
WhereAr eWe?

1. Identify the Question

A. Describethe problem

B. Statethe question(s)

C. Check the data format

D. Reflecton the study design

2. Analyze the Data

A. Identify the relevant variables

B. Determinethe appropriate analysis

C. Conduct the analysis

D. Inter pret the results

E. Consider whether additional analysesare
necessary

3. Draw Conclusionsfr om the Data

A. Re-statethe question(s)

B. Answer the question(s)basedon analyses.

C. Evaluate the strengthsand weaknesses



Gathering GoodData

Gathering Data: Sampling

� Population: The entiregroupof people,animals,
thingsthatwewantto learnabout.

� Unit: Any individualin thepopulation.Also called
anobservation, or justplain individual.

� Sample: A part of the populationfrom which we
actuallycollectinformationto learnaboutthepop-
ulation.

� Sampling Frame: A list of units from which we
choosethesample.

� Variable: A pieceof informationmeasuredin the
sameway for all units in the sample(or popula-
tion).



Example: Public Opinion Polls

Gallup,CBS/New York Times,USA Today, andotheror-
gainzations,all conductpolls throughouttheyearasking
people’s opinionsaboutvariousissuesof the day. In a
typicalpoll,

� The population is all US Residentsages18 and
older. Noncitizensandevenillegal immigrantsare
included.

� A unit is anyoneliving in theUS.

� A sample is,say, 1000personsinterviewedby tele-
phone.

� Thesampling frame is a list of telephonenumbers
from which thesampleis drawn.

� Thevariables aretheanswersthateachpersongives
to thequestionsin thepoll.



Example: Medical Survey

Doctorsstudyingthe quality of caregiven to patients,
say, at risk of heartdisease,may studymedicalrecords
andrecordhow frequentlydoctorsprescribedaspirinor
beta-blockers.

� The population is all US patientsat risk of heart
disease.

� A unit is anyoneseeingadoctorandat risk.

� A sample is, say, 3000 patients’medicalrecords
from varioushospitalsaroundthecountry.

� Thesampling frame is thesetof all medicalrecords
availableto theresearchers.

� The main variable of interestis whetheror not
the physicianprescribesaspirinor beta-blockers.
Other variables that might be of interestinclude
the patient’s level of risk, the sizeandquality of
thehospital,thecaseloadof thedoctor, etc.



Example: Internet Questionnaire

To popularizeits websiteandperhapsto gatherinforma-
tion trackingnew trendsin publicopinion,theGallupOr-
ganizationusedto offer theopportunityfor anyonewho
cameto http://www.gallup.comto fill out a survey form
on issuesof theday. Theresultswould beupdatedregu-
larly andreportedon thewebsite.

� Thepopulation wasunstated.But thenatureof the
questionssuggestedGallup was interestedin all
USadultcitizens.

� A unit wasanyoneliving in theUS.

� Thesample waswhatevergroupof peoplehadfilled
out thesurvey form.

� Thesampling frame wasthesetof all webusers.

� Thevariables weretheanswersto thequestionson
thesurvey form.



What is GoodData?

� Bias is a systematictendency for samplesto devi-
atefrom thepatternof observationsin thepopula-
tion.

� Precision consistency from oneobservationto the
next in asample.

A goodsamplehaslow bias andhigh precision.



Biased Sampling Methods

Therearetwo commonwaysto generatebiasin samples:

� Wrong sampling frame, not identicalto thepopu-
lationwewantto learnabout.

– Oftencausedby “samplesof convenience”.

� Selection effect, thefactthatthepersonis respond-
ingandthenatureof theresponsearerelatedsome-
how.

– usuallycausedby “voluntaryresponsesam-
ples.”

Simple Random Samples (SRS’s)

Guaranteed(by math!):

� To beunbiased for their samplingframe.

� To allow calculationof the precision (via “square
root law”).

A simple random sample (SRS) of size � from apopu-
lation,chosenin sucha way thatevery possiblesetof
size � is equallylikely to bechosen.



Oneway to make a simplerandomsample“by hand” is
asfollows:

1. Label. Numberall theunits in thesamplingframe
from 0 to themax,but makesureeachunit hasthe
samenumberof digits

� if therearelessthan100units,numberthem
00,01, ...

� if therearelessthan1000units,numberthem
000,001,...

andsoforth.
2. Table.

� Start anywhere in a table of randomdigits
andcircle successive groups(pairsor triples
or whatever)of numbers.

� Take unitswhosenumbersaredrawn in this
way for yoursample(no repeats!).

� If you circle a numberthat is not on any of
your units (say, you circle 37 even though
thereareonly 30 units),just ignoreit andgo
on to thenext group.



Example: SRS

Thechessclubhas11members.Universityrulesrequire
aclubexecutivecommitteeof threemembers.To befair,
the club will selectits executive committeeasan SRS.
Theclubmembersare:

Able Ernst Ibis
Baker Forrest Jackson
Caldwell Gibson Kellogg
Darling Hanson



Making GoodComparisons

� An Observational study observes (measuresvari-
ablesfor) invidualsbut doesnot attemptto influ-
encetheresponses.

– What is the pattern in the population?

– E.g.:An opinionpoll or samplesurvey.

� An experiment deliberatelyimposessometreatment
onindividualsin thestudyin orderto observetheir
responsesto treatment.

– Does the treatment cause a change in the re-
sponse?

– E.g.:A randomizedcontrolleddrugtrial.

Somevocabulary:

� Units, alsocalledsubjects.
� Response variable avariablewewantto learnabout

by manipulatingthetreatment
� Explanatory variable A variable that explains or

causeschangesin theresponsevariable(s)
� Treatement Any uniquecombinationof explana-

tory variables.



Example: Computer Education

To comparecomputersoftwarethatteachesreadingwith
astandardreadingcurriculum,aneducatorteststheread-
ing ability of a groupof 60 fourth graders,thendivides
theminto two classesof 30studentseach.Oneclassuses
thecomputer, theotherstudiesthestandardcurriculum.
After a year, shereteststhe studentsandcomparesthe
averageincreasesin readingability in thetwo classes.

� Whataretheexplanatory andresponse variables?

� Wasthisanexperiment or anobservational study?

� Will the resultshelp us determinewhich method
causes betterlearning(oraretherelurking variables)?



Example: Treating breast cancer

Themostcommontreatmentfor breastcancerwasonce
mastectomy(removal of thebreast).It is now usualto re-
movethetumorandnearbylymphnodes,followedby ra-
diation.To studywhetherthesetreatmentsdiffer in their
effectiveness,a medical teamexaminesthe recordsof
25 largehospitalsandcomparesthesurvival timesafter
surgeryof all womenwhohavehadeithertreatment.

� Whataretheexplanatory andresponse variables?

� Wasthisanexperiment or anobservational study?

� Will the resultshelp us determinewhich method
causes longersurvival (oraretherelurking variables)?



What is a GoodComparison?

� Low bias

� High precision

� No counfounding

– A lurking variable is an importantex-
planatoryvariablethatyou forgot to in-
cludein thestudy.

– Two variables(explanatoryor lurking)
are confounded when their effects on
a responsevariable cannot be distin-
guishedfrom eachother.

� In observational studies we can seldomrule out
lurking variablesandotherconfounds,so it is un-
usual to be able to make a causal claim.

� In a well-designed experiment all lurking variables
andconfoundswill beruledout,sothatcausal ex-
planations are possible.



Randomized Comparative Experiments

Also known asrandomizedcomparative trials (RCT’s),
thesearethe simplestexperimentsthat allow an unam-
biguouscausalexplanation.

� SRS(or somethingsimilar) to make surethat re-
sultsreflectthepopulationof interest.

� Randomassignmenttoproducegroupsthataresim-
ilar in all respectsbeforetreatmentis applied.

� Apply comparativetreatmentsatthesametimeand
under the samecircumstancesso any influences
otherthanthetreatmentdifferencesactequallyon
thetwo groups.

Therefore,differencesdue to the treatmentsalone,and
generalizeto thepopulation.


