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Figure 10.6. CAUSATION: An Introduction

When we hea tha a hous fire was cawsedby an éedrical faut, most pe@le havelittle touble understandig wha is
bang said or reagnking the implcation tha, if the dedrical faut had not ocaurred, thee would have been ro fire. It is
tempting to cndude from such every-day experienceghat @ustion is a gaight-forward idea lut, when ve ty to make nore
predse the notion of wha is meant by casdion, complexiiesarise an ovewiew of the sstes & gven in the Encyclopaedia
Britamica, 1957 Edtion, William Benton Chicayo, Volume5, pages 60-63 (Causalty or Causation). The nattes below are not
a cefinitive dsaus$on but ae tsdul when deahg with statstical apectsof causéon.

e We hink initially of a charge in arespase variate ¥ (i.e,, an dfed) beng cawsedby a chage in afocal (explandory) va-
riateX; in the ilustrdion alove ¥ is the fie datus of the haise(not o fire a on fire and X is the satus d its dedrical
system (working properly or fauty) and we sy @ charge i) X cawsed(@ darge in Y-

- There may dso belurking exdandory vanate§ Z (O Z, Z2, ..., Zi)-

o Causexf ¥ othe than X, if they exist, may reed b be onsdered

@ Whencoircidene can e ruled out 8 a ea®sn, an X-¥ assodation indicaescausaton of ¥ but not necesarily by X.
- Stding this precep as assogation is not caugtion or carelation is not caustion is more easly misundestood.
The asdation-caustion dstindion is a eveedtofc in mary datistics murses.
e In a @usaldationship if the cawseis alset, the eponsedoes rot ocaur (from that cau®); if therespose is alsent, the
causemay sill be pesent
e We may reed b consder the timescde of a @usalrdationship— for exanple, hee is ashat time €ak for the nove
ment ¢ a bat a@usng a lasddl to move thee is along time €ak for dgarete snaking @ushg lung cancer Impilicit in
the idea @ a time sclke is ha the caisealways preceles the ocaurrence(if any) of the eponse
- BEven n omehing as snple as he tasddl illustrdion, it is eas/ to dgressinto a dsaus$on of wha cawsedthe batter
to ht the fall, by whichwe wsudly mean hereasors (9he dd 0; wuch dsausson would then gobably invdke he Le-
haviour and chaiacteistics of boththe ptcherand the btter(@anong ather thingg, quite differert issus from those n our
illustraion and geneadly not relevanto aur preent oneerrs.

® There is a bved at whichary causakdationshipcan ke e to be a mlti-step ssquene of e/ents(a @ausakhan); this -

quenceis wsudly complex and imperiedly undesstood, tut may relp us @ationaize the ime salke we dseve for the causton.

- Fora hat aushg a lasdadl to move the ®quene is at a nlealar keve.

- For cigarete snaking @usig ung cancey before we go to a rleallar kvd, thee is he quene of carges indaed
in lung tissueby the chenicak in bbac® amdke [incidenally, such charmgesexgdain why someforme smders get ung
canceafter the cesstion of sndking & a @QUE].

® A cau® may notprodice a eponseif:

- theintensiy of the caiseis oo low — a lat may ot hit a ball hard encughto make it move apgedably;

- the ime salke is long in relatbn © the geriod d obsevation; this idea can b alled cersoring — a $ndker may not be
obseved b get ung cancebecause(@he desof someothe causebeore the lung cancerocaurs.

The wo fadors may impinge on ac aher in tha higher intersities é the casemay shorten the tme sale; tis is ela-

ted b the idea bdoserespn® — the nddene of lung cancerincreasesvith lewel of dgarete @nsumption

® The dsaus$on of causéion may reed b be famedsomevhat differertly in the two caes whee:
- the aue nakes the epansehappen — a at @ues a lasdadl to move
- the aue prevatsthe regponse fran hapening — eabelts aue arediction in fatditiesin automohile acadents.

o To defire formdly in gtatistics what it mears to |y X cawsesY in a (targed popuation, we gae threecriteria:
(1) LURKIN G VARIATES: Emsue all othe exgandory vaiates Z,, Z, .....,Z, hdd thar (samé valuesfor every popua-
tion urit whenX =0 and X =1 Gometmesphrasedas Hold dl theZ; fixedfor....).
(2) FOCAL VARIATE: Obsewre the ppuation ¥-valies,and catuate an ® with ewery unit having X = 0;
appopriate attibutevalue, undertwo conditions: ® with every unit having X =1

(3 ATTRIBUTE: Attribute(¥, pertaps ome 6 2, Z,, ..., Z,|X =0 # Attribute(’¥, pertags me 6 Z,, Z,, ....., 2| X =1);

thoseof Z,, Z,, .....,Z indudedin the dtributewill have the samevalueswhenx =0 and X =1 wnder(2).

For exanple, he z valesmustbe te samewhen uing least ~ iy(zj -2Z)
squaesesimaes fas gven in equdion (1061) at the igh] to p= 55— — 1061
conpae sinple inear reges®on slpeswhen X =0 and X =1 ,Zl(Zj -2y

=
Thesecriteria ae framedin terms of the (targe) population and an ppropriateattribute, not units and her variates.
® The mmbinatbn of dher augs, adny tme sale and ersoing may nmake it difficult to esatdish causéion; for exanple,
dietay fat @s he poporton of the cabric intake it contibutes to he def) hasbeen mplicated & a @u® of breast caner
in women However, dietary fatis dill only classd dficially as arisk fidtor for breastcancey the same idea icornveyed
by saing fat is awed causeof breast caner n women but risk fidor is preferredwording.
- Measuing issus an ato impeck estalishing causéion —for ingance when tying to estalish possble harmiul efed(s)
of watcing ‘undeiable’ TV programns, hav do we aquantify the ‘hamful effed(s) and ‘undesability’ of a progran?
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The three citeria overkaf o pagel01l imply tha an Answver alout causéion from an exprimental Plan will usualy have
(stbstntally) fewer imitaionsdue b comparisan eror than an Aswerfrom an ob&rational Plan

Interest n causéon in gatistics is €ldomlimited meely to wheher X cawsesy; more wsud cona@rrs ae with the direc
tion andor the extent of the elatbnship for exanple, dos an hcreasén X causeanincreaseor adecreasean the dtribute
for¥ andor by how much (r by wha proportion) does the dtributevalue dharmge whenX=0 and X =1

The rotdion X =0 and X =1 for valuesof the bcal vaiateis symbdtic — 0 and lrepresert two actual valuesof X in a
particular coniext actud valuesof the bcal vaiateare st in the protocol for setting values

The four numbered satements felow and the pints which follow, illustrae the foregoing mattes in relaton © daistical

issus invdving @usé#on; the satanents ge worded ®ndsdy by excludng essumptionsor conext— for exanple:

+
+
+

in 2, X is assumedto be the only causeof pregnancy
in 3 smdking refers o cigarette smding;;
in 4, ed belt usae is onsderedin the ®ntextof aubnobile acdédents.

Alsq autsice the pesnt dsausson, the wad cause might not be used- for instince satement 4 nght be sed beltsreduce
fatalties. Charaderistics of the causalalatbnshis deseibed in the bur stdements e simnarized in Tale 10.61 & ther right.

1
2.
3.
4,

. Time Cther

Force @ues @cekerdion. Table 10.61: # Causex Regponse Y sale cause®
X @uLs pegnancy 1 force Quantative accelerdion Quantitative) shott no
Snaking @ues Lng cancer 2  EX Eaegorical) pregnang (caegoiica)  intermedate  no
4 belts caue a edudion in fatdities 3 anoking Quanitative)  lung cancerfcaegoica)  long yes
4 =4 belt (caegoiical)  fatality (caegorical) intermedate  yes

When the eponseY is absen, it doesnotimply the caiseX is alsent; ecifically, we reamgnie hat:

- no acelerdion desnot imply no force — bildings and bdgesare, d course engineeed b withstand(.e.,, not ac-
cderde wndej sone of the brees they usudly experience

- no pegnang doesnotimply no $x;

- no g cancerdoesnotimply a ron-smder,

- dedh in a @r ac@entdoesnotimply a persa was rot weaing a ed belt.

When the caseX is abser, the egponse¥ will also be dsant if X is the only causeof ¥ (statanents Jand 2 but not

necssarily if thee ae othe caisegsiatanents 3 and)4

- However if a persan has Ung cancerundercurent estnaes that around 90% of lung canceris due ® andking, it as
highly prabable the persan has keen (r is) a sndker

Edablishirg or reagniing a ausaldationshipis usudly eager when the ime sa@lke is shat and t tends to leawmehade

as he ime sak getslonger, lossof biologial units from dbsevation €g, due b deah) compounds this dfficulty.

- Shaot time €aks ae more conmon r causéon in he fhyscal cienes, vhee ausaly is dten elatizely unanbiguous
on the kass of exensmd numbers of insences

- Long time aks ae canmon in he hiologicaland medical genes, and azsaity must then ouindy be gproached
on the tass of relatiely large aygregats of wnits and an tiributeof theseaggegats.

This may imply tha the seps in the multi-step squene er causalchan) tend to I8 nore nuneraus andor to proceed

moreslowly in biologcal than n physcal s/sens.

Spedfic fadors may mmplicate the process ¢ estalishing causéon in aricular insences

- Cancedue b sndking ccaurs at ées g, the uinary bladde) rermote from the dte diredly expose (the ungs.

— Sed belts do rot preventall fatalities andhey occasonally cawsefatalities ha might otherwise rot hare ccaurred.

- A skeptic cauld argue tha sea belts do rot thenselies causefewer fatditiesbut, rather, weaing tham reminds pegole ©
drive nore arfdly; evenif this were true, t doesnot remae he caisdion a mitigate agang the desability of
weaing ®4 belts.

Five aiteria Llsedto esalish amaking @& acauwseof lung cancer(from an asessent ¢ the information from over 6,000

invesigatons precbminanly with ob®rvational Plars) in the B64 US Surgean Gened's Report are gven in Programll

of Agang All Odds Indde Satistics (@lout22 ninutes into the Vdeo) es questbnsabout characteistics of the adation:

- corsistercy: do the diferent méhods of gudying the a&sdation provide congstent results?

- strength: are the Ling cancerrates for snmokers much greder than hose br nonsmdkers?

- spedficity: can sndking habts ke predcted fom lung cancerincidene and can Ung cancerincidene be pedcted

from smaking habits?

- temporal relaionship: does the ppaimel caue Emding) always precelethe presimed effed (lung cance)?

— cohererce does the adation make rse n light of wha we know abaut the histay and biology o the dsease

NOTE: The rotdion wsedin this Fgure is X for the focal variateand Z for othernonfocal explanaory (lurking’) variates;

elewlere, you may e tle meanng d X andZ intercharged Thee @an abo ke mae than onefocal vaiate
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