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Figure 3.14. PLANNED DAT A COLLECTING: Sampl ing and Sampl ing Distr ibutions

Prog ram 14 in: Ag a inst All Odds: Inside Sta tis tics

Althou gh sim p le random sampling (or equ iprobable selecting) is the fou ndation of sampling desig ns (or sampling protocols),
sample sur veys in practic e us u ally use more complex desig ns. This progr am begi ns wit h a look at thes e desig ns. In stra tified
ra n dom sampling (o r EPS from a stratifie d popula t ion), the popula t ion is div ide d in t o stra ta, groups of units or ele ments sim ilar
to each othe r in way(s) that may affect their respons e. A separate SRS is then selected from each stratum. Stratifie d sampling
desig ns are the analog ue of block desig ns for an exper iment. The vid eo illust r ates stratifie d sampling by a sur vey of recre ation a l
fis her men carrie d ou t by the Nation a l Marine Fis her ies Servic e. The strata in this case are different location s fo r fis hing.

Na t ion a l samples are multistage samples that select successiv ely sma l ler regio ns wit hin the popula t ion in stage s. Each stage
may emplo y SRS, stratifie d sampling, or another type of sampling. The Gen eral Socia l Su rve y conducted by the Nation a l
Opin ion Res earch Cent e r is an exa mple of a nation a l sample that provi des impor tant infor mation abou t public sentim e n t.

Fa ilu r e to use probability sampling often res ult s in bi as, or sys tem ati c er rors in the way the sample repre sents the popula-
tion. This progr am also reminds us of some of the practical diffic ulties that may cau se bia s when sampling peop le. A sampling
desig n that sys tem ati c a l ly mis s es par t of the popula t ion, like the Literar y Dige st election pol l mentio ned in the vid eo, wil l suffer
fr om bia s due to this under cover age.. Misle ading res ult s can also be due to non-res pon se (s ome sub jects can’t be con tacted or
refu se to answe r), to badly worded que s tion s, or eve n to the race, sex , or appearanc e of the int e rvie wer.

The deliberate use of chanc e in produ cing dat a is intende d to eli min ate bia s. It als o ma kes the outco m e s of an exper iment
or sample sur vey sub ject to the law s of probability. The nex t fo ur Progr ams wil l in trodu c e probability; the final por tio n of this
prog ram takes a first look at the random beh aviour of statis ti c a l data . First, some basic vocab ulary: A number that des cribes
a popula t ion is called a para m eter. A number than can be computed from the data is called a sta tis tic. The purpose of sam-
pling or exper iment ation is usually to use statis ti cs to make statements about unknow n parameters.

A statis ti c fr om a probability sample or randomized exper iment wil l not take the same value if the sampling or exper iment
is repeated . The sa m p ling dis tribution des cribes how that statis ti c varies in repeated dat a collection. In the vid eo you can
wa tch a sampling dis tributio n buil d up unde r repeated SRS from a popula t ion of bea ds – the not able qu i ncu nx demons tration,
abou t 20 min utes into the vid eo.. For mal statis ti c a l inferenc e is base d on the sampling dis tributio ns of statis ti cs.

Bi as, whi c h we infor mally des cribed as "favo rit i sm," can be des cribed more exactly in ter ms of the sampling dis tributio n.
Bi as means that the cent re of the sampling dis tributio n is not equ al to the true value of the parameter. We wou ld like to use a
st atis ti c that has sma l l bia s and also does not vary gre atly in repeated sampling or exper imenting. The variability of the statis ti c
is des cribed by the sprea d of its sampling dis tributio n. If the sampling dis tributio n is nor mal, the standard dev iation of the dis-
tr ibutio n des cribes the variability of the statis ti c. Properly chosen statis ti cs from randomized dat a production desig ns hav e no
bia s due to selecting the sample or assig n ing the exper iment al un its to tre atments. The variability of the statis ti c is det e rmine d
by the size of the sample or of the exper iment al gr oups: larger samples giv e less variable res ult s. No tic e in par ticular that as
long as the popula t ion is much large r than the sample, the variability of sample statis ti cs is influe n ced on ly by the size of the
sample and not by the size of the popula t ion.
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Us ing the ter min ology of our Cou rse Mat e ria ls , rewrit e the fol low ing phrases or sent enc es fr om the vid eo sum mar y abov e.

• A separa te SRS is then sel e cte d from each stra tum. (First parag raph)

• Stra tified sampling des ign s are the analogue of blo ck design s fo r an experiment. (First parag raph)

• The del ibera te use of chance in pro ducing data is inten ded to ele minate bia s. (Four th parag raph)

• It also mak es the outco mes of an exper iment or sample sur vey subje ct to the laws of probabi lity. (Four th parag raph)

• ..... a fir st look at the random behavi our of sta tis tical data. (Four th parag raph)

• A number that des cribes a popu lation is calle d a parameter. (Four th parag raph)

• A number that can be com pu ted from the data is calle d a st atis ti c. (Four th parag raph)

• The purpose of sampling or exper imenta tion is usually to use sta tsit c s to mak e sta tem ents about unknown para m eters.
(Four th parag raph)

• A sta tis tic fro m a probabi lity sample or randomized exper iment will not take the same value if the sampling or exper i-
ment is rep eate d. (Fifth parag raph)

• Pr operly chose n sta tis tics fro m ra n domized data pro duction des ign s have no bia s due to sel e cting the sample or assig ning
th e experimenta l unit s to tre atmen t s. (Last parag raph) [this statement is sho rtene d to ... random sampling eli minates the bia s ...

abou t 20 min utes into the vid eo com ment ary.]

• ..... as long as the popu lation is much lar ger than the sample, the var iability of sample sta tis tics is influenced only by the
size of the sample and not by the size of the popu lation. (Last parag raph)
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Identify the fou r catego rie s of er ror (in our ter min ology) inv olved in the thi rd parag raph ove r leaf on pag e 3.71: ..... Fai lu re to
use probabi lity sampling ..... .

• Re write the parag raph usi ng ou r ter min ology.
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Phrases from the vid eo sum mar y ov erleaf on pag e 3.71, rewritt en in the ter min ology of thes e Course Mat e ria ls , are as fol low s .

++ A sample is selected from each stratum by EPS; thes e st r atum (sub)samples toge the r co mpris e the (ov erall) sample.

++ St r atifyi ng and block ing are si mil ar in that bot h involve for ming groups of ele ments (or units) [the stata or the block s]
with the same (or sim ilar) value s fo r on e or more (non-focal) ex pla n ato ry variat es, but stratifyi ng and block ing di ffer in
thei r (prim ary) int ents.

Stra tifying (in the Pla n fo r an inv estig a t ion wit h a descript ive aspect) aims to inc rea s e the pre c isi on of estim ato rs and (of-
ten) als o to provi de Answe rs for popula t ion subgr oups (the strata) as wel l as for the whole popula t ion.

Bl ock ing (w hen fea sib le) [in the Pla n fo r an inv estig a t ion wit h a ca usa tive aspect], in conju ction wit h equiprobable assig n-
ing, aims to manage confou n ding by non-focal exp lanato ry variat es and so decre ase the lim itation on an Answe r involv-
ing ca usa tion by the fo cal variat e.

−− Ma n agement of non -focal exp lanato ry variat es by block ing often res ult s in increa s ed pre cisio n of estim ato rs, but this
is an in ciden t al, alt hou gh useful, ben efit.

++ The nex t thre e st atements are all encompasse d by:

Equiprobable selecting (and pr obabi lity sele cting more gen erally) provi des a basis for quantifyi ng sampling impre cisio n
and so, in conju nct i on wit h adeq uate rep licating (o r an adeq uate sample size), allow s an Answe r to be obtaine d with ac-
cept able lim itation impos ed by sample error in the con tex t of a par ticular inv estig a t ion.

++ The nex t two stat ements are bot h cove red by:

At tribute: a quantity defi ned as a fun ction of the respons e (a n d, perhaps, exp lanato ry) variat e(s) ove r a gr oup of ele ments/un its,
typi c a l ly: −− the targe t popula t ion/proces s,

−− the study popula t ion/proces s,
−− the respondent popula t ion,

−− the non -re spondent popula t ion,
−− the sample.

Examples of att rib u t es (co mmonly of int e rest) are ave r age s , propor tio ns, totals and ratios of two ave r age s.

++ In the usual situation of an inv estig a t ion involv ing a sa m p le (a s distin ct from a ce nsus), an Answe r is usually an estim ate
(base d on a model for the beh aviour unde r repetit ion of a sample att rib u t e) for (the value of) a popula t ion attribute.

++ Un d er repetit ion of equiprobable selecting, the value of a sample att rib u t e will (us u ally) var y fr om sample to sample.

++ Un d er EPS, the random variable in the model repre senting the sample ave r age or the sample pro por tio n is an unbia s ed
estim ato r of the cor responding popula t ion attribute.

Fo r estim ating a ratio of two ave r age s un d er EPS, the re is estim ating bia s in the model; howeve r, unli ke (re a l-world) in -
accur acy, estim ating bia s decrea s es in mag n itude wit h in cre asi ng sample size.

++ Un d er EPS, provi ded the sample size is a sm all propor toi n of the popula t ion size (i.e, n << −N), the popula t ion size has
li ttle or no practically impor tant effect on the standard dev iation of the random variable repre senting the sample att rib u t e.

The unin tuitive con seque n ce is that the (model) random variable repre senting the sample att rib u t e un d er EPS has essen-
tia l ly the sa m e precisio n, as an estim ato r of the popula t ion attribute for a sample size of (say) 1,500 respondents, regar d-
less of whether the popula t ion size is 30 mil lio n (a s fo r Cana da, say) or 300 mil lio n (a s fo r the U,S.).
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The fou r catego rie s of er ror (in our ter min ology) inv olved in the thi rd parag raph ove r leaf on pag e 3.71: ..... Fa ilu re to use
pr obabi lity sampling..... are (in order):

−− sample error; −− study error; −− non-re spons e er ror; −− mea s urement error.
[Fo r an inv estig a t ion wit h a descript ive aspect, we recall the picto ria l repre sent ation of how thes e fo ur cat egor ies of error
co mpris e over all er ror on the lowe r half of pag e 3.13 on the first sid e of Fig ure 3.3.]

++ No n-probability sample selecting met hods impos e se ver e li mit ation on Answe rs becau se they provi de no basis for quanti-
fying the likely mag n itude of sa m p le er ror. Fur the r, eve n un d er EPS, a Pla n fo r an inv estig a t ion that fails to adequ ately
ma n age

−− study er ror (arising from ina dequ ate ove r lap of the study and targe t popula t ion s),

−− non-res pon se er ror [arising from a non -re spondent popula t ion that is appre ciable in size in rela t ion to that of the re-
spon d e n t popula t ion, and/or whos e att rib u t e(s) of int e rest differ appre ciably bet ween the two popula t ion s],

−− measurem ent er ror [e.g., arisi ng fr om the que s tionnaire and its adm inist r ation including, for ins tanc e, badly worded
qu estio ns or the race, sex , or appearanc e of the int e rvie wer (if the re is one)] ,

can impos e li mit ation s on Answe r(s) that compromise their usef uln ess – i.e, Answe r(s) whose dep arture from the true
st ate of affairs may be large enoug h to be practically impor tant in the inv estig a t ion con tex t.

We are reminde d that sev ere lim itation on Answe r(s) can arise from inadequate management of any one catego ry of er-
ro r, eve n if all the othe r catego rie s are manage d adequately.
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