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SAMPLING and SURVEY SAMPLING: An Introduction

A sample survey involves naking inferencesabout a popuation on he kass of information dotained Sample survey:
from a @anple {.e, a sibe) seleded fom the ppuation; inheent in this desciption of samphg are the Defining
processesf defiing the target popuation agropriatey for the Questbn( to be asvered, speifying the gggmng
study popuation €g, by a siitable frame), sebcing units @ wnit is one o more dement3 and esimaing Re$)m%ing
attibutes, which entals measuring regpanse (@ndpertaps explanaory) varatg9 for each wunit seleded. Measuring
The dtemaive D a @nple suney is acensus, in whichewery elemenbf the ppuation is irvesigaed. Edimating

* Target population: the goup d elements to vhichthe invesigabr(9 want Arswel to the Questn(9 to goply.

* Study population: a goup d elementsavalable to an nvesigaton. Census

* Respondent population: thoseelement®f the stidy popuation tha would provide the dea requesed Ddfining
unde the ncenives for reponseoffered n the nvestgaton; Spedfying

* Non-respondent population: thoseelementf the stidy popuation tha would not provide the dia I\R/Iifs?idr:gg

requestedunde the ncenives for reponseoffered n the nvestgaton.
There is urtherdisaus$on of the epandent and an+epondent ppuationsin Sedion 3 aerkaf o1 pages HL75.2 and HL75.3
The chace baween a anple aurney and a @rsis is wudly a trade-off between ther advantgesand dsadvantges. The ad-
vantgyesof sanple aureys ae ha they:
+ usefewer resouces(maney andf/or time;
+ are wsudly shorter in durdion and © provide more timdy Answels to Questn(s;
+ are the ally feadle gption when meauring is destuctive eg, aash ests a cars test fiing of cameraflash bulbs and
gun cartidgesmeasting dgarete ta and nimtine levels and kursting presuesof pladic bags and ondons.

The main disadvantgesof sanple surweys ae hat:
- thee is nherentunertainty in usinga sanple atributeas a lass for esimaing a popuation attibute
- they wsudly do not provide information albut every segment ¢r subgraup) of the ppuation keinginvesigaed.

1. Terminology
We dstinguish an element from aurit.

® Elements are the enties ha make up a ppuation; r exanple, a peson is a dement d the ppuation of Ganadans,
but we reamgnie ha mary popuationsin data-basedinvesigatirg havenon-human @ inanimae dements

e Unitsare the entiessekcedfor the sanple; auni may ke ae dement €9, a ersa) a mae thanone(eg, a lousehta).

In multi-stage eleding disassd below), we peak d primay sdeding wnits (PSJ9 seleded 4 the first staye, seondary
sdeding units (SU9 seleded d the seondstaye, and © on.

Major compaonents d the Ran for a sanple survey indude the bur maters suim- Population — Undratified

marized at he ight; deails are & follows. Straified
__— Ore-stae

o Sratifying is a pocess d subdividing a popuation ino groups alled strata Number of stages=—__ -, sage
bdore the wits ae slected drata nust ke dcefined h uch a way ha every Elements
popuation urit belong o oneand aly one straum. Units for the sanple ae Last stage units=—_ Clustes
sdeded fom ead of the stata Geealso SatisticalHigHight #85).

. e . Probabilty
e Units can ke sleded fom the mpuation in ore or nore stages, the kvé of Selecting method < ©

aggegaton of te wits decreagng throudh successve stages; for Canadafor ex-

anple, afive-sage Ran cauld involve sleding provinces within the ourtry, countieswithin the provinces lected urban
and wral areas within thesecaunties,houghold within the €leded aeas, and geason within each of thesehausdnolds.
- A sanple surwey b dbtain hougholddaa would invdve anly the firstfour of thesestages.

o Thelad stge of a milti-stage anple survey pr aonegdage siney) can led units whichare dther individual popuation
element®r groups of dements ¢alled cluders); obvioudy, Sagesbedore the lag canonly sded groups of dements

® A variety of processes is Lsedto sekctunis d eadh gage the kass 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 auneys:
e probabilty seleding; e acesility seleding; e haphazad sleding; e vounteer gleding;

® conveniencesdeding; e (uotasdeding; e judgement gleding.
In prabability sleding (also @lled probability sanmpling’), every unit of the stidy popuation has aknownprobabilty of being
sdeced. Sampt surney Hars ae dten deeloped ® tha, as far & practicable, every unit of the ppuation has épgoxi-
maely) the samesdedion obability; this is he cae br equprobable leding (EPS [but see Nte2 overkaf ;m pageHL752).
We reed b remgnize which entitiesare equiproballe in EPS — 8 posdble sampls of a dven sze(EPS}or dl popuation units
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(EPSU or dl popuation elements (EPSg or dl popuation clugers (EPSY; the £hema kelow summaiizes hesepassbilities
The meanng d EPS h this Highight #75
[and dsevhel, d‘sinple random sleding

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

Sdeding—= Probabilty EPS EPSs EPSe

EPSU\ EPSc

NOTES 1 The breging dsausson of EPS & basedon ewiiproballe sleding without redacement(EPSNVOR); survey sam-
pling and theseMaterials havelittle mnernwith 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 és 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
proesseseech wnit has a induson probabilty of one-haf. This eminds us ha EPS mplies b
equd unit indugon probabilities lut the mnverse s nottrue — rere, ysemdic sdeding with equal bd
induson probabilties 8 not EPS beauseit cama seled four of the sarples pssble inderEPS. cd

3. A phrase omnorly usedin texis cealng with suvey sanpling is simple randm €leding [or, regetably, simple
randbm sampling] (SRS; in the erninology of theseStdistical Highights, t is equivalent toEPS fom an un
statified ppubktion. We usethis lorgerphrase leaue it is nore evocdive d the atud seleding process

4. If thele ae N unis in the epondent ppua- _n; i ion. e
tion and thee ae n wits in the samle, hen f N 'S called tre sampling fraction. (HL75D

[fis the pobability any reppondent mpuation urit is induded in a anple dotainedby EPS

Probabilty seleding has o advantges.

o ltis the kags of gatisticaltheay for aurvey sanpling; eg, it is the kasgs of expresians br confidene intewvals for repom-
dent mpuation attibutes GeeStdisticalHighlight #77).

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

redices the lisk of sanple eror large ecughto imposeunaccepilde limitation on Answver(s.

- If a sanple, after it has keen selected is fourd to havesanple aror that imposes unacceptaide limitation on @ Answer
it is isudly imposgble to cetemine, from an eéamnaion of he sampletself, the etent to whichthe sanple eror is due
to a fawel sleding process @ to chance inskad it is necessary to 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
Figure 85 d the AT 220 Caurse Mateial§ such as sudy eror, non+yegponseerior, dataprosesing mistakes, ¢c. (See
Note 9 at he lottom d the fadng pageHL753 and ako Sdion 7on pages HL74.4 and HL74.5 in SatisticalHighight #74)

o Non-probability seleding processe can yeld Answes with acepile limitationsin some nvestgatons but the rests of
(probabilty) seleding theory (g9, to dbtain confidene intewvals for repandent puation attibutes) b notappy to them.

- A comnon misus of dgdisticalmehods is to gve confidene intevals basedon sanple survey dataobtained usingany
of the $x non-probabilty seleding processes listed averkeaf n Sedion 2 rea the kottom o pageHL751.

- The &perienceof sanple sunwey sdisticiars over severd decaes povides ®mpdling evidencethat, when luman judge-
ment pays a gnificantroe in sanple sleding @s & dten the cae n non-probabiiity processe), sanple eror is nore
likely to imposeunacepale limitation on Aswvers, maricularly for Questons with a desaiptive agect.

- The rames 6the $ nonprobabilty seleding processes listed werkaf ;m pageHL751 b not necessatily specify aurique
sdeding method — he first two m#hods overlap and the first fie nvdve sme dgree ¢ ‘acesility’ and/or ‘conveniencé
Haphazad sleding is smdimeswrongly equaed wih ‘randomseleding; i.e., with our equprobable sdeding.
Quotasdeding is a $milar idea tocovering — se the lowerhaf of pageHL85.3in SatisticalHighlight #85
Volunieer gleding is notto be mnfusedwith volunteer (or voluntary) response, a phrase smeimes ued b indicae that
hurman elementsan @sual) chase whetter b repond, i.e, whether © provide the ecquesed ditg a sepaate (neas
uring) issueis whether tresereponses ae cared or truthful (seeNote 4 on @geHL387 in SatisticalHigHight #38).

3. Responding

Mary data-basedinvesigatonsenmurter the dfficulty tha not all the dta alled for hn 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
unacepibe limitationson Ansver§. A framework for dsausing non+regpanseis hown in the dagam a the yper right of
the fadng pageHL753 wheke the study popuation (epresentecdby the aiter aed is mace up of herespamdentpaopuation and
the non-respndentpopuation. The £t d units eleded fom the stidy popuation is he selection, and omprises the sample
(from the egpondent mpuatiorn) and the non-respondents (from the non-regpondent wpuatior). The dagam ha two cae-

20050820 (continued)



[ Statistical Highlight #75] #HL753

University of Waterl® W H. Chery
SAMPLING and SURVEY SAMPLING: An Introduction (continued)

goliesof symbds: Study popuation

- Ns and rs refer b numlersof elements a) units; Repondent Nomespmdem\

- ¥s and ys ae awragesof a egponsevariateY of the Element®r) units. pOPUat_'On pODUailon
The relatbnshis anong te nunbers of glement®r) units ae: Ng™ N ¥ Nor Yo

Study popuation = Repondent ppuation + Non-+egpondent ppuation ¥s Sdedion
Ns = N + Npr
. Sampe Nor
Sdedion = Sampe + Non+segpondents P repondents
s = n  + Mhr ns” | ny Nor Yor
¥
NOTES: 5. In this Highlight #75 use @ ‘sampleto refer anly to respandentsis N J
sebomfollowedelsewrere; t can e mnfisingwhen ally thecontext > .

.
indicaes viether sanple’ mears seecton or sampleof aur terminology. i dovdopect maiy 1 the GREXLOf Breaporent
® Phmase likeintenced ampk andachieved smpk are dsousel in popuation, often vithoutrecanizing it explicitly.

someplaes to onveythe sme dstinction & aur sekcton andsample

6. The ymbds N (for the rumber of repondent mpuation dements @ unit§ and n(for the rumber of units in the
sanple) muld usdully be written as Ng and n as a emnderthat they refer b respadents However, the unsib-
saiptedsynbds N and n & in such widespea use ha it is unrealstic to exped to charge ham; in addtion,
there would be he hoorveninceof a sibgript an two frequently -usedsynbds.

7. Amgor Plan onsderation in a anrple survey d a human popuation is fow to dfer @s pecified in the samphg
protocd) acecuae incentves br respn (€9, proper presntdion of he sirvey suitable follow-up, ewards br re-
spong); the goal of the ncenives is to a&hieve & high a reponserate as psdle. An illustraion of why a ligh
regponserate is important is provided n Tade HL751 below

@ The first columnof Tade HL751 & the fight listsseven TableHL75.1 PERCENTAGE OF YeSANSWERS
levels of ron+reponsefor a wney queston with a Yes NON- AMONG ALL UNITS SELECTED
or No arswer The enties h the £mnd and hird RESPONSE 50%Yes 90%Yes
cdumns d the BHe $ow intervals of posible per RATE in Sanple in Sanple
centagesof Yesarswes anong all the nits sebced. 0% D% D%
The ®ondcdumn is basedon the asumption ha, in S 4.5-52.5  835-90.5
the sample half the aiswes ae Yesand hdl are No, 10 5-%5 al-a
regardless of the ronreponserate for the tird ool- ég 37255;%-5 67;}2'%%-5

Ve, ) -
umn it is assumedthat 0% d the samplearswerYes e T 225975

and D% ansver No, regadless of the ron+egponserate
We e that erery percentage mint of non+yegpaonseadds a
pecentge mint to the large (.e,  the uncetainty) for the proportion of posdble Yesarswes in the sekcion.
Alsq for 0% Yesin the samle, he ceriresof the argesdiffer progress/ely more from 90% & we go dwn Tale
HL752; this refleds non-respndng inaccuracyatising from a guaion whee YesandNo are not equdly likely.

90 5-95 9-99

8. wo mattes aut the paation of he stidy popuation irnto the egpondent anchonregpandent ppuationsare:
o Which dements ¢ the stidy popuation fall in which of the two puationsdepends on he incenivesoffered
for reponse— dfferent ncenives would presimally, in gened, restit in differert sas d the stidy popuation
elementsn the two ppuations. For givenincenives 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 not to lepond; tis daerministic view of the eponsededsion is why we usual limit disausgon to non-
regpaonseerror, ratter than ging on to ron+egponding inaccuracy
® The repondent and an+epondent ppuationsareconcepual in the €rse ha we anly enourter stbses d
them @s he samle ad the mn+epondent}y if a unit is notinduded n the ledion, we genedly do not
know (and do ot needto know) to whichof the two mpuationsit belong.

9. In addtion b sampleeror and measuremat error when estnaing respadentpopuation attibutes, the nference
back from theseestmaes to gdausble valuesfor study popuation attibutes and, hence for thoseof the target
popuation is sibjed to the dfeds d error from two othe saurces

e non-espn® eror due b dffering dtribute Tarcet Su Resondent
valuesin the epondent and sily popuations; pcpu%?ion <~ popug{ion <~ p£datbn
o study error due b dffering atribute valuesin
the gudy and targetpopuations; study error non-repanseerior

the <hama d the iight dbove $rows this natterpictonially. All four eror cate@ries mposelimitationson Answers.
[SeeStdisticalHighlight #18 for more cetdl aboutoveral error when aisweing a Questbn with a desciptive apect]

20050820 (continued wveled)



#HL754
University of Waterl® W H. Chery

4. Measuring
It is cnvenent to dsinguish four conpanents d a measuring pocess
e the measung instument @ gauge @ the qpeator; e the measung potocd; e the dement fr wnit) measted
In the onkextof a @anple wrwey the meauing indrumentis the giestnnaire. I is curiousthat, when sarple sirveys ae ar-
ried aut, invesigabrs who wauld never undetake to a&senble the types d instumentdion typically usedin a hboraory (eg,
bdanes, pectrophotoméers) gproach the tak of devdoping a questinnaire (.e, a samplesuvey measting instumenj
with what eens b be Ittle ar no reagntion of dther tte dfficulty or the importanceof doing so siccesdully.

5. Egtimating
In our disaus$on of survey anpling, we ae caocenedwith estmating four types of atributes:
@ aveaages, e totak; @ proportons; o frequendes

For aveagesand poportions, the orregponding snple dtribute (or'statistic) is enedly usedto esimate the repondent
popuation attibute but the sanple totaland sarple frequency do not estimae the repondent ppuation btal 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 ron+epanseis (hopefuly) a‘best gessof the mesng regponsevariatedaa based for exanple, ;m
known valuesof relevantexplanabry variatg9 of the wit conerred imputedvaluesare induded b fadlitate dcataanay/-
sis. Raely does imputirg meanngfully reduce tte sveity of limitationson Answvers by redudng inconpletaness ¢ data
o The erm'statisti¢ belovedof introdudory texss, s avadedin theseMaterial, insead we useesimator or‘estmaeas gpropri-
ate For ws,‘popuation parameer and ‘sanple ddistic are ‘popuation attibutéand ‘sanple atributé— madds have parameers.

6. ‘Good’ Surveys
A summary of Plan requirements 6r a god anple uney (.e, ane with accefabk limitationson Answers) is as bllows.
® A well-presergéd giestbnnaire, with unanbiguousand asweréle questbns whichis properly administeed and which gathers
the information reeckd b address properly the Questbn(9 to be asvered.
® A sanple of adequde sze, obainedby a pobability seleding method.
® A high reponse(or low non-reponsé rate
® Coared use d stdisticaltheay, togaher with aaurage dataproesing and dear and ompletepreserdtion of he Arswexs.

Deficienciesn any oneof thesefour Plan conponents, even T all othe commnants ae adequae can imposeunaccepilde limi-
tationson the Arswelg obtainedfrom the siney

A report of a @nple suney $hauld, as aminimum requirement provide the eademith encughinformation atoutthe Han
to make dea the bllowing four maters:
* What the targetand the stdy popuationswere.
* What the ronteposerae was
* What process was sedto sled the wnits.
* What the sarple sze was
The first questbn is ©ncerred wih studyerior, the £mondwith non-resmpne ertor and the hird and urth with sampleerior.
The importanceof samplesizeis tha, for fixed data quaity and asuming the samenformation @nient per dsevation, the
larger the anaunt of datathe mae predsethe Ansver§ the déa @an yeld. However it is dmog aways extremdy) difficult to
mahtan high qudity in (very) large datasds, ae easn why a anple suney is sudly preferredove a ersis.

Assassnent & measuremet error requires,as a nmimum a opy of the questbnnaire €g, in an gpendk of the eporf).

NOTE: 10. Despte a entralconcen with suvey sanpling, SdisticalHighights #75 b #77 ldomusethe word sampling [ex-
cept in the ésthlished phrases suvey smping, samphg protocol, samphg inaccuracy samphg impeckian
andsamphg fraction] for threereasons
e the gened use d the wad enconpasse the bur processe®f sebcing, respandng, measuring andestmaiing,

which ae bestexplcitly ket as sepaate enities and onsderedindividualy;

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

e someusesof the wad could be aken & implying tha sanpling (in the ®rse ¢ reasnirg from datadeived
from asubset of some puation) is primarily the donain of sanple aurveys |.e, invesigatonswith an dose-
vationalPlan to aswerQueston(§ with a desciptive apeci wheeas,in realty, essatially all types of inves-
tigations[induding thase with obsevationalor experimentalPlars to ansver Queston(§ with a desciptive or
caustive asped] take orly a sample- tha is, a ersis israre in databasedinvesigatirg.

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

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

20050820



