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SAMPLIN G and SURVEY SAMPLIN G: Quegion Aspect and Method d Sample Slecing

1. Badkground — Quesdion Aspect and Dividing a Group of Elemerts (or Units) into Two Subgroups [optionalrealing
The Fornulation gage of he FDEAC cyde introduces ternindogy whichendles a §tdistica) Queston (the ‘input to this
staye to be trned nto aclear (sttistical Queston (the ‘output). One @mponent d this ermindogy is the Questbn
Aspect a binary categrizaion of he pimary conernof a Questbn
e Degriptive: a Queston whose Answerwill invdve primarily valuesfor population/process atributes(pag, presentfuture.
o Causative: a Questbn whase Answer will invdve primarily whether and/or how the bcal explanaory vairiate is cawsaly
rdated b the egponsevariatein a ppuatioryproess

As dsaussd in this Hghlight #83 the Questbn asped has mpiicationsfor the method d sanple sekcing.

To purste this dsausson, a shema b gven at he ight, from page  Equiprobable sdecing Equiprobable assgning
HL9.3 in SatisticalHighight #9, whichshavs pctorially tha a @mnon
NIs NO
sdeded

theme of ecquiproballe sleding (EPS and guiprobale assgning oo
; Y : eponden
(EPA is dviding a goup d elements nto (two) stbgraups tha are popation Smia)
N

likely to be sirmilar enaughuncer adequae replcating for the regpec-
tive imitationsimposel on Answver(§ by sanple eror and by ompa-
risan eror o be a@cepile in the nvesigaton mnext The ideafom
from this £hanawe usehek is ha whensekcing the saanple, he goup
of dements & the epondent ppuation, the sibgraups ae the wits not sdeded and the sarple.

Spedfically, we take (binary) focal variateX” to indicae wretrer a unit is sdeded for the sanrple (X"=1) or is in the goup d
units not sdeded (X = 0). The valie of a(possbly confourding) exgdandory varateZ deermines whichX " value exch repon-
dent mpuation dement 6r wnit) recdves. [The asteisk ) on X is 1o remind us bha the naure d this bcal vaiate differs
from X in mostof our dsaus$on elewlere; fr inseinceits valiesareimposedon the wits d the epondent ppuation kut,
urlike atreament it (Usual)) does ot actively charge a uits repponsevariatevalue (but see Nte5 on mgeHL83.4] The
emphass in aur dsaus$on is o contrast prabability sdeding with judgement sdeding for Questons with a desciptive agect
and wth a causéve sped, underan eperimentalPlan and nderan dsevationalPlan n the bttercase

Y, Y,
Similar Similar

2. Quedion with a Degriptive Aspect probability selecting

Unde prabability sdeding g, EP9, a siitable probabilistic process(eg, eguiprobalde dgity detemines the valiesof Z
(and hencedf X*), so hesevaluesareurinfluened ly the wits othe variatevalues; with adequate repicating we @n hee-
fore wlsudly come @ceptidy dose to he ideal dthee beingno Z-¥ (and hence no X™¥) rdationshipove the dements ¢r

unity of the epondent ppuation This nears in practice that the valie of he dtributeof interest n the x*
sanple will usualy be acepidy close to ha for the wnits not sdeded which mears in turn an acept w 27
albe limitation on he Arswerdue b sanple aror. Schema @) at the iight shows the elatonshis or their ¥

abserce among Z, X" and¥.
o While probability seleding may obtain a @nple with an dtributevalue €g, an areragd meanngfully different fom tha of
the repondent puation €g, ¥), satisticaltheay quantifies, underepetion, the pobability of obtaining sich a anple

— tha is, the heory males eplicit the d@endence(@ndits form) o sanpling impredsion on cegee d redicating (.e,
sanple sze),as vell as poviding, when esinaing an average:

+ aconfidence interval expressian,  + unbiasedestmating. [EEE @ [EEE €}

- Diagam () at the fight is a lepre®ntdion of a e- @ B}
spondentpopuiation of N=16 dements ¢r wnits RESPONDENT =1 - B 5 G
with four differentZ values; a sanple onssting o 220 z-1 z-2 7-3 .

the bottom row d four units wauld yield (the ideal
of) diagam @), in which the sanple aerae §
and ha of the wits not sdeded () are exactly)
equal — tha is, hee is zeo sanple aror.

No sanple eror Sampé aror

T T x* T T x*
0 1 0 1

~So3oQocu
@3-moo—0on

3. Quedion with a Degriptive Aspect judgemen selecing
Unde judgement sdeding, Z may be an gplanaory variate of the epondent ppuation dements ¢r wnitg, in which case
an dement Z value infuenesbath its X" and¥ valuesso ha, as $iown in schama @) at the fight, X" is ¥+
assodated with ¥ (the dashel line), due b their comma cau® (or‘confourdef) Z; an exanple, n the e- ® Z< :
spondenipopuation in dagram(l) above, would be if judgement €leding dbtainedthe four units with Z = 3
® A posible aitcomeof judgament gleding is ilustraed n dagram (3 at the ight above — his dagram[anddiagans 6),
(7) and ©) overkaf o1 pageHL83.2 and an pageHL83.3 assine the samle sze is ;me-quater d the epondent ppua-
tion $ze and sample aror is positive.
- As well as llustrding the (inaceptle) limitation imposel by sanple aror underjudgenent gleding when asweing
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a Questbn with a desciptive apect, diagram(3) also reminds us of he usid (nonrideal lecaug thee is sanple aror)

situdion urderprobability sdeding; thecritical differencesare:

+ judgement leding doesnot hae the tree kendits from sanpling theory unde EPS reiterded overkaf o page
HL831 ceealso he £hema n Note4 at he @nte right of pageHL83.4 n this Hghight #83 and Setion 3 on @mges
HL21.2and H.21.3in SatisticalHighight #29, whichallow invesigabrs o manaje he hherent incetainty (arising
from inconpleteinformation) of sanpling and © to try to make acceptble in the Questbn @niext the imitation on
an Arswerimposel by sanple eror;

o when edmaing an aeraye urderEPS a caonsejuenceof the CGentralLimit Theorem & ahigher probability of se-
leding a anple with sanple aror o smdler maggnitude alower probability of seleding ane with larger magnitude:
@ this may imply tha judgenment sdeding, © whichthe CentralLimit Theorem desnot appl, is prone b sanple
eror o larger magnitude thang BEPS br a gven sanple sze — £e Notel on the bwerhaf of pageHL83.3
Of course it is possble that, in diagram()) overkaf o pageHL831, BPS night seled the bur unis with Z =3 and judge-
ment &leding might seled the ottom row o four units — £e ds0 Note 1 ; pageHL9.3 in SatisticalHighight #9.

When aisweing a Questbn with a desciptive apect and when the vak of he egpondent ppuation attibute keingestimaed
stbseuenty becomesknown datisticalexperienceshavs ta ‘canfourding by Z, resiting in a anple aror d unaccepally
large magntudg is conmonunde judgement gleding comparedwith probability seleding; eg, sse SatisticalHighlight #17
o Fora sanple dbtainedby judgement gleding, the Imitation imposel by sanple eror an an Anaverto a Questbn with a
desciptive apect is so gvee ha it raises cbult as to vhether tre invesigaton $auld have been undetaken
- Judyament (ather than pobability) seleding, uisudly doneto mn®ne reurces, s thusstdisticalfalse emnany when
arsweing a Questbn with a desciptive apect.

4. Quedion with a Causative Aspect Answered usng an Experi mertal Plan
Fora Questdn with a causéive aped, EPS desite its bendits, is often not feasble and judgement leding is the feasible

aterrative feall the @tbran investigatbn descibed in Note 3 on mgeHL9.6 in Qatistical Highlight #9). We deal with this
Queston apect and Hantype anly for the pecid case desimating a reament dfed of focal vaiate X which is adifference
of two averages (x-¥ —x-o¥) and ® is itséf an averaye adsq we asune ha the samle is dvidedinto the redament (X=1)
and ontd (X=0) graups by BPA. From dsausson in Sedion 6 rea the t of pageHL9.5 in Satistical Highlight #9, we
seefrom schama E he the lottom right of pageHL9.4 tha conparisonerior hastwo sairces
o the wo haf sanples dtainedunde EPA would likely havedifferert averagesy, andyf whenX=0; AND:

o the redment dfed in the (haF) samplewith % =1 is likely to dffer from thetruetreament dfed.

In the peent dsausson, we reed onsder only the seond saurce, keaug the first, under BPA, has nopreerantial effed on
conparisa ator in relatbn © metrod (probabiity or judgemen) of sanple sleding. Diagrans @) and @ at the bwerright
ovaleaf m pageHL831 row each bemmetwo diagarms, dgending o the dosaceor preenceof an %-X" (.e, an %-Z) in-
teraction. The regectve pars of dagrans, $iovn & the ight below are @) and 6), 6) and (7) — thesediagans assune a
pasitive tregment dfed; for darity, they omit comparisan eror from the first surce gven ebove (they d show y,=y).

o Unde EPS in the idealcase 6diagrans @) and 6) with no sanple aror, relatonshifs ©r their abgncg are & iowvn in

scthama () at the iight below
diagam (). With no Z-¥ am O e © g O e 0
(and henceno X*'¥) rda- %=1 x=1 %=1 %=1 xe1 %=1
tionshipove the wits o =1 -] B 3 R S AE] R o
the respondent puation, it e oo oo x20 %20
is immaerial whether there
is @ XX (e, a X-Z) in- oSl et o e et NS ot
teraction; this is why dagrans . . * . . * . . * . . *
@ and 6) are the samerefleding 0 1 0 1 0 1 0 1
zao conpaism eror from the €mndsaurce gven ébove in the mdde o the @age

® When hee is sanple aror, as in dagrans €) and (7) dbove ad relatonshig ae & $owvn in chana Z—=X"
(D) at the bwerright (where the dashal line denoes assodation), thee is @nmpaism eror from the © X ¥

seondsaurce only when hee is a X-X" (.e,, an X-Z) interaction [diagam ).
We e fom this dsauson that, when esinaing a treament dfed by a diffeeence of sanple averayes
(.Y —.oy) in an eperimental Plan the intuitive idea that hiele nmay be carcdlation beaween the two (D) )
sanple erors is a ower-dmpilification — \atrer the dsenceof interacion males the dferencein averae X—¥
reponsethe samelor bath valuesof X~

5. Quedion with a Causative Aspect Answered usng an Observationd Plan
Forthis Questbn asped and Rantype we firgt distinguish:
o Z": the vaiatethat cetemines which X" value edh repondent mpuation dement or wnit) recéves, FROM:
o Z: the tonfourdetwhaose dstribuion differs between the epondentsibpopuationswith X=0 and X=1
(continued)
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SAMPLIN G and SURVEY SAMPLIN G: Quedion Aspect and Method o ... Slecting (cortinued 1)

Rekvantpdtems d variate rdationshis ©r their abgncg are stownin schemas(F) and @) at the iight — in Z Xt

scthama @), Z" andZ may be he samevariate ) Z¥
¥, - ¥, = treament dfedt + confourding efect ----(HL83)) L/
conpaism error = oniurding efed + sanple aror when X =1 - sanple aror when¥=0 ----(HL832) X

® From shena O ad eyudions(HL9.3 and(HL94) on pages HLO.5 and HL9.6 in SatisticalHigHight #9 Z "

— gven again for convenienceas gudions(HL831) and (HL83.2) above— we eall tha the dfference |

¥, -, bang esimaed n an oberwational Plan & not sinply the treameant effed; the inherent limitation © ?7’*‘

of an dbsevationalPlan aisingfrom the confoundng effed of equaion (HL9.3 = (HL83J) is repreented X

in the bwer part of schamas(F) and ), whee the two ¢did) lines egreent hree msdble stuaions

which show an X-¥ as®dation:

- (focal vaiatg X is a @u® of fepansevariatg ¥ [sotheris a redment dfed of X on¥];

- (possble confourdef) Z is a omnon @u of both X and¥ [sothele is no treament éfed of X on;

- (possble ‘confourdef) Z is ssodatedwith X which isnota au® d ¥ [sothele is @gan) no treament dfed of X on].

The lowerpart of schanas(F) and @) is redravn & the ight below with thesethreesituaionsshavn explicitly in scheanas

(H), () and (). For dbsevational Plars whee theseschemasrepgreent he actual (but unknown) state d affairs, the on-

founding efed of equdion (HL83J) aboveis:

+ unde schema @), the (nain) dfed of Z on* plus,if thee is an X-Z Z_w ¥ Z_w¥ Z ¥

interaction, the X-Z interaction effed; H o v, @ .7

+ unde schemas(l) and (), the dfed of Z on¥ X X X

[Limitationsinherent in dbsevationalPlars were dsausse in Appendk 2 on mge HL9.9 and HL9.10in SatisticalHighlight #9.

For a Questbn with a cuséve assped invesigated with an dosevational Plan the elevantdiagams € and ©) below have
morein comnon with diagams @) and @ on pageHL831 than with diagans @ to 7) on the fadng pageHL83.2, except

thele ae row two sanples gleded fom the two epondentsibpopuations. ® &)

e Unde EPS wheher in the ideal case © diagram (9, or diagram (9) eaie i
whete thee are sanple arors tut likely of different magniudes n the two _ _ svghrggexe;gr{‘
sanples, the liree kendits from ddisticaltheay are dfse by the inherent ek it i =
limitation of an dbsevational Plan — hee is hus (even wnder EPS a — o | Smperor -w
seerelimitation on Ansvers due b comparisan error. Yo e Yol o

o Unde judgement ®leding, ladk of theory and its lendits conpaunds the No sanple aror Sampt aror
alread sevee Imitation from comparisan aror under EPS b (usual) . e . _—
male unacepilde the imitation on Aswvers imposel by mmparisa eror. 0 1 0 1

In summary it may ke tha, underjudgement gleding:
% anX™¥ relationship creaed ty Z is datively) cormmon thusimposng a (isualj) unacepibe limitation:
e due b sanple eror an Answer(9 to Questdn(9 with a desaiptive asped, AND:
e due b comparisa eror (@s he manfesttion of snple eror and the mnfourding efed) on Ansver(§ to Questn(9
with acawsafve agect in an obervational Plan (but tking acoourt of the @mmentsn SatisticalHighight #63 in Note
8 abaut CaseControl Plars on @geHL63.5 and in Note 3 on pageHL9.6 in SatisticalHighight #9), BUT:
* anX-X" (.e, an X-Z) interaction is (datively) unconmon, thusimposng a (isualj) acceabke limitation due & comparism
eror @s he nanfesation of @anple eror) on Ansver(§ to Questbn(9 with a cawsatve agpect in an expaimental Plan

NOTES: 1 The bregoing dsaus$on in this HgHlight #83 is iluminaed ky a sanpling exercise isedover more than a deade

in teacling introdudory datistics in the 4-yea Bachdor of Mathremdics programat the Lhiversity of Waterla.

A popuation of100 ‘blocks (irreguar polygors aut from 6-mm grey pladic sheet, numberedfrom 1 © 100 is laid

outon a alde in the dassoom and eachfdhe (50 © 80) students sleds a sample d 10 Hocksby EPS (sng a

table of equiprobalde dgity and by pdgement &leding. From a lst of the DO Hock wephts, each sident

calcdates har two sanple arerages which ae then ued ty the nstuctar to congrud, on an aetheadprojedor

at he font o the dassoom, a bar-gaph (in 2-gram intervals) d the aerajesfrom each seleding method.

e Unde EPS the ar-gaph is wsudly cented dose to he ppuation areraje Hock weph (32.4 gamy, is
rougHy normal ©r & leastsynmetrica), and ha nostof its valieswithin albout10 gams d its ente.

o Unde judgement gleding, the @nte of the kar-gaph is typically at least40 gams (morethan 2% o high),
the sgpe s nore ‘ragged’ and the vidth is agoredably greder than br EPS.

Althouch this is arestricted sanpling conext, the persigence of sanpling inaccuracy unde judgament leding

is notewothy — no sibgantial exception to the cheacteistics mtedabove for the judgementseleding bar-gaph

wasobseved n one b two hundedclassrmm uses fithe eercise.

2. An illustragion of he bregoing dsaus$on in this Hghight #83 is provided ty the US Physdciars' Heath Sudy

2006-0620 (continued wveled )
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(summarized n FHgure 1D.2in the STAT 231 Course Materal9, whichinvesigaed the dfed of asgrin on he iisk
of heat atack in males

The sanple was 2,071 male bdors, who vere assgned b asgrin or daceébo underEPA — the teament and on-
trol groups were thuseach d size éaout 11,00Q In the rotaion of this Hghlight #83 the bnary vaiiates were:

e focal vaiateX: taking gacebo (%=0, 11,034 dotorg or taking asfrin (¥=1, 11037 dotors),

e ‘confourdet Z: not beinga cbdor (Z=0) or beinga coctor (Z=12),

e reponsevariateY: not haing a reat atack (¥ =0 or having a leat atack (¥=1) duiing the nvestigaton
Her, he mtten o relatbnshig anong the vaiates is pobably more ke shema €) than shema ©) on page
HL832 — t seans easnale o assune ha the dfed of asgrin on keat atack risk in males & rot Er is mly
weily) relaed b wheher a @rsan is a dor. Alsg underERA, the hige sinple sze reducs the imitetion
imposel by @mparism ator from its first saurce (givenin the midde o pageHL83.2). Thus,degite the ue d
judgement gleding to dtain the sample, hee $auld be aceptte limitaion due & comparisan eror an the
Answerfrom this invesigaton

. The dsaus$on of judgement gleding in this Hghlight #83 reminds us tow ddtistics deabk with uncertanty [and

the resuting limitation on Answver(g] due b sanple @nd ©mparis) eror — that is how datistics deak with in-

ductive reasming from the samle or the reament and ontral groups) © the egpondent puation

o In contrast topredctable bendits and @cepibde limitation due ® sanple pr conparisa) eror underprababi-
lity sdeding, judgement sdeding (Usual)) imposes an unacepile limitation on Ansver§ primaily beaue
of lack of predctallity of its behaiour underrepettion
- Judyanent leding might in a paricular investigaton yield sanple or cmpaism) aeror o smdler mag-

nitude than PS hut there is ro theay to identfy when this is Ikely to be he cae

- This matteris astaistical versian of the precep that knonvledye 5 nore usefil than ignorance.
An Answer(eg., from judgement ®leding), no matterhow sevete its imitation, may be torrect- for insanceeary
(before 1940 invesigatonswith a GiseControl Plan carecty identifiedl dgarete snoking & an eplangory vari-
ateas®datedwith the dff erencebeaween surgery paients a@mited b hogital becau® they had Ling cancerand
thoseadnittedfor othe diseass — ®e ds0 Notes 1 an® on mges HL9.3 and HL9.4 in SatisticalHighlight #9.
- Likewise, an Answverwith accegablke limitation will somémesbe Wrong'—too far from the truthito be wsdul.

. Sme dsason in this Hghlight #83 reminds SAMPLING COMP ARING

us d theconmongraundin dealng with ‘con- (Protocd for sleding unity (Protocd for choosing graups;
foundel§ by EPS h sanpling and by EPA proteed (9729 v
in assgning as ndicaed i the €hema d
the right (from pageon HL9.3 in Qatisti-
cal Hghligft #9, but without its acom- Probabilty  Other Probabilty  Other
panying commentson mages HL9.2 and
HL9.3, dthouch the ugfu statisticalin-
sight this £hema provides & inddentl to
the main dsaus$on of this HgH|ght #83. T Stdisticaltheary for: R

' e unbimedesimating h

Sdeding Edimating Assgning Edimaing

Equd Unequd Equd Unequd
G G N

. The mrenthédical []| commentnear te end /e impredsion<=reglicating
of the bg paragiph in Sedion 1 onpage { e cafidene intewal eresians
HL831 d this H*gﬁlght #83 — ha the m- Statifying can derease Blocking can derease
posedvalue of X" does not §sual) charge sanpling impredsion conparing impredsion

an demenk ¥ value — nay rot goply in some

sanples gleded fom human popuations: bang in the samle may chargea wit's regpansds. lllustraionsof this

phenomeno (from the dsauss$on of the elementr wnit measted on the bwerhaf of pageHL38.6 n Stistical

Highlight #38) are:

® Macleals rarking d Canadan wiversities mght make wniversities chage her operationsin ways ha would im-
provetheir ranking but make no sibgantive chamge b the qudity of the eluationalexperiencethey dfer gudents

® Househlls ®leded for a pné usedto dotain Nielsen ratings d TV prograns nmight charge her TV viewing
habits & a oneqiene d knowig their viewing habis ae beingmaonitored €g, when the hoséndd keegps a
diary of prograns watded.

e The inteviewer adninisteing a questbnnaire (the ‘operaor) might (Uninentonally) influene the persan repanding

e A slantedqueston on a giestbnnaire may havea dfferent dfed on dfferent types d) repondents

An edtremecases when meauing destoysthe dement o unit (eg, in qudity assuance firing $otgun cartid-

ges,measting dgarete ta and nimtine levels or he tursing presue d plagic bags and ondons); destudive

measting redudes the sttisticalbendits from repeaed neasung o the samelement o unit. [This is he same

statstical issueas #emptirg repeded neasung when a gestbnnaire is nvdved — see th comment(+) on the

lower haf of pageHL38.5 in SatisticalHighlight #39.



