Where Are We?

1. ldentify the Question

A. Describethe problem

B. Statethe question(s)

C. Checkthe data format

D. Reflecton the study design

2. Analyzethe Data

A. ldentify therelevant variables
Determine the appropriate analysis
Conduct the analysis

Inter pret the results

mU O W

Consider whether additional analysesare
necessary

3. Draw Conclusionsfrom the Data

A. Re-statethe question(s)
B. Answer the question(s)basedon analyses.
C. Evaluate the strengthsand weaknesses



Gathering Good Data
Gathering Data: Sampling

e Population: The entire group of people,animals,
thingsthatwe wantto learnabout.

e Unit: Any individualin thepopulation Also called
anobservation, or just plainindividual.

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

e Sampling Frame: A list of units from which we
choosghesample.

e Variable: A pieceof informationmeasuredn the
sameway for all unitsin the sample(or popula-
tion).




Example: Public Opinion Polls

Gallup,CBS/Nev York Times,USA Today andotheror-
gainzationsall conductpolls throughoutheyearasking
peoples opinionsaboutvariousissuesof the day In a
typical poll,

e The population is all US Residentsages18 and
older Noncitizensandevenillegal immigrantsare
Included.

e A unitis anyonelivingin theUS.

e A sampleis, say 1000personsntervievedby tele-
phone.

e Thesampling frame s alist of telephonenumbers
from whichthesamplas drawn.

e Thevariablesaretheanswershateachpersomives
to thequestionsn thepoll.




Example: Medical Survey

Doctorsstudyingthe quality of caregiven to patients,
say atrisk of heartdiseasemay study medicalrecords
andrecordhow frequentlydoctorsprescribedaspirinor

beta-blockrs.

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

e A unitis anyoneseeingadoctorandatrisk.

e A sample is, say 3000 patients’medicalrecords
from varioushospitalsaroundthe country

e Thesampling frameisthesetof all medicalrecords
availableto theresearchers.

e The main variable of interestis whetheror not
the physician prescribesaspirin or beta-blockrs.
Other variables that might be of interestinclude
the patients level of risk, the size and quality of
the hospital the caseloaf thedoctor etc.




Example: Internet Questionnaire

To popularizets websiteandperhapgo gatherinforma-
tion trackingnew trendsn publicopinion,theGallupOr-
ganizationusedto offer the opportunityfor anyonewho
cameto http://wwwgallup.comto fill outa suney form
onissuesf theday Theresultswould be updatedegu-
larly andreportedonthewebsite.

e Thepopulation wasunstatedBut the natureof the
guestionssuggestedsallup was interestedin all
US adultcitizens.

e A unit wasarnyoneliving in theUS.

e Thesamplewaswhatesergroupof peoplehadfilled
outthesuney form.

e Thesampling frame wasthesetof all webusers.

e Thevariablesweretheanswergo thequestion®n
thesuney form.




What is Good Data?

e Biasis asystematidendeng for samplego devi-
atefrom the patternof obsenationsin the popula-
tion.

e Precision consisteng from oneobsenrationto the
next in asample.

A goodsamplehaslow bias andhigh precision.

ta) Migh bias, high precision (b Low bias, low p

[} High bias, low precision {d} Low bias, high precision



Biased Sampling Methods
Therearetwo commonwaysto generatédiasin samples:

e Wrong sampling frame, not identicalto the popu-
lation we wantto learnabout.

— Oftencausedy “samplesof convenience”.

o Sdlection effect, thefactthatthepersons respond-

Ing andthenatureof theresponsarerelatedsome-
how.

— usuallycausedoy “voluntaryresponsesam-
ples’

Smple Random Samples (SRS 's)
Guaranteedby math!):

e To beunbiased for their samplingframe.

e To allow calculationof the precision (via “square
rootlaw™).

A simple random sample (SRS) of sizen from a popu-
lation, chosenn sucha way thatevery possiblesetof
sizen is equallylikely to bechosen.




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

1. Label. Numberall the unitsin the samplingframe
from O to themax, but make sureeachunit hasthe
samenumberof digits

e If therearelessthan100units,numberthem
00,01, ...

e If therearelessthan1000units,numberthem
000,001,...

andsoforth.
2. Table.

e Startarnywherein a table of randomdigits
andcircle successe groups(pairsor triples
or whatever) of numbers.

e Take unitswhosenumbersaredrawn in this
way for your sample(norepeats!).

e If you circle a numberthatis not on ary of
your units (say you circle 37 even though
thereareonly 30 units),justignoreit andgo
onto thenext group.



Example: SRS

Thechesslubhasll membersUniversityrulesrequire
a club executve committeeof threemembersTo befair,
the club will selectits executve committeeasan SRS.
Theclub membersre:

Able Ernst Ibis

Baker Forrest Jackson
Caldwell Gibson Kellogg
Darling Hanson

TABIE A. Random digits

Line

101 19223 95034 05756 28713 96409 12531 42544 82853
102 73676 47150 99400 01927 27754 42648 82425 36290
103 45467 71709 77558 00095 32863 29485 82226 90056
104 52711 38889 93074 60227 40011 85848 48767 52573
105 95592 94007 69971 91481 60779 53791 17297 59335
106 68417 35013 155290 72765 85089 S7067 50211 47487
107 82739 57890 20807 47511 81676 55300 94383 14803
108 60940 72024 17868 24943 61790 90656 87964 18883
109 36009 19365 15412 39638 85453 46816 83485 41979
110 38448 48789 18338 24697 39364 42006 76688 08708
111 81486 69487 60513 09297 00412 71238 27649 39950
112 59636 88804 (04634 71197 19352 73089 84808 45785
113 62568 70206 40325 03699 71080 22553 11486 11776
i14 45149 32992 75730 66280 03819 56202 02938 70915
115 61041 77684 94322 24709 73698 14526 31893 32502
116 14459 26056 31424 80371 65103 62253 50490 61181
117 38167 98532 62183 70632 23417 26185 41448 75532
118 73190 32533 04470 29669 84407 90785 65956 86382
119 95857 07118 87664 92099 S8806 66979 98624 84826
120 35476 55972 39421 65850 04266 35435 43742 11937
121 71487 09984 29077 14863 61683 47052 62224 51025
122 13873 81598 95052 90908 73592 75186 87136 95761
123 54580 81507 27102 56027 55892 33063 - 41842 81868
124 71035 09001 43367 49497 72719 96758 27611 91596
125 96746 12149 37823 71868 18442 35119 62103 39244




Making Good Comparisons

e An Observational study obseres (measurevari-
ablesfor) invidualsbut doesnot attemptto influ-
encetheresponses.

— What is the pattern in the population?
— E.g.:An opinionpoll or samplesuney.
e An experiment deliberatelymposesometreatment

onindividualsin thestudyin orderto obseretheir
responseo treatment.

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

— E.g.:A randomizecontrolleddrugtrial.

Somevocahilary:

e Units, alsocalledsubjects.

e Response variableavariablewewantto learnabout
by manipulatinghetreatment

e Explanatory variable A variablethat explains or
causezhangesn theresponseariable(s)

e Treatement Any unique combinationof explana-
tory variables.




Example: Computer Education

To comparecomputersoftwarethatteacheseadingwith
astandardeadingcurriculum,aneducatoteststheread-
Ing ability of a groupof 60 fourth gradersthendivides
theminto two classe®f 30 studenteach.Oneclassuses
the computerthe otherstudiesthe standarccurriculum.
After a year shereteststhe studentsand compareghe
averagencrease readingability in thetwo classes.

e Whatarethe explanatory andresponse variables?

e Wasthis anexperiment or anobservational study?

e Will the resultshelp us determinewhich method
causes betterlearning(or aretherelurking variables)?




Example: Treating breast cancer

The mostcommontreatmenfor breastcancemwasonce
mastectomyremoval of thebreast)lt is now usualto re-
move thetumorandnearbylymph nodesfollowedby ra-
diation. To studywhetherthesetreatmentgsliffer in their
effectiveness,a medicalteam examinesthe recordsof
25 large hospitalsandcompareghe survival timesafter
suigeryof all womenwho have hadeithertreatment.

e Whatarethe explanatory andresponse variables?

e Wasthis anexperiment or anobservational study?

e Will the resultshelp us determinewhich method
causeslongersurvial (oraretherelurking variables)?




What isa Good Comparison?

e Low bias
e High precision

e No counfounding

— A lurking variable is animportantex-
planatoryvariablethatyou forgotto in-
cludein thestudy

— Two variables(explanatoryor lurking)
are confounded whentheir effects on
a responsevariable cannot be distin-
guishedrom eachother

e |n observational studies we can seldomrule out
lurking variablesandotherconfoundsso it is un-
usual to be able to make a causal claim.

e Inawell-designed experiment all lurking variables
andconfoundswill beruledout, sothatcausal ex-
planations are possible.



Randomized Comparative Experiments

Also known asrandomizedcomparatre trials (RCT’s),
theseare the simplestexperimentsthat allow an unam-
biguouscausakxplanation.

Randomize 30 3> Computer

/ m— Curmieutum \

Pretest SRS of Post-test and
60 students compare
\ Bando 30 X Standard /
students: Group 2 Curriculum

e SRS(or somethingsimilar) to make surethatre-
sultsreflectthe populationof interest.

e Randomassignmerno producegroupsthataresim-
llar in all respectbeforetreatments applied.

e Apply comparatretreatmentatthesameimeand
underthe samecircumstanceso ary influences
otherthanthetreatmentifferencesactequallyon
thetwo groups.

Therefore differencesdue to the treatmentsalone,and
generalizao the population.



