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RELATIONSHIPS IN STATISTICS: Cau sat ion – Statist ical Issue s

To defi ne fo rmally in statis ti cs what it means to say (a change in) X− ca uses (a change in) Y− in a ta rge t popula t ion, we state
thre e cr iter ia (us eful in practic e when establi shing cau s ation or quantifyi ng the effect of X− on Y−):

(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 t ion
elem e n t 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).

The not ation X− = 0  and X− =1 for value s of the focal variat e is symboli c – 0 and 1 re prese nt two actual value s of X− in a par ticular
cont ext ; actual value s of the focal variat e are set in the protocol for setting leve ls, dis cus s ed in Statis ti c a l Highlig ht #68.

Three illust r ation s, inv olv ing only on e lu rking variat e Z−, of this for mal defin ition are giv en at the rig ht bel ow fo r a targe t
popula t ion of 4 ele ments wit h re spectiv e Z− value s (s how n besi de the poi nts) of 0, 1, 2 and 3.

In diagr am (6), Y− value s in cre ase by 1 as X− change s
fr om 0 to 1 and, cor respondingly, the aver age of
Y− (in d i c ated by a sho rt hor izont al li ne) inc rea s es
by 1 from 2.6 to 3.6.

In diagr am (7), the Y− value s ag ain increa s e as X−
change s fr om 0 to 1  but by di ffering amou nts.

In diagr am (8), three Y− value s increa s e but one
decrea s es as X− change s , althou gh the aver age of
Y− ag ain increa s es by 1 fr om 2.6 to 3.6.

In con trast to diag rams (1) to (5) on the ove r leaf sid e (page HL58. 2) of Statis ti c a l Highlig ht #58 whe re the re is confou nding, di-
ag rams (6) to (8) illust r ating our defi nit ion of cau s ation hav e (o f course) no confou nding – the value s of Z− do not change as X−
change s , so the re is no X−-Z− association (zero X−-Z− co rrela t ion). Als o, the Y

−−s hav e a sub scr ipt T den oting ‘target popula t ion.’
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NO TES: 1. The first two of the three criter ia giv en above, whi c h we take as a for mal defin ition of cau s ation in a target popu -
la t ion, are idea lizations – no Pla n can ful ly satisfy thes e two criter ia in practic e. For exa mple:

• Fo r the Que s tion: Do es smoking cau se lung can cer?, we can think of a (long) causal cha i n of exp lanato ry vari-
at es lea ding to the respons e of interest (he re, lu ng can cer sta tus). The Que s tion identifie s (arbit r arily) on e vari-
at e in this chain (he re, smoking sta tus), but we recog n ize that this variat e is pre ceded by ‘focal’variat es (fact ors
that cau sed the indivi d ual to deci de to smoke) and it is fo llo wed by othe rs [fact ors that des cribe the damag e (a t
a cel lular lev el, say) that is ultimately manife s ted as canc e r]. When ‘lu rking variat es’ criter ion (1) refers to en s ur-
ing all oth er expla nator y variates hol d th eir (sa m e) values for every tar get popu lation ele men t, it does not in -
clude variat es in the causal chain inv olv ing the ‘ma in’ focal variat e.

−− The Que s tion identifie s on e (focal) explanator y variat e in the causal chain as bei ng of interest; it als o (arbi-
trarily) defi nes the en d of the chain in ter ms of a par ticular resp onse variat e. Howeve r, this respons e can be-
co m e part of an explanator y variat e chain if a different Que s tion identifes a di ffere nt (la ter) respons e variat e
– for ins tanc e, alive or dead in stead of lu ng can cer sta tus in our exa mple.

−− When a causal chain loops back upon its elf, the situation is com monly refer red to as feedback.

• In ‘focal variat e’ criter ion (2), the ideal of obs erving all elem e n t s of the targe t popula t ion unde r each of two val-
ue s of the focal variat e is attaine d mo re cl osely in practic e in an experimenta l Plan – the two samples to whi c h
the inv estig a tor(s) assig n equiprobably the two value s of the focal variat e st and in for the respondent popula t ion
(a n d, henc e, at two stag es rem ove d, for the targe t popula t ion) unde r the two value s.

−− In an ob ser vational Plan, the two value s of the focal variat e defin e subpopula t ion s of the respondent (and
the study) popula t ion and the two samples wit h the two value s of the focal variat e st and in only for thes e
subpopula t ion s; this matt e r is dis cus s ed in Section 1 on the first sid e of Statis ti c a l Highlig ht #9.

−− In some inv estig a t ion s, the re may, of cou rse, be more than two focal variat e value s of interest.

−− Coming clo ser to meeting criter ion (2) is one rea son why an experimenta l Plan is prefe rre d, whe re fea sib le.

• ‘A ttr ibute’ criter ion (3) defi nes causation in ter ms of (a change in) an attr ibute, not of indivi d uals – this is con -
si stent wit h the pre dominant con cer n of statis ti cs wit h popu lations, not ele ments. A cons equ enc e of criter ion
(3) is that X− ne e d not bring about a change in Y− fo r ever y elem e n t of the popula t ion for us to say X− ca uses Y−.

−− A ration a liz ation of this dep arture from the intuitive idea that cau s ation always produces an effect is [li ke cri-
ter ion (1)] in ter ms of non -focal exp lanato ry variat es Z− i – the re may be ele ments wit h (s ome) such variat e(s)
whos e value(s) hav e the con seque n ce that a change in X− does not br ing about a change in Y−; we wou ld nor-
ma l ly think of thes e elem e n t s as bei ng a sm all propor tio n of the popula t ion.
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An illust r ation is the re may be indivi d uals for whom smoking wou ld never br ing about lung canc e r; at
ou r pres ent leve l of (ge netic) knowledge, we cannot identify such indivi d uals (if they exi st) but it is stil l good
public health poli cy to dis cou rag e sm oking in lig ht of the known lung canc e r ra tes fo r non-sm oke rs and smoke rs.

There is fur the r discus sio n of sta tis tical is s ues inv olv ing cau s ation in the previous Statis ti c a l Highlig ht #61.

2. Our three criter ia ove r leaf at the top of pag e HL62.1 defi ning cau s ation are frame d in ter ms of the (target) popu la-
tion and an appro priat e attr ibute, not elem e n t s and their variat es. Criter ion (1) speci fi es all non-focal exp lanato ry
variat es (ou r Z−s) rem ain fixe d; three approaches try to meet this criter ion to manage comparison error in practic e:

• hold so me Z−s fixe d ph ysi cally by block ing, mat ching or subdivi ding (se e the fol low ing Statis ti c a l Highlig ht #63);

• un d er probability assig n ing of ele ments’ focal variat e value s , us e st atis ti c a l theory to manage under rep etition
differenc es among unblock ed, unm e asure d and unknow n Z−s (se e St atis ti c a l Highlig ht #10);

• us e a resp onse model in the Analys is stage of the FDEAC cycle to hol d so m e Z−s fixe d math ematically, but
ev en a quite ela borate model , li ke equ ation (HL57.1) on the first sid e of Statis ti c a l Highlig ht #57, cannot inv olve
all possib le Z−s in its structur al component, and only those k variat es inclu ded are refle cted in the int e rpret ation
of β1, the model coefficie n t of the fo cal variat e. [The stochast i c co mponent of a respons e model like that in
equation (HL57.1) deals mat hem ati c a l ly wit h ef fects on Y− of Z−s not in clu ded in the structur al component.]

The challenge in inve s tig a t i ng statis ti c a l rela t ion s hips is to come clo se enoug h to the ideal repre sent e d by the three
cr iter ia to obtain an Answe r with lim itation s whos e leve l of sev erity is accep table in the Que s tion con tex t.

3. 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 ele -
ments 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 asi ng 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 compare
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 other
catego ry. Causation (in the sense of our three criter ia) by sex or race is not the issue wit h su ch association s,
becaus e there 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 ele ments, whi c h im pos es lim i-
tation s that arise from usi ng anima l elem e n t s in an exper iment al Plan or hum an ele ments 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 elem e n t s havi ng X− = 0  and X− =1 are ob-
se rve d 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 Statis 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 ele ments’oth er ex pla n ato ry variat es value s ov er tim e may then be a sou rce of comparison error.

4. ‘At tribute’ criter ion (3) inv olves different att rib u t e value s fo r different value s of the focal variat e (but with relev a n t
Z− is rem ain ing the sa m e); our defi nit ion the refore implie s that if X− ca uses Y−, the re is asso cia tion of ele ments’X− and
Y− value s ov er the targe t popula t ion unde r the two value s of X−; we hope this association car rie s ov er into the
study popula t ion, the respondent popula t ion and the sample.

• If a cau se has more than one ef fect (e.g., smoking is a cau se of sev eral different cancers) ,‘a t tribute’ criter ion (3)
mu s t be broaden ed to inclu de inequ ali ty of the att rib u t es of all the relev a n t re spons e variat es. Extending the
preceding argum e n t fo r on e re spons e, the value s of thes e (s eve r al) re spons e variat es wil l each be associat e d
with the value s of X− ov er the ele ments of the targe t popula t ion unde r the two value s of X−; the value s of thes e
Y−s wit h the com mon cau se X− will also be associat e d.

This cau s ation -association conne ction unde r ou r defin ition of cau s ation in statis ti cs is use d in Statis ti c a l Highlig ht #60.

5. An exa mple of the cave at in ‘att rib u t e’ criter ion (3) is: when using lea st
squ are s estim ates [equation (HL62.1) at the rig ht] to co mpare si mple lin ear
regres sio n sl opes, the z value s mu s t be the sa m e when X− = 0  and X− =1.

β1̂ =
Σ
j =1

n
yj(zj −z)

Σ
j =1

n
(zj −z)

2
-----(HL62.1)

6. Idea s abou t inve s-
tigating X−-Y− rela -
tion s hips are sum -
marized at the rig ht
in Table HL62.1.

• The di ffere nce in attribute value s in criter ion (3) must be such as to be pr act i cally impor tant in the Que s tion con tex t.

• A dange r of appropriating ‘confou nding’as statis ti c a l ter min ology is that a word for failure to meet criter ion (1)
may shift the focus away from this ove rriding ideal.

Ta ble HL62.1: Summary of Ide as Abo ut Inv est igating X−-Y− Re l ationships

Crit e rio n (1): the ideal Ens ure all the Z− i hold their (same) value s fo r ev ery popula t ion ele ment when X− = 0  and X− =1
Crit e rio n (3) Fo r causation, a relev a n t attr ibute mu s t differ in value when X− = 0  and X− =1
Confou nding Confou nding arises when one or more of the Z− i change in value when X− = 0  and X− =1
Comp arison error A differenc e, due to confou nding, from the re al or in ten ded value of an attr ibute of a rela t ion s hip.
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