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SAMPLIN G and SURVEY SAMPLIN G: Que stion Aspect and Method of Sample Selecting

1. Backg round – Question Aspect and Divi d i ng a Gro up of Ele m e nts (or Units) int o Tw o Su bgroups [o ption a lre ading]

The For mulation stage of the FDEAC cycle int roduces ter min ology whi c henables a (st atis ti c a l) Questio n (the ‘input’ to this
st age) to be tur ned into acle ar (s tatis ti c a l) Questio n (the ‘ou tput’ ). One component of this ter min ology is the Que s tion
Aspect: a bin ary cat egor ization of the primary con cer nof a Que s tion.

• De scr ipt ive : a Que s tion whose Answe rwill inv olve primarily value sfo r popu lation/pr ocess attributes(past, pres ent, future).

• Cau sat ive: a Que s tion whose Answe r will inv olve primarily whether and/or how the focal exp lanato ry variat e is ca usa lly
rela ted to the respons evariat ein a popula t ion/proces s.

As dis cus s ed in this Highlig ht #83, the Que s tion aspect has implication sfo r the met hod of samplese lec ting.

To pursue this dis cus sio n, a  schema is giv en at the rig ht, from pag e
HL9.3 in Statis ti c a lHighlig ht #9, whi c hsh ows picto ria l ly that a com mon
them eof equiprobable selecting (EPS) and equ iprobable assig n ing
(EPA) is div iding a group of ele ments into (two) subgr oups that are
li kely to be si mil ar en oug hunder adequ ate rep licating fo r the respec-
tive lim itation sim pos ed on Answe r(s) by sample error and by compa -
rison error to be accep table in the inv estig a t ion con tex t. The idea from
fr om this schemaweus ehe re is that whense lec ting the sample, the group
of ele ments is the respondent popula t ion, the subgr oups are the unitsnotsele cted and the sample.

Equiprob abl e sele c ting Equiprob abl e assig ning

Re spondent
popula t ion

Un its not
sele cted

Sa mple

(Si milar)

Sa mple

Cont rol
gr oup

Tr eat ment
gr oup

Si milar Si milar

Specific a l ly, we take (bin ary) focal variat eX−* to indicate whet her a unit is sele cted for the sample (X−*=1) or is in the group of
un its notsele cted(X−*= 0). The value of a(possib ly confou nding) ex pla n ato ry variat eZ− deter min es whi c hX−* value each respon-
dent popula t ion ele ment (or unit) re c eiv es. [The ast e risk (*) on X− is to rem ind us that the nature of this focal variat ediffers
fr om X− in mos tof our dis cus sio n el sew here; for ins tanc e, its value sareimposedon the units of the respondent popula t ion but,
unli ke a‘t reatment,’ it (us u ally) does not activ ely change a unit’s respons evariat evalue (but see Not e5 on pag eHL83.4).] The
em pha sis in our dis cus sio n is to con trast pr obabi lity sele cting wit h judg ement sele cting for Questio ns wit h a des criptiv e aspect
and wit h a cau s ative aspect, unde ran exper iment alPlan and unde ran obs ervation a lPlan in the latt e rca s e.

2. Question wit h a Descr ipt ive Aspect: pro bab ility selecting
Un d er pr obabi lity sele cting (e.g., EPS), a suitable probabilis ti c proces s(e.g., equ iprobable dig its) det e rmines the value sof Z−

(a n d, henc e, of X−*), so thes evalue sareuninflue n ced by the units’ oth er variat evalue s; with adeq uate rep licating, we can the re-
fo re usually come accep tably clo se to the ideal of the re bei ngno Z−-Y− (a n d, henc e, no X−*-Y−) rela t ion s hipov er the ele ments (or
un its) of the respondent popula t ion. This means in practic e that the value of the att rib u t eof interest in the
sample wil l us u ally be accep tably clo se to that for the units not sele cted, whi c h means in tur n an accep t-
able limitation on the Answe rdue to sample error. Schema (A) at the rig ht shows the rela t ion s hips (or thei r
abse nce) amongZ−, X−* andY−.

(A)
X−*

Z−
Y−

• While probability selecting may obtain a sample wit h an att rib u t evalue (e.g., an ave r age) meaning ful ly different from that of
the respondent popula t ion (e.g.,Y−−), statis ti c a ltheory quantifie s , un d er repetit ion, the probability of obtaining such a sample
– that is, the theor y ma kes exp licit the dependenc e(a n dit s fo rm) of sampling impre cisio n on deg ree of repli c ating (i.e.,
sample size) ,as wel l as provi ding, when estim ating an aver age:

++ aconfidence inter val ex pre ssi on, ++ unbi ase destim ating.
−− Diag ram (1) at the rig ht is a repre sent ation of a re-

spon d e n tpopula t ion of −N=16 ele ments (or units)
with fou rdifferentZ− value s; a sample con sis ting of
the bottom row of fou r un its woul d yi eld (the ideal
of) diag ram (2), in whi c h the sample ave r age ()
and that of the units not sele cted () are (ex actly)
eq ual – that is, the re is zero sample error.

3. Question wit h a Descr ipt ive Aspect: j udge m e nt selecting
Un d er judg ement sele cting, Z− may be an exp lanato ry variat eof the respondent popula t ion ele ments (or units), in whi c hca s e

an ele ment’s Z− value influe n cesboth it s X−* andY− value sso that, as shown in schema (B) at the rig ht, X−* is
asso cia tedwith Y− (the dash ed li ne) , due to their co mmon cau se (o r‘c onfou nde r’) Z−; an exa mple, in the re-
spon d e n tpopula t ion in diagr am(1) above, wou ld be if judgement selecting obtaine dthe fou run its wit h Z− = 3.
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Y−−
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(3)Av erage
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Y−−

0 1
X−*
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(B)
X−*

Z−
Y−

• A pos sib le outco m eof judgement selecting is illust r ated in diagr am(3) at the rig ht above – this diagr am[a n ddiag rams (6),
(7) and (9) ove r leaf on pag eHL83.2 and on pag eHL83.3] assume the sample size is one -qu arter of the respondent popula -
tion size and sample error is posi tive.
−− As wel l as illust r ating the (unaccep table) lim itation impos ed by sample error unde rju dgement selecting when answe ring
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a Que s tion wit h a des criptiv e aspect, diagr am(3) also reminds us of the usual (non-ideal becau se the re is sample error)
situation unde rpr obabi lity sele cting; thecr itical differenc esare:
++ ju dgement selecting doesnot have the three ben efit s fr om sampling theor y un d er EPS, reit e r ated ove r leaf on pag e

HL83.1 (se ealso the schema in Not e4 at the cent re rig ht of pag eHL83.4 in this Highlig ht #83 and Sectio n 3 on pag es
HL21. 2and HL21. 3in Statis ti c a lHighlig ht #21), whi c hallow inv estig a tors to manage the inherent unc e rtain ty (arising
fr om incomplet einfor mation) of sampling and so to try to make accep table in the Que s tion con tex t the lim itation on
an Answe rim pos ed by sample error;

when estim ating an ave r age unde rEPS, acons equ enc eof the Cent r alLi mit Theorem is ahigh erprobability of se-
le cting a sample wit h sample error of sm aller magnitude, a lo wer probability of selecting one wit h larger magnitude;
. this may imply that judg ement sele cting, to whi c hthe Cent r alLi mit Theorem doesnot ap ply, is prone to sample

er ror of larger magnitude than is EPS for a giv en sample size – see Not e1 on the lowe rhalf of pag eHL83.3.
Of cou rse, it is possib le that, in diagr am(1) ove r leaf on pag eHL83.1, EPS mig ht select the fou run its wit h Z− = 3  and judge -
ment selecting mig ht select the bottom row of fou run its – see als oNo te 1 on pag eHL9.3 in Statis ti c a lHighlig ht #9.

When answe ring a Que s tion wit h a des criptiv e aspect and when the value of the respondent popula t ion attribute bei ngestim ated
subs equ ently becomesknown, statis ti c a lex per ienc esh ows that ‘confou nding’ by Z−, res ulting in a sample error of unaccep tably
large mag n itude, is co mmonun d er judgement selecting compare dwith probability selecting; e.g., see Statis ti c a lHighlig ht #17.

• Fo r a sample obtaine dby judgement selecting, the lim itation impos ed by sample error on an Answe r to a Que s tion wit h a
des criptiv e aspect is so sev ere that it raises doubt as to whether the inv estig a t ion shoul d have been unde rtake n.
−− Ju dgement (rather than probability) selecting, usually don eto con ser ve resou rces, is thu sst atis ti c a l fa lseecon omy when

answe ring a Que s tion wit h a des criptiv e aspect.

4. Question wit h a Cau sat ive Aspect Answe red using an Experi mental Plan
Fo ra Que s tion wit h a cau s ative aspect, EPS, despi te its ben efit s , is often not fea sib le and judgement selecting is the fe asi ble

alter native (re call the oat-bran inv estig a t ion des cribed in Not e3 on pag eHL9.6 in Statis ti c a lHighlig ht #9). We deal wit h this
Questio n aspect and Pla n type only for the speci al case of estim ating a tre atment effect of focal variat eX− which is adi ffere nce
of two aver ages(X− =1Y

−−−X− = 0Y
−−) and so is its elf an ave r age; als o, we assume that the sample is div ide din t o the tre atment (X−=1)

and con trol (X−= 0) gr oups by EPA. From dis cus sio n in Section 6 near the top of pag eHL9.5 in Statis ti c a lHighlig ht #9, we
se efr om schema E the the bottom rig ht of pag eHL9.4 that co mpariso ner ror hastwosour ces:

the two half samples obtaine dun d er EPA wou ld likely hav edi ffere nt av erage sy−0 and y−0
* whenX− = 0; AND:

the tre atment effect in the(half) sa m p lewith X− =1 is likely to differ from thetruetreatment effect.
In the pre sent discus sio n, we need con sid er only these con dsour ce, becau se the first, under EPA, has nopre fer ent ial ef fect on
co mparison error in rela t ion to met hod (probability or judgement) of sample selecting. Diagr ams (2) and (3) at the lowe rright
ov erleaf on pag eHL83.1 now each becometwo diag rams, depending on the abs enc eor pre senc eof an X−-X−* (i.e., an X−-Z−) in-
tera ction. The respectiv e pairs of diagr ams, shown at the rig ht bel ow, are (4) and (5), (6) and (7) – thes ediag rams assume a
posi tive treatment effect; for clarity, they omit comparison error from the first sou rce giv en above (they all show y−0= y−).

• Un d er EPS, in the ‘id e a l’ case of diagr ams (4) and (5) wit h no sample error, rela t ion s hips (or thei r ab senc e) are as shown in
schema (C) at the rig ht bel ow
diag ram (7). Wit h no Z−-Y−
(a n d, henc e, no X−*-Y−) rela -
tion s hipov er the units of
the respondent popula t ion, it
is immater ial whether there
is an X−-X−* (i.e., an X−-Z−) in -
teractio n ; this is why diagr ams
(4) and (5) are thesa m e, reflecting
zero co mparison error from the secon dsour ce giv en above in the middle of the pag e.

(4)

Y−−

0 1

Av erage
re spons e

X−*

• •X− =1 X− =1

X− = 0 X− = 0

No sample error
No X−-X−* in teractio n

(5)

Y−−

Av erage
re spons e

0 1
X−*

• •X− =1 X− =1

X− = 0 X− = 0

No sample error
X−-X−* in teractio n

(6)Av erage
re spons e

Y−−

0 1
X−*

•
•

X− =1

X− =1

X− = 0

X− = 0

Sa mple error
No X−-X−* in teractio n

(7)Av erage
re spons e

Y−−

0 1
X−*

•
•X− =1

X− =1

X− = 0

X− = 0

Sa mple error
X−-X−* in teractio n

• When the re is sample error, as in diagr ams (6) and (7) above and rela t ion s hips are as shown in schema
(D) at the lowe r right (where the dash ed li ne den otesasso cia tion), the re is comparison error from the
se con dsour ceon ly when the re is an X−-X−* (i.e., an X−-Z−) in teractio n [d iag ram (7)] .

(C)
X−*Z−

X− Y−

(D)
X−*Z−

X− Y−

We see from this dis cus sio n that, when estim ating a treatment effect by a di ffere nce of sample ave r age s
(X− =1y−−X− = 0y−) in an exper iment alPlan, the in tuitive id e a that the re may be ca ncell ation between the two
sample errors is an over-sim p lific ation – rat her, the abs enc eof interactio n ma kes the differenc ein ave r age
re spons ethesa m efo r both value sof X−*.

5. Question wit h a Cau sat ive Aspect Answe red using an Obser vat ion al Plan
Fo r this Que s tion aspect and Pla ntype, we first dis tinguis h:
Z−* : the variat ethat det e rmines whi c hX−* value each respondent popula t ion ele ment (or unit) re c eiv es, FROM:
Z−: the ‘confou nde r’whose dis tributio n differs bet ween the respondentsubpopula t ion swith X−= 0  andX−=1.
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SAMPLIN G and SURVEY SAMPLIN G: Que stion Aspect and Method of ... Selecting (continue d1)

Relev a n tpatt e rns of variat erela t ion s hips (or thei r ab senc e) are show n in schema s(F) and (G) at the rig ht – in
schema (G), Z−* andZ− may be thesa m evariat e.

Y−−1 −Y−−0 = tre atment effect + confou nding effe ct
co mparison error = confou nding effe ct + sample error whenX− =1− sample error whenX− = 0

----(HL83.1)
----(HL83.2)

. From schema O and equ ation s(HL9. 3) and(HL9.4) on pag es HL9.5 and HL9.6 in Statis ti c a lHighlig ht #9
– giv en aga in fo r conv enienc eas equ ation s(HL83.1) and(HL83.2) abov e– we recall that the differenc e
Y−−1 − Y−−0 being estim ated in an ob ser vational Plan is not si mply the trea tment ef fect; the in her ent li mit ation
of an obs ervation a lPlan arisi ngfr om theconfou n ding ef fect of equ ation (HL9. 3) ≡ (HL83.1) is repre sent e d
in the lowe r part of schema s(F) and (G), whe re the two (soli d) li nes repre sent three pos sib le situation s
which show an X−-Y− association:

(F)

X−*Z−*

Z− Y−
X−

(G)

X−*Z−*

Z− Y−
X−

−− (focal variat e) X− is a cau se of (re spons evariat e) Y− [s o there is a tre atment effect of X− onY−];
−− (possib le ‘confou nde r’) Z− is a com mon cau se of bot hX− andY− [s o there is no treatment effect of X− onY−];
−− (possib le ‘confou nde r’) Z− is associat e dwith X− which is nota cau se of Y− [s o there is (ag ain) no treatment effect of X− onY−].
The lowe rpart of schema s(F) and (G) is red rawn at the rig ht bel owwith thes ethre esituation ssh own exp licit ly in schema s
(H), (I) and (J). For obs ervation a lPlans whe re thes eschema srepre sent theactual (but unknow n) state of affairs, the con -
fo unding effe ct of equ ation (HL83.1) abov eis:
++ un d er schema (H), the (ma in) effect of Z− onY− plus,if there is an X−-Z−

in teractio n, theX−-Z− in teractio n ef fect;
++ un d er schema s(I) and (J), the effect of Z− onY−.

[Li mit ation sin her ent in obs ervation a lPlans were dis cus s ed in Appendix 2 on pag es HL9.9 and HL9.1 0in Statis ti c a lHighlig ht #9].

(H)
Z− Y−

X−
(I)

Z− Y−

X−
(J)

Z− Y−

X−

Fo r a Que s tion wit h a cau s ative aspect inv estig a ted with an obs ervation a lPlan, the relev a n tdiag rams (8) and (9) bel ow have
mo rein com mon wit h diag rams (2) and (3) on pag eHL83.1 than wit h diag rams (4) to 7) on the facing pag eHL83.2, exc ept
there are now twosamples selected from the two respondentsubpopula t ion s.

• Un d er EPS, whether in the ‘id e a l’ case of diagr am (8), or diagr am (9)
where the re are sample errors but likely of different mag n itudes in the two
samples, the three ben efit s fr om statis ti c a ltheory are offset by the in her ent
li mit ation of an obs ervation a l Plan – the re is thu s (e ven unde r EPS) a
se ver eli mit ation on Answe rs due to comparison error.

• Un d er judgement selecting, la ck of theor y and its ben efit s co mpoun ds the
alrea dy sev ere lim itation from comparison error unde r EPS to (us u ally)
ma keunaccep table the lim itation on Answe rs impos ed by comparison error.

(8)Av erage
re spons e

Y−−1

Y−−0

0 1
X−*

No sample error

(9)Av erage
re spons e

Y−−1

Y−−0

0 1
X−*

Sa mple error
whenX− =1

Sa mple error
whenX− = 0

Sa mple error

In summar y, it may be that, unde rju dgement selecting:

* anX−*-Y− rela tionship created by Z− is (rela t ive ly) co mmon, thu sim posing a (us u ally) unaccep table limitation:

• due to sample error on Answe r(s) to Que s tion(s) wit h adescript ive: aspect, AND:

• due to comparison error (as the manife s tation of sample error and the confou nding effe ct) on Answe r(s) to Que s tion(s)
with aca usa tiveaspect in an ob ser vational Plan(but taking accou nt of the com mentsin Statis ti c a lHighlig ht #63 in Not e
8 about Case -Cont rol Pla ns on pag eHL63.5 and in Not e3 on pag eHL9.6 in Statis ti c a lHighlig ht #9), BUT:

* anX−-X−* (i.e., an X−-Z−) in ter act i on is (rela t ive ly) unco mmon, thu sim posing a (us u ally) acce pta b le li mit ation due to comparison
er ror (as the manife s tation of sample error) on Answe r(s) to Que s tion(s) wit h aca usa tiveaspect in an experimenta l Plan.

NO TES: 1. The foregoi ng dis cus sio n in this Highlig ht #83 is illum in ated by a sampling exe rci se use dov er more than a deca de
in teaching int roducto ry statis ti cs in the 4-year Bachelo r of Mat hem ati cs progr amat the Unive rsity of Wat e r loo.
A popula t ion of100 ‘bl ock s’ (ir reg ular polygo ns cut from 6-mm grey pla sti c sh eet, numbere dfr om 1  to 100) is laid
ou t on a table in the cla s sroom and each of the(50 to 80) students selects a sample of 10 block sby EPS (using a
table of equ iprobable dig its) and by judgement selecting. From a lis t of the 100 block weights, each student
calcula tes their two sample ave r age s ,which are then used by the ins truct or to con str uct, on an ove rhea dproje cto r
at the front of the cla s sroom ,a bar-graph (in 2-gram int e rvals) of the ave r age sfr om each selecting met hod.

• Un d er EPS, the bar-graph is usually cent red clo se to the popula t ion ave r age block weight (32.4 grams), is
roug hly nor mal (or at lea stsy mmetr ical), and has mos tof its value swithin abou t10 grams of its cent re.

• Un d er judgement selecting, the cent re of the bar-graph is typically at lea st40 grams (mo rethan 20% too high),
the shape is more ‘ragg ed’ and the widt h is appreciably gre ater than for EPS.

Althou gh this is arestrictedsampling con tex t, the persi stenc eof sampling inaccurac yun d er judgement selecting
is not ewo rthy – no sub stantia l exceptio n to the charact e ris ti cs not e dabov efo r the judgement-selecting bar-graph
wa sobs erved in one to two hun dre dcl ass room uses of the exe rci se.

2. An illust r ation of the foregoi ng dis cus sio n in this Highlig ht #83 is provi ded by the U.S. Phy sicia ns’ Health Study
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NO TES: 2.
(c o nt.)

(s ummarized in Fig ure 10. 2 in the STAT 231 Cou rse Mat e ria ls), whi c hinve s tig a ted the effect of aspir in on the risk
of heart att ack in males.
The sample was 22,071 male docto rs, who were assig ned to aspir in or placebo unde rEPA – the tre atment and con -
trol groups were thu seach of size about 11,000. In the not ation of this Highlig ht #83, the bin ary variat es were:

• focal variat eX−: tak ing placebo (X−= 0, 11 ,034 docto rs) or tak ing aspir in (X−=1, 11 ,037 docto rs),

• ‘c onfou nde r’ Z−: not bei nga docto r (Z−= 0) or bei nga docto r (Z−=1),

• re spons evariat eY−: not havi ng a heart att ack (Y−= 0) or hav ing a heart att ack (Y−=1) du ring the inv estig a t ion.
He re, the patt e rn of rela t ion s hips among the variat es is probably more like schema (C) than schema (D) on pag e
HL83.2 – it seems rea son able to assume that the effect of aspir in on heart att ack risk in males is not (or is only
we akly) rela ted to whether a person is a docto r. Als o, unde rEPA, the large sample size reduces the lim itation
im pos ed by comparison error from its fir st sour ce (give nin the middle of pag eHL83.2). Thu s ,despi te the use of
ju dgement selecting to obtain the sample, the re shoul d be accep table limitation due to comparison error on the
Answe rfr om this inve s tig a t ion.

3. The discus sio n of judgement selecting in this Highlig ht #83 rem inds us how statis ti cs deals wit h un cer tain ty [and
the res ulting lim itation on Answe r(s)] due to sample (and comparison) error – that is, how statis ti cs deals wit h in-
duct ive re asoning from the sample (or the tre atment and con trol groups) to the respondent popula t ion.

• In con trast topre dicta b le benefit s and accep table limitation due to sample (or comparison) error unde rpr obabi-
li ty sele cting, judg ement sele cting (us u ally) impos es an unaccep table limitation on Answe r(s) primarily becau se
of la ck of pre dicta bility of its beh aviour unde rrepetit ion.
−− Ju dgement selecting migh t, in a par ticular inv estig a t ion, yield sample (or comparison) error of sm aller mag-

nitude than EPS but there is no th eory to identify wh en this is likely to be the case.
−− This matt e ris asta tis tical ve rsi on of the pre c ept that knowle dge is more use ful than ignor ance.
An Answe r(e.g., from judgement selecting), no matt e rhow seve re its lim itation, may be ‘co rre ct’– for ins tanc e, early
(befo re 1940) inve s tig a t ion swith a Case -Cont rol Pla ncorrec tly id e n tified cig arette smoking as an exp lanato ry vari-
at eassociat e dwith the differenc ebetween sur ger ypatients adm itted to hospi tal becau se they had lung canc e rand
thos eadmitt e dfo r oth er diseases – see als oNo tes 1 and2 on pag es HL9.3 and HL9.4 in Statis ti c a lHighlig ht #9.
−− Li kew ise, an Answe rwith acce pta b le li mit ation wil l so m etim e sbe ‘wrong’ – too far from the ‘tr uth’ to be useful.

4. Some discus sio n in this Highlig ht #83 rem inds
us of theco mmongr oun din dealing wit h ‘c on-
fo unde r(s)’ by EPS in sampling and by EPA
in assig n ing, as indicated in the schema at
the rig ht (fr om pag eon HL9.3 in Statis ti-
cal Hig hlig ht #9, but withou t it s accom -
panyi ng com mentson pag es HL9.2 and
HL9.3), alt hou gh the usef ul statis ti c a l in -
sight this schema provi des is incid e n tal to
the main dis cus sio n of this Highlig ht #83.

5. The parent heti c a l [] com mentnear the end
of the last parag raph in Section 1 onpage
HL83.1 of this Highlig ht #83 – that the im-
pose dvalue ofX−*does not (us u ally) change
an ele ment’s Y− value – may not apply in some
samples selected from hum an popula t ion s: being in the sample maychangea unit’s respons e(s). Illust r ation sof this
phen omen on (fr om the discus sio n of the ‘elem e n tor unit mea s ure d’ on the lowe rhalf of pag eHL38.6 in Statis ti c a l
Highlig ht #38) are:

SAMPLING COMP AR ING
(Protocol for selecting units) (Protocol for choosing groups;

protocol for setting lev els)

Sele cting Estimating As sig n ing Estimating

Probability Othe r Probability Othe r

Equal
(EPS)

Unequal Equal
(EPA)

Unequal

St atis ti c a ltheory for:
• un biase destim ating

• im pre cisio n repli c ating<= =>

• confid e n ce int e rval expre ssi ons

Stra tifying can decrea s e
sampling impre cisio n

Bl ock ingcan decrea s e
co mparing impre cisio n

• Macle a n’s ranking of Cana dian unive rsit ies might make unive rsit ies change their operation sin ways that wou ld im-
prov ethei r ranking but make no sub stantiv e change to the quali ty of the edu cation a lex per ienc ethey offer students.

• Hou seh olds selected for a pan el use dto obtain Niels en ratings of TV progr ams mig ht change their TV vie wing
habits as a con seque n ce of knowing thei r vie wing habits are bei ngmonito red (e.g., when the hous ehold keeps a
diar yof progr ams wat che d).

• The int e rvie wer administ e ring a que s tionnaire (the ‘operato r’) mig ht (un in tentio nally) influe n ce the person responding.

• A sl antedqu estio n on a que s tionnaire may hav ea different effect on different(types of) re spondents.
An ext rem eca s eis when measuring destroys the ele ment or unit (e.g., in quali ty assuranc e, firing shotgun car trid-
ge s ,mea s uring cig arette tar and nicotin e leve ls or the bursting pre ssure of pla sti c bags and con d o ms) ; dest ructive
mea s uring pre clu des the statis ti c a lbenefit s fr om repeated mea s uring on the same ele ment or unit. [This is the same
sta tis tical is s ueas att emp ting repeated mea s uring when a que s tionnaire is inv olved – see the com ment(++) on the
lowe rhalf of pag eHL38.5 in Statis ti c a lHighlig ht #38].
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