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RELATIONSHIPS IN STATISTICS: Comparative Plans and Cau sal Struc ture s

Ba s ed on the backg rou nd provi ded in Statis ti c a l Highlig hts
#57 to #63, the causal structure at the rig ht provi des a conve n ient
cont ext for dis cus sing cases (1), (8), (9) and (11) (s how n ag ain ove r-
le a f on pag e HL64.2) fr om Statis ti c a l Highlig ht #59; the con tex t
co m e s fr om an inv estig a t ion whose newsp aper repor t is reprint e d below. This inve s tig a t ion fou nd that death rates were hig her
fo r people who liv ed near a maj or roa d – in our ter min ology, liv ing near a maj or roa d (focal variat e X− with two value s: livi ng
near such a roa d and not doing so) is associat e d with a hig her death rate [an att rib u t e of respons e variat e Y− with two value s

Low income

Live near maj or roa d

Prem ature death

Cig arette smoking

EM0424: The Globe and Mail, August 6, 2004, page A11

Deat h rate higher near busy roads
BY STEPHEN STRAUSS

Cana dian scie n tis t s have fou nd a startli ng ris e
in death rates associat e d with not hing more
perilous than liv ing wit hin 50 met res of a
majo r highway and 100 met res of a city roa d
that car rie s a sle w of pol luting cars and truck s.

While the re hav e been a number of studies
tying sur ges in deaths to city air pol lutio n in
ge neral, what the res earche rs at McM ast e r
Un ive rsity uncov ere d wa s a rou ghly 18-per-
cent spi ke in mor tali ty in the Hamilt on area
among people who liv ed adj acent to stre ets
carrying 35,000 to 75,000 veh icle s daily.

The ris e in the pol lutio n death rate did not
co m e fr om ast hma, emphy sem a or lung can -
cer but from heart att ack s and othe r heart
condition s. "B asi c a l ly air pol lutio n does not
affe ct you r lu ngs but you r heart," is how
Murray Finkels tei n of McM ast e r’s progr am
in occup ation a l health and envi ron ment al
me dicin e, and a co-au t hor of the new study,
des cribes what his group has fou nd.

The rea son for the large heart-dis ease hit
is stil l un cer tain, but Dr. Finkels tei n poin t s
to res earch in anima ls that sugge s t s air pol-
lu tio n particle s can irritate arter ies and lea d
to their gen eral hardening and thi cke n ing.

Althou gh the study, whi c h wa s publis hed
in the July issue of the Am erica n Jo urnal of
Epidemiology, focus ed on the roa ds and hig h-
ways of Hamilt on, the res earche rs see no
re ason why the finding s sh oul dn’t apply to
city dwel lers perche d abov e traffic sur ging
along St. Lawrenc e St reet in Mon tre a l, Yonge

St reet in Toron t o, or Hastings Street in Van -
couver. Not to mentio n anyone whose dwel-
li ng is on the skirt of the traffic beh emo th
know n as the Trans -Cana da Highway, whi c h,
as it mov es 400,000 people a  day in some
location s, is Nor th Amer ica’s secon d-busie s t
highway.

What the res earche rs als o did is transla te
the inc rea sing death rates, whi c h have a rela -

tive ly sm all imp act on you ng er people, into
so m ething clo ser to an ins uranc e co mpany’s
li fe-ex pectanc y table. They fou nd the re is a
2. 5-year inc rea s e in age -rela ted death lev els
fo r people whose dwel lings are locat e d
che ek-to-jowl wit h heavy traffic.

"B asi c a l ly, that means you r mo rtali ty pat-
ter n if you are 50 years old is the same as
so m eon e 52. 5 ye ars old who doesn’t liv e on

a busy roa d," said Dr. Finkels tei n. What is
ev en more sober ing is the fact that the dead-
li nes s of liv ing near maj or tho rou ghfares is
not far off the life-sh ortening effe cts of such
know n killers as diabet es or chron i c lu ng
disease.

The McM ast e r scie n tis t s say their res earch
le ads to a ver y si mple bit of advic e fo r a
health -cons cious indivi d ual. "If you hav e a
heart con d ition, I  wou ld advis e not buying a
place ver y cl ose to maj or roa dways or hig h-
ways ," said Michael Jerrett, a McM ast e r Un i-
ve rsity geogr aphy profe sso r who is another
co -au t hor on the study.

He als o sugg ests that sus c eptib le people
who liv e cl ose to the busy tho rou ghfares con -
si der air pur ific ation sys tems in their homes
as a preve n tative act.

There some some cave ats to the new
study, whi c h repli c ates Dutch res earch pub -
li she d two years ago. The re was no direct
mea s ure of how much hig her the moto r-ve-
hi cle rela ted pol lutio n wa s near maj or roa ds.
This omissio n sh oul d be rem edied nex t mont h
when the McM ast e r gr oup track s road -pollu-
tion lev el themselves.

Bu t there is als o a cla s s-rela ted confou nd-
ing facto r to the data . Be cau se of exi sting
conc e rns ove r nois e and pol lutio n, Dr. Fin -
kels tei n says more poor people may be
mo re li kely to liv e near busy streets than
rich people, and poor people hav e ot he r be -
haviours – smoking in par ticular – that
might kil l them in large r numbers.

REFERENCE: Finkel stein, M.M., Jer rett, M. and M.R. Sears: Traffic Air Pol lutio n and Mor tali ty Rat e Ad v a n cem e n t Pe ri-
ods. Am erica n Jo urnal of Epi demiolgy 160(#2): 173 -177, July 15 (200 4). [UW Lib r ary E-jou rnal]

The abs tract giv en in the origi nal article is:

Chronic expos ure to air pol lutio n is associat e d with inc rea s ed mor tali ty rat es. The imp act of air pol lutio n rela t ive to other
caus es of death in a popula t ion is of pub lic health impor tanc e and has not been wel l est ablis hed . In this study, the rat e
advanc ement per iods associat e d with traffic pol lutio n ex pos ures were estim ated . Study sub jects unde rwe n t pulm onary
function testing at a cli nic in Hamilt on, Ont ario, Cana da, bet ween 1985 and 1999. Cox reg res sio n wa s us ed to model
mo rtali ty from all natural cau ses dur ing 1992-2001 in rela t ion to lung fun ction, body mass index, a diag nosis of chron i c
pulm onary dis ease, chron i c is chemic heart dis ease or diabet es mel litus, hous ehold income, and resid e n ce wit hin 50 m of
a maj or urban roa d or within 100 m of a hig hway. Sub jects liv ing clo se to a maj or roa d ha d an inc rea s ed risk of mor-
tali ty (rela t ive risk = 1.1 8, 95% confid e n ce int e rval: 1.02, 1.38). The mor tali ty rat e advanc ement per iod associat e d with
re sid e n ce near a maj or roa d wa s 2. 5 ye ars (95% confid e n ce int e rval: 0.2, 4.8). By comparison, the rat e advanc ement
periods att rib u t able to chron i c pulm onary dis ease, chron i c is chemic heart dis ease, and diabet es were 3.4 years, 3.1 years,
and 4.4 years, respectiv ely.

But ther e is also a class-
relate d con founding fac tor
to the dat a. ..... mor e poor
people may be mor e like ly

to live near busy str eet s
than rich people, and

poor people hav e other
behav iours – smoking in

particul ar – that might kill
them in larger numbers.
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(a liv e or dea d), quantifie d in this inve s tig a t ion as a ‘m ortality rat e advanc ement per iod’ (MRAP)].

Case (11): The cau s a l st ructure at the upper rig ht ove r leaf on pag e HL64.1 is an ins tanc e of case (11)

[s how n ag ain at the rig ht], alt hou gh the inv estig a t ion (des cribed ove r leaf) of the effect of liv ing near a maj or
road was not exp licit ly con cer ned with Z− j (low income). Howeve r, this cau s a l st ructure does not raise Que s tion s that are not also
rais ed by the three other cases (1), (8) and (9) discus s ed bel ow, becau se it is a composit e of them (and othe r) cases as fol low s :

• the left-hand sid e ha s Z− j as the co mmon cau se of X− and Z− i which is our case case (9) (s o-called com mon response),

• the rig ht-hand sid e ha s X− and Z− i as cau ses of (the co mmon res pon se) Y− which is our case (8),

• the top and bottom are the causal chains of cases (4) and (6) [w hich is whi c h depends on variat e assig nment];

there are als o fo ur ins tanc es of case (1):

(11)
X−

Y−Z− j
Z− i

Z− j X− , Z− j Z− i, X− Y−, Z− i Y−.

Case s (1), (8) an d (9): Thes e ca s es involve five Que s tion s that cou ld be inv estig a ted; they are numbere d 1 to 5 for conve n ient
refe renc e and giv en wit h ot he r infor mation in Table HL64.1 bel ow – ‘E’ or ‘O’ in the Pla n colu mn den otes ‘ex per iment al’or ‘ob -
se rvation a l.’ Ta ble HL64.1

No. Case Que stion Plan

1 (1) Is low income associat e d with premature death? O
2 (8) = (1) Is liv ing near a maj or roa d associat e d with premature death? O
3 (8) = (1) Is cig arette smoking a cau se of premature death? O

4 (9) Are liv ing near a maj or roa d and cig arette smoking associat e d with low income? O

5 (8) To what ext ent are liv ing near a maj or roa d and cig arette smoking associat e d with premature death? O

X− Y−
X− Y−
X− Y−
X−

Z−
Y−

X−
Y−

Z−

Question 1: It has long been known that the answe r to this Que s tion is Ye s – for exa mple, nin eteent h centur y vital statis ti cs in
the U.K. showe d an association bet ween ‘soci al cla s s’ and death rates. The inability of the inv estig a tor(s) to assig n the value of
the focal variat e X− (a person’s income) is why the Pla n can only be obs ervation a l and the Que s tion is phrase d in ter ms of asso-
ci a t io n (r ather than causation).

Question 2: This Que s tion is answe red by the inv estig a t ion whose newsp aper repor t is giv en ove r leaf on pag e HL64.1. As the
repor t poin t s ou t, pos sib le confou nding by a  lur king variat e Z− (c igarette smoking) means that comparison error impos es a se-
ve re lim itation on the Answe r.

Question 3: The health con seque n ces of cig arette smoking are now well docum e n ted as a res ult of tens of thousands of inv es-
tigation s, mos t of them from aroun d 1950 and lat e r. The Pla ns of inv estig a t ion s involv ing huma ns have been obs ervation a l be -
caus e inve s tig a tors cannot ethically (or practically) assig n elem e n t s’ smoking habits; experimenta l Plans hav e been lim ited to
inve s tig a t ion s involv ing anima ls, but they are rela t ive ly fe w in number, in par t becaus e of the diffic ulty (and, henc e, the cos t) of
ge tting anima ls to smoke. [An othe r fact or is the lim ited lifespans of cheaper laborato ry anima ls (li ke mic e and rat s) in rela t ion
to the tim e fo r so m e health effects of smoking to become app are n t.]

The Que s tion wording inv olves ca usa tion becaus e of the requi rement that manipula t ion of the focal variat e (r edu cing the preva -
le n ce of cig arette smoking) will produ c e a desired change in the respons e variat e (a reduction in smoking -in duced dis ease, re-
sulting in better public health and reduced healthcare costs). The deca des of res earch and the number of inv estig a t ion s of the
health con seque n ces of smoking are a reminde r of the diffic ulties of est ablis hing cau s ation usi ng an obs ervation a l Plan.

Question 4: This Que s tion involves Z− (low income) as a co mmon cau se of X− (livi ng near a maj or roa d) and Y− (c igarette smok-
ing), alt hou gh the Que s tion wording inv olves (the weaker) association rat her than causation – more appro priat e notation wou ld
be X− in stead of Z− and Y−1 and Y−2 in stead of X− and Y−.

Question 5: This Que s tion involves the effects of two focal variat es on a respons e variat e, whi c h is case (8) but with X−1 and
X−2 in place of X− and Z− – see als o the dis cus sio n in Appendix 1 on pag es HL64.3 and HL64.4 of qu ant ifying the rela t ion s hip of
two (or more) focal variat es and a respons e variat e.

In summar y, fou r causal structure s are int roduced in the discus sio n of statis ti c a l association of exp lanato ry variat es at the
up per rig ht of pag e HL59.1 in Statis ti c a l Highlig ht #59; thes e beco m e twelve str ucture s at the middle rig ht of pag e HL59.1
with the inclu sio n of the respons e variat e. The discus sio n on pag e HL59.1 bel ow thes e st ructure s , and in this Highlig ht #64,
sh ows that only fo ur of thes e twelve are relevant to comparative Pla ns, for which the pr imary conc e rn is the structure of case
(1); the ove r lap ping str ucture s of cases (8), (9) and (11) se rve mainly to infor m ca s e (1) inve s tig a t i ng.

• The dis cus sio n in this Statis ti c a l Highlig ht #64 rem inds us that, to dev elo p a comparative Pla n to answe r a Que s tion wit h a
causative aspect, suf fi cie n t extra-statis ti c a l know ledge is needed to:

−− fr ame a (cle ar) Que s tion abou t the association bei ng inve s tig a ted;

−− give a plau s able cau s a l st ructure that is appro priat e fo r this Que s tion;

−− choos e (a n d then deve lop) a fea sib le Pla n type.

NO TES: 1. The ob ser vational nature of the Pla ns in Table HL64.1 above reflects their context; in con tex ts whe re the value of
the focal variat e(s) coul d be assig ned by the inv estig a tor(s), the Pla ns cou ld be exper iment al.

• It is als o cont ext-dependent whether the Que s tion s involve es t ablish i ng causation, qu ant ifying (c ausal) rela t ion -
ships or pr ior itizing caus es – see Appendix 1 on pag es HL64.3 and HL64.4.
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#HL 64.3[St atistical Highlight #64]
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RELATIONSHIPS IN STATISTICS: Comparative Plans and Cau sal Struc ture s (c o ntinue d 1)

NO TES: 2. Case (10) [s how n ag ain at the rig ht] in its lowe r re al fo rm (becaus e Z− is an exp lanato ry
variat e) is not a viable basis for a comparative Pla n, which requi re s eit her:

• direc t causation of Y− by X− [c ase (1)], OR:

(10)
Z−

X−
Y−

X−
Z−

Y−• an explicit in ter mediat e variat e in ea ch causal chain from X− toY−, as in case (11) and illust r a-
ted at the star t of this Highlig ht #64 in the causal structure at the upper rig ht of pag e HL64.1.

−− There may be more than two causal chains from X− to Y−, as il-
lu s trated by a case of th ree possib le int e rme diarie s at the rig ht.
There may als o be in ter act i on (s ee Appendix 2 on pag e HL64.4)

among such exp lanato ry variat es; for exa mple, the inc rea s ed risk
of lung canc e r among uranium min ers (pres umably due to radio activ e du s t inhalation) mig ht be mainly among
sm oke rs but both non-sm oke rs and smoke rs may be at an inc rea s ed risk of lung canc e r fr om asbestos inhalation.

++ Caus es of ‘lu ng canc e r’ are actually more complicated than implie d by this exa mple, becau se the re are a
number of such canc e rs inv olv ing different cel l types (e.g., mesot heli oma from asbestos inhalation).

Cig arette smoking

Ur anium min ing Lung canc e r

Asbestos inhalation

3. The newsp aper article (reprint e d on pag e HL64.1) discus s ed in this Statis ti c a l Highlig ht #64 is con cer ned with hig her
death rates among people who liv e near a maj or roa d (the focal variat e in an inv estig a t ion wit h an ob ser vational
Plan). The abs tract (at the bottom of pag e HL64.1 bel ow the newsp aper article) of the jour nal ar ticle mentio ns
that six pos sib le confou nde rs – lung fun ction, body mass index, hous ehold income, a diagn osi s of chron i c pulm on-
ar y disease, chron i c is chemic heart dis ease and diabet es – were con sid ere d in the inv estig a t ion as other pos sib le
fact ors in premature death , and large r mo rtali ty rat e advanc ement per iods (MRAPs) than for the focal variat e
we re fou nd for the last three of thes e variat es usi ng a model called Cox reg res sio n [a n a log o us to the respons e
model (HL64.1) on pag e HL64.4 but differ ing in mat hem ati c a l fo rm] . Su ch model ling manage s co mparison error
by trying to achieve the statis ti c a l benefit of blocking in an exper iment al Plan by math ematically (r ather than phy-
si c a l ly) hol d ing some (he re, six) lur king variat es ‘fixed’as X− change s. Su ch model ling encou nters two diffic ulties.

• Li ke block ing, it manage s co mparison error on ly fo r confou nde r(s) whi c h are identifie d explicit ly:

−− fo r us e as block ing fact or(s) or inclu sio n in the model AND: −− whos e value s it is fea sib le to mea s ure.
[This is true als o fo r the confou nde r(s) use d fo r matching and subdivi ding in an obs ervation a l Plan.]

• It must be assume d that the model has the correc t (o r an adeq uate) fo rm fo r each pos sib le confou nde r in its
st ructural component – for exa mple, a first powe r, a secon d powe r, a squ are root, a log arithm; any Z− fo r which
this is not so wil l not be hel d ‘fi xed’ by the model calcula t ion s and so can become a sou rce of model error.

−− Holding the sa m e (o r si mil ar) value s ph ysi cally (in an exper iment al Plan) for other exp lanato ry variat es as
the focal variat e change s ma n age s co mparison error more effective ly than holding them fixe d by means of
the model (a n d using dat a fr om an obs ervation a l Plan). Likew ise, Answe rs whi c h cl aim cau s ation base d on
ph ysi cal ev idenc e have les s li mit ation than those base d on a model.

The sim ilarity of int ent between block ing in an exper iment al Plan and inclu ding pos sib le confou nde rs in the struc-
tural component of a respons e model for an obs ervation a l Plan con tin ue s on by managi ng, under rep etition, com -
parison error due to unblock ed, unm e asure d and unknow n confou nde rs:

• phys ically, by probability assig n ing (e.g., EPA) in an exper iment al Plan – the greater the deg ree of re pli cating,
the gre ater the reduction in comparing impre cisio n due to such confou nde rs;

• mathem ati c a l ly, by the residu als [and their (sub)model] in the respons e model for an obs ervation a l Plan (but at
the cos t of model error becoming one of the components of ove r all error).

It is immater ial in the model fo r the inv estig a t ion des cribed on pag e HL64.1 whether we regard the sev en ex-
planato ry variat es as sev en focal variat es or as one focal variat e and six pos sib le confou nde rs.

The fol low ing Appendic es (e xcerpt e d fr om other Statis ti c a l Highlig hts) provi de easie r acces s to some cross -refe renc e d mater ial.

Ap pendix 1: Inve stigating Statist ical Relationships – Three Types of Cau sal Que stions (s ee Statis ti c a l Highlig ht #63)

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 es-
tigating 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 ht #60). This Appendix 1 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:

−− 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

Rela t ion s hip

association

causation

fo rm

magnitude

direction

qu antify

est ablis h

prio rit i ze

direction

magnitude

(#58, #59)

(#59, #62)
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−− 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 decades star ting in the 1940s. Est ablis hing that an obs erved association of X− and Y− is
causation 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 pag e 5. 34) 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.

(1)

(9)

(1)
1

(1)
2

(1)q

X− Y−
X−

Z−
Y−

X− Y−
X−1

Y−
X−2

X−1

Y−
X− q

.....

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 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 aspir in reduce heart-att ack risk?

• is the reduction in heart-att ack risk due to 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.’

Ap pendix 2: Comparative Plans – The Pro toco l fo r Setting Leve ls and Int eraction (s ee Statis ti c a l Highlig ht #68)

The protocol for setting lev els specifie s the va lues to be taken by relev a n t ex pla n ato ry variat e(s); the sim p lest case is two
value s of on e focal variat e but there is ter min ology to deal wit h the complication s of more than two value s of more than one
focal variat e. This ter min ology is use d ma inly in the con tex t of experimenta l Plans.

* A fa ctor is an exp lanato ry variat e; we dis tinguis h an exp lanato ry variat e that is:

−− a fo cal variat e; −− a non-focal variat e us ed as a bl ocking fac tor;

−− a non-focal variat e whos e value is manage d fo r ot he r re asons – see Not e 1 on pag e HL65.2 in Statis ti c a l Highlig ht #65.

Our con cer n he re is wit h fact or(s) that are fo cal variat e(s).

* Fact or leve ls are the set of value(s) assig ned to a facto r – that is, (us u ally) the set of value s assig ned to the (or a) focal variat e.

Choosi ng the va lues fo r leve ls in the con tex t of a par ticular inv estig a t ion may requi re ex tra -st atis ti c a l know ledge.

* A tr eatment is a co mbi nation of the lev els of the facto r(s) appli ed to a unit [in the sample (or the block s)] .

* A run is par t of the Exe cutio n st age of an exper iment al Plan in whi c h all the data are collected for on e treatment.

* A fa ctorial treatment structure inv olves all co mbin ation s of the lev els of the (two or more) facto rs.

* The (tr eatment) effe c t of X− on Y− (u sually) refers to the change in the aver age of Y− fo r unit change in X− and:

−− im p lie s the X−-Y− rela t ion s hip is (beli eve d to be) ca usa l – a change in X− ca uses (br ing s abou t) a change in Y−.

* Interaction of two facto rs X−1 and X−2 is said to occur when the effect of one facto r on a respons e variat e Y− depends on the
leve l of the othe r fact or. Int e r actio n means the combin ed effect of two facto rs is not the sum of their indivi d ual effects.

Ap pendix 3: Inve stigating Statist ical Relationships: Changing and Comparing (s ee Statis ti c a l Highlig ht #57)

Rela t ion s hips occur in mos t (perhaps all) area s of hum an endeavou r and
co m e in many for ms. In statis ti cs, we cast rela t ion s hips in ter ms of variates – in
the sim p lest case, bet ween one explan atory variat e (X−, say, whi c h we call the fo-
cal variat e) and one re sponse variat e Y−, ove r the ele ments of a popula t ion. How-
ev er, as por traye d pi cto ria l ly at the rig ht, in statis ti cs we can sel d o m ig nore oth er
(non-focal) ex pla n ato ry variat es (den oted Z−1, Z− 2, ....., Z−k) when answe ring a
Questio n abou t an X−-Y− rela t ion s hip, becau se the Answe r is pre dicated on Z−1, Z− 2,
....., Z−k rema ining fixed when X− change s to make app are n t it s rela t ion s hip to Y−.
This idea arises mat hem ati c a l ly when, to analyze dat a fo r the k+2 variat es of each
un it in a sample of n units, we use
the respons e model (HL64.1) in
which Y− ha s a first-powe r (o r ‘s traig ht-lin e’) rela t ion s hip to each exp lanato ry variat e; the int e rpret ation of β1 (the coefficie n t of the
fo cal variat e in the model) is the change in the ave r age of Y− fo r un it change in X− while Z−1, Z− 2, ....., Z−k all rem ain fixed in value.
[The int e rpret ation of any of the k+2 coef fi cents in the structur al component of (HL64.1) requ ire s a sim ilar cav eat, of cou rse.]

Yj = β 0 +β1xj +β 2z1j +.... +β k+1zkj +Rj, j =1, 2, ....,n,
Rj ∼ N(0, σ),
pr. indep., EPS -----(HL64.1)

X−-Y− Re l ationship? (ex ist enc e, association, cau s ation)

X− Y−
Z−1

Z− 2

Z− 3

Z−4Z− k

....

Explanato ry variat es

Re spons e
variat e
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