichisthedeviationduetochanceerror.

Thestandarddeviationofanunbiasedestimatoriscalledthestandard

erroroftheestimate.Fromourpreviouswork,

•thestandarderrorofanaverageissd/
√

n

•thestandarderrorofasumissd∗
√

n.
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14.2Bias

Surveyresearchershaveidentifiedmanykindsofbias:

•ResponseBias.Thephrasingofthequerycanaffecttheresponse.

Forexample:“Doyoufeelthatliberaltax-and-spendpoliciesand

irresponsibleWashingtoninsidershavehurtyourlong-termfinancial

security?”

•NonresponseBias.Peoplewhoaremissedinasurveyoftentend

tobesystematicallydifferentfromthosewhoarefound,andthis

systematicdifferencecanbereflectedintheiropinions.Forexample:

Peoplewhoarenotathometoanswersurveyphonecallsmaybe

workingthreejobstomakeendsmeet,andtheirviewofBush’s

economicpoliciesmightdifferfromthosewithmoreleisuretime.
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•HouseholdBias.Oftenpollstersonlytalktoonepersonperhome,so

largehouseholdsareunderrepresented.Considerwhatwouldhappen

atafraternity,forexample.

•InterviewerBias.Theinterviewermaynotfollowthecomplexsurvey

instructions.(Theseinstructionscanbedifficult,andperhapsthe

interviewerfeelspressuretohavemanyshortinterviewsratherthan

onelengthyone.)

•NonrespondentBias.Peoplewhorefusetoparticipateinthesurvey

maybedifferentfromthosewhodo.Forexample,considerasurvey

ofsexualbehaviorinUtah.

•Liars.Somepeoplemisrepresentthemselves.Forexample,consider

thepollresultsintheDavidDukecampaign.
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Pollstersandsurveyexpertstrytocorrectforknownbiases.Techniques

include:

•upweightingresponsesfromlargehouseholds;

•upweightingdatafrompoorpeopleorthosewithlittleformal

education;

•usingamodel,suchasthecontinuumofnonresponsetheory.

Thecontinuumofnonresponsetheorysaysthatpeoplewhoarehardto

catchorunwillingtorespondcanhavetheirresponsesestimatedasa

function(perhapsalinearregressionfunction)ofthedifficultyinfinding

peopleorthecostofconvincingthemtorespond.

Forexample,thepeoplewhoareneverhometoanswertheirphonemay

haveopinionsmorelikethosewhomthepollstershadtocall15times

beforemakingcontact,andlesslikethoseofthepeoplewhoansweredon

thefirstcall.
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14.3Variance

Thevarianceportionofthetotalsurveyerrorisduetosampling.

Allsamplingbegins(explicityorimplicitly)withaframe.Aframeisa

listofalleligiblerespondents.

Ifonehasasimplerandomsamplefromtheframe,thenvarianceis

small.Forlargepopulations,wecanignorethedistinctionbetween

samplingwithreplacementandsamplingwithoutreplacement.
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Butsimplerandomsamplingisexpensive.Forthisreason,peoplehave

triedalternatives:

•QuotaSampling.Hereinterviewersaretoldtofindafixednumber

ofpeopleineachofvariousdemographicsegments(e.g.,richwhite

middle-agedmen,richblackmiddle-agedmen,etc.).Butthis

introducesbias.

•MultistageClusterSampling.Hereonedividestheframeupinto

groupsthatarerelativelyhomogeneousandcheaptosurvey.Then

onedrawsthegroupsatrandomandsendsinterviewerstosurveyat

randomwithinthosegroups.

Manyofthesefixesinvolveweightingthesample,butthiscanbe

problematic.Differentweightscangivedramaticallydifferentanswers.
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14.4MajorIssuesinSurveys

Thethreemajorproblemsfacedbysurveyfirmsare:

•biasreductionstrategies

•cognitivedesignofquestionnaires

•fallingresponserates.

Question/surveydesignrequirespilotingandplanning.Unscrupulous

pollstersliketoaskloadedquestions,butevenpollsterswithintegrity

canhavetroublefindingneutralwording.Eventheorderoftheoptions

canhaveabigeffect.
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Toincreaseresponserates,consider:

•CATIandCAPI

•incentives

•mail<web<phone<personalinterviews

•interviewerflexibility

Otherwaystoimprovesurveyqualityincludeusingmathematicalmodels

ofnon-response,orcreatingstablesofrespondents.

11



14.5Problems

Problem1:Youhaveasimplerandomsampleof25Dukestudentsand

recordtheirGPA.Yoursamplemeanis3.1,andthesamplestandard

deviationis.3.Whatistheproabilitythatthetruemean(theEVofthe

box)islessthan3?

Notethatinordertosolvethis,wehavetoassumethatthestandard

deviationofthesampleisequaltothesdofthebox.Inpractice,there

isaveryeasywaytohandlethis,butwewillnottalkaboutthatuntil

laterinthecourse.
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P[EV<3]=P[−EV>−3]

=P[X̄−EV>X̄−3]

=P[
X̄−EV

sd/
√

n
>

X̄−3

sd/
√

n
]

=̇P[Z>
X̄−3

sd/
√

n
]

=P[Z>(3.1−3)/(.3/
√

25)]

=P[Z>1.66]

Fromthestandardnormaltable,weknowthishaschance(1/2)(100-

90.11)=4.945%,sotheprobabilitythatthemeanDukeGPAisbelowa

Bis.04945.
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Problem2:Youareanauditor,andwishtoestimatethetotaldebtofa

company.Thecompanyhas900outstandingbills.Youdrawasimple

randomsampleofsize16,andseethatthesamplemeanis$500andthe

samplestandarddeviationis$100.

Inparticular,youwanttoestimatetheprobabilitythatthecompany

owesmorethan$455,000.

Asbefore,wemustassumethatthesamplestandarddeviationisequal

tothestandarddeviationofthe1000bills.

Describetheboxmodelforthissituation.HowdoestheEVrelatetothe

question?
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Theprobabilityofexcessivedebtis

P[debt>455,000]=P[900∗X̄−debt<900∗X̄−455,000]

=P[
900∗X̄−debt

√
900sd

<
900∗X̄−455,000

√
900sd

]

=̇P[Z<
900∗X̄−455,000

√
900sd

]

=P[Z<[450,000−455,000]/(30∗100)]

=P[Z<−1.67].

Frombefore,weknowtheprobabilityofthisis.04945.
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