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RELATIONSHIPS IN STATISTICS: Terminology for Comparative Plans
The Pro toco l fo r Choosing Gro ups

1. Backg round I – Cau sat ion in Statist ics: a Definit ion [o ption a l re ading]

To defi ne fo rmall y in statis ti cs what it means to say X− ca uses Y− in a (target) popula t ion, we state thre e cr iter ia:

(1) LURKING VAR I ATES: Ensure all oth er ex pla n ato ry variat es Z−1, Z− 2, ....., Z− k hold their (same) value s fo r ever y popula -
tion ele ment when X− = 0  and X− =1 (so m etim e s phrase d as: Ho ld all the Z− i fixed fo r .....).

(2) FOCAL VAR I ATE: Obse rve the popula t ion Y−-v a lue s , and calcula te an
ap pro priat e att rib u t e value, unde r two condition s:

. with ever y elem e n t havi ng X− = 0;

. with ever y elem e n t havi ng X− =1.

(3) ATTR IBUTE: At tribute(Y−, perhaps some of Z−1, Z− 2, ....., Z− k |X− = 0) ≠ At tribute(Y−, perhaps some of Z−1, Z− 2, ....., Z− k |X− =1);
thos e of Z−1, Z− 2, ....., Z− k in cluded in the att rib u t e will have the sa m e value s when X− = 0  and X− =1 unde r (1).

Fo r ex ample, the z value s mu s t be the sa m e when using lea st
squ are s estim ates [as giv en in equ ation (HL63.1) at the rig ht] to
co mpare si mple lin ear reg res sio n sl opes when X− = 0  and X− =1.
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2. Backg round II – Inve stigating Statist ical Relationships: Three Types of Cau sal Que stions [o ption a l re ading]

Rela t ion s hips inv estig a ted in statis ti cs, whi c h we des cribe in ter ms of variat es, are often encou ntered as asso cia tions; inv esti-
gating association s in clu des identifyi ng their charact e ris ti cs and/or the rea son s (c ausal or other wise) for them (se e also Statis ti c a l
Highlig hts #58 and #59). This Section 2 is con cer ned with comparative Pla ns for inv estig a t i ng rela t ion s hips whe re cau s ation is to
be est ablis hed or is involved; the focus on the X−-Y− rela t ion s hip being ca usa l means
that a change can (potentia l ly) be induced in Y− by changi ng X−. Thes e matt e rs
are sum marized in the schema at the rig ht, whi c h reminds us that:

* association is usually charact e rized by its fo rm, magn itude or direc tion;
−− co rrela t ion (se e St atis ti c a l Highlig ht #66) is one mea s ure of mag n itude

(‘ strengt h’) for a straig ht-lin e association; for m can also be non-lin ear;

* it is useful to dis tinguis h thre e types of Que s tion s with a cau s ative aspect:
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(HL#58, #59)

(HL#59, #62)

−− Establ ishing whet her X− is a cau se of Y−, usually wit h a vie w to manipula t i ng X− to produ c e a (desired)
change in Y− – the quint essentia l ex ample is whether cig arette smoking is a cau se of lung canc e r (a n d
ot he r li fe-thre atening dis eases) , the topic of tens of thousands of dat a-base d inve s tig a t ion s ov er sev eral
de ca des st arting in the 1940s. Est ablis hing that an obs erved association of X− and Y− is cau s ation of Y−
by X− is answe ring the Que s tion whether the relev a n t causal structure (sh own aga in at the rig ht from
page HL59.1 in Statis ti c a l Highlig ht #59) is case (1) or case (9) [= case (12)].

−− Quantifying the rela t ion s hip between X− (o r, more com monly, X−1, X−2, ....., X− q) and Y−; this arises in
the statis ti c a l area of Design of Exper iments (DOE) – for exa mple, the effect of tem perature, hum i-
dity, lig ht, fer tilizer and ins ecticid e leve ls on the growth of seedli ngs in a gre enhou se. Quantifyi ng a
causal rela t ion s hip is , in essenc e, inv estig a t i ng the case (1) causal structure – the sub scr ipts on the
ca s e number now rem ind us that the Pla n ne e ds to reflect the number of focal variat es inv olved .

−− Prioritizing caus es by the size of their effect is the domain of (data -base d) proces s im prove ment –
tr ying to identify the most impor tant caus e (u sually of exc essiv e variation in the process output, Y−)
fr om among many cau ses X−1, X−2, ....., X− q.
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Questio ns whi c h involve es t ablish i ng and qu ant ifying causal rela t ion s hips are typically par t of the sa m e
inve s tig a t ion. For exa mple, in the Phy sicia ns’ Health Study (des cribed in Fig ure 10. 2 of the STAT 231 Cou rse Mat e ria ls) of
the effect of tak ing aspir in on heart dis ease, two Questio ns, in the con tex t of an appro priat e target popula t ion, are:

• does tak ing aspir in reduce heart-att ack risk?

• is the reduction in heart-att ack risk due to tak ing aspir in large enoug h to be practically impor tant?
The Phy sicia ns’ Health Study had to answe r both Questio ns; in info rma l discus sio n, it is easy to con sid er only on e of the
Questio ns and ove r look the othe r.

Si milarly, when pr ior itizing caus es in process improve ment inv estig a t ion s, inv estig a tors shoul d :

• ve rify that the suspect e d (m o st impor tant) caus e is a cau se of the (variation in the) respons e variat e(s);

• valid ate that the pro pos ed Answe r do es addres s the Que s tion – that the pro pos ed ‘solu tio n’ do es solve the ‘proble m.’

NO TE: 1. In STAT 231, es t ablish i ng causation is dis cus s ed in Chapt e r11 of the 200 4 Course Not es but the empha sis is on qu an-
tifying the rela t ion s hip between on e focal variat e and a respons e variat e – for exa mple, see Chap ters 7, 10 and 15;
ex tensi on to more than one focal variat e is taken up in STAT 332. Pr ior itizing caus es is pursued in STAT 435.

3. Terminology for Comparative Plans – The Pro toco l fo r Choosing Gro ups [The tit le matt e r of this Highlig ht #63.]

The three criter ia defi ning what we mean by causation, rev i ewe d in Section 1 at the top of this pag e, inv olve obs erving a popu la-
tion un d er two value s of the focal variat e: wit h all the ele ments havi ng X− = 0  and wit h all the ele ments havi ng X− =1. We try to
ap proach this ideal in a sa m p ling cont ext by hav ing two samples, one wit h it s un its havi ng X− = 0  and the othe r with its units
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havi ng X− =1; each sample ‘repre sents’ the popula t ion unde r on e of the two con d ition s, in the usual statis ti c a l sens e of sample
att rib u t es bei ng es tim ates of respondent popula t ion attributes. When the two samples are co mpare d to quantify the change in
(the ave r age of) Y− co rre sponding to a change in X−, each non-focal exp lanato ry variat e mu s t have the sa m e value in bot h sam -
ples; other wise, the re is (li kely to be) comparison error. For comparative Pla ns for quantifyi ng rela t ion s hips, we dis tinguis h:

* an experimental Plan – a comparative Pla n in whi c h the invest iga tor (s) (actively) assig n the value of the focal (ex pla n ato ry)
variat e to each unit in the sample (or in each block);

* an observat ion al Plan – a comparative Pla n in whi c h, for each unit selected for the sample, the focal (ex pla n ato ry) variat e
(pa ssi vel y) takes on its ‘natural’ value unin fluenced by the inv estig a tor(s).

This dis tin ction reflects two types of popula t ion s encou ntered in dat a-base d inve s tig a t i ng of rela t ion s hips.

• A popula t ion in whi c h all (or mos t) elem e n t s have on e value of a focal variat e of interest, whose value it is fe asible to change.
−− An exa mple is a new drug to tre at a ser iou s disease – no one wou ld alrea dy be tak ing the drug but it cou ld be giv en to some

particip ants (X− =1) and wit hheld from others (X− = 0) in a cli nical trial (an experimenta l Plan – see Not e 7 on pag e HL63.4).

• A popula t ion in whi c h each ele ment has one of two (or more) value s (X− = 0, 1, .....) of a focal variat e of interest, whose
value it is not fe asible to change for any ele ment – see Not e 9 on pag es HL63.5 and HL63.6.

−− Inst anc es of such focal variat es are age, sex , marital status and income – their inv estig a t ion necessarily inv olves an ob-
servational Plan; change s in people’s die tar y or exe rci se habits can be impos ed but complia n ce is diffic ult to achieve.

It is inv estig a tors’ inability to assig n elem e n t s’ (or units’) focal variat e value s that rest ricts choic e of Pla n type and so weakens
ability to manage comparison error; this matt e r is pursued in Statis ti c a l Highlig hts #10 and #9.

Fo r co mparative Pla ns to answe r a Que s tion wit h a cau s ative aspect, the protocol for choosing gro ups specifie s whet her
the units of the sample wil l be selected so they for m gr oups that can be use d to reduce the lim itation impos ed on an Answe r(s)
by comparison error – relev a n t Plan components are show n in the schema at the rig ht bel ow.

* Bl ocking in an experimenta l Plan: for ming groups of units (the bl ocks) wit h the sa m e value s of one or more non -focal
ex pla n ato ry variat es; unit s within a block are then assig ned di ffere nt value s of the fo cal variat e. THUS:

Bl ock ing meets ‘lu rking variat es’ criter ion (1) for thos e non-focal exp lanato ry variat e(s) Z− i [the bl ocking fac tor(s)] ma de the
same wit hin each block. SO THAT:

Whet her the Que s tion involves estab -
li shing cau s ation or quantifyi ng a tre at-
ment effect, block ing pre vents con fou n ding of
the focal variat e with the Z− i ma de the same wit hin each
bl ock, reducing the lim itation impos ed on Answe r(s) by co mpariso n er ror.

Questio n aspect

des criptiv e

causative

ex per iment al Plan

obs ervation a l Plan

bl ock ed

unbl ock ed

matche d

unmatche d

equiprobable assig n ing

adequate repli c ating

• By mak ing their value s the sa m e fo r on e or more Z−s (i.e., hol d ing their value s ‘fi xed’) within block s in an exper iment al
Plan, block ing reduces variation in Y− and so has the addit ion a l benefit of decre asi ng co mparing im pre cisio n.
−− This addit ion a l benefit of block ing is analog o us to that of stra tifying in reducing sa m p ling im pre cisio n, as indicated in

la st lin es of the two branches of the schema at the cent re rig ht of pag e HL63.6 in Not e 10 . [This analog y is sometimes
in terpret e d as showing that stratifyi ng in sur vey sampling is merely an ins tanc e of block ing, but this interpret ation
(u nhelp f ully) dow nplays the different con tex ts and int ents of block ing and stratifyi ng.]

* Equiprob abl e assig ning (EPA) [r andom assig ning or randomization]: using a probabilis ti c me chanism (des cribed in the
protocol for choosing groups) in an experimenta l Plan to assig n the value s of the focal variat e with eq ual probability:
++ across the units of each block in a block ed Pla n; ++ to each unit in the sample in an unbl ock ed Pla n.

Equiprobable assig n ing provi des a basis for theory whi c h rela tes comparing impre cisio n to lev el of repli c ating; thu s , EPA,
in conju nct i on wit h EPS and adeq uate rep licating, provi des for quantifyi ng comparing impre cisio n arising from unblock ed,
unknow n and unm e asure d non-focal exp lanato ry variat es and so allow s a par ticular inv estig a t ion to set group sizes whi c h
are likely to yield an Answe r(s) wit h li mit ation impos ed by comparison error that is accep table in the Que s tion con tex t.

* Matching in an ob ser vational Plan: for ming groups of units wit h the sa m e value s of one or more non -focal exp lanato ry
variat es but di ffere nt value s of the fo cal variat e. THUS:

Ma tching meets ‘lu rking variat es’ criter ion (1) [ov erleaf at the top of pag e HL63.1] fo r thos e non-focal exp lanato ry variat e(s)
Z− i ma de the same wit hin each group. SO THAT:

Whet her the Que s tion involves establi shing cau s ation or quantifyi ng a tre atment effect, mat ching pre vents con fou n ding of
the focal variat e with the Z− i ma de the same wit hin each group, thu s de cre asi ng co mparing impre cisio n and so reducing the
li mit ation impos ed on Answe r(s) by co mpariso n er ror.

−− Su bdivi d i ng: a for m of matching us ed in an ob ser vational Plan in whi c h the each value of the focal variat e fo r the units
of the sample is subdivided on the basis of the value s of one or more non-focal exp lanato ry variat es that may be con-
fo unded with the focal variat e un d er the Pla n – see Table HL63.3 and its discus sio n on pag es HL63.4 and HL63.5.
We can think of subdividing as matching at an ag grega te (r ather than an in dividua l) leve l; subdivi ding the refore has the
sa m e st atis ti c a l benefit as mat ching for the non -focal exp lanato ry variat e(s) that are the basis for the subdivi ding.

If subdivi ding is goi ng to manage on ly one non-focal exp lanato ry variat e that is a (potentia l) sour ce of comparison
er ror, it may not be cos t ef fective to dev ote the resou rces needed to obtain the relev a n t addition a l data .
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RELATIONSHIPS IN STATISTICS: Terminology for Comparative Plans (continue d 1)

NO TES: 2. Where the defin ition s give n on the facing pag e HL63.2 of block ing and mat ching refer to value s of non -focal exp la-
nato ry variat es bei ng the sa m e, in practic e the value s may only be si mil ar.

3. The groups of ele ments (or units) are called blocks in an exper iment al
Plan but there is no such gen eral ter m in an obs ervation a l Plan; how-
ev er, when the groups con tain two elem e n t s (o r un its), they may be
refe rre d to as matched pai rs – see Table HL63.1 at the rig ht – but a
block of two ele ments (or units) may als o be refer red to as a‘p air’.

• A comparative Pla n involv ing pair ing is usually our first encou nter with the con cep t s of block ing or mat ching,
to illust r ate thei r role in managi ng comparison error.

Ta ble HL63.1

Te rminology for Comparative Plans
Plan Pro cess Gro up

Experiment al Bl ock ing Block
Obse rvation a l Ma tching (Ma tche d pair)

4. In DOE, non -focal exp lanato ry variat e(s) made the same wit hin block s are called bl ocking fac tor(s); in dat a-
base d inve s tig a t i ng to improve indust ria l proces s es, typi c a l bl ock ing fact ors are days , shifts, bat ches of raw mat e ria l,
machin e spin dles or filler hea ds, mou lding machin es, mou lds , or cav ities wit hin mou lds.

• The value s of a block ing fact or among block s sh oul d be chosen to make its sample att rib u t e (e.g., its ave r age or
dist rib u tio n) sim ilar to its respondent (or study) popula t ion attribute.

• An entity that is the same bot h within and among block s (li ke the measuring process) is not a block ing fact or
but is par t of what defines the study popu lation/pr ocess – for exa mple, dat a fo r an inv estig a t ion col lect e d on
on e day and on e production shift. If su ch facto rs as day or shift hav e an appre ciable effect on the respons e,
the lim itation impos ed on the Answe r by study er ror is more sev ere (co mparison error is traded for study error).

5. Just as equ iprobable se lec ting, in conjun ction wit h adeq uate rep licating, provi des a theoretical basis for quantifyi ng
the likely size of sample error when estim ating a (re spondent) popula t ion ave r age, so equ iprobable assign ing, in
conj u nctio n with both EPS and adequate repli c ating, provi des the sa m e benefit when estim ating an ave r age differ-
enc e in (two) popula t ion s in an exper iment al Plan. This and othe r parallel s between EPS and EPA are dis cus s ed
in Not e 10 on pag e HL63.6.

6. We us e di ffere nt ter ms for two processes whi c h are sim ilar but are use d to manage different catego rie s of error.

• Su b dividing (o f a sample) on an explanator y variat e to manage comparison error due to confou nding by this
variat e, usually in an obs ervation a l Plan used to answe r a Que s tion wit h a cau s ative aspect.

• Stra tifying (o f a popula t ion) on a resp onse variat e (o r, in practic e, on an exp lanato ry variat e that sta n ds in fo r it)
to make an Answe r(s) more useful and/or to manage sample error – see Statis ti c a l Highlig ht #85.

Elsewhere, both proces s es may be called ‘st r atifyi ng.’ The re is fur the r discus sio n of subdivi ding in Section 5 on
page s HL63.4 and HL63.5 and of stratifyi ng on the lowe r half of pag e HL63.5 lat e r in Not e 8.

4. Experimental Plans – Sample selecting and Blo cking

The statis ti c a l id e a l fo r sample selecting in any Plan is to hav e a known in clu sio n probability for each ele ment of the respon-
dent popula t ion; an exa mple is eq uiprobable selecting. For a Questio n with a descript ive aspect, if this ideal is not met, sev ere
li mit ation is impos ed on an Answe r by sa m p le er ror. Howeve r, exper iment al Plans to answe r Questio ns wit h a ca usa tive aspect
co mmonly do not us e probability selecting becau se it is not fea sib le to implem e n t it.

* Fo r ex ample, in dat a-base d inve s tig a t i ng to improve a manufactur ing process (e.g., by identifyi ng and rem ovi ng cau ses of
excessiv e variation in the process output), the items manufacture d by the process are often ship ped away from the manu -
factur ing pla n t as they are made and inv estig a tors are then forced (qu ickly) to use recent produ ction, or a sub set of it, as the
sample – a sa m p le of con ven ien ce. Three facto rs allev iat e this sta tis tically un satisfact ory state of affairs:

−− With sta b le proces s es [w here the dist rib u tio n(s) of the output respons e variat e value s rema in (es s entia l ly) the same from
on e time per iod to another], a ‘s napsh o t’ of the process in tim e (li ke recent produ ction) may often have att rib u t e value s
that are cl o se to those of the process in the long-ter m.

−− Answe rs are der ive d fr om di ffere nces in sample att rib u t es; such Answe rs may hav e le ss sev ere lim itation impos ed by
sample error than Answe rs base d on sample att rib u t e value s which do not involve tak ing a differenc e.

++ An illust r ation is the Phy sicia ns’ Health Study (of the effect of aspir in on heart dis ease), whi c h us ed about 22,000
ma le docto rs as the sample – half the doct ors took aspir in and half took a placebo. It is likely that the incid e n ce of
heart att ack s among docto rs differs appre ciably from that for the targe t popula t ion of all males, but the di ffere nce in
in cid e n ce of heart att ack s caus ed by tak ing aspir in may be much more sim ilar among docto rs and all males. (Tw o
newsp aper repor ts of this inve s tig a t ion are reprint e d in Fig ure 10. 2 of the STAT 231 Cou rse Mat e ria ls.)

−− Inve s tig a tors may hav e a lev el of (ex tra -st atis ti c a l) proces s know ledge that enables them to assess how clo se relev a n t att ri-
butes of recent produ ction are likely to be to the cor responding long-ter m proces s att rib u t es – infor med hum an judgement
se ems to be better at sample selecting in such situation s than it does when answe ring a Que s tion wit h a descript ive aspect,
but it is stil l far from the statis ti c a l id e a l. [This matt e r is pursued in Statis ti c a l Highlig ht #83.]
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The use of judgement selecting in the sampling protocols of comparative Pla ns illust r ates the dive rge n ce bet ween the statis ti c a l
id e a l and statis ti c a l practi ce unde r re a l-world con strain t s. Li mit ation s im pos ed by the use of judgement selecting are:

* we can no longe r say inc rea s ed repli c ating reduces sa m p ling im pre cisio n ; that is, we can no longe r say inc rea s ed sample
si ze reduces the li kel y magnitude of sample error – see Appendix 3 on pag es HL7 4.5 to HL7 4.8 in Statis ti c a l Highlig ht #74 ;

* mo re ge nerally, the theoretical basis is gon e fo r in terpreting for mal methods of dat a analys is like confid e n ce int e rvals and
tests of statis ti c a l signific a n ce. [Re grettably, bot h li mit ation s are com monly ign ore d in practic e.]

When answe ring a Que s tion wit h a ca usa tive aspect, statis ti c a l best practic e to manage comparison error (to reduce the
li mit ation it impos es on the Answe r) is to:

• bl ock (to the ext ent that is fea sib le in the Que s tion con tex t) on known and measure d lu rking variat es,

• us e EPA to manage unbl ock ed, unm e asure d and unknow n lu rking variat es,
[s ummarized in the pre c ept: Us e blocking to manag e what is known, probabi lity assig ning to manag e what is unknown].

Un for tun ately, the re may be practical or ethical con strain t s on inve s tig a tors’ fre e dom to implem e n t best practic e; for ins tanc e:

* A block whi c h is an indivi d ual par ticip ant in an inv estig a t ion may not practically be able to be assig ned bot h value s of the
focal variat e. For exa mple, in the Phy sicia ns’ Health Study (se e Figure 10. 2 of the STAT 231 Cou rse Mat e ria ls) of the effect
of aspir in on heart dis ease in males, the inv estig a t ion wou ld hav e go ne on for too long if each par ticip ant had been requi red
to take aspir in for sev eral years and not to take aspir in for another per iod of the same lengt h. For this (and othe r) rea son s,
the exper iment al Plan for the Phy sicia ns’ Health Study was unbl ock ed [se e also the last bul let (•) of Not e 9 on pag e HL63.6].

* It wou ld be unethical to assig n hu man par ticip ants to the smoking group when inv estig a t i ng health effects of cig arette smoking ;
−− in addit ion to ethical con sid eration s, it is unli kely that many non -sm oke rs wou ld be able to take up smoking for the in-

ve s tig a t ion or that mos t sm oke rs wou ld be prep are d to quit if assig ned to the non -sm oking group.

Ethi c a l is s ues ca n be manage d but con sid erable resou rces may be needed to achieve complia n ce among par ticip ants when
the focal variat e in medical inv estig a t ion s with an exper iment al Plan inv olves exe rci se lev els or die tar y practi ces.

NO TE: 7. A specia l cl ass of comparative exper iment al inve s tig a t ion is a cl inical trial, use d in medical res earch to assess the
ef fi cacy of new for ms of tre atment (e.g., drugs, sur ger y); becau se the ele ments are humans, a technique called bl ind-
ing is use d (w here fea sib le) becau se of its statis ti c a l benefit s.
[To be blin d means not to know, for any ele -
ment, whether it is in the trea tment gr oup or
the control gr oup (which usually receiv es a
dum my tre atment known as a placebo)] . As
sh own in Table HL63.2 at the rig ht, bli nding is use d
to manage comparison error and/or mea s uring inaccur acy, depending on the degree to whi c h it is (or can be) imple-
ment e d – for ins tanc e, bli nding of par ticip ants is often not fe asible when the focal variat e involves exe rci se lev el or die t.

Ta ble HL63.2
Bl inding of .... Short name Statist ical benefit

Particip ants Single bli nd Reduced risk of co mpariso n er ror

Tr eat ment adm inist r ato rs Doub le bli nd Reduced risk of co mpariso n er ror

Tr eat ment assessors Triple bli nd Reduced measur ing inaccurac y

5. Obser vat ion al Plans – Sample selecting, Mat ching and Subdivi d i ng

The com ments in Section 4 (ov erleaf on pag e HL63.3 and above) about the use of judg ement sel e cting in exper iment al Plans
are als o ge nerally appli c able to obs ervation a l Plans; sim ilarly, matching re duces the lim itation due to comparison error on An-
swe r(s) from an obs ervaltion a l Plan but, like block ing, mat ching may not be fea sib le in a par ticular Que s tion con tex t.

Su b dividing samples from the respondent subpopula -
tion s with different value s of the focal variat e in an obs er-
vation a l Plan, on the basis of a pos sib le confou nde r Z− i, is
il lust r ated in Table HL63.3 at the rig ht for the case of two
subpopula t ion s. Thes e hy pot heti c a l data for two samples
(s ele cted from subpopula t ion s of non -sm oke rs and smoke rs) of 10,000 people inv olve a respons e variat e Y− which is lung canc e r
st atus, a focal variat e X− which is smoking status, and Z− i is whether a unit has a family his t ory of lung canc e r, as a pos sib le indi-
cato r of geneti c predisposit ion to the disease; for sim p licity, X−,Y− and Z− i are bi nar y variat es in this illu s tration. Each of the six
sets of three table ent rie s is the sample size (‘N u mber’) and the lung canc e r ‘C ases’ as a number and a percent age of the sample size.

The bottom lin e of Table HL63.3 shows a sub stantia l ly hig her pro por tio n of lung canc e r ca s es among the smoke rs; becau se
this patt e rn persis t s in the upper two lin es of the table when the data are subdivi ded by Z− i value, the association bet ween smo -
king status and lung canc e r st atus appears not to be due to (ou r type 2b) confou nding by a gen eti c fact or whi c h deter min es
both a unit’s smoking status and it s lu ng canc e r st atus, at lea st in so far as family his t ory is a mea s ure of such a facto r.

Un for tun ately, such subdivi ding of sample dat a to manage the lim itation impos ed by comparison error on an Answe r abou t an
X−-Y− rela t ion s hip fr om an obs ervation a l Plan encou nters three pot entia l diffic ulties.

• Inve s tig a tors hav e no con trol ove r the sample sizes after subdivi ding; if on e or more of the X−-Z− i co mbin ation s is rare, the
re sul t i ng sma l l sample size(s) increa s e co mparing impre cisio n and so inc rea s e(s) the lim itation impos ed by comparison error
on an Answe r abou t an X−-Y− rela t ion s hip (in eve n the ‘best case’ situation of probability selecting of the samples).

Ta ble HL63.3 No n-smokers (X− = 0) Sm o kers (X− =1)
Nu mber Cases % Nu mber Cases %

No family his t ory (Z− i = 0) 9,000 63 0.7 8,900 712 8
Fa m ily his t ory (Z− i =1) 1,000 7 0.7 1,1 00 88 8

Bo th 10,000 70 0.7 10,000 800 8
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RELATIONSHIPS IN STATISTICS: Terminology for Comparative Plans (continue d 2)

• Obtaining the Z− i value for each unit in the samples may be diffic ult (and, henc e, expensive) and such resou rce -in tensive dat a
ma n age only on e possib le confou nde r.
−− If dat a fo r two (or more) Z− i are col lect e d, the ensuing subdivi ding into more num erous sub samples is likely to inc rea s e

the lim itation impos ed [un d er probability selecting] by sma l l sample size(s) .

• Subdivi ding dat a in the manne r of Table HL63.3 raises the pos sib i lity (not re a lized here) of the phen omen on known as
Si mpson’s Paradox (and its accompanyi ng lim itation impos ed on an Answe r) – see Statis ti c a l Highlig ht #51.

NO TES: 8. In an (obs ervation a l) Case -Contro l Plan (us ed in medical res earch , fo r ex ample) , un its wit h a respons e of interest
(s ay, lung canc e r) [the ‘Ca s es’] are mat che d on relev a n t ex pla n ato ry variat es (li ke, sex , ag e, regio n of resid e n ce) wit h
un its wit hou t the respons e of interest (the ‘Cont rol s’) . The two groups are then compare d on the basis of the
value of a focal variat e of interest (cigarette smoking, say); appre ciably hig her lev els of smoking among the ca ses
woul d sh ow asso cia tion of smoking and lung canc e r, indicating smoking may be a ca use of the disease.

• A Case -Cont rol Pla n is use d co mmonly:
−− when an exper iment al Plan woul d requ ire resour ces bey ond those availa ble, OR:

−− as a cheaper forer unner to a pos sib le exper iment al Plan to assess a promisi ng but unconfi rme d treatment effect.

• A Case -Cont rol Pla n ma kes the respons e and focal variat es appear to be int e rchange d.

−− An illust r ation is in the 1993 newsp aper article EM9359 Fa ts rai se risk of lung can cer in non-smoker s,
which descr ibes an inv estig a t ion that compare d the die ts of 429 non -sm oking women who had lung canc e r
with the die ts of 1,021 non -sm oking women who did not have lung canc e r. The women all liv ed in Mis sou ri,
we re of about the same age and repre sent e d "a typical Ame rican fem ale popula t ion." The women filled out
fo rms that aske d abou t thei r diet ary habits and they were div ide d in t o fiv e gr oups base d on the amou nt of fat
and othe r nu t rie n t s they said they con sum ed. The inv estig a t ion fou nd that those wit h diet s with the lowe s t
amou nt of satur ated fat and the hig hest amou nt of fruit s , ve g etables, beans and pea s we re the lea st li kely to
deve lop lung canc e r. At the othe r end of the scale, 20 per cent of the women wit h the hig hest con sump tion
of fat and diet s lowe s t in fruit s , ve g etables, beans and pea s ha d abou t si x times more lung canc e r.
The actual re spons e variat e (lu ng canc e r) and focal variat e (leve l of die tar y fa t) appear to be int e rchange d
sole ly as an artifact of the Case -Cont rol Pla n.

• Probability selecting is com monly not us ed for the cases and/or the con trols , which has con seque n ces for the
li mit ation impos ed by comparison error on Answe r(s).

−− Ca s es are often a samp le of conve nience – units wit h a respons e of interest conve n iently av ail able to the in-
ve s tig a tor(s), like people wit h a par ticular dis ease in a hospi tal or cli nic nearby to the inv estig a tor(s).
++ Cons equ enc es of non -probability selecting to answe r Questio n(s) wit h a des criptiv e or a cau s ative aspect

are dis cus s ed in Statis ti c a l Highlig ht #83 – recall also the discus sio n on the lowe r half of pag e HL63.3.

−− Cont rol s are often selected non-probabilis ti c a l ly to meet the mat ching criter ia; this increa s es the lim itation
im pos ed by comparison error due to the selecting met hod, to be set aga inst the decrea s ed lim itation im-
pose d by comparison error due to the confou nding whi c h is manage d by the mat ching.
++ A way of selecting con trols probabilis ti c a l ly is to for m stra ta (o r gr oups) of con trols whe re the units in one

st r atum mat ch one case; con trols for the inv estig a t ion are then selected probabilis ti c a l ly from thes e st r ata .
. While decre asi ng the lim itation impos ed by co mpariso n er ror, such stratifyi ng increa s es the lim itation

im pos ed by study er ror, becau se the mat ching criter ia whi c h defin e the strata restrict the ele ments (or
un its) whi c h can make up the study (and respondent) popula t ion of con trols.

A Pla n sh oul d carefuly con sid er whether erro r fr om one sou rce shoul d be manage d in a way that increa s es
er ror from another sou rce – that is, whether there is a net gain in reducing the lim itation on an Answe r
by managi ng one cat egor y of error in a way that increa s es li mit ation due to anoth er catego ry – recall
the dis cus sio n of comparison error and study error in Not e 4 on the upper half of pag e HL63.3.

++ When con trols are selected non-probabilis ti c a l ly, the re is no theoretical basis for an inv erse rela t ion s hip
between sampling impre cisio n and (the squ are root of) of the sample size – see Statis ti c a l Highlig ht #21 –
so the re is no sta tis tical re ason why a large r sample size for con trols wil l de cre ase comparing impre cisio n.

++ The block s in a block ed exper iment al Plan are als o often selected non-probabilis ti c a l ly but, as dis cus s ed
in Statis ti c a l Highlig ht #83, judgement selecting may stil l allow an exper iment al Plan to have acce pta b le
li mit ation impos ed by comparison error on an Answe r to a Que s tion wit h a cau s ative aspect.

9. For ‘focal variat e’ criter ion (2), the re are focal variat es (li ke age and sex) whose value s cannot be assign e d to units
by the inv estig a tor(s) in an exper iment al Plan. For such variat es, we avo id the strong er langu age of sayi ng in cre as-
ing age causes los s of vis ual acuity in fav o ur of in cre asi ng age is asso ciated with los s of vis ual acuity.

• Su ch association s are impor tant in con tex ts like dis crimination by sex or race whe re, for exa mple, we com -
pare the relev a n t popula t ion pro por tio n with the pro por tio n of women or a racia l gr oup in an emplo ym e n t or
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ot he r catego ry. Causation (in the sense of our three criter ia giv en in Section 1 on page HL63.1) by sex or race
is not the issue wit h su ch association s, becau se the re is no int entio n to change the value of the focal variat e.

−− We may als o speak of the re aso n (r ather than the ca use of ) why a popula t ion subgr oup is unde r- or ove r-
repre sent e d – for exa mple, in an emplo ym e n t cont ext we may con sid er relev a n t qu ali fica tions.

• Some focal variat es (li ke cig arette smoking) cannot et hically be assig ned to hum an units, whi c h im pos es lim i-
tation s that arise from usi ng anima l un its in an exper iment al Plan or hum an units in an obs ervation a l Plan.

Thes e matt e rs are pursued in a dis cus sio n of Sim pson’s Paradox in Statis ti c a l Highlig ht #51.

• The ideal of criter ion (2) ign ore s any ti m e differenc e between the realiz ation of the two con d ition s X− = 0  and
X− =1. In actual inv estig a t ion s, the two groups (us u ally samples) wit h un its havi ng X− = 0  and X− =1 are obser ved
concurrently but, in a cross -ov er Pla n (li ke the oat bran inv estig a t ion des cribed in Not e 3 on pag e HL9.6 in
St atis ti c a l Highlig ht #9), the re is a tim e differenc e between X− = 0  and X− =1 for bot h half samples; any change s
in unit s’oth er ex pla n ato ry variat es value s ov er tim e may then be a sou rce of comparison error.

10 . Equiprobable se lec ting and equ iprobable assign ing are key components of the processes of sampling and (ex per imen -
tal) co mparing, whose si mil arities are illust r ated in the two tre e diag rams in the schema at the rig ht bel ow – it is
take n fr om pag e HL10 .6 in Statis ti c a l Highlig ht #10 .

• Inve s tig a t ion s involv ing co mparing (to answe r a
Questio n with a ca usa tive aspect) us u ally inv olve
sa m p ling; inv estig a t ion s involv ing sa m p ling
to answe r a Que s tion wit h a descript ive
aspect need not involve co mparing.

• Prob ability selecting means hav ing
known un it inclu sio n probabilit ies in
the selecting process; int roducto ry
st atis ti cs cou rses empha size eq uipro-
bable selecting (EPS) as the basis of
st atis ti c a l theory for the beh aviour of
sa m p le er ror unde r repetit ion.
−− He re, we coin the ter m prob ability

assig ning (EPA) fo r havi ng known
assign ing probabilit ies; we encou nter mainly the speci al case of eq uiprobable assig n ing, and we hope fo r a for-
tunate outco m e of (roug hly) equ al numbers of units in the groups (e.g., con trol and tre atment) being compare d.
++ Analog o us to EPS, EPA is the basis of statis ti c a l theory for the beh aviour of co mpariso n er ror unde r rep-

etit ion – see the dis cus sio n on pag es HL1 0.3 and HL10 .4 of Table HL1 0.4 in Statis ti c a l Highlig ht #10 .
++ Su rprisingly, ‘probability assig n ing’ is not currently use d el sew here, perhaps reflecting sep arate dev elo p-

ment of the two large statis ti c a l area s of sur vey sampling and desig n of exper iments.
Our eq uiprobable sel e cting is usually si m p le ra n dom sel e cting or ra n dom sel e cting el sew here;
ou r eq uiprobable assig ning is random assig ning or randomization el sew here.

SAMPLING COMPAR 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 l theory for:

• un biase d estim 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 ing can decrea s e
co mparing impre cisio n

−− St atis ti c a l theory is used in the estim ating branches of the two tre e diag rams in the schema at the rig ht
abov e; thes e branches are par t of the Analys is stage of the FDEAC cycle.
++ Sele cting/assig n ing probabilit ies as the basis of the theor y us ed for estim ating is not ewo rthy.

−− The schema at the rig ht above rem inds us of the analog o us role s of stratifyi ng and block ing in sampling and
co mparing [but recall the com ment (−−) near the middle of pag e HL63.2].

• As shown picto ria l ly at the rig ht, a co mmon theme
of EPS and EPA is div iding a group of ele ments into
subgr oups that are likely to be si mil ar en oug h under
adeq uate rep licating fo r the respectiv e li mit ation s im -
pose d on Answe r(s) by sample error and comparison
er ror to be accep table in the inv estig a t ion con tex t.

−− When se lec ting the sample, the group of ele ments
is the respondent popula t ion, the subgr oups are the units not sele 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)

Si milar

Sa mple

Cont rol
gr oup

Tr eat ment
gr oup

Si milar

11 . Inve s tig a tors may hav e the oppor tun ity to trade study error and sample error; a Plan inv olv ing sm aller study er-
ro r and (li kely) larger sample error is usually prefe rre d becaus e:

−− study error requi re s extra-statis ti c a l know ledge to assess it and its beh aviour can sel d o m be quantifie d; BUT:

++ un d er EPS, sampling theor y des cribes the beh aviour of sample (and, perhaps, mea s urement) er ror unde r repeti-
tion of selecting and estim ating [se e the secon d bullet (•) above Not e 1 on pag e HL21. 3 in Statis ti c a l Highlig ht #21].

[No tes 9 to 11 on pag es HL63.5 and HL63.6, giv en here for more conve n ient cross referenc e, are (re spectiv ely) Not es 3, 11 and 6 on pag es HL62. 2,10 .5 and 9.8 in
St atis ti c a l Highlig hts #62, #10 and #9.]
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