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SAMPLING and SURVEY SAMPLING: An Int r odu ction

A samp l e survey involves mak ing inferenc esabou t a popula t ion on the basis of infor mation obtaine d
fr om a sample (i.e., a sub set) selected from the popula t ion; inhe rent in this des criptio n of sa m p ling are the
proces s esof defini ng the targe tpopula t ion appropriat ely for the Que s tion(s) to be answe red, sp eci fying the
study popula t ion (e.g., by a suitable fr ame), se lec ting un its (a unit is one or more ele ments) and es tim ating
att rib u t es, whi c h ent ails measur ing re spons e(a n dperhaps exp lanato ry) variat e(s) for each unit selected .
The alt e rnative to a sample sur vey is acensu s, in whi c hever yelem e n tof the popula t ion is inve s tig a ted .

* Ta rge t population: the group of ele ments to whi c hthe inv estig a tor(s) want Answe r(s) to the Que s tion(s) to apply.

* St udy popul ation: a group of ele mentsav ail able to an inv estig a t ion.

* Re spondent popul ation: thos eelem e n t sof the study popula t ion that woul dprov ide the data reque s ted
un d er the inc entiv es for respons eoffered in the inv estig a t ion;

* No n-respondent popul ation: thos eelem e n t sof the study popula t ion that wou ld not prov ide the data
requ est e dun d er the inc entiv es for respons eoffered in the inv estig a t ion.

There is fur the rdiscus sio n of the respondent and non -re spondent popula t ion sin Section 3 ove r leaf on pag es HL7 5.2 and HL7 5.3.
The choic ebetween a sample sur vey and a census is usually a trade-off bet ween their advant age sand disa dvant age s. Thead-
va ntage sof sample sur veys are that they:

Samp l e survey:
Defin ing
Specifyi ng
Selec ting
Re sponding
Me asuring
Esti mating

Census:
Defin ing
Specifyi ng
Re sponding
Me asuring

++ us efe wer reso urces(m oney and/or tim e);
++ are usually sho rter in dur ation and so provi de more ti m ely Answe r(s) to Que s tion(s);
++ are the only fea sib le optio n when measuring is destructive; e.g., crash tests on cars, test firing of came r afla sh bul bs and

gun car tridge s ,mea s uring cig arette tar and nicotin e leve ls and bursting pre ssure sof plasti c bags and con d o ms.
The main disadvant age sof sample sur veys are that:
−− there is inherentun cer tai nty in usi nga sample att rib u t eas a basis for es tim ating a popula t ion attribute;
−− they usually do not provi de infor mation abou tever ysegment (or subgr oup) of the popula t ion bei nginve s tig a ted .

1. Terminology
We dis tinguis hanel ement fr om aunit.

• Elements are the entit ies that make up a popula t ion; for exa mple, a person is an ele ment of the popula t ion of Cana dians,
but we recog n ize that many popula t ion sin dat a-base dinve s tig a t i ng hav enon-hu man or inanimate ele ments.

• Unit s are the entit iesse lec tedfo r the sample; aun it may be one ele ment (e.g., a person) or more thanon e(e.g., a hou seh old).
In mul t i-stage selecting (discus s ed bel ow), we speak of pr imary sele cting units (PSUs) selected at the fir st st age, se con dar y
sele cting units (SSUs) selected at these con dst age, and so on.

Maj or components of the Pla n fo r a sample sur vey inclu de the fou rmatt e rs sum -
marized at the rig ht; details are as fol low s .

• St rat ifying is a process of subdivi ding a popula t ion into groups called strata
befo re the units are selected; strata must be defi ned in such a way that eve ry
popula t ion unit bel o ngs to on eand only one st r atum. Units for the sample are
sele cted from ea ch of the strata (se ealso Statis ti c a lHighlig ht #85).

• Un its can be selected from the popula t ion in one or more st age s, the lev el of
ag g regation of the unitsdecrea sing throu gh successiv e st age s; fo r Cana da, for ex-
ample, afive-stage Pla n coul d involve selecting pr ovi nces within the cou ntr y, countieswithin the provi nces selected, urban
and rural are as within thes ecoun ties,househ ol ds within the selected are as, and apersonwithin each of thes ehous eholds.
−− A sample sur vey to obtain househ ol ddata wou ld inv olve only the first fo ur of thes est age s.

• The la st st age of a mul t i-stage sample sur vey (or aon e-stage sur vey) can select units whi c hare eit her in dividua l popula t ion
elem e n t sor gr oups of ele ments (calledclu sters); obviously, stage sbefo re the last canon ly sele ct gr oups of ele ments.

• A varie ty of processes is use dto se lec tun its at each stage; the basis of the statis ti c a ltheory for estim ating popula t ion attributes
fr om sample dat ais pr obabi lity sel e cting, in whi c heach popula t ion unit has aknownprobability of bei ngsele cted for the sample.

Po pul ation

Nu mber of stage s

Last stage units

Sele c ting method

Un stratifie d
St r atifie d

One-st age
Multi -stage

Elem e n t s
Clust e rs

Probability
Othe r

2. Sel ecting
We dis tinguis h the fol low ing processes for se lec ting un its for sample sur veys:

• probability selecting; • acces sib i lity selecting; • haphazard selecting; • volu nteer selecting;

• conv enienc esele cting; • quot asele cting; • ju dgement selecting.
In pr obabi lity sel e cting (a lso called ‘probability sampling’), eve ry unit of the study popula t ion has aknownprobability of bei ng
sele cted . Sa mple sur vey Pla ns are often deve loped so that, as far as practicable, eve ry unit of the popula t ion has (ap proxi-
mately) thesa m esele ction probability; this is the case for eq uiprobable sel e cting (EPS) [but see Not e2 ove r leaf on pag eHL75.2].
We need to recog n izewh ich ent itiesare equ iprobable in EPS – all pos sib lesa m p les of a given size(EPSs) or all popula t ionunit s
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(EPSu) or all popula t ion el ements (EPSe) or all popula t ion clu sters (EPSc); the schema bel ow summarizes thes epossib i lit ies.
The meaning of EPS in this Highlig ht #75
[a n d, els ewhe re, of ‘si mple random selecting
(SRS)’] is shown in bold type in the schema .

Sele cting Probability EPS EPSs EPSe

Othe r Sy stemati c EPSu EPSc

NO TES: 1. The foregoi ng dis cus sio n of EPS is base don equiprobable selecting wit hou t replacement(EPSWO R); sur vey sam -
pling and thes eMa ter ials hav eli ttle con cer nwith selecting with replacement(EPSWIR). Weus u ally omit WOR–
it s in clu sio n in some tit les (e.g., in STAT 220 Figure 8.11 and STAT 332 Figure 2.1 0) is an occasio nal rem inde r.

2. For a respondent popula t ion frame of fou r un its a, b, c, d, six samples of size 2 (as lis ted at the
right) can be selected by EPS but only two by sys tem ati c sele cting (SY S); thes etwo samples are
eq ually probable if the selecting starting poi nt is chosen equ iprobably. Thu s ,un d er both sele cting
proces s es,each unit has an inclu sio n probability of one -half. This rem inds us that EPS implie s
equal unit in clu sio n probabilit ies but the conve rse is not tr ue – here, sys tem ati c sele cting wit h eq ual
in clu sio n probabilit ies is notEPS becaus eit cannot select fou rof the samples pos sib le unde rEPS.

EPS SYS
ab ac
ac bd
ad
bc
bd
cd

3. A phrase com monly use din tex ts dealing wit h survey sampling is si m p le ra n dom sel e cting [o r, reg rettably, si m p le
ra n dom sampling] (SRS); in the ter minol ogy of thes eSt atis ti c a lHighlig hts, it is equ ivalent toEPS fro m an un-
stra tified popu lation. Weus ethis longe rphrase becau se it is more evocative of the actual selecting process.

4. If there are −N un its in the respondent popula -
tion and the re are n units in the sample, then:

f = n
−N is called the samp ling fraction. -----(HL75.1)

[ f is the probability any respondent popula t ion unit is inclu ded in a sample obtaine dby EPS.]

Probability selecting has two advant age s.
It is the basis of statis ti c a ltheory for sur vey sampling; e.g., it is the basis of expre ssi ons for confid e n ce int e rvals for respon-
dent popula t ion attributes (se eSt atis ti c a lHighlig ht #77).
Fo restim ating att rib u t es like ave r age s ,tot als, pro por tio ns and frequ encie s ,under rep etition it elim inates sampling inaccurac y.
−− Zero sampling inaccur acy unde rrepetit ion has lim ited implication for the mag n itude of sample error – it only margi nally

re duces the risk of sample error large enoug hto impos eun accep table limitation on Answe r(s).
−− If a sample,after it has been selected, is fou nd to hav esample error that impos es unaccep table limitation on an Answe r,

it is usually impos sib le to det e rmine, from an exa m ination of thesa m p leit self, the ext ent to whi c hthe sample error is due
to a flaw ed selecting process or to chanc e; ins tea d, it is necessar y to know thepr ocessby whi c hthe sample was sele cted .

Rela ted matt e rs are:
The statis ti c a ltheory of sur vey sampling usually deals on ly with the unc e rtain ty that arises becau se of the sample dat aare
inhe rently in com p let e; it sel d o mtake saccou nt of oth er sour ces of unc e rtain ty (so m etim e scallednon-sample error s – see
Figure 8.5 of the STAT 220 Course Mat e ria ls) such as study error, non -re spons eer ror, dat aproces sing mis takes, etc. (Se e
No te 9 at the bottom of the facing pag eHL75.3 and also Section 7on pag es HL7 4.4 and HL7 4.5 in Statis ti c a lHighlig ht #74 .)
No n-probability selecting processes can yield Answe rs wit h accep table limitation sin some inv estig a t ion s, but the res ult s of
(probability) selecting theor y (e.g., to obtain confid e n ce int e rvals for respondent popula t ion attributes) do not ap ply to them.
−− A com mon mis u se of statis ti c a lmethods is to giv e confid e n ce int e rvals base don sample sur vey dat aobtain ed usi ngany

of the six non-probability selecting processes lis ted ove r leaf in Section 2 near the bottom of pag eHL75.1.
−− The exper ienc eof sample sur vey statis ti cia ns ove rseve r al decades provi des compelling evi denc ethat, when hum an judge -

ment plays a sig n ific a n trole in sample selecting (as is often the case in non -probability processes) ,sample error is more
li kely to impos eunaccep table limitation on Answe rs, par ticularly for Questio ns wit h adescript iveaspect.

−− The names of the six non-probability selecting processes lis ted ove r leaf on pag eHL75.1 do not necessarily speci fy aunique
sele cting met hod – the first two methods ove r lap and the first five inv olve some degree of ‘acces sib i lity’ and/or ‘conv enienc e.’
Haphazard selecting is sometimeswr ong ly equated with ‘random’ selecting; i.e., wit h ou req uiprobablesele cting.
Quot asele cting is a sim ilar idea tocove ring – see the lowe rhalf of pag eHL85. 3in Statis ti c a lHighlig ht #85.
Vo lun teer selecting is not to be conf use dwith vo lunteer (o r vo luntary) re sponse, a phrase sometimes used to indicate that
human elem e n t scan (us u ally) ch oose whet her to respond, i.e., whether to provi de the reque s ted dat a; a separate (mea s-
ur ing) is s ueis whether thes ere spons es are correct or truthful (se eNo te 4 on pag eHL38.7 in Statis ti c a lHighlig ht #38).

3. Responding
Ma ny dat a-base dinve s tig a t ion sencou nter the diffic ulty that not all the data called for in the Pla n are acqui red – this is the

ge neral problem of mis sing data. Fo r human popula t ion s, this matt e ris usually refer red to as non-res pon se and it can impos e
unaccep table limitation son Answe r(s). A fr amewo rk for dis cus sing non -re spons eis shown in the diag ram at the upper rig ht of
the facing pag eHL75.3, whe re thestudypopula t ion (repre sent e dby the outer are a) is made up of theresp onden tpopula t ion and
the non-res pon den tpopula t ion. The set of units selected from the study popula t ion is thesele c tion, and compris es thesamp l e
(fr om the respondent popula t ion) and thenon-respondents (fr om thenon-respondent popula t ion). The diag ram has two cate -
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SAMPLING and SURVEY SAMPLING: An Int r odu ction (continued)

go rie sof symbols:
−− −Ns and ns refer to number sof (el ements or) units;
−− Y−−s and y−s areaver agesof a respons evariat eY− of the (elem e n t sor) units.

The rela t ion s hips among the numbers of (elem e n t sor) units are:
Study popula t ion = Re spondent popula t ion + Non -re spondent popula t ion

−Ns = −N + −Nnr

Sele ction = Sa mple + Non -re spondents
ns = n +  nnr

Study popula t ion

Re spondent
popula t ion

No n-respondent
popula t ion

−Ns

Y−−s

−N Y−− −Nnr Y−−nr

Sele ction

Sa mple No n-
re spondents

ns
y−s

n y− nnr y−nr

St atis ti c a ltheory, par ticularly of sur vey sampling,
is dev elo ped mainly in the con tex tof theresp onden t
popula t ion, often wit hou t re cognizi ng it exp licit ly.

NO TES: 5. In this Highlig ht #75, use of ‘sa m p le’ to refer only to resp onden t sis
se ldomfo llowe del sew here; it can be conf usi ngwhen only thecontext
in d i c ates whether ‘sample’ means se lec tion or sa m p leof our ter minol ogy.

• Phrases like in ten ded sampleandachieved sampleare als ous ed in
so m eplaces to conve y the same distin ction as our se lec tion andsa m p le.

6. The symbols −N (fo r the number of respondent popula t ion ele ments or units) and n(fo r the number of units in the
sample) cou ld usefully be writt en as −NR and nr as a rem inde rthat they refer to resp onden t s. Howeve r, theunsub-
script e dsy mbols −N and n are in such wid e spre ad use that it is unrealis ti c to expect to change them; in addit ion,
there wou ld be the inconve n ienc eof a sub scr ipt on two frequ ently-use dsy mbols.

7. A majo r Plan con sid eration in a sample sur vey of a humanpopula t ion is how to offer (as speci fi ed in thesa m p ling
pr oto col) adequate in cen tives for res pon se (e.g., pro per pre sent ation of the sur vey, suitable fol low-up, rewards for re-
spon se) ; the goa lof the inc entiv es is to achieve as high a respons era te as pos sib le. An illust r ation of why a hig h
re spons erate is impor tant is provi ded in Table HL7 5.1 bel ow.

• The first colum nof Table HL7 5.1 at the rig ht lis t sseve n
leve ls of non -re spons efo r a sur vey questio n with aYe s
or No answe r. The entries in the secon d and thi rd
colu mns of the Table show in ter vals of pos sib le per-
cent age sof Ye sanswe rs among all the units se lec ted .
The secon dcolu mn is base don the assump tion that, in
the sa m p le, half the answe rs are Ye sand half are No,
regardle ss of the non -re spons erate; for the thi rd col-
um n, it is assume dthat 90% of thesa m p leanswe rYe s
and 10% answe rNo, regardle ss of the non -re spons erate.

We see that eve ry percent age poi nt of non -re spons eadds a
perc ent age poi nt to the range (i.e., to the unc e rtain ty) for the pro por tio n of pos sib leYe sanswe rs in these lec tion.
Also, for 90%Ye sin the sample, thece ntresof the range sdiffer progres siv ely more from 90% as we go dow nTa ble
HL75.1; this reflects non-res pon ding inaccurac yarising from a situation whe reYe sandNoare not equ ally likely.

PERCENTAG E OF Ye s ANSWER S

NO N- AMONG ALL UNITS SELECTED
RESPONSE 50%Ye s 90%Ye s

RATE in Sample in Sample
0% 50% 90%
5 47. 5-- 52. 5 85.5 --90. 5

10 45--55 81--91
25 37.5 --62. 5 67.5 --92. 5
50 25-- 75 45--95
75 12. 5-- 87. 5 22. 5-- 97. 5
90 5-- 95 9-- 99

Ta ble HL7 5.1

8. Two matt e rs about the sep aration of the study popula t ion into the respondent andnon-respondent popula t ion sare:

• Which ele ments of the study popula t ion fall in whi c hof the two popula t ion sdepends on the in cen tivesoffered
fo r re spons e– different inc entiv es wou ld pre sum ably, in gen eral, res ult in di ffere nt sets of the study popula t ion
elem e n t sin the two popula t ion s. Fo r gi ven in centiv es for respons e(a sspecifie d in the sampling protocol of a
particular survey),weus u ally assume that a giv en ele ment wil l always ma ke thesa m ede cisio n abou twhet her
or not to respond; this determinis tic vie w of the respons ede cisio n is why weus u ally lim it dis cus sio n to non -
re spons eer ror, rat her than goi ng on to non -re sponding inaccurac y.

• The respondent and non -re spondent popula t ion sareconcep tua l in the sense that we only en cou nter subs ets of
them (as the sample and the non -re spondents); if a unit is not in clu ded in the selection, we gen erally do not
know (and do not needto know) to whi c hof the two popula t ion sit bel o ngs.

9. In addit ion to sa m p leer ror andmeasurem ent er ror when estim ating resp onden tpopula t ion attributes, the inferenc e
back fr om thes eestim ates to plau sible value sfo r study popula t ion attributes and, henc e, for thos eof the target
popula t ion is sub ject to the effects of error from two oth er sour ces:

• non-res pon se er ror (due to differ ing att rib u t e
value sin the respondent and study popula t ion s);

• study er ror (due to differ ing att rib u t evalue sin
the study and targe tpopula t ion s);

the schema at the rig ht above shows this matt e rpi cto ria l ly. All fo ur er ror cat egor ies impos eli mit ation son Answe rs.
[Se eSt atis ti c a lHighlig ht #18 for more det ail abou tov erall error when answe ring a Que s tion wit h a des criptiv e aspect.]

Target
popula t ion

Study
popula t ion

Re spondent
popula t ion

study error non-re spons eer ror
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4. Measuring
It is conve n ient to distinguis h fo ur co mponents of a measur ing pro ces s:

• the mea s uring ins trument or gau g e; • the operato r; • the mea s uring protocol; • the ele ment (or unit) mea s ure d.
In the con tex tof a sample sur vey, the measuring in strumen tis the que s tionnaire. It is cur iou sthat, when sample sur veys are car-
ried out, inv estig a tors who woul d never un d ertake to assemb le the types of ins trument ation typically use din a laborato ry (e.g.,
bala n ces, spect rophotometers) approach the task of dev elo ping a qu est i onnai re (i.e., a sa m p lesurvey mea s uring ins trument)
with what seems to be lit tle or no recog n ition of eit her the diffic ulty or the impor tanc eof doi ng so successfully.

5. Estimating
In ou r discus sio n of sur vey sampling, we are conc e rne dwith estim ating fou r types of att rib u t es:

• av erage s; • tot als; • propor tio ns; • frequ encie s.
Fo r av erage sand pro por tio ns, the cor responding sample att rib u t e (o r‘s tatis ti c’) is gen erally use dto estim ate the respondent
popula t ion attribute, but the sample tot aland sample frequ enc ydonotestim ate the respondent popula t ion tot alor frequ enc y.

We speak of es tim ating fr om the data obtaine dfr om asa m p le, but of imputing to deal wit h mis sing data for non-res pon den t s.
−− An imp u t e dvalue for a non -re spons eis (ho pef ully) a‘best gues s’ of the missing respons evariat edata base d, for exa mple, on

known value sof relev a n texplanator y variat e(s) of the unit con cer ned; imp u t e dvalue sare inclu ded to facilit ate dat aanaly-
si s . Rarely does imp u ting meaning ful ly reduce the sev erity of lim itation son Answe rs by reducing incomplet eness of dat a.

The ter m‘s tatis ti c,’ bel ove dof introducto ry tex ts, is av oided in thes eMa ter ial; ins tea d, weus e‘e s tim ato r’or ‘estim ate’as appro pri-
at e. For us, ‘popula t ion parameter’and ‘sample statis ti c’are ‘popula t ion attribute’and ‘sample att rib u t e’ – models have parameters.

6. ‘Good’ Sur veys
A sum mar yof Pla n requ irements for a good sample sur vey (i.e., one wit h acce pta b le li mit ation son Answe rs) is as fol low s .

. A wel l-pres ented que s tionnaire, wit h un a mbiguou sand answe r able que s tion s, whi c his pro perly adm inist e red and whi c hgat hers
the infor mation needed to addre ss pro perly the Que s tion(s) to be answe red .

. A sample of adequ ate size, obtaine dby a probability selecting met hod.

. A hig h re spons e(o r low non-respons e) rat e.

. Correct use of statis ti c a ltheory, tog ether with accur ate dat aproces sing and cle ar and complet epres entation of the Answe r(s).
Deficie n cie sin any on eof thes efo ur Pla nco mponents,even if all oth er com pon ents are adequ ate, can impos eun accep table limi-
tation son the Answe r(s) obtaine dfr om the sur vey.

A re por t of a sample sur vey shoul d, as ami nimum requ irement, provi de the rea de rwith enoug hinfor mation abou t the Pla n
to make cle ar the fol low ing fo ur matt e rs:

* What the targe tand the study popula t ion swe re.

* What the non -re spons erate was.

* What process was use dto select the units.

* What the sample size was.
The first que s tion is con cer ned with studyer ror, the secon dwith non-res pon seer ror and the thi rd and fou rth with sa m p leer ror.
The impor tanc eof sa m p lesize is that, fo r fixed data qua lity and assuming the same infor mation con tent per obs ervation, the
larger the amoun tof dat athe more precis ethe Answe r(s) the data can yield . Howeve r, it is alm o st alw ays (ex tremely) di fficult to
ma int ain hig h qu ali ty in (ve ry) large dat asets, one rea son why a sample sur vey is usually prefe rre dov er a census.
As s essment of measurem ent er ror requi re s ,as a min imu m, a copy of the que s tionnaire (e.g., in an appendix of the repor t).

NO TE: 10 . Despit e a cent r alconc e rn wit h survey sampling, Statis ti c a lHighlig hts #75 to #77 sel d o mus ethe word samp ling [e x-
cept in the (est ablis hed) phrases survey sampling, sa m p ling pro tocol, sa m p ling inaccurac y, sa m p ling impre c isi on
andsa m p ling fra ction] for thre ere asons:

• the gen eral use of the word encompasses the fou rproces s esof se lec ting, resp onding, measur ing andes tim ating,
which are bestexplicit ly ke pt as se p ara teentit ies and con sid ere din dividua lly;

• the speci fi c us eis basically a synonym for the process of se lec ting, a word whos ecl arity can be los twhen it is
in stead called ‘sampling’;

• so m eus esof the word cou ld be taken as implyi ng that sampling (in the sense of rea son ing from dat ade riv ed
fr om asubset of some popula t ion) is primarily the domain of sample sur veys [i.e., inv estig a t ion swith an obs er-
vation a lPlan to answe rQuestio n(s) wit h a des criptiv e aspect] wherea s,in reality, essentia l ly all types of inv es-
tigation s[in clu ding those wit h obs ervation a lor exper iment alPlans to answe r Questio n(s) wit h a des criptiv e or
causative aspect] take only a sa m p le– that is, a census is rare in dat a-base dinve s tig a t i ng.

In other sou rces of infor mation abou t survey sampling, you are likely to encou nter the word sa m p ling; when you
do, you shoul d id e n tify the sense in whi c hit is bei ngus ed.
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