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Figure81 SURVEY SAMPLING: An Introduction

A sample survey involves naking inferencesabout a popuation on he tass of information dtained Sample sur vey:
from a @anple {.e, a sibe) seleded fom the ppuation; irheent i this desciption of samphg are the Defining
processesf defiing the argetpopuation agropriatdy for the Questn( to be asvered speifying the 2232;?{'”9
study popuation gg, by a siitable frame), sebctng units @ wnit is one o more dement3 and estmaing Respm%ing
attibutes, which entals measuring regponse (@andpertaps explanaory) varatg9 for each wnit seleded. Measuring
The dtemaive D a @nple siney is acensus, in whicheery elemenbf the ppuation is irvesigated. Edimating

* Target population: the goup d elements to vhichthe invesigabr(§ want Arswelg to the Questdn(s to gpply.

* Study population: a goup d elementsavalable to an nvestigaton Census

* Respondent population: thoseelement®f the stidy popuation tha wauld provide the dia requesed Defining
unde the ncenives for reponseoffered n the nvesigaton; Spedfying

* Non-respondent population: thoseelementsf the stidy popuation ta would not provide the d& I\Rﬂzgﬂﬁ]“;g

requestedunde the ncenives for repnseoffered n the nvestigaton
There is furtherdisaus$on of the epondent and on+epondent ppuationsin Sedion 3 aerkaf o pages 84 and 85.
The chace baween a anple surey and a ersis is wsudly a trade-off between ther advantgesand dsadvantges. The ad-
vantagesof sanple aurweys ae ha they:
+ usefewer resouces(maney and/or tme;
+ are wsudly shorter in duraion and © provide nore timdy Answels to Quesn(s);

+ are the aly feasle gption when meauing is destuctive eg, aash ests o cars test fiing of cameraflash bulbs and
gun carridgesmeasting dgarete ta and nimtine levels and tursing presuesof pladic bags and ondons.

The main disadvantgesof sanple sureys ae hat:
- thee is nherentunertainty in usinga sanple dtributeas a lags for estmaing a popuation attibute
- they wsudly do ot provide information atoutevery segment ¢r ubgraup of the ppuation keinginvesigaed.

1. Terminology
Wedistingush an element from aunit.
® Elements are the enties ha make up a ppuation; r exanple, a @rsm is an éement d the ppuation of Ganadans,
but we reamgnize ha mary popuationsin databasedinvesigatirg havenon-human @ inanimae dements
e Unitsare the entiessebcedfor the sanple; aunit may be ae dement g, a ersa) a mae thanone(eg, a fouseh).
In multi-stege ®leding disawsse below), we peak d primay sdeding wnits (PSJ9 seleded a the first staye seondary
sdeding wnits (S3J9 seleded 4 the seondstayg and © on.

Major components d the Panfor a sainple suirey indude the bur maters aim- Population — Undratfied
marized at he ight; details are & follows. Straified
o Sratifying is a pocess d subdividing a popuation irnto groups alled strata Number of sages=—__ aﬁf?ee

bdore the wits ae ®lected drata nust ke cefinred n uch a way tha every Elemen{z

popuation urit belong © oneand aly one straum. Units for the sanple ae Last stage units=—__ "~

sdeded fom ead of the stata. . Probabiity
e Units can le sleded fom the mpuation in ore or nore stages, the kvé of Sdlecting method <——_ -

aggegaton of he wits decreaing throuch successve stajes; for Canadafor ex-
anple, afive-sage Han cauld involve sleding provinces within the @urtry, cauntieswithin the povinces slected urban
and wral areas within thesecounties,hougholds within the &leded aeas, and geason within eacth of thesehausédolds.
- A sanple suney b ddtain hougholddaa would invdve anly the first four of thesestages.

o Thelad stgye of a milti-stage snple survey or aonedage sirney) can £led units whichare ather individual popuation
element®r groups of denments ¢€alled cluders); obvioudy, agesbdore the lag canonly sded groups of dements

® A variety of processes is sedto sekctunis a each gdage the kasgs of the satisticaltheay for estimating popuation attibutes
from sanple datais probability €leding in whicheach popuation urit has aknownprobability of beingsdeded for the sanple.

2. Sdecting
We dstinguish the following processes for sekcing units or sanple suneys:
e probabiity seleding; o acesiility seleding; o hagphazad sleding; e vounteer gleding;

e conveniencesdeding; e (uotasdeding; e judgement €leding.
In prabability sleding (also @lled probability sampling’), every unit of the stidy popuation has aknownprobabilty of being
sdeded. Sampt surney Hars ae dten deebped ® tha, & far & practicable, eery unit of the ppuation has éppoxi-
maely) the samesdedion robability; this is he cae br equprobable ®leding (EPS [but see Nte2 overkeaf ;m page8.4.
We reed b remgnize which entitiesare eguiprobale in EPS — # posdble sample of a dgven sze(EPS}or dl popuation units
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(EPSU or dl popuation elements (EPS¢ or dl popuation clugers (EPSY; the £hema kelow summaiizes hesepassbilities

The meanng d EPS intheseCaurse Mateials . . -

[and dsevhee, d'sinple random sleding Sdeding Probabilty EPS EPSS\EPSG
EPSu EPSc

(SR9] is shown in bold type hn the £hama. \Other \SySematic

NOTES 1 The breging dsausson of EPS & basedon ewiiproballe sleding without redacement(EPSNVOR); survey sam-
pling and theseCaurse Mateials have lttle conernwith sleding with redacement(EPSWIR. Weusualy omit
WCR - its induson in some itles €g, in STAT 220 Fgure 811 and STAT 332 Fgure 210 is an occasonal reminder

2. For a epondent ppuation frame d four units g b, ¢ d, $x sanples & size 2 s isted @ the EPS SYS

right) can ke ®leded ly EPS lut anly two by s/seemdic sdeding (SY9; thesetwo sanples ae ab &
equally probalie if the ®leding starting poirt is chasen equiprobally. Thus,unde bath sdeding ac bd
proaesseseech wnit has a induson probability of one-haf. This eminds us ha EPS mplies b
equd unit indugon probabilities ut the mnverse s nottrue — tere, yseemdic sdeding with equal bd
indusion probabilities 8 not EPS beauseit camat seled four of the sarples psdble inderEPS. cd

3. A phrase omnonly usedin texis dealng with suvey sanpling is simple randm leding [or, regetably, simple
randomsampling (SRS; in the ermindogy o theseCaurse Materals, it is equivalent toEPS foman ungati-
fied popuhbtion. W usethis lorgerphrase lecau# it is nore evocdive d the atud seleding process

4. If there ae N unis in the egpondent ppua- f=
tion and thee ae n wits in the samle, hen N
[fis the pobability any repondent mpuation urit is induded in a anple dotainedby EPS

is called the sampling fraction. - (811

Probabilty seleding has o advantges.

o ltis the kags of gatisticaltheay for aurvey sanpling; eg, it is the kass of epresions br confidene intewvals for repon-
dent ppuation attibutes.

o Foresimating dtributes like averayes totak, poportions and frequandes,uncer repdition it eliminaes sanpling inaccuracy
- Zero sanpling inacauracy underrepettion has Imited implication for the magntude d sanrple aror — t only marginally

redices the iisk of sanple eror large ecughto imposeunaccepalie limitation on Answver(s.

- If a sanple, after it has keen slected is fourd to havesanple eror that imposes unacceptalde limitation on & Answer
it is isudly imposgble to ceteming from an éamndion of he samplatself, the etent to whichthe sanrple aror is due
to a fawed sleding process @ to chance inskad it is necessaryto know the processby whichthe sanple was steded.

Relaed nattes ae:

o The gatisticaltheay of survey sanpling usudly deak only with the incetainty tha arises becau® of the sarple dataare
inheenty incompéte it seldomtakesacourt of othe sauraes d uncetanty (someatnescalled non-ampk arors — e
Figue 85 d theseCaurse Mateialg such as sudy eror, non+epaonseerior, dataprocesig mistakes, éc. (Seealso
Note 9 at he ottom d the fadng page8.5and eall Section 7 on pages 66 and 67 in Figure 61 df theseMaterials)

o Non-probabilty seleding processes can yeld Answes with acepilde limitationsin some nvestgatons but the resits of
(probability) seleding theory (eg, to dbtain confidene intevals for respondent puation attibutes) cb not appy to them.
- A comnon misuse of gdisticalmethods is to gve confidene intevals basedon sanple urvey dataobtained usingary

of the $x non-probabilty seleding processes listed averkaf nh Sedion 2 rea the ottom d page8.3

- The eperienceof sanple suney sdisticiars o/er severd decaes povides @mpdling evidencethat, when luman judge-
ment gays a gnificantrole in sanple eleding @s & dten the cae h non{probability processe), sanple aror is more
likely to imposeunaceptle limitation on Answvers, mricularly for Questons with a desaiptive agect.

- The names bthe $ non-probability seleding processes listed averkaf a1 page8.3do not recessaiily specify a unique
sdeding method — e first two mthods overlap and the first fie nvdve osme degree ¢ ‘acesility’ and/or ‘conveniencé
Haphazad sleding is ©mdimeswrongly equated wih ‘randomseleding; i.e, with our equprobable sdeding.
Quotasdeding is a $milar idea tocovering — e tle op d page5.24 in Fgure 57 o the STAT 231 Course Materals.
Volunteer leding is notto be confusedwith volunteer (or voluntary) response, a phrase smeimes usd b indicae that
human elementgan (sual) chamse whether © repond, i.e.,, whether © provide the equesed catg a sepaite (neas
uring) issueis whether thesereponses are cared or truthful (seeNote 68 on jage5.62 in STAT 231 Fgure 57).

3. Responding

Mary databasedinvesigatonsenmurter the dfficulty tha not all the déa alled for h the Ran are acquired — this is he
gererd problem d miséng data. For human popuations this matteris usudly referred b as non-respn® and t can impose
unacepiide limitationson Ansver. A framework for dsausing non+eponseis shown in the dagiam a the pper right of
the fadng page8.5 wheke the study popuation (epresentedby the aiter aeg is mace up of herespadentpopuation and he
non-resndent popuation The ®t d units eleded fom the stidy popuation is he sdection, and @mprises the sample
(from the egpondent mpuatiorn) and the non-respondents (from the non-regpondent mpuatior). The dagiam ha two cae-
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Figure8.1. SURVEY SAMPLING: An Introduction (continued)

goliesof symbds: Study popuation
= Ns and rs refer b numlersof elements a) units; Repondent Nomwmden?
- ¥s and ys ae awragesof a eponsevariate Y of the Element®r) units. pOPUat_Dn pODUaiDn
The relatbnshis anong he numbers of gementr) units ae: Ne™ N ¥ Nor Yor
Study popuation = Repondent ppuation + Non-+egpondent ppuation ¥s Sdedion
Ns = N + Npr
) Sampé Non-
Sdedion = Sampt + Non+egpondents . repondents
s = n + Mhr ns” | ny Nor Yor
¥s
NOTES 5. In theseCaurse Mateials, useof ‘sampleto refer anly to respadents N J
is seomfollowedelsewrer; i can ke onfisingwhen aly thecontext - g
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~
indicaes vhether ‘sanple’ mears sebcfon or sampleof our ermindogy. 2 v m i oot of e ot

® Phiasa like intended sampk andachieved smpk are dso usel in population, often vithoutrecgnizingit explicitly.
someplaces to onveythe same dstinction & aur sekcton andsample

. The ymbds N (for the rumber of repondent puation dements @ unitg and n(for the rumber of units in the

sanple) muld usdully be written as Ng and n as a eminderthat hey refer b respadents However the unsib-
saiptedsynbds N and n @& in such widespeal use ha it is unrealstic to exped to charge tem; in addtion,
there would be he noorvenienceof a sibgript an two frequently -usedsynbds.

. Amdor Plan onsderation in a anple suney d a hurman popuation is ftow to dfer @s pecified in the samphg

protocd) aceauae incentves br respne (g, proper peentdion of he siney sitable follow-up, ewards br re-
spong); the goal of the ncenives is to @hieve & high a reponserate as pssble. An illustréion of why a ligh
reponserate is important is provided n Talde 811 kelow

@ The first column of Talle 8114 the iight lists seven Table8.11 PERCENTAGE OF YesSANSWERS
levels of ron+eponsefor a wrey queston with a Yes NON- ~ AMONGALL UNITS SELECTED
or No arswer The enties h the £mnd and hird RESPONSE _S0%Yes 90%Yes
cdumns d the BHe show intervals of posible per RATE in Sanple in Sanple
centagesof Yesarswes anong all the nits sebced. 0% D% 0%
The ondcdumn is basedon the &sumption tha, in > 41.5-52.5 835-90.5
the sample half the aswes ae Yesand hdl are No 10 5-%5 8l-a
regardless of the ron+eponserate for the tird ool- 25 375-62.5  675-92.5
umn it is assumedthat 0% d the samplearswerYes 20 2575 H-%
and D% ahsver No, regadess of the ron+eponserate ;g ]2'2_'855 22'95_' 3;5

We e that erery percantage mint of nonrepaonseadds a

percentge mint to the 1arge (.e, 1 the uncetainty) for the proportion of posdble Yesarswes in the sekcton.
Alsq for 0% Yesin the sarple, he cenresof the mrgesdiffer rogress/ely more from 90% & we go dwnTale
8121 this rfleds non-respndng inaccuracyarising from a gudion whee YesandNo are ot equdly likely.

. wo mattes daut the epaation of he stidy popuation into the egpondent anchonregpondent ppuationsare:

o Which dements & the stidy popuation fall in which of the two mpuationsdepends on heincentvesoffered
for reponse— dfferent ncenives would presimally, in gened, restt in differert sds d the stidy popuation
elementsn the two mpuations. For given incenives for reponse(asspedfied in the sarpling protocd of a
particular survey), we usualy assume ha a gven dement will always male the samededsion about whether
or ot to lepond; tis deerministic view of the egpaonsededsion is why we usuay limit discus$on to ron-
regaonseerror, ratker than ging on to ron+egponding inaccuracy

® The repondent and on+egpondent mpuationsareconcepual in the £rse ha we aly enourter sibses o
them @s he samle ad the on+repondent} if a unit is notinduded h the ®ledion, we geneadly do not
know @nd do ot needto know) to whichof the two @puationsit belong.

. In addition b sampleerior and measuremat eror when esmating respandentpopuation attibutes, the mference

back from theseesimates o pausble valuesfor study popuation attibutes and, hence for thoseof the target
popuation is sibjed to the dfeds d error from two othe saurces

e non-espne eror due b dffering dtribute Tarcet

Stu Regondent
valuesin the epondent and sily popuations; popug?ion <— popuc'%on < pog)Uation
e study eror due b dffering atribute valuesin T T
the gudy and targetpopuations; study error non-repanseerior

the <hama d the iight dbove $rows this natterpictorially. All four eror cate@ries mposelimitationson Answers.

(continued weled )
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4. Measuring
It is onvenent to dsinguish four conponents d a measuring Focess
e the measung instument @ gauge @ the qpeator; e the measung potocd; e the dement or wnit) measted
In the onkextof a anple wrwey the meauing indrunentis the qiestbnnaire. I is auriousthat, when sarple sirveys ae ar-
ried aut, invesigabrs who wauld neve undetake to asenble the types d instumentdion typically usedin a bboraory (eg,
bdanes, pectrophotoméers) gproach the tak of devdoping a questinnaire (.e, a samplesuvey measting instumenj
with what seens b be Ittle o no recogntion of éther the dfficulty or the mportanceof doing so siccessully.

5. Edgtimating
In our disaus$on of surwey anpling, we ae cacenedwith esimating four types of dtributes:
@ avaages, e totak; @ proportons; o frequendes

For aveagesand poportions, the orregponding sanple dtribute (or'statistic) is genedly usedto esimate the repondent
popuation attibute but the sanple totaland samle frequency do not estimate the repondent puation total or frequency
o We peak d esimaing from the dda dtainedfrom asamplebut o impuing to deal vith miséng daa for non-espndents
- An imputedvalue br a mn+egpanseis (hopefuly) a‘best gessof the mssng reponsevariatedaa based for exanple, ;m
known valuesof relevantexplanapry variateg of the wnit conerred imputedvaluesare induded b fadlitate cataanay-
sis. Ralely does imputirg meanngfully reduce tte sveity of limitationson Ansvers by redudng inconpletaness ¢ data
o The erm'statisti¢ belovedof introdudory texss, s avadedin theseMaterial, insead we useesimator or‘estmaeas gpropri-
ate For us, popuation parameer and ‘sanple gatistic are ‘popuation attibutéand ‘sanple atributé— madds have pramders.

6. ‘Good’ Sample Surveys
A summary of Plan requirements 6r a gpod anple ey (.e, ane with accegabk limitationson Answvers) is as 6llows.
® A well-presergd giestbnnaire, with unanbiguousand aswerdle questons whichis properly admiisteed and which gatters
the information reeckd b address properly the Questbn(9 to be asvered.
@ A sanple of adequae dze, dotainedby a pobability seleding method.
@ A high repaonse(or low norrregponse rate
® Cored use ¢ stdisticaltheary, togaher with aaurae dataproesing and dear and mnpletepresertdtion of he Arswels.

Deficienciesn any oneof thesefour Plan conponents,even f all othe compnents ae adequae can mposeunacoeptlde limi-
tationson the Arswelg obtainedfrom the ainey

A report of a @nple suney hauld, as aminimum requirement provide the eademith encughinformation atoutthe Han
to make dea the bllowing four méters:
* What the targetand the sidy popuationswetre.
* What the rontegposerae was
* What process was sedto eled the wnits.
* What te sarple sze was

The firgt questbn is ©ncerred wih studyerior, the £ondwith non-respne error and the hird and urth with sampleerror.
The importanceof samplesizeis tha, for fixed data qualty and &suming the sameriformation mnent per dosevation the
larger the anaunt of datathe mae predsethe Ansver§ the dda @an yeld. However it is dmog aways extremdy) difficult to
mahtan high qudity in (very) large datasds, ae easn why a anple suney is isudly preferredove a ersis.

Assessnent & measuremat error requires,as a nmimum a @py of the qiestbnnaire €g, in an gpendk of the eporf).

NOTE: 10. Despte a eentralconcen with suvey sanpling, heseCaurse Materals sddom uses the wd sampling [exceptin
the estdlished phrass survey smpling, samphg protocol, samghg inaccuracy sampghg impgecikion andsamp
ling fraction] for threereaons
e the gened use d the wad enconpasse the bur processe®f sekcing, respanding, measuring andestmaiing,

which are bestexplcitly ket as sepaate enities and onsderedindividualy;

e the pecific useis bascally a gynorym for the process @ sekcing, a word whoseclarity can ke lostwhen t is
ingead @lled sanpling;;

e someusesof the wad could be tken & implying tha sanpling (in the ®rse ¢ reasning from datadeiived
from asubset of some puation) is primarily the donain of sanple surveys fi.e,, invesigatonswith an dose-
vationalPlan to aswerQueston(9 with a desciptive apecf wheleas,in realty, essatially all types of inves-
tigations[induding thase with obsevationalor experimentalPlars to ansver Queston(§ with a desciptive or
caustive aped] teke orly a sample- the is, a ersis israre in databasedinvesigatirg.

In other surces of information alout survey sanpling, you ae Ikely to encourter the word samphg; when ya

do, you $hauld identify the ®rse h whichit is beingusel.
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