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RELATIONSHIPS IN STATISTICS: Cau sat ion – An Int r odu ction

When we hear that a hou se fire was ca use d by an ele ctr ical fau lt, mos t people hav e li ttle troub le unde rst anding what is be-
ing said or recog n izi ng the implication that, if the ele ctr ical fau lt had not occur red, the re wou ld hav e been no fire. It is tem pt-
ing to con clu de from such eve ry- day exper ienc es that cau s ation is a straig ht-for ward idea but, when we try to make more pre -
ci se the notio n of what is meant by causation, complex i tie s aris e; an ove rvie w of the issues is giv en in the Encycl opaedia Bri-
ta nni ca, 1957 Edit ion, Wil lia m Be n t on, Chi c ago, Volum e 5, pag es 60-63 (Causality or Cau sation). The matt e rs bel ow are not a
defin itive dis cus sio n but are useful when dealing wit h sta tis tical aspect s of cau s ation.

• We think initia l ly of a  change in a resp onse variat e Y− (i.e., an effect) being ca use d by a change in a fo cal (e xplanato ry) va-
riat e X−; in the illust r ation abov e, Y− is the fire status of the hous e (n ot on fire or on fire) and X− is the status of its ele ctr ical
syst em (wo rking pro perly or fau lty) and we say (a change in) X− ca use d (a change in) Y−.
−− There may als o be lu rking ex pla n ato ry variat e(s) Z− (o r Z−1, Z− 2, ....., Z−k).

• Caus es of Y− oth er than X−, if they exi st, may need to be con sid ere d.

• When coi nci den ce can be ruled out as a rea son, an X−-Y− asso cia tion in d i c ates ca usa tion of Y− but not nec ess a rily by X−.
−− St ating this pre c ept as asso cia tion is not cau sation or correl ation is not cau sation is more easily misun d erstood.
The association -causation dis tin ction is a rev ere d to pic in many statis ti cs cou rses.

• In a cau s a l rela t ion s hip, if the ca use is absent, the respons e does not occur (fr om that cau se) ; if the resp onse is absent, the
caus e may stil l be pres ent.

• We may need to con sid er the ti m e sc ale of a cau s a l rela t ion s hip – for exa mple, the re is a sh ort time scale for the mov e-
ment of a bat cau sing a baseball to mov e, there is a long time scale for cig arette smoking cau sing lung canc e r. Implicit in
the idea of a tim e scale is that the caus e always pre cedes the occur renc e (if any) of the respons e.
−− Even in something as sim p le as the baseball illust r ation, it is easy to dig res s in t o a dis cus sio n of what ca use d the batt e r

to hit the ball, by whi c h we usually mean the re aso ns (s)he did so; such dis cus sio n woul d then probably inv oke the be-
haviour and charact e ris ti cs of bot h the pit che r and the batt e r (a mong other things), quit e di ffere nt is s ues from those in our
il lust r ation and gen erally not relev a n t to our pre sent con cer ns.

• There is a lev el at whi c h any cau s a l rela t ion s hip can be seen to be a mul t i-step seque n ce of eve n t s (a cau s a l chain) ; this se-
qu enc e is usually complex and imper fectly unde rstood, but may hel p us ration a lize the tim e scale we obs erve for the cau s ation.
−− Fo r a bat cau sing a baseball to mov e, the seque n ce is at a mole cular lev el.
−− Fo r cigarette smoking cau sing lung canc e r, before we go to a mole cular lev el, the re is the seque n ce of change s in duced in

lu ng tis s ue by the chemicals in tobacco smoke [in cid e n tally, such change s ex pla in why some fo rmer sm oke rs get lung
canc e r after the ces sation of smoking as a cau se] .

• A cau se may not produce a respons e if:
−− the in ten sity of the caus e is too low – a bat may not hit a ball hard enoug h to make it mov e ap pre ciably ;
−− the tim e scale is long in rela t ion to the per iod of obs ervation; this idea can be called ce nso ring – a smoke r may not be

obs erved to get lung canc e r becaus e (s)he die s of some oth er caus e befo re the lung canc e r occurs.
The two facto rs may impinge on each other in that hig her int ensit ies of the caus e may sho rten the tim e scale; this is rela -
ted to the idea of dose-res pon se – the incid e n ce of lung canc e r increa s es with le vel of cig arette con sump tion.

• The dis cus sio n of cau s ation may need to be frame d so m ewhat di ffere ntl y in the two cases whe re:
−− the cau se makes the respons e happen – a bat cau ses a baseball to mov e;
−− the cau se pre vents the respons e fr om hap pening – seatbel ts cau se a re d uct i on in fat ali tie s in automobile accid e n t s.

To defi ne fo rmally in statis ti cs what it means to say X− ca uses Y− in a (target) popula t ion, we st ate 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 (HL61.1) 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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Thes e cr iter ia are frame d in ter ms of the (target) popu lation and an appro priat e attr ibute, not elem e n t s and their variat es.

• The combin ation of other cau ses, a long tim e scale and censo ring may make it di fficult to establi sh cau s ation; for exa mple,
diet ary fat (as the pro por tio n of the calor ic int ake it con tributes to the diet) ha s been implicated as a  cau se of bre ast cancer
in women. Howeve r, die tar y fa t is stil l only cla s s ed officia l ly as a risk factor fo r brea st canc e r; the same idea is conve yed
by sayi ng fat is a we ak caus e of bre ast cancer in women, but risk factor is prefe rre d wo r ding.

−− Me asuring is s ues can also impede est ablis hing cau s ation – fo r in stanc e, when trying to est ablis h possib le harmful effect(s)
of wat ching ‘un d e sir able’ TV progr ams, how do we quantify the ‘harmful effect(s)’ and ‘un d e sir ability’ of a progr am?
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• The three criter ia ove r leaf on pag e HL61.1 imply that an Answe r abou t causation from an expr imenta l Plan wil l us u ally
have (subs tantia l ly) fewer lim itation s due to comparison error than an Answe r fr om an ob ser vational Plan.

• Interest in cau s ation in statis ti cs is sel d o m li mit e d me rely to whether X− ca uses Y−; more usual con cer ns are wit h the direc-
tion and/or the extent of the rela t ion s hip; for exa mple, does an inc rea s e in X− caus e an increa s e or a decrea s e in the att rib u t e
fo r Y− and/or by how much (or by what pro por tio n) does the att rib u t e value change when X− = 0  and X− =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-
ti c ular con tex t; actual value s of the focal variat e are set in the protocol for setting leve ls (s ee Statis ti c a l Highlig ht #68).

The fou r numbered statements bel ow, and the poi nts whi c h fo llow, illust r ate the foregoi ng matt e rs in rela t ion to statis ti c a l
is s ues inv olv ing cau s ation; the stat ements are worded con cis ely by exc luding assump tion s or con tex t – for exa mple:
++ in 2, sex is assume d to be the on ly caus e of pregnanc y;
++ in 3, smoking refers to cigarette sm oking ;
++ in 4, seat bel t usage is con sid ere d in the con tex t of au tomobi le accid e n t s.

Also, outsi de the pre sent discus sio n, the word ca use might not be use d – for ins tanc e, statement 4 might be se at bel t s re d uce
fa ta lit ies. Character istics of the causal rela t ion s hips des cribed in the fou r st atements are sum marized in Table HL61.1 at their rig ht.

1. Force cau ses acceleration.
2. Sex cau ses pregnanc y.
3. Smoking cau ses lung canc e r.
4. Seat bel ts cau se a reduction in fat ali tie s.

Time Other
Ta ble HL61.1: #  Cau se X− Re sponse Y− scale cau ses?

1 force (qu antit ative) acceleration (qu antit ative) sho rt no
2 sex (catego rical) preg n a n cy (catego rical) in ter mediat e no
3 smoking (qu antit ative) lung canc e r (catego rical) long yes
4 seat bel t (catego rical) fa tality (catego rical) in ter mediat e ye s

• When the respons e Y− is abse nt, it does not im p ly the caus e X− is absent; speci fi cally, we recog n ize that:
−− no acceleration does not im p ly no force – buil d ings and bridge s are, of cou rse, eng ine e red to wit hst and (i.e., not acceler-

at e un d er) so me of the forces they usually exper ienc e;
−− no pregnanc y does not im p ly no sex ;
−− no lung canc e r does not im p ly a non -sm oke r;
−− death in a car accid e n t does not im p ly a person was not wearing a seat bel t.

• When the caus e X− is abse nt, the respons e Y− will also be abs ent if X− is the on ly caus e of Y− (s tat ements 1 and 2) but not ne c-
es sarily if the re are oth er caus es (s tat ements 3 and 4).
−− Howeve r, if a person has lung canc e r, unde r current estim ates that aroun d 90% of lung canc e r is due to smoking, it as

highly pr obable the person has been (or is) a smoke r.

• Establis hing or recog n izi ng a cau s a l rela t ion s hip is usually ea sier when the tim e scale is sh ort and it tends to become hard er
as the tim e scale get s long er; los s of bi ologi cal elem e n t s fr om obs ervation (e.g., due to death) compoun ds this diffic ulty.
−− Sh ort time scales are more common for cau s ation in the phy sical scie n ces, whe re cau s a lity is often rela t ive ly un a mbiguou s

on the basis of eve n sm all numbers of ins tanc es.
−− Long time scales are common in the biologi c a l and medical scie n ces, and causality must then rou tin ely be approache d

on the basis of rela t ive ly large agg regat es of ele ments and an att rib u t e of thes e ag gregat es.
This may imply that the steps in the mul t i-step seque n ce (or cau s a l chain) tend to be more numer ous and/or to proceed
mo re sl owl y in biol ogical than in phy sical sys tems.

• Specific facto rs may complicate the process of est ablis hing cau s ation in par ticular ins tanc es.
−− Canc e r due to smoking occurs at sit es (e.g., the urinary bla dde r) re mote fr om the sit e directly expos ed (the lungs).
−− Seat bel ts do not preve n t all fa talit ies and they occasio nally ca use fa talit ies that mig ht other wise not hav e occur red.
−− A ske pti c coul d argue that seat bel ts do not th emse lves caus e fe wer fat ali tie s but, rat her, wearing them rem inds people to

drive more caref ully; eve n if this were true, it does not remove the causation or mit igat e ag ain st the desir ability of wear-
ing seat bel ts.

• Five criter ia use d to establi sh smoking as a ca use of lung canc e r (fr om an assessment of the infor mation from ove r 6,000
inve s tig a t ion s, pre dominantly wit h ob ser vational Plans) in the 1964 U.S. Sur geon Gen eral’s Repor t are giv en in Progr am 11
of Ag a inst All Odds: Inside Sta tis tics (a bou t 22 min utes into the vid eo) as que s tion s abou t charact e ris ti cs of the association:
−− consistency : do the different methods of studying the association provi de consis tent re sul ts?
−− strength: are the lung canc e r rates for smoke rs much greater than those for non -sm oke rs?
−− specificity: can smoking habits be pre dicted from lung canc e r in cid e n ce and can lung canc e r in cid e n ce be pre dicted

fr om smoking habits?
−− temporal relationship: does the pre sum ed cau se (sm oking) always pre cede the pre sum ed effect (lu ng canc e r)?
−− coher e nce: does the association make sense in lig ht of what we know about the his t ory and biology of the disease?

NO TE: The not ation use d in thes e Ma ter ials is X− fo r the fo cal variat e and Z− fo r ot he r non-focal exp lanato ry (‘l urking’) vari-
at es; els ewhe re, you may see the meaning of X− and Z− in terchange d. The re can also be more than one focal variat e.
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