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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS

1. Investigaing Satistica Reldionshps —Changing and Comparing

Relatonshi ocaur in most (perteps dl) arasof human endeaour and X-¥ Reldionstip? (existenceasmdation, caustion)
comein mary forms. In datistics, we a4 relatonshigs in terms o variates— in s A
the smplest cag between one explanaory variate (X, say which we all the

focal variatg and aneresponsevariate, overthe dements @ a popuation. How- @/@‘/R‘
eve, as portrayed pictorially at the iight, in datistics we @n ®ldomignore othe @E ®
R

(non-focal) exgandory varates @eroted Z,, Z,,....., Z,) When asweing a @/%'gwse
Queston about an X-¥ rdationship becau® the Arsweris predcaied m Z,, Z», vanate
..... , Z remaning fixed when X chargesto make gpaentits rdationshipto ¥, Explandory variates
This idea aises mathemaically when to analyze datafor the k+2 variates of each

unt in a saanple of n wits, we e . ) , 0),

the respmsggodd (9.2 in which Y= BotBXi+ By ¥ B ¥R, =120, iﬁqué\l.,(oeg)s """ (©.29
¥ hasa first-paver (or ‘straight-lin€) relatonshipto each gplanaory variate the ntepretdion of 5, (the wdficientof thefocal
variatein the nodel) is the chage in he aeraye of ¥ for uni charge inX while Z,, Z,, ....., 2 all reman fixed in value.

[The intepretdion of any of thek+2 coefficents i the stucturd component o (9.21) requiresa smilar caveat, of course]

Temindogy for deseibing databasedinvesigatirg of datisticalrdationshifs is gven in the £hema d the iight below

NOTES: 1. The m¢hod d investigating an X-¥ reationshipin datistics is by charging and conparing — we @npare values
of ¥ as he valie of X chamges,descibed ebove & X chaming to make gpaentits relationshipto ¥. This is why
experimentaland dosevationalPlars ae deseibed as comparative.
o Chargesin the bcal vaiateX may be hose ha ocaur raturdly in the ppuation a they may ke charges
imposel by the nvestgabr(§ underan experimentalPlan éeealso Note36 rea the milde o page9.29).
o Aftertwo variates, the extlevel of conplication is elatbnshifs anong threevariates: two exgandory vanates X,
andX, and a eponsevariate¥ (‘conmon reponse) [or two reponse o oneexgandory variate(conmaon caugl].

2. The rotdion in this kgure 92 is X for the focal variateandZ for othernon-focal explanaory variates, rot vice \ersa.

* A relationship in gdistics aises from the bllowing quene of happenings o Two variates: X, ¥

- We dseave tha the valie of arespase variate¥ charges(i.e., shows Relatonsh|p<Three \ariatese” Ko X2 ¥

variation) over the dements ¢r wnit§ of a goup, such as a amget XYY,

popuation, a $udy popuation, a regpondent ppuation a a sanple.

o It is impilicit tha thee ae ae o more cawsesof (or ‘reasonsfor)

thesecharges(.e, o this varatior) in ¥ Lurking variates— Caonfourding— Campaism

- We wish to acoourt for thesecharges(.e, for ths varatior) — we erer
introducethe idea @ an explanabry variateX (the focal variate.

Scaterdiagiam—— Data visudization oftware

Fom: eg, linear

- We lodk for as®dation beween the valiesof ¥ andX (eg, winga Asonation '\Dﬂifzzzt(;f e (Sterot
satterdiagam — e kelow) — a elatbnshipis the connecton (if any) Proporionalty
beween chargesin X andchargesin ¥ (or in the aveage of ¥). Correlaton
o If (sutable datashav tha) ¥ remains unchamedwhile X chamges(or
vice \ers), there is no X-¥ relationship an dea & unconnectedhess . —FEgdlish Diredion
capturedby me saseof the wad independert. Causion—_ Accepted Magnitude
+ We $iauld recgnize e dstnction between the behavioural unoon- Prioritize

nedechessof indepaden@ and he spatid sepaatenesscapturedby digoint, as h ‘disjant events

* A satter diagram is a Garteson plot with a egponse

variate(or estmaed esdud) on he \erical axis, ¥ ¥ ¥

an eplanaory variateon the hgizontal axs. . . .

- A scater diagam — a gaphical attibute— is o . .
a wsdul way D look at catafor an X-¥ rda- . ..
tionship Eac dement 6r wnit) appeas & a Lo T . .
dot r aher apropriate symbol) locaed a ) : ., . .
the mardinakes déerninted ly its X and [ X 44— x 4 * %
values; threeexanples ae slownat te iight.

O The tas of lodking & multivariatedaa (.e., datafor threeor more varates) © detectpaterns which arswerQues-
tionsabout relationship an ke aded by gatisticalsdtware tha shows, on a omputer seceen, a pint cloud in three
dimersians, with adlitionalpossbilities ike:

+ usng oolour to distinguish stbses of the mints; + rotating the int doud in real ime.
Progmam D o Agang All Odds Indde Satistics entitied Multidimengona Data Analysis shows sich ftware in wse
Interpretng scaterdiagams and two dasst exanples d them are dsausse in Appendiced and 2 o pages 928 to 933.
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2. ComparisonError — Lurkin g Variates and Confounding
As badgrourd to an X-¥ rdationship Z,, Z,, ..., Z;, ..., Z¢in the £hema & the yper right overkaf o page9.5are alledlurk -

ing variates, a phrase ha mears lurking explanabry variates in that eachZ acourts, d leastin part, for chargesfrom dement
to dement n the valie of he eponsevariate The mportanceof lurking varnates is ha if the dstibuions of ther valuesdiffer
beween groups of dementsliike Guo)popuationsor sanpleg with different valiesof the beal variate an Answver about the %-¥
relationshipmay differ from the tue dae d affairs wnlessthe dff erencedn the valiesof the elevaniZs ae taken into @oourt.
A practical difficulty for databasedinvesigating of an X-¥ rdationshipis tha lurking varates ae dtennunerausand e:

e it is eay to overbbdk important Zs or her differing dstributions for dff erent valiesof the bcal variate AND:

e slbstnial resoures nay be reectd b measte valueson the sarpled wits for thoseZs deamedto be important.
Variates aher than X and¥ that are meastedon the sarpled wits can le assesedy:

+ looking at a sdterdiagiam d y agairst z to try to ched if Z; is an eplandory variate AND:

+ conpaing boxpotsof z valuesfor the dff erent valiesof x to try to identfy differencesn Z; for differentX values.

The samestdisticalissueraised by lurking varates is nvdved, with different erminology, in conbunding; the dfference

is tha the kehaiour of lurking varates (the entity reponsble) is whyconfourding (the gatisticalissug ocaurs.

An explangory varatereponsble for confourding is called aconbunder or conbunding variate thesewo terns ae nonyns

for a lurking variatewhosedistribution of valuesfover goups of dements ¢r wnitg] differs for dff erent valiesof the bcal variate

The following cefinitionssummarize the bregoing dsausson:

* Lurking variate a mon{ocal eplanaory variatewhosediffering dstribuions of valuesover groups of dements ¢r wnitg with
different valiesof the bcal variate if taken into @oourt, would meanngfully charge an Answver aboutan X-¥ rdationship

* Confounding: differing dstributons of valuesof ore or nmore nonfocal explanaory variatgy among two ©r more) goups
of dements ¢r wnitg [like EUo)papuationsor sanpled with different valiesof the bcal vaiate
- Confounder (conbunding variate: a non<ocal explanaory vaiiateinvolved in confourding.

‘Confourding and ‘confourdef havethe mrvenenceof beingoneword temindogy ratter than the ralti-word phrase invd-

ving lurking variates' which convey the samedeas

* Compari sonerror: for an Arsweraboutan X-¥ rdationshipthat is kasedon @nmparing atributes of groups of dements vith
different valiesof the bcal variate comparism aror is the diferencefrom theintended (or trug state d affairs aisingfrom:
- differing dstribuions of lurking variate valuesbeween (r anong) the groups of dements OR = confourding.
The dtemae wordng of the bg phrase acomnodates the euivalent erminologes of lurking varates and @nfourding;
in a @ricular conkext, we wse he \ersimn of the ddinition agropriateto tha context
@ ‘lurking varates' can nore readly accomnodatephenromenaike Smpsa's Paracbx — e Rgure 98 a pages 957 to 964;
e ‘confourding is nore omnon in he oniext of comparative Rars, & in Sedion B which stats on @ge9.26, hut the

variety of usaye of’confourding can ke a surce d difficulty — see Fgure 99 a pages 961 to 964).
Sedions3 to 12 (pages9.6 to 921) which follow provide recessary badgrourd before we ontinuedisausson of comparisan error.

The shana whichsummarizes the da-based Norrrespondent mpUaton)
invesigative pocess using terminology of the Target Repmden
is g ight; i ( popUatlon

FDEAC cyde, is gven at he iight; it shows dl popuiation popuanon —————— @
six eror categries, ahough comparisan eror is i » { %}
isi i i /_S;m Sampk

the ane d primary inteest n the peent oniext

o In the £hama, the burarmowsarising from  Compaism
. . ermor (true value3 (meauedvalue3
conparisam error point to baxes represening T L
groups of dements @ units @ popuation a sanple)
rather than, as for the cher five aror cate@ries, to Awely | Quesion
lines pining boxes; the @nparism eror arow & the ]
right is to be tiken & pointing to bath sanple dlipses. Stidy - Norrepanse  Sampk Mezirament  Modd
ermor erm ermor ermor ermor

- Multiple conparism eror arowsare a @neqiene of its
different manfesttionsin different Questbn mnexs, & umnalized n Takde 9122 an page976 in Fgure 912
Plan omponents to nange omparisa aror ae simmalized n Tabe 92.4 rea the mdde o page914.

3. Asdation — Sati stica | ssies

The desciption of a elatonshipin datistics overkaf ;m page9.5refers to he assodation of ¥ andX; this Sedion 3 a-
fines as®dation in satistics and we then ke up he Bsie of asodation ketwean (r anong) exgandory variates, and bas-
ciationbetween them and the epansevariate in Sedion 5 on pges 910and AL

* Assodgation: if a scaterdiagam $ows a dusering d its points daut, say a ine with postive dope (.e, we xe that, as
Xincreases, ¥ also ends to increasgewe sy X andY shav a (positive) assodation; thee is madeate positive asdation
of X and¥ in the kft-hand sater diagam a the bwerright overkeaf o page9.5 The iight-hand dagiam $iows wedk

2006-0620 (continued)



#97

University of Waterl®m STAT 220 -W. H. Chery

Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 1)

negaive asedation and the milde dagramshavs no as®dation. Questnsof datistical inerest dout an asoaation ae;
- what is tsform? — br exanple, @n the tendbe modelled ty a staightline (.e., is it inea)?
- what is ts magnitude? — br linear aodation, wha is the magntude d the slgpe (or the carelaion — se kelow)?
- what is tsdirection? — Dr linear aodation, is the $ope pr correlator) positive or negaive?
+ Proportionality refers to a sraight-line X-¥ as®dation throudh the a@igin.
+ The sgn of the diedion (pasitive a negatve) of a inear sodation isalsothe sgn of correlaton, but the cnnedion ke-
tween the magnitudesof dope and @rrelatbn is more mwnplicated — see &tion 8 on jpges 934 and 935 in Fgure 93
- Caorrelaion: a rumeaical meaue d tighiness d dugtering of the ints a1 a cdterdiagiam daut a $raght line — his-
torically, correlaton is aerotedr (¢ would havebeen a leter dhace and its valieslie in the ntewal [-1, 1; the egpec-
tive orrelatbnsare daut +07, 0 and —0.25 for the tree satterdiagians at he bwerright of page9.5
+ If the ints d a ccdterdiagiam le on a graight line with postive dope, r =+1;
+ if the pints d a scdterdiagam le ona graght line with negatve dope, r=-1,
+ if the pints d a scdterdiagiam ae haphazardly spreadove its rectanguar area r is zero or dose to .
Carelatbn is dsaussd in detal in Figure 93 d the Gurse Materals.

The dsausson at the kegiming d Sedion 2 at lhe tg of page9.6 refers to a goup d elements vith a lurking variate ()

whosedistiibuton of valuesdiffers, averthe dements @ the goup for dfferent valiesof the bcal vaiate X. A consejueice
of this kehaiour of Z is tha the valiesof X andZ areassodated as llustraed n the bllowing aterdiagans, br repondent
popuationswith 4 or 9 &ments and? values(stown besice the mintg like Q1,2 and 3 [Distina Z valuesfor all papuation

elementsas n dagrans () at the ight belowand 6) overkaf o page9.8, is rare in real pppuationd.

(@]

In diagram (1) at the iight, the dement with Z=2 whenX=0 hasZ=1 whenX=1; thus,the ¥ @

chamge in he aeraje of¥ (indicaed ly a sort horizontal line) from 2.6 o 36, & X chames . s

from 0 0 1 no lorgerrefleds only the dfed of charging X; alimitation is heefore imposel o

on the Arswerabout the X-¥ rdationshipby mnpaism eror due b the kehaiour of Z not 20T L

being taken into @oourt (or cue b confourding by Z). ¥ -

+ Beau® Z charmgeswith X, thee is a (veal X-Z as®dation, quantfied by a orrelaton of L
about—011 over the éght (X, Z) values; by contrast, whenZ doesnot charge with X [asin
diagans @), (7) and @) overkaf m page9.d, the X-Z cordation iszeo. T X

An extendon of the llustraion in dagram(l) is to the cae d repeaed \aluesinvaving mae than two X values.
In diagram(2), if Z hasthe samevalue 6aJ) for ¥ @ ¥ (€) ¥ @
all nine dements vihhase X and¥ valuesyield this ] .
satterdiagiam, thee is no X-¥ rdationshipin | . . | S
the ®rse ha the X-¥ corrdation is 2. | ' ' |
+ This lack of X-¥ relationshipis dso refleded | |
by the fope o zeo for the graght line | . |
(shown dasied which sumnarizes the rend ' B

. . . o—T——T—TTT1*X ‘—T—T—T T —T*%X O+—T—T—T T
in the ints d the dterdiagam. 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

+ When ntepretng a saterdiagam Ike @), it is eas/ to confuseexpicit knovledye ha thee is he same value anong
the dements, vith assumirg this to be he cae ly ignoring the dement$ Z valug§ — see o0 Note 39 in Appendk 1 on
pages9.28 and 929.

+ In diagrans 6) to () overkaf o page9.8, remhiscent o an expaimental Plan with two valuesof the bcal vaiate we
can @oomnodatedifferent valuesof the ptental confourderZ anong the dements by contast, in dagram(2) aove,
reminiscent d an obervational Plan the dements must hee the sameZ value b med the ecuirament br Z to reman fixed
to avoid the Imitation imposel on an Aswer about an X-¥ rdationshipby cmnpaism eror due b this urking variate
[Expaimentaland dsevationalPlars ae dsasse in Sedions9 and D on mges 914to 917

Diaglam @) is visudly the sameas dagram(2) but the Z valuescharge with X — the a&dation of X andZ can ke quanti-
fiedas a orrelaton of alwut+07; as ndicaed ty the dahel lines, hee is row a trong) pasitive X-¥ as®dation anong
pantsfor which Z valuesare heldfixed (.e, for points with the samez valug.

In diagram (4), againvisudly the same sadagrans ) and @), adifferert distribution of the samesd of Z valuesas n

diagam @) yields a étrong) negaive X-¥ as®dation — he X-Z comdation is gainabout+07.

+ In diagrans @ and @), the X-¥ rdationshipis the samefor the three \aluesof Z; the matterof differert X-¥ relation-
ships for dfferentZ valuesis pursted n Appendk 1 on pages 928 and 929.

+ Like dagram(1), dagrans ) and @) illustrae, in a kroacer mnext, the imitation mposeal on an Aisver about an X-¥
relationshipby conmparism aror, when the lements Z valuesdo not eman fixed (are rot the sanjeas X chames,and
this behaiouris nottaken intoacourt (eg, when hteipreting an X-¥ satterdiagan).
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A specid case $ whenZ chamgeswith X but in such a way tha ther valueshave zeo corre- ¥ )]
lation; an illustraion is $iowvn & the iight in diagram(5), whichis adgpted fom dagram6) be-
low. In such a studion, despie the confourding, it is possble (inde an asumption of additive
effedy to esimate tre dfed of X on he aerae ofY-

e - —

54
“1 2e” — ¥
e This idea & explatedin Desgn of Expaiments(DOE) when nvesiigatirg a elatonshipwith S s 7
two or more focal vaiates — £e fdion 22 and Notes25 b 28 on @age 220 and 921 21 e e
1 0
NOTE: 3. The breging dsaus$on shavs tha, when boking d a sdter diagam d bivariate 0 %
daa b asses @ X-¥ reationship experienceoutsice ddistics with diagams invdving 0 !

Catesan axes povides por prepaation or datistics — n calcdus and afjebra ourses, br exanple, he sse o
arothervariateaffeding the ntepretaion of wha we ®e n the dagam ldom(or nevel) arises.

4. Causdion — Satistical | ssues

To define formally in gatistics wha it mears to |y @ darge i) X cawses(a darge i) ¥ in atarget popuation, we gate
threecriteria (usdul in practice when esaildishing causéion a quantifying the dfed of X on):

() LURKIN G VARIATES: Ensue all othe exgandory vaitiates Z,, Z,, .....,Z, hdd thdr (samg valuesfor every popuation
elementwhenX =0 and X =1 Gomdmesphrasedas Hold all the Z; fixedfor....).

(2) FOCAL VARIATE: Obsewre the mppuation ¥-valies,and catuate an ® with ewvery elementaving X =0,
appopriate attibutevalue, undertwo conditions: ® with ewvery elementaving X =1

(3 ATTRIBUTE: Attribute(¥, pertaps ome 6 2, Z,, ..., Z,|X =0 # Attribute(¥, pertags me 6 Z,, Z,, ....., Z|X =1);
thoseof Z,, Z,, ....., Z indudedin the dtributewill have the samevalueswhen X =0 and X =1 under(2).

The notation X =0 and X =1 for valuesof the bcal vaiateis symbdic — 0 and 1represert two actual valuesof X in a paricular
context; actwal vabiesof the bcal vaiateare st in the protoool for setting levek, disausse in Sedion 22 on ges 919to 921

Three llustrdions invdving anly onelurking \anate Z, of this ormal ddinition ae gven at the iight below for a arget
popuation of 4 dements vith repective Z values(shown besidce the mwintg of 0,1, 2 and 3

o In diagram(g), ¥ values incease ly 1 as X charges ©) @ ®
from 0 1o 1 and, correpondingly, the average of X X X
¥ (indicaid by a short horizontal line) increases | 1 L g
by 1 fom 2.6 o 36. st

5

4 307 77 —
o In diagram(7), the ¥ valuesagan increaseas X 3 -

2

1

0

e ez
o - —
2 —x=1fr
Yo el
x=ofr -
-7 a0

3¢’ —
20 x=tfr

)€=0¥T7

1o 7

veé |
orn;

el

2e” —x=1fr
chamgesfrom 0 © 1 kut by differing amourts. [t
o In diagram(g), three ¥ valuesincreasebut me

a0

1e7” 1o

oe” oe”” oe”

o -k N W B~ O
I M

[ I N N
P W R |

decreasess X chamges,atthoudh the aveage of . —X . —X . .

¥ agdn increasedy 1from 2.6 © 36. 0 ! 0 ! 0 !
In contast to the dur diagans orerkaf ; page97 and dagiam 6) above, whee thee is confourding, diaganms €) to ©)
illustraing our definition of @uséon have(of coursg no confourding — he valiesof Z do not charge & X charges,so hee is
no X-Z as®dation geo X-Z cordatior). Alsg, the ¥s havea suib<ript T denoing ‘target popuation.

X

NOTES: 4. The first two 6the hree citeria gven ebove, whichwetake & a brmal ddinition of @uséon in atarget pop-
ulation, are idealzations— no Han can tilly satify thesetwo aiteria in practice. For exanple:

® Forthe Questn: Does snokng cau® lurg cancer? we @n hink of a (long) causal chain of explanaory va-
riates lkeadng b the egpanseof interest (hee, lung caner gatug. The Questbn idenffies (arbitrarily) one
variatein this dan (hee, snoking gatug, but we recognize ha this vaiate is preceled by ‘focal variates
(factars tha causd tre individud to dedde to smoke and t is followed by othess [factars tha descibe he
damage (@t a cellular keve, say) tha is utimady manfesed & ancek When lurking varates' criterion (1)
refers o ensuing dl othe explanatory variates fold thdr (samgvalues or evey target popubtion dement it
doesnotindude variates in the causal chaiinvdving the mai' focal variate
- The Questdn icenffies one(focal) explanabry variatein the causal chaias keingof interest; t also (arbi-

trarily) defines he endof the chan in terms of a @ricular respase variate However this reponsecan
becomepart of an explanabry variatechan if a diff erent Questbn identfes adifferert (later) reponsevari-
ate— for exanple, alive or deadingead d lung caner or no lurg caner in our exanrple.

e In ‘focal vaiatecriterion @), the ideal fobseving all eementof the agetpopuation urdereach d two val-
uesof the bcal variateis ateinedmoreclosdy in practicein an expaimeantal Plan — the two saptes to vhich
the invesigabr(g assgn equiprobally the two valiesof the beal variatestandin for the repondent ppuation
(@nd hence at twvo sbeges remaved for the targetpopuation) underthe wo valies.

- In an ob&national Plan, the two valesof the bcal vaiateddine sibpopuationsof the egpondent énd
the gudy) popuation and the two sapies with the wo valiesof the bcal vaiate standin only for these

2006-0620 (continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 2)

NOTES: 4.

cont)

2006-0620

e stbpopuations; this matteris pursted n Sedion 4 and Note 34 o pages 925 and 926.
- In 3ome hvesigatbns thee may of course be mae thantwo focal variatevaluesof interest
- Coming doser b meding aiterion @) is ane easn why an expaimental Plan b preferred whee feable.
e Attributécriterion @ defines casdion in erns of an attribute, not individuds — this is ongstent with the
predominant @neernof gdistics with populations not dements A conseuanceof criterion @) is tha X need
nat bring daut a darge in¥ for ewvery elemenbf the ppuation or us to |y X calsesy.

- A rationaization of this @pature flom te ntuitive idea ha caussion always prodices an €ed is [like
criterion @] in terms of nonHocal eplanaory vaiates Z; — thee may be dements with (samé such vari-
atd9 whose \alugl§ havethe mneqiene tha a darge in X doesnot bring ebaut a dharge inY; we
would normally think of theseelementss leinga smd proporton of the ppuation.

+ Foringance thee may be ndividuds for whom sndking would never causelung cancey & our preent
level of (geretic) knovledye we @mat identify such individuds (if they exist) but i is sill good publc
heath policy to dsmuragesmdking basedon dseved Ling canceratesanmong non-smders and snokers.

There is furtherdisaus$on of statstical issus invdving @uséon in Hgure 911 of theseCaurse Materals.

. The hree citeria on the fadng page9.8) ddining caustion ae framedin terns of the targed population and an

appopriate attribute, not elementsand her variates. Qiterion () specifies all non-focal explanaory variates

(ou Zs) eman fixed three @proaches ty to med this aiterion b managie @mparism error in practice:

o hold sone Zs fixed physically by Hocking, maching or subdividing 6eeSedion 7on pages 912to 914);

e unde probability assgning d elementsfocal variate values,usestdisticaltheay to manae under repdition
differencesanong unbocked, tnmeauedand unknovn Zs GeeSedion 13 on mges 921 to 925);

e usea respms nocel in the Anaysis dage of he FDEAC cyde o hold someZs fixed mathenatically, but
even a quite daborae nmodel, like eguaion (9.21) on page9.5in Sedion 1 camat invdve all passble Zs in its
strudural component, and anly those kvariates induded ae rdleded n the inteipretadion of 3,, the nodel -
effidentof thefoaal variate [The stochasticconponent o a reponsemodd like (9.2]) tries to nanae nattre-
madtically the défeds an ¥ of Zs notinduded n the stucturd component]

The challerge in irvesigatirg daisticalrdationshifs is to ®me tose enaughto the ideal epreentedby the hree

criteria to dotain an Answver with limitationswhoselevel of seveity is eccepable in the Questbn mnext It is

inplicit in the tree citeria tha obseved kehaiouris reprodudble anong dff erent nvestigatons.

. For focal vaiatécriterion @), thee ae bcal vaiates (like aye and £X whose \aluescamot be assignedto de-

ments by thenvesigabr(s in an eperimentalPlan For such variates, we avoid the stonge larguaye of swyirg

inaeasirg age causeslossof visual aality in favou of inaeasirg age s assaiated with lossof vsual aauity.

o Sud asodationsare important in conexts ke dsaimindion by sex a race whee, br exanple, we om-
pae the elevantpopuation proporton with the proporton of women @ a radal graup in an enploymentor
othercaegory. Causaton (in the ®rse ¢ our three citeria) by sex a rae is rot the ssie with sud aso-
ciatiors, leau® thee is no ntenion to chage the valie of he beal vaiate
- We may dso speak @ the reason (rather than he cawse d@) why a ppuation subgraup is inder or over

repreented- for exanple, n an enploymentaontedt we may onsder relevantqudificatons

® Some 6cal vaiates (ike dgarete snoking) camot ettically be asgned b human dements, vhichimposes imi-
tationsthat aise fom usinganimal elementsn an experimentalPlan o human dements n an dsevationalPlan

Thesemdters ae pursted n a dsausson of Smpsan's Paracbx in Figure 98 an pages 957 to 964.

® The ideal @ criterion @) ignores ag time differencebeween the ealzation of he two ondtionsX =0 ad
X =1 In actud investigatons the two goups usualy sanpleg with elementgor unitg having X=0 and X =1
are doseved oncurenty but, in a gossove Plan (like the @t bran investgaton cescibed in Note 35 o pages
9.27 and 928), thee is a ime differencebaween X = 0 and X =1 for both haf sanples any dhargesin dements
othe exgandory variates valuesove time may then ke a surce d comparism eror.

. Attributécriterion @) invdves diferent atributevaluesfor different valiesof the bcal vaiate (but with elevant

Z;s remaning thesamg ou definition theefore impliesthat if X cawsesy, thee is assodation of dements X and
¥ valuesove the et popuation urder the wo valiesof X; we hope this asdation @rries ove into the
study popuation, the epandent ppuation and the sarple.

o If a caug hasmae than aneeffed (eg, snaking is a @ue of evad different caners),attributécriterion
mustbe boaceneal to indude inequdity of the dtributes o all the relevantreponsevariates. Extending the
precedng argumentfor onereponse the valiesof these(severd) reponsevariates will each ke sodated
with the valuesof X ove the dements & the airgetpaopuation urderthe wo valiesof X; the valiesof these
¥s with the omnon aug X will alsobe adated

This causéion-as®dation mnnedion urderour définition of @uséon in datistics is wedin Sedion 5 averkat

(continued wveled)
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NOTES: 8. An exanple of the caed in ‘attibutécriterion @ is: when ugg least . 2Y@-2)
cat) squaesesimates [ecudion (9.22) at he iighi] to conpare sinple inear p=5F— 922
regres®on slopes the zvaluesmustbe hesamewvhenX =0 and X =1 El(zj -2y
9. Ideas a}tDUt in- Table 921: Summary of I deas About | nvestigating X-¥ Reldionships

vesgatlrg' R¥ Criterion (1): the deal Ehsureall the Z, hdd ther (samg valuesfor evey popuation dement whenX =0 and X =1
relationshis ae Criterion (3) For caustion, a relevantattribute mustdiffer in value whenX=0 and X =1
summalized a the Canfourding CQonfourding aises when me @ more of the Z, charge in \alue whenX =0 and X =1
righ: in Tade 921 Compaism eror A difference due b confourding, from thered or intended value of a attribute of a elatbnship

o Thedifferencein atribute \aluesin criterion @ must ke such as to ke practically importart in the Questn mnext

o A dargerof appropriating ‘confourding as gatisticalterminology is tha a word fr failure to meet aiterion (1)
may shift the bous avay from this overriding ideal

5. Assdation Among Variates and Causdion

Sedion 3 on pges 96 ad 98 deab with assodation of two explanabry variates, ike the focal variate X and a dirking
variate(or confourde) Z; we now dstingush four reasns(‘casepfor such asodations whichare dso shavn symbdically a

the right, whee an arow derotescauséon. %

2 camesx 0 XsE 075y

* Z causesX; (Z; causest andZ))
* Z;causesk andZ; — we sy Z; is the comnon causeof X and Z;; © (ZZ—’;(O @ X Z

% cancidene fwhich dften meas both X andZ are as®datedwith time—i.e, oinci- caise (cdncidene)

dences often case(3) whee Z; is time (vhatever‘causdion by time mears — ecll Note 6 oereaf o page9.9).

If extra-datisticalknovledye @n le aut mincicence two explanaory varates ae aodatedfor only two reasons
o dired caus#on [casegl) and(2), OR: o comman reponselcase(3)].

The four causal stucturesalovecan ke etendedto indude the eponsevariate¥; thee ae row twelve casesin which

* X and¥ are aodatedin dl twelve Xl X

* Z (orZ;) and¥ are sdatedin the [0) ()2((:;;:() @ (Z%;;;(C;’sz;) ® z/‘f‘ @) Zj\z/‘f‘
lag nine. (X and Z cause¥) (2, causesZ; andx

* Z (or Z;) andX are ss®datedin the @ Y—X B Z2 X—=¥ % which caise¥)
lagt nine [except perhaps n case(d). (fcasesx)  (edncidene ad X caisest) 9 Z <¥ 2 7%

In the dsausion beow, the tvehe @ses ® (c>§ncide:‘e) ®) (xéaj;si; C;’sz;) easestandy) 12 TNz oy

are redliced b aght by assuming etra (2, causesx and Z;

which caisesy)

staisticalknovlecge is sfficientto: M X Z—=¥ %"
o rule aut ‘cancidene’ in case(d, in (cancidene iz cassesr) (10 "y
case5) which then leomes cae(l)] and cae(7); (X caisesZ and¥)
o endle the ajectives explanabry andrespamse to be carecty appledto the vaiates X and¥ and ® rule ait case(2).

The dagrans for the remaning eght cases illustrae o posdilities
+ X and¥ areassogated and X causesY: case (1), (4, (6), (8, 10 and(1);
+ X and¥ areassodated but X doesnotcause¥: case (9 and(12).
Thus, ley ddisticalissus in ssdation and caisdion ae:
* if X causes¥ [cases (1), (4), (5), (6), (8), (10 and(11), X and¥ will be assodated
* if Xand¥are as®dated[cases (1) to (12] and oincicencecan k& ruled aut, thee is causéon involving ¥ [all casesxcept
(3] but not necesarily by X [cases (7), (9 and(12).

The welve @usalstruduresaboveillustrde possble ssdation-causiion mnnedionsbut a mmber of them are not re-
levant n practiceto Hars for mmparative databasedinvesigatirg of an dseved X-¥ as®dation.
® Asodation due o coincidenceis sldomof ddistical inerest diminating case (3), (5) and(?).
- Casd7) is dsocas€@® when he X-¥ rdationshipis mincicence
o Caorred identfication of he egponseand aplanaory varates diminaes cae(2).
o All asdationscan te thought of in terms of ausalchans — reall the first lollet @) in Note 4 on pge9.8 — hut in-
vesigatirg ather geps in theX-¥ chah is eldomof ddtistical inerest diminating cases (4) and(6).
e Casdg is ase(l) with lurking variate Z shavn epilicitly and © is mveredunde case(l) [andunde case(11)].

® Beau® Z is an explanabry variate case(10 is really the causal sticture d the ight, whichis a0 gAY
invesigaed & ase(l) or case(l) [see dso Note 2L on page919 and the dsaus$on on paged. 22 (¢ Cém’ ¥
in Sedion B to the Eft of Tade 22.1d. which caisesy)

2006-0620 (continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 3

® Casd1?) is both: = cas€9 with an intermediry variateshavn in the Z;-¥ branch,
- casg) for the QuestbnIs X a cau® d ¥? when the Asweris No.

This leavescasedg)), (9 and(1); we dsauss case) and(9 in Sedion 6 werkaf o page912 and we purste them and caes
(8 and(1) in Sedtion 1l on pages 918and 99— e ds0 Figure 9120n pages 965 b 972.

The foregoing dsaus$on shavs why, in gatistics, we dstinguish assogation from cawsafon: to remind us ba, just leaus

we doseve (for ingance in a saterdiagian) tha X and¥ areassodated we @mot sa, without furtherinvesigatirg, tha a
charge inX will bring ebaut (or cawsg a charge inY-

o The fPllowing Fgure 93 dsaussegarelaion as a neaste d the tghtnessof dusering d the mints d a scaterdiagiam

about a graght line; correlatbn is heefore me way d quantifying magniude (strergth) of assdation between X and

¥ as sen n a gdter diagam. For this reasn, the dsinction between asodation axd caisdion may dso be eferred b

elewlere as he dstinction ketween correlaton and causdion, dthoudh this wordng is beter avoided

@ When eferiing to an X-¥ rdationship phrase wsedin datistics ke assodation is not hecessarily) caustion and care-

lation is not (ecessarily) caustion enconpassthreepassbilities

- the X-¥ rdationshipis acoircidene — this may pggue aur auriosty but is sldomof practical importance

- X and¥ areassogated but X does rot calse;

- Xis a pr posdbly the caue o ¥

Undue enphags on he ®ondpossbility (eg., in introdudtory statistics teacling) can dsaire hree nattes:

+ as®dation does imply causéon if cincidencecan te ruled aut;  BUT:

+ the causéion may be, hut is not necessarily, between ¥ and X, the vaiates obrvedto be asodated

+ Lack of as®dation of X and¥ doesnot rule aut causéion of ¥ by X — as X chamges,a mnfourder Z may charge in
sud a way ha ¥ remansuncharmged— e dagrans 6) to @ on the pper talf of page975 in Fgure 912

NOTES: 10. When & charge i) an explanaory variatet) (a focal vaiateX or a onfourder) calses(@ dharge U—v

in) a variateV (@ reponsevariate¥ or a beaal vaiateX), seved mattes cetemine he strergth of X —Y

the asdation @s aiantified by the orrelaton, say of ¥ andyV, if they are quantitative variates). Z—X%

e If U is theonly causeof V and @tson a tine gak tha is short rdative b the period d obsevation, thee is
a high corrdation of t) andV; in the dseceof Table 92.2  smoking  Lung cancer
meastement eror, the magniude d r would be 1 Elemert  staus ®» ® ©
- An illustrdion is brceX cauing accelerdion Y- 1 Nonsmdker No No No

ot Nonsmdker No No No
o Wekea aswdation oft andV can @aur for sevad reasns as llustraed Nonsmder No Yes No

2
. . - 3
by the d#a for the acaurrenceof lung cancer¥ in relatbn © andkin
s%/ausx in three ron-smders and 1|rqgree snokers in Talle 92.2 & thg g %%ﬁ; ¥§§ ¥§§ ’\\I(%S
right. The stong (perfed’) asodation in @se(A) can vealen eau®: 6  Snoker Yes Yes Yes
- onenonsnakerin case(B) aquiredlung cancerfrom another cause(eg, askests inhalation);
- the snokerwithoutlung cancerin case(C) may: yet cevdop lung cancer OR  die before cbing £, OR
be nh a ppdation sibgraup or which X doesnot causey;
the first two posdbilities hae a ime sale for causéion ha is long rdative b the period d obsevation and
the third invdves air definition o causdion (atthe gart of Sedion 4 on jpge9.9) in terms of an attribute.
In theseways, we aoourt for dffering grergths o assodation obseved n cawsal X-¥ rdationshig a, expres
sedanotherway, we acoourt for wty (@ dharge in X cawses(@ carge in) ¥ but, for sone popuation dements
® ¥ charmgeswhen X doesnot charge €g., osmenonanadkers et ung cancey, OR
@ Y doesnot chame whenX chamesleg., me sndkers b not getlung cancer(before they die from méx£seé

11. Asadation is a gaight-forward idea e @nseeit), causiion much lesssg the two causal stic-
turesat e iight [case$8) and(9) from page9.1q give insght into their difference As dsaus-

X
sedin Note7 on page9.9, underour ddinition of @uséon on he wpper ralf of page9.8: ® Z>¥
e in the caisal stucture d case(8 [common respag, thee is assogation of X and¥ and

of Z and¥ but no necssary asedation of he (iInonneded causesk andZ; BUT: 9 27 X

e in the causal sticture d case(9 [common calsg, thee is assodation of Z and¥ and @ Ny

Z andX so heke is necessarily as@dation of ¥ andX.
The difference between the two stuctureslies in the direcion of the arowsdenoing caus#ion — if ther diredion
is reveredin ether dagram,they ae the samecausal stucture gpart from the vaiatenames Our definition of
caustion tus suggests ha causéion is direced sodation, dthoudh it is questionale whether this (modd)
conceot provides nuch ingght into hered world differencebaween asdation and caisdion.

Case$d) and(9 and hree dher smilar causaktruduresare mmparedon pages 963 and 964 n Fgure 99.

2006-0620 (continued wveled)
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6. Investigatiing Satisticd Relationships — Three Types ¢ Causal Quegions

Relatonshifs investigated n gdistics, whichwe deseibe n terns of variates, ae dten enourtered & assodations invest-
gatirg ss®dationsindudes dentfying thdr characteistics and/or the reasns(causal @ otherwisg for them geealso Rgure 912
on mge 573 to 576. This Sdion 6 is onerred wih comparaive Fars for invesiigatirg relatbnshis whee causéon is b
be established oris involved the baus o the X-¥ relationshipbeng cawsal mears form
that acharge can(patentially) be induced n ¥ by charging X. Theseméiters

are simmarized i the shana a the ight, whichreminds us hat: S5 flon_—magnitude

* as®dation is wsudly characteized ly itsform, magnitudeor directon,; Relatonshi diredion
- conmdation geeFigure 93 is ore measte d magntude (strergtH) quantify — dreden
for a graight-line as®dation; formcan abo ke norlinear; caustion—_dstalish e
* it is wsdul to distinguish threetypes of Quesinswith a @uséve asped: 64,9 prioritize
- Edablishing whetter X is a au® d ¥, usudly with a view to manpuating X to produce
a @esied chame in¥ — the qiintesantial exanple is whether dgarete snoking is a @ue of lung D X—¥
cancetfandotherlife-thredening dsease), the topc of ters of thousand of databasedinvesigatons v
ova sevad decaes saring in the BD40s Estalishirg tha an dseved &odation of X and¥ is © Z<
caus#on of ¥ by X is anawvering the Queston whether the relevantcausal stucture ghavn againat h
the right from page9.10 is case(l) or case(9 [= case(12).
- Quartifying the relatbnshipbaween X (or, more omnonly, X,, X,, ....., Xq) and ¥; this aises in @), X—¥
the datisticalarea d Design d Experiments (DOE) — for exanple, he dfed of temperdure, humi- %
dity, light, ferilizer and insecticide levels on he gowth o seedings n a gesmhoue. Quantifying a 1), 1/\;\14
causal elatbnshipis, in essace investigatirg the cae (1) causal stucture — he sib<ripts on he X3
casenunber row remind us ha the Ranneed to efled the number d focal vaiates invdved.
- Prioritizing causeshy the &e of ther effed is the donain of daa-based processimprovenent — >:<1\
trying to idenify the mast important cause(uaudly of excessve variation in he pocess aitput, ¥) @, 57\1‘
from among mary caugsX,, X,, ....., Xq. baXe

Questons whichinvolve estalishirg andquantifying causal elatonshis ae typically partof the same

invesigaton. For exanple, n the Physciars' Heath Sudy @escibed in Figure 918 of the Gurse Materalg of the dfed
of asgrin on reat disease two Questons, n the onextof an gpropriatetarget popuation, are:

o does aprin reduce teat-atack risk?

e is the edudion in reat-atack risk due ¢ aspirin large enaughto be practically important?
The Fhysciars’ Heath Sudy had b answver bath Questons; in informal disauson, it is eag/ to consder only oneof the
Questons and averlbdk the oher

Similaty, whenprioritizing causedn process mprovenent nvestgatons investigabrs sould:
o veiify tha the sipected(mog important) causeis a @ue of the yariation in he repaonsevariates);
e valdae tha the poposal Ansverdoes addressthe Questbn — ha the poposel ‘sdutiorn does sdve the problent

NOTE: 12. In STAT 220, estalishirg causéion was dsaussd in Part9, darting in Hgure 99, dthoudh the enphass was m
quantifying the relatonshipbeween onefocal vaiateand a eposevariate extengon to nmore than me bcal
variatewastakenup in STAT 322. Prioritizing causess pursted n STAT 435.

7. Terminology for Comparative Hans — The Protocd for Choosng Groups

The three citeria defining wha we mean by aasdion, in Sedion 4 on he wpper halff of page9.8, invdve dseving apopula-
tion unde two valiesof the bcal vaiate with all the dements haing X = 0 and with all the dements haing X =1 We try to
appoad this ideal h asamphg context by having two sanples, me with its units haing X =0 and the dberwith its wnits
havihng X =1, each sanple ‘repreentsthe ppuation urder oneof the two ondtions in the usid statistical senseof sanple
attibutes being estimates of repondent ppuation attibutes. When the two saptes ae conpared to quantify the chage in
(the averaye of) ¥ coreponding © a arge inX, eachnonfocal explanaory vaiiate musthave he samevalue in oth sam-
ples otherwisg thee is (likely to be) mmpaism error. For comparative Aars for quantifying relatonshigs, we dstinguish:

* anexpeimenal Plan — a omparetive Han in which the investgabr (5) (adivdy) assgn the value of he baal vaiateto
each wnit in the samle or in each dock);
* anobsavational Plan — a ompardive Hanin which for each unit seleded for tle sanple, he bcal eplanaory varate

(pasiwely) takes m its ‘naural’ v alue uninfluenced by the nvestigaor(s.

This dstindion refleds two ¥pes d popuationsenourtered n databasedinvesigatirg of relatonshigs.
e A popuation in whichall (or mos) elementdhave onevalue of a dcal variateof interest whose \alue t is feasble to harge

- An exanple is a rw dug to tred a sriousdisease — 0 ane would dread be taking the dug but it could be dgven to ©me

participants (X =1) and withhdd from atheis (X = 0) in a dinical trial @nexpaimental Plan — ge Notel8 a page915).
e A popuation in which each dement ha ane d two ©r more) values(X=0, ], ....) of a baal vaiateof interest whose
value t is notfeasible to harge br any dement — eall Note 6 on page9.9.
(continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 4)

- Instance®f such focal vaiates ae aye, sex, maritd status and income — her invesigaton recessrily invdves anob-
sevational Plary chargesin pegles detary or eercise habis can ke imposeal but compliane is dfficult to achieve.
It is investigabrs' inability to assgn units focal variatevaluesthat resticts chace of Plantype ad © weakers aility to manae
conpaisa eror; this matteris pursted n Sedions13 b 15 on pge 921 to 928.

For conparaive Rars to answver a Questbn with a auséve asped, the protoool for choosng groups spedfies whether
the wits d the samle will be ®leded ® they form graups tha can ke wsedto reduce the imitation imposel on an Aswver(9
by cmnmpaism eror — elevantPlan @mponents ae stownin the £hema kelowat the iight:

* Blocking in an expeimental Plan forming groups of wnits (the blocks) with the samevaluesof ore or nore non4ocal
exdandory variates; urits within a Hock are then asgned differert valuesof thefoal variate THUS:

Blocking nreds furking varates' criterion @) for thosenon-focal explanaory variatg(9 Z; [the blodking factor (9] mack the

same \ithin each bock. SO THAT: /desciptNe

Whether the Questbn involves esib- blocked —_

L . . ueston apect bati

lishing causéion a quantifying a red- © ® \ . exparmentaIPlan< unbﬁﬁgg © anng
causave:

ment €ed, bocking preventsconfoundng of
the focal vaiatewith the Z; made the same whin each
block, redudng the Imitation imposel on Answver(§ by conparisoneror.

® By holding ane a more Zs fixedwithin blocksin an experimentalPlan, blocking reduce variation in ¥ and ® has he
additionalbendit of deaeasing conparing impredsion.

- This addtionalbendit of blocking is analbgots to ha of statifying in reduéng samphg impredsion, as ndicaed n
lag lines of the two lwanches bthe shema  the bwerright of page9.24 in Note 33. [This anabgy is ssmdimes
interpretedas fiowing tha gratifying in urvey anpling is merely an nsanceof bocking, but ths interpretadion
(urhdpfully) dowrplays he dfferent onexis and intentsof blocking and statifying]

* Equiprobéable assgning (EPA) [random assgning or randomizatior]: usng a probabilistic mecharsm ¢lescibed in the
protocd for choosng groups) in an expaimental Plan to asgn the valuesof the bcal variatewith equal probability:
+ aaoss he dements ¢r wnitg of each bock in a Bocked Plan + to each ait in the sarple in an urblocked Pan.
Equiprobalde assgning provides a bss for theay whichrdates omparing impredsion to leve of regdicating; thus,EPA,
in corjunction with EPS and acequate repicating, provides ér quantifying comparing impredsion arising from unbdocked,
unknowvn and tnmeaued non-focal explanaory varates and © dlowsa paricular investigaton © st goup szes which
are likely to yield an Arswelg with limitation imposel by cmparisan error that is aceptable in the Questbn mniext

* Matching in an ob®rvational Plan forming groups of dements ¢r wit9 with the samevaluesof ore or more ron4ocal
exgdandory varates hut differert valuesof thefocal variate THUS:

Matching mees 1urking variates' criterion @) [on the pper half of page9.§ for thosenon-focal explanaory variatg§ Z;
madk the same whin each gjoup. SO THAT:

Whetter the Questbn involves esdlishing causéion a quantifying a reament dfed, matding preventsconfoundng of
the focal vaiatewith the Z; madk the same ithin each group, thusdegeasing conpaing impredsion and ® redudng the
limitation impose&l on Answver(§ by conparisonerior.

- Subdividing: a form of matching usel in an ob&rvational Plan in whichthe each value of te bcal vaiatefor the wnits
of the sarple is stbdivided on the kags of the valiesof ore or nmore nonfocal explanaory variates tha may be con-
foundedwith the focal variateunde the Ran— see tle dsaus$on on page916 d Talde 92.6.

We a@an hink of subdividing asmatching at an aggegat (rather than anindvidual) level subdividing theefore has he

samestdisticalbendit as matding for the non<focal explanaory varatg9 tha are he kass for the subdividing.

o If subdividing & ging to manae only one non-focal explangory variate that is a(patential) saurce d comparism
ermr, it may nat be osteffedive b devde the reources reedkd b dbtain the elevantadditionaldaa.

\ acequae r‘eulcalng
mached
obsevationalPlan—_ = "\ .

NOTES: 13 Whee the déinitions given above for blocking and matding refer © valuesof non{ocal eplanaory varates
bang the samein practice the valuesmay only be similar.

14.The goups of dements ¢r wnit9 are @lled bloksin an experimental Table 92.3
Plan lut there is no sich gened termin an cbsevationalPlary how- Terminology for Comparative Rans
eva, when the goups confain two elementsor units), they may ke Plan Process  Group
referredto @ mached pairs — see Bde 92.3 & the iight — but a Experimental - Blocking Bock
block of two dements ¢r wnity may dso be eferred b as apair’ Obsewational Matching (Matchedpar)

e A compaaive Haninvolving pairing is isudly our first encourter with tte cneps d blocking a matding,
to illustrae their role in manaying comparism error.

15. In DOE, nam-focal explanaory varatgy mace the same whin blocks are alled blodking factor(9); in data
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NOTES: 15. basedinvesigatirg to improve industial proessesypicalblocking factars ae days,shifts, kathes @ raw materal,
cat) machine sgndles a filler read, moulding madines, noulds, or cavities within moulds

® The valuesof a Hocking factar among Hocks shaild be dosen to make its sarple dtribute(eg, its averae
or dstributon) amilar to its repondent ¢r sudy) popuation attibute

e An entty tha is the same @ith within and anong Hocks (like the meauring process is not a Hocking factor
but is part of wha defins the $udy mpukbtion/process— for exanple, datafor an nvesigaton llectedon
oneday and oneprodudion sift. If sud fadors as @y a shift havean gpredabe dfed on the epomse
the limitation imposel on he Arswerby studyerror is more evae conpaism eror is traded for sudy eron).

16. Just & equiprobalde sekcing, in corjundion with adequate replcating, provides alteoretical bass for quantfying
the likely sze of aanple eror when estaing a (epanden} popuation averaye, so @uiprobalde assigning in
canjurction with bath EPSand acequae redicating, provides he samebendit when esinaing an aeraye dffer
ferencein (two) popuationsin an experimentalPlan This and oherpardlelsbeween EPS ad BPA ae dsaus-
sedin Note33 o pages 924 and 925.

17 Weusedifferert terms for two processes whichare smilar but are wsedto manae dff erent caéegoliesof error.
® Subdiiding (of a sanple) m an explanabry variateto manage ompaism eror due b confourding by this
variate usudly in an dosevationalPlan ugd b ansvera Questdbn with a cuséve asped.
e Statifying (of a popuation) on arespas variate(or, in practice, on an &planaory varatethat stand in for it)
to make an Ansver§ more usdul and/or to manaye sanple eror — eall Appendi 5 on @ge6.12 in Fgure 61
Elsevhere, bath proessesnay be alled strdifying. T heke is furtherdisaus$on of subdividing in Sedion D nea
the bottom d page915 and a1 page916 and d stretifying nea the ottom d page916 rea the end 6NotelQ

8. Pln Cormonens to ManageCompari sonErr or

Compaism eror in comparative investigatirg, introduced @ page9.6 in Sedion 2 arises from confourding by nonfocal e-
plandory varatg9; badgrourd information axd Han conmponents to nanaje ompaism aror ae hen dsassd in Sedions3
to 7on pages 96 © 914 ThesePlan omponents ae simnmarized n Takde 92.4 bdow.

Error Table 92.4
Plan Conponert caeqory Error Managemert Strategy

-~

e Blocking: forming goups of wnits with the samevaluesof ore or nore ron<ocal
exdandory variates; the wits within a Hock are then a&sgned differert valuesof the
focal variate

e Equiprobable assgning: a probabilistic mecharsm wsedto assgn the value of he
focal explanaory variateto the uits - within each bock in a Hocked Pan

- in the sarple in a unblocked Plan.

o Blinding participants and treatment administrators: by withholding from part-
cipants andreament a@ministratos knowvledge of whichgraup a @ricipant is in,
thesetwo Hindingstry (like equprobable assgning) to manaie fadors which may

ton with promote differencesin avergesof unknovn and tnmeaued non-focal eplana-

QLES. nwith a < Compaism tory variates in the (treament and ontd) graups whose évaage reponsevariate

causéve asped is beingconpared [Manaement & compari sonerror]

® Blinding treatmert asesas tries(like making measvementsindependen) to pre-
ventthe assessrs other knowvledge fom improperly influening ther assessent &

L participants heath gatus. [Manayement ¢ measuemert erior]

ExpeaimentalPlan <

- e Matching: forming goups of wnits with the samevaluesof ore or nore non<ocal
exdandory varates hut differert valuesof thefocal variate

. o Subdividing: a form of matcing in which each valie of he bcal vaiatefor the
ObsewationalPlan A unis d the samle is stbdivided on the kass of the valiesof ore or nore non
focal eplangory vairiates tha may ke confoundéd with the focal vaiateunde the
L L Plan — e BHe 92.6 & the ottom d the fadng page915 dsausse on pge9.16

9. Expeimertal Plans — @mple slecting and Blocking

The datistical idealfor sanple ®leding in any Plan & to lavea knownindusion probabiity for each dement d the e-
spondentpopuation; an exanple is equprobable sleding. For a Qeeston with adesaiptive agect, if this ideal 5 not me,
sevele imitation is mposel on an Aiswver by sampleeror. However experimentalPlars to ansver Questons with a causaive
agect canmonly do not useprobabilty seleding becau it is ot feale to mplemenit.

* Forexanple, n databasedinvesigatirg to improve a nandacturing process €4, by idenifying and emwaing @ues ¢
excessve variation in he pocess aitpu), the tems nandacturedby the pocess a@e dten $ipped avay from the manu-
facturing gantas hey are male andrnvestigabrs ae hen brced (uickly) to use ecent produdion, or a sib%t d it, & te
sanple — asampleof mnvelien@ Three Adors dleviatethis statstically unstidactay date d affairs:

- With stabk proessegwhere the dstiibution(9 of the aitput egponsevariatevaluesreman (sserilly) the samerbm
onetime period b anathetl, a‘snapshotof the pocess n time (like recent produdion) may dten hae dtributevalues
that ae cloe to those d the gocess n the brg-term.

(continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 5)

- Answes ae cerived from differences in sanple atributes; such Answvers may haveles svae imitaion mposel by
sanple eror than Arswes basedon sanple dtributevalueswhich donotinvolve taking a dference
+ An illustraion is he Fhyscians' Heath Sudy (of the dfed of asgrin on heat diseasg which usal ebaut 22,000

mak ddors as he samle — half the datars dk asprin and haf tock a daceba. It is likely tha the nadene o
heat atacksamong dodors dffers gppredably from tha for the target popuation of dl males, lut the difference in
incidene of heat atacks causel by asgrin may ke mudh more smilar among caors and all nmales (Two news-
pape reports of this inesigaton ae repintedin Figure 918 of theseCaurse Materals)

- Invesigabrs may havea leve of (extra-stdistica) proceessknowlecye ha enables hem to esssess low dose relevantatti-
butes of recent produdion ae kel to be to he @rreponding long-termprocgessattibutes — nformed human judgement
seens D be leter @ sanple skeding in uch studionsthan when asweing a Questbn with a desaiptive apect hut is
still far from the shtistical ideal

The wse d judgement gleding in the sarpling protocds of cmpardaive Hars illustraes the dielgene between the stistical
idealand shtisticalpradice inderreatworld congraints. Limitationsimposel by the ug of judgement gleding are:
* we @n ro lorger sy increase redicaing reduce samphg impredsion; that is we @n ro longer sgy increase sanple

size reducs thelikely magnitude d sanple eror — leall Section 9 (Appendk 3) on pages 67 © 6.11 in Fgure 61;

* moregererdly, the heoretical bass is gnefor interpreting formal mehods of dataanaysis ike onfidene intevals and
tests d significane. [Both limitationsare mmnorly overbokedin practice]

When asweing a Questbn with a calsatve aect, datisticalbest ractice to manaye ompaisa ator (o redice tke
limitation i imposes on he Arswej is to:
@ block (to the etent that is feasble in the Questdn mntex) on known and meauwedlurking \arates,
o useERA to manaye umlocked, tnmeauedand unknownn lurking variates,
[summarized n the pecer Useblodking b managewhat is known, probability assgning to managewhat is unknowr
Unfortunatly, theie may ke practical or ethical congraints on inesigaors' freedm to mplemenbest practice; for insence
* A block whichis an individud paricipant in an nvestgaton rmay rot practically be dle to be asgned toth valuesof the
focal vaiate For exanple, n the Fhyscians' Heath Sudy GeeFigure 918 of the Gurse Materalg of the dfed of asprin
on reat disease n males, he nvestigaton would havegore on br o lorg if each paricipant hal been required to take
agirin for savad yeas and not to take asprin for anather period d the samedrgth. For ths @nd ohe) reasns the &-
paimentalPlan br the Physcians’ Heath Sudy wasurblocked [recll also he bg bullet 6) of Note6 on mge9.9].
* It would be wehical to asgn human maricipants to the idking goup when nvestigatirg heath dfeds d cigarete snoking;
- in addtion © ehical cndderations it is urlikely that mary non-smders would be dle to ake up snoking for the in-
vesigaton a tha mostsmders would be pepaedto quit if assgned b the ron-smding goup.
Ethical issus can be managged but mnsderable reurces may ke reecgkd b achieve @npliane anong paricipants
when the écal vaiatein medcal invesigatbnswith an experimentalPlan nvdves egercise levds o dietary pradices

NOTE: 18. A specid classof compardive eperimentalinvesigaton is aclinical trial, usedin medcal reseech to &sess he
efficacy of new forms of redment €g, drugs, sirgery); becau® the dements ae hurmans a ednque @lled blind-

ing is used(where feagle) becaue of its shtisticalbendits. Table 92.5

[TO be blind mea_"s.mt to knaw, for ay de- Blinding o ..... ‘ Short name ‘ Sati stica beneft
ment whether it is In_metreammt g_l’(llp a Paticipants Shgle Hind | Reduced isk of conparisonerror
the control graup (vhich usudly receves a Treatment alministratos | Doubk Hind | Reduced isk of conparisonerror
dumny treament knowvn & aplacég). As Treatment &sessrs Tiple dind | Reducedmeasuring naccuracy

shavn in Tade 92.5 4 the iight, binding is Lsed
to mangie @mparism eror and/or measung inacaurecy, dependng an the dgree b whichit is or can k&) mple-
mented- for insence biinding d paricipants s dtennot feasible when the dcal variateinvolves eercise levé or diet.

10. Observational Plans — S&mple =lecting, Matching and Subdividing

The mmmentsn Sedion 9 (on he fidng page914 ad dove abaut the wse d judgement sleding in experimentalPlars
are dso gererdly gppicable to dsevational Plars; smilarly, matching redices the Imitation due & conmparismn eror an
Answels from an dsevaltionalPlan hut, like Hocking, matching may rot be feasble in a @ricular Questbn mniext

Subdiding sanples fom the egpodent sibpopua- Table 92.6 Non-smokers (X=0 | Smolers (X=1)
tionswith dfferent valiesof the beal variatein an dose- o iy gy @ =0 N;”(;‘(’Jz Ca;S (;’/7" N;";ZZ Cf‘;; °/8°
vational Plan, on he kass of a psible mnfurder Z;, is 0 famly histay (Z; = A :
illustraed n Tade 92.6 & the ight for the aase 6 two Famly histay (2, =1 1000 7 07 ] 110 88 8
stbpgpuations. Thesehypothdical data for o sanples Both 000 D 07 | DOOO 800 8
(sdeded fom subpopuationsof non-smdkers and sndkers) d 10,000 peple invdve a eponsevariate which is lung cancer
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staus, a baal vaiateX which is sndking gatus, andz; is whether a uit has a &miy histay of lung canceras a psdble indi-
caor of gendic predspostion D the dseasg for smplicity, X, andZ; arebinary variates in this illusration. Eac of the $
sds d three thle entriesis the sarple sze (Number) and the ling cancefCases’ as a umbe and a @reentage of he sample sze.

The bottom Ine of Tale 92.6 overkaf $ions a sibgantially higher proportion of lung cancercasesanorg the snakers; ke-
causethis patten pasistsin the ypper o lines of the ilde when the da ae sibdividedby Z; value, the a&dation ketween
smdking satus and ung cancer stas gpeas notto be due b common cau®) @nfourding by a gendic factor which deter
mines a wit's snaking gatusandits lung cancer stas, d leastin o far & famiy histay is a neaswe d such a fador.

Unfortunately, such subdividing d sanple datato manae te Imitation imposel by mmparisa error an an Answver about an
X-¥ rdationshipfrom an dsevationalPlan enourters three mtental difficulties

e Invesigabrs haveno mntad over the sanple szes afer subdividing; if one or nore of the X-Z; conbinatonsis rare, he
resilting anall sanple szef) increaseconparing impredsion and ® increas@ the Imitation imposel by compaisa error
on a1 Answer aboutan X-¥ rdationship(in eventhe ‘best caeésituaion of probability seleding of the sarples.

e Obtaining the Z; value br each wnit in the samles may ke dfficult (@and hence expersive and such reourceintersive
daa manae oy onepossble confourder
- If datafor two (r nore) Z; are mllected the emsung subdividing into nore rumeous sibsainples & likely to increase
the imitation imposel [unde probability seleding] by small sanple szeg).
e Suldividing datain the namerof Tale 92.6 raises the sdbility (notreaized tere) d the ghenomenn knovn a Smp-
san's Paradox @nd its @companying limitation imposel on an Aisvel) — see Fgure 98 m pages 953 to 960.

NOTE: 19 In an ¢bsevationa) CaseControl Plan (isel in medcal reseach, for exanple), unis with a reponseof interest
(s, lung cancey [the ‘Cased are matchedon relevantexgandory variates (ike, £x,age regon of resden@) with
units withoutthe regponseof interest(the ‘Controls). The two groups ae then omparedon te kass of the valie
of a baal vaiateof interest €igarete snoking, sg); appedably higher levds of snaking anong the cagswould
shav assodation of smaking and lung cancerindicaing snoking may be acawseof the dsease

® A Case€mtrol Planis usedcommanly:
- when an gperimentalPlan wauld require resaurces keyand those &aialle, OR
- as a bege forerunrer b a psdble experimentalPlan to @ses a pomisingbut tnconfimedtreadment dfed.
o A Case€mtrol Plan males the epanseand bcal variates appea to be interchaged
- An illustrdion is in he P93 rewspapr aticle EM9359 Fats raie risk of lurg caneer in non-smolers
which desribes an nvesigaton tha comparedthe dets of 4229 na-smdking women who hd lung cancer
with the dets d 1,021 non-smding women who di not hase lung ancer The women allived in Misouti,
were of ebaut the ame ge and repeenteda typical Ameiican Emde popuation! The women fied ait
forms ha askedabouttheir dietay habts and lhey were dvidedinto five graups basedon the anourt of fat
and oher nutientsthey said they consuimed. The nvestigaton fourd tha those with dietswith the lowest
anourt of saturged fat and the Iighest anourt of fruits, vegeables, kears and peaswete the kastlikely to
develop lung cancer At the oherend d the €ak, 20 pe cent d the women \vth the Hghest onsimption
of fat and ditslowestin fruits, vegesbles, kears and peashadabout six times nore lung cancer
The adtual reponsevariate (lung cancey and cal vaiate (level of dietary fa) appea to be interchaged
sdely as an difad of the Cae Control Plan.
o Probabilty seleding is omnonly not usel for the ase and/or the wntrds, which has mnequenes br the
imitation imposel by cmparisan error an Answver(s.
- Casesare dten asanple d convenience— wnits with a regponseof interest ©rvenenty avalable to the
invesigabr(9, like pegole with a paricular disease i a rogpital o dinic neaby to the nvestgabr(s.

+ Consejuancesof non-probability seleding to ansver Queston(§ with a desciptive or a @uséve asped are
disaissd in FHgure 913 0on pages 973 to 976 — recall also he dsaus$on ovaleaf rea the tq of page915.

- Controls are dten glectednon-probabilisticaly to mee the natding criteria; this increaseghe imitation
imposeal by mmparisan eror due b the €leding method, b be &t ayairst he decreasd limitation imposel
by compaism eror due b the onurding whichis managedby the matding.

+ A way d seleding controls probabilisticaly is to orm strata (or graups) d contals whee the wits in one
strdum matd one @se contds for the investigaton ae then gleded pobabilisticaly from thesestrda.
® While ceaeasing the limitation imposeal by conparisoneror, such draifying increaseghe imitation

imposel by study ermor, becaue the matding aiteria which define the dratarestict the dements ¢r
unit9 whichcan nake up he stidy (@and egponden} popuation of @ntrals.

A Plan shaild carefly consder whether eror from one surce $auld be managedin a way ha in-
crease®rior from anather ©urce — that is wheher there is a ret cain in redudng the Imitation on @
Answerby manajing one ate@ry of error in a way tha increasedimitation due & anothe caegory —
reall the dsaus$on of comparisa eror and study error in Notel5 rea the tq of page914.

+ When ontrds ae slectednon-probabilsticaly, thee is no heoretical bass for an inverse relatonship
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 6)

NOTE: 19 e - + bewee sanpling impredsion and(the sjuae oa of) of the sample sze — e Appendk 3 on mges 935

cant)
impredsion.

to 937 — so hee is ro staistical reasm why a hrger sanple sze for wntras will decease omparing

+ The Hocksin a Hockal experimentalPlan ae dso often slectednon-probabilsticalyy but, as dsausse
in Figure 913 on mges 973 to 976, judgement gleding may sill allow an experimentalPlan to hae
accepabk limitation imposel by mmpaism error an an Ansverto a Queston with a caustive aped.

The Globe and Mail, August 6, 2004, mage All

Death rate higher nea busy roads

BY STEPHEN STRAUSS

Canadin gientstshave ourd a dartling rise
in deah raes ssdatedwith nothing more
peilous than iving within 50 metres of a
mgor highway and 00 netres of a @y road
that @rriesa $ew of polluting cars ad trucks

While thee havebeen a ninber d studies
tying surges n deahs  dty air pollution in
gererd, wha the esesches at McMaster
University uncovered wasa rouchly 18-pe-
cent pike in mortdity in the Hamiton area
anong peqle who Ived adjacent to stees
carrying 35,000 b 75,000 \ehiclesdaiy.

The risein the pllution dedh rate @ not
comefrom asthma, emphysemaor lung can-
cer but fom heat atacks and oher heat
conditions. "Basicaly air pollution does rot
affed your lungs hut your heat, is how
Murray Fnkestein of McMastek program
in ocaupdional heath and ewironmenal
medidne, and a ©-autlor o the rew gudy;
descibes wha his goup tas durd.

The reasn Pr the lamge reat-disease it
is dill uncertan, but Dr. Fnkdstein pants
to reseach in animak tha suggestsir pol-
lution particles can iritate ateries anddad
to ther genea hardening and thickenirg.

Althoudh the stidy, which was published
in the dily isste of the AmeicanJounal of
Epdeniology, focusal on hie oadsand ligh-
ways d Hamiton, the ese&ches e o
ream why the fhdings shaildnt apply to
city dwellers perchedabove traffic surgng
along S. LawrenceStred in Monteal Yonge

Stred in Torontg or Hadings Sred in Van-
cauver Not to meribn anyane whose avel-
ling is on he «irt of the taffic behenoth
known & the Tans-CanadaHighway, which,
as t moves 400000 pegple a Gy in some
locdions is North Americas ssond-busest
highway.

What the eseeches dso did is randate
the increaing deah raes, whichhave a ela-

But thereis al® a dass-
related confounding factor
to the data. ..... more poor
pe@le may be more likely

to live nea busy dreets

than rich pemle, and

poa pemle haveother
behaviours — snoking in
particular —that might Kill
them in larger numbers.

tively smdl impact an younge pele, nto
somehing doser © an insuanceconpanys
life-expectancy teble. They urd thee is a
2.5yea increasén agesdated ckah levds
for peple whose dvelings ae located
cheé-to-jowl with heary traffic.

"Basicaly, tha mears your mortdity pat
ternif you ae 3 yeas dd is the same &
som@ne52.5yeas dd who desit live on

a kusy road said Dr. Finkdstein. Wha is
evan more bering is the fd that the ded-
linessof living rea majar thoroudghfares &
nat far df the ifeshatening efeds d such
known killers as dhbetes or dronic lung
disease

The McMastersdenistssa ther reseech
leads b a \ery sinple Lt of advice for a
heath-consdous ndividud. "If you havea
heat condtion, | would advise rot buying a
place \ery close b majar roadvays a high-
ways) said Michael Jeret, a McMasterUni-
versity gea@ragly profesor who is anather
co-autlor an the stidy.

He dso suggests ha suscetible peqole
who live close b the husy thorughfares on-
sider ar purification gsens in thar homes
as a peventtive act.

There ®me some eeds to the ew
study, which redicates Dutch rese&ch pub-
lishedtwo yeas @ja Thee was ro dred
measte d how nmuch higher the nmotorve-
hide relaed pllution wasnear majar roads
This amisson shailld be emelied rextmonth
when the MMastergraup rracksroadpdlu-
tion keve themsehes

But thele is dso a dassrelatd onfourd-
ing fador to the déa. Beau® of &isting
concens oer nase and llution, Dr. An-
kestein says nore poor pele may hbe
more likely to live near busy dreds than
rich peple, ad o peqle have other
behavours — snoking in paricular — tha
might kill them n largernumbers.

REFERENCE: Finkelgen, M.M., Eret, M. and M.R. Seas Traffic Air Pollution and Nortdity Rate Advancement
Peiods AmeicanJounal of Epideniolgy 160(#2): 1734177, duly 15 (2004. [UW Library E-joumal

The astact gven in the aiginal aticle is:

Chronic exposureto air pollution is ss®datedwith increase mortdity rates. The mpact o air pollution relative © ather
causesof degh in a popuation is of pbic heath importanceand ha ot been well estdlished. In this gudy, the ate
advancenent feriods asdatedwith tréfic polluton exposurs were esimaed. Study subjeds wnndementpumonary
fundion Esing at a tinic in Hamiton, Ontaio, Canada between 198 and 999 Cox reges®n wasuseal to nodel
mortality from dl naturd caues diring 992-20Q in relatbn © lung fundion, body mass nde, a dagrods of chronic
pumonary disease chronicischamic heat disease o diabetes meliitus, haiséndd income and resdene within 50 m o
a mapjar urban oador within 100 m d a highway Subjeds lving dose to a najar roadhadan ncrease risk of nor-
tality (rdative risk =118 95% mnfidene inteval 102, 138). The nortdity rateadvancenent eriod sdatedwith
resdene rea a maja roadwas?2.5yeas (95 confidene inteval 0.2, 4.8). By compaism, the mteadvancenent
periods dtributdle to dronicpumonary disease chronicischemic heat disease and daketes were 34 yeas, 31 yeas,

and 44 yeas, repectively.
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11. Comparative Hans and Causal Sructures

With the aldtionalbadgrourd gven in Sedions6 to 10 on Live rea major road\
pages912 b 917 the causal sticture dthe ight provides a Low incom<

convenient oniext for disauséng case (1), (8), (9 and (1) from

Sedion 5 on jpges 910and A1; this onextcomedrom an nves-

tigation whose navspager report is reprintedovealeaf o page917 This invesigaton fourd tha dedh raes were higher or
pemle who Ived near a majar road— in aur terninology, living rear a majar road(focal vaiateX with two valies: living rear
sud a ibadand not dimg ) is asdatedwith a higher deah rate &n dtributeof reponsevariate¥ with wo

values(alve or dead, quantified in this invesigaton & a'mortality rateadsancenent griod (MRAP].

Case(1): The ausaktrudure d the ight ébove is an hsanceof case(l) [shownagan at he iight],
atthoudh the invesiigation fescibed overkaf m page917) of the dfed of living rea a major roadwas
nat explicitly coneerred wth Z; (low incomg However this @usaktrudure cbes not raise Questonsthat ae rot ako mised
by the hree dher ases (1), (8 and(9 disausséd below becau it is a @mposite of them @nd ohe)) cases as bllows:

o the left-hand &le hasthe -called tconmon cau®’ grudure d case(9),

e the right-hand &le hasthe ®-called tommaon repanséstrudure d case(d),

e the tp and ottom ae the causal chas d cases (4) and(6) which is whichdgpends on \ariate asggnment;

there ae dsofour insincesof case()): Z—X, Z—~Z;, X—Y, Z—~Y.

Cases(1), (8 and (9: These casemsvolve five Questbnsthat muld be nvestigaed they are rumberedl to 5 for cnvenent
referenceand gven with otherinformation in Tade 927 below—‘E’or ‘O’in the Han cdumn derotesexpeimentdlor ‘ob-

/Premaure teah
Cigarete snoking

1 z /X\¥

J\Zi/

sewational Table 927
No. ‘ Cas ‘ Quedion ‘ Plan
1 | (@) X—¥ Is low income adatedwith premdure ceah? (0]
2 | 0=@ x—¥ | Isliving rea a major roadas®datedwith premdure ceah? (e}
3 | @=@ X—Y¥ | Is dgarete snoking a @aue of premaure ceah? (0]
4109 2 <§ Are living rea a mgjor roadand @yarete sndking aodatedwith low incom@ O
510 )Z(>¥ To wha extent are Iving rea a major roadand @arette snoking aodatedwith premdure cegh? | O

Question 1 It has bng been known that he aswerto this Questbn isYes— for exanple, rineteenth century vita statistics in
the UK. shovedan adation ketween ‘sccid classand deth raes. The nability of the nvestgabr(g to assgn the value of
the focal vaiateX (@ persais incomé is why the Ran can aily be dosevationaland the Qeston is ghrasedin terns o
as®dation ¢ather than caisdion).

Question 2 This Queston is asvered ty the nvesigaton whose nevspager reportis gven overkaf o page917 As the e-
port points aut, possble cnfourding by a lurking variate Z (cigarete snoking) mears thet comparisan error imposes a gvee
limitation on he Arswer

Question 3 The heath mneqenes d cigarete snoking ae row wel doaumengd & a esut of ters d thousand of inves-
tigations mostof them from around1950 and later The Rars of invesigatonsinvolving hunanshare been dosevationalbe-
causeinvesigabrs amat ethically (or practically) assgn elementsmaking habts, expeaimental Plars have been Imited b
invesigatbnsinvaving animak, hut they ae rdatively few in numbe, in part becauseof the dificulty (and hence the @s) of
gettirg animak to snoke. [Anotherfactar is the Imited fespans d cheaper laboraory animak (like nice and at$ in relatbn
to the ime for someheath dfeds d smoking © become apaenti

The Questdn wordng invdvescausaion becauseof the equiranent ha manpuation of he bl vaiate(redudng the peva-
len@ of dgarete snoking will producea cesied harge in he epomsevariate @ redudion in snoking-nduced dsease
resilting in beter pwlic heath and reduced leathcare cosy. The deadesof reseach and the mnaber d investigatonsof the
heath conequenes d smaking is a eminderof the dfficulties d estalishing causéion wsingan dosevationalPlan

Question 4 This Questdbn involvesZ (low incomé as acorman cau® of X (living rea a mejar road and¥ (cigarete snok-
ing), dthouch the Questbn wordng invdves (the wealer) asodation rather than caisaion — nore gpropriatenatation would
be X indead d Z and¥, and¥, ingead d X and¥-

Question 5 This Questdn involves the fieds d two focal vaiates on areponsevariate whichis case(g) but with X, and
X, in place d X andZ — se #sothe dsausson on the pper half of page912 d quantifying the relatbnshipof two ©r nmore)
focal vaiates and a eponsevariate

In summary four causal stucturesare introduced n the dsaus$on of datisticalas@dation of explanaory varates at he
upper light of page910 in Sedion 5 thesebecometwelve druduresat the midde right of page910 with the induson of the
reponsevariate The dsauisgon on mge910 kelowthesestruduresand n this Sedion 1L shows tha only four of thesetwelve
are relevantto conparaive Hars, br which the primay concen is the stucture d case(D); the averbppng grudures of
cases9), (9 and(1) sere mainly to inform cas€(l) invesigatirg.

® The dsauson in this Sdion 1l reminds us ha, to devdop a cmmpaative Hanto arswera Questbn with a caustve

apect, afficientexra-datisticalknonvedye is redd b:

(continued)
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Figure 92.

INVESTIGATIN G STATISTICAL RELATIONSHIPS ¢ortinued 7)

- frame a€lea) Questbn alwutthe ssodation keinginvesigaed
- give a faushle @usaktudure ha is gopropriatefor this Questbn;
- choose(andthen deelop) a feashle Hantype.

NOTES: 20

21

22.

The oberational naure d the Rars in Tade 927 an the fadng page 918 kfleds their contex; in conexs

whete the valie of he bcal vaiatg9 cauld be @sgned ty the nvestigabr(9, the Rars could be eperimental

® |t is dso context-dependent vingher the Questbnsinvolve estdlishirg causéon, quanti-
fying (causa) relationshifs o prioritizing causes- recll Section 6 on Rge912.

z
e

. . L . 10 X
Case(10 [shownagan at he iighf in its lowerred form (becauseZ is an explanaory S Ny
variatg is nota viable bass for a @mparaive Han, whichrequireseither. PN
e directcaustion of ¥ by X [case(1)], OR R——=¥

@ anexpicit intermedate variatein ead causal chai from X toY, as in @ase() and llustrded 4 the sart of
Sedion 1 in the causal sticture @ the tg right of the fadng page918.

- There may ke mae than two causal chas fomX toY, as Cigaete snoking
illustraed ty a case bthreepossble intermediriesat he ight. Uranium mining Lung @ncer
The may dso be interaction (see page9.20) anong uch ex- Asbestas inhalatio n/

plandory varates; for exanple, he ncrease risk of lung can-

cer anong uranium rriners (presumably due b radoactive dustinhaktior) might be mainly among sndkers

but bath non-smdkers and sndkers may ke at anmcrease risk of lung cancerfrom asbeste inhalation

+ Causesof ‘lung cancerare actudly more cnplicated than mplied by this exanple, beausethere ae a
numter of such cances invdving dfferent @ll types g, meothdioma from asheste inhalatior).

Tre rewspapr aticle (eprintedon page917) disausse in Sedion 1L on the fadng page918 is mneerred wih
higher ceah raes anong peple who ve near a najar road(the focal vaiatein an invesigaton with an obsr-
vatonal Plar). The dstact pn pge917 kelow the newspapr aticle) of the journal aricle menfons tha six
possble mnfourders — ung fundion, body mass nde, haisddd income a dagnoss of chronic pumonary
diseasge chronic ischamic heat disease ad dabetes — were onsdered in the nvestigaton & aher posible
factars in premdure cegh, and arger mortality rateadvancenent jeriods (MRAPS than br the focal vaiate
wetre fourd for the lag three & thesevariates usinga nodel called Gx reges#on [anabgots to he eponse
modd (9.21) on prge9.5 but dffering in matremadical form]. Sud modelling manayesconparism error by
trying to achieve te shtisticalbendit of blodking in an experimentalPlan bymahenatically (rather than ghys-
cally) holding ®me(hee, ) lurking varates fixedas X chames. Suh modelling encourters two difficulties

e Like Hocking, it manayesconparisan eror only for confourde§ whichare identfied explcitly:

- for useas locking fector(s) a indudonin the model AND: - whosevaluesit is feadle to measte.

[This is tue dsofor the confourder§ usedfor matching and sibdividing in an dosevationalPlan]

e |t must ke sssumedthat the nodel has he carect (or an adequate) form for each posdble confourderin its
strucural component — br exanple, a fir$ power a €ondpower a gjuae ot, a bgaithm; any Z for which
this is ot 0 will notbe reldfixed by the nmodel calcuationsand ® can kecome a surce d model aror.

- Holding the same(or similar) valuesphysially (in an experimentalPlan) for aher explanaory varates &
the focal variatechamesmangesconpaisa aror nore dfedively than hdding tham fixedby meas d
the madd (@andusng datafrom an dsevational Plar). Likewise, Ansvers which clam causéion based
on physical evidencehare kessserere imitation than hose kasedon amadd.

The smilarity of intentbeween bocking in an eperimentalPlan andnduding possble mnfourders in the stuc-

turd component o a reponsemodd for an dbsevationalPlan ontinueson by manaing, under repdition, com-

paism eror due b unblocked, tnmeauedand unknavn confourders:

e physically, by probability assgning €g, EPA) in an experimentalPlan — the geder the cegee @ replicating,
the geeder the redudion in @mparing impredsion due b uch confourders;

e mahemdically, by the esduds [and her (sug)modd] in the egponsemodd for an dosevationalPlan (but &
the costof model eror beawming ane d the ©mponents d overdl erron).

It isimmaerial in the madd for the investigaton deseibed on page917 whether we regad the sven explana-

tory variates as sven focal variates or as oe bcal vaiateand & posdble mnfourdess.

12. Comparative Hans — The Protocol for Seting Levek and Interaction

The protocd for sting levds spedfies the values to be taken by elevantexgandory vaiatg; the dmplest cae s two
valuesof onefocal vaiatebut there is erninology to deal with the awnmplicationsof more than two valesof more than me

focal vaiate

2006-0620
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* A factor is an explanadory variate we dstinguish an eplangory varnatethat is:
- afocal variate - anonfocal vaiateusel as abloding factor;
- anonfocal vaiatewhosevalue is nanagedfor otherreasms — ge Note28 a the fidng page9.21
Ou concernin this Sdion 2 is with factar(s) that are focal variatds.
* Fectar levels are the £t d valug9 assgned b a fador — tha is, (iIsual)) the £t d valuesasggned b the 6r g focal vaiate
Choasingthe values for levels in the onextof a @ricular invesigaton may recuire extra-stdisticalknovledye

A treatment is aconbination of the kvds of the fador(9 applied to a wit (or demen) [in the sarple r the Hockg).
A run is partof the Exeaution staye of a experimentalPlan n whichall the déa ae cdleded br onetreament
A factorial treament stucture nvdvesall conbinatonsof the Eves of the (two or more) fadors.

The (treatment) effect of X on¥ (usudly) refers to he chage in he average of ¥ for unit charge inX and:
- impliesthe X-¥ rdationshipis (bdievedto be) cawsal— a darge inX cawses(brings dout) a charge in¥;
- indudes toththe magnitudeanddirecton of the elatonship- for exanple, heslgpeand ts sign for alinea rdationship
= requiresthat dl non-ocal explangory vaiates Z; hdd thar (samg valueswhen X charges;
- is cefired (the ‘true’ dfed) ove the dements @ the respandentpapulation.
* Interaction of two fadors X; andX, is said to ccaur when the fed of one fador on a eponsevariate¥ depends on he
level of the oherfactar. Interation mears the onbinad dfed of two fadors is notthe aum of her individud effeds.
- Interaction is a kg coneept in the dsaussons of the Appendk (Sedion § on pages 962 b 964 in Fgure 98 and in
Figures912 m pages 973 to 976 and A3on pages 977 to 980.
[llustationsof this ermnology are:
O Levek of £x & a hdor arefenale andmade;
the rargesusel as evds of (hunmar) age reed arefu consderation — argesthat ae Do narrow may consimeunneces-
say reurss in dtaning adequde redicaing, while rargesthat ae bo broad may obsaire he dfed(s) d age
o In a &ge test d different lrands of beer the fador would be brand d bee and its ¢évds would be he ndividud brands
o When hee is aly onefocal vaiate the reaments ae its kevds;
when hee ae two focal vaiates, X, (sg) with two levels @erotedl and2) and X, with threelevels derotedA, B, C),
thele ae 2x3 = 6 treaments(1A, 1B, IC, 2A, 2B 2C) in a fadorial treament stucture
with fourfactars eab at hree bvds, that ae 4 x4 x4 = 4 = 64 possble reaments

I

NOTES: 23 Not all xperimentalPlars leadto an Eeaition staye (of he FDEAC cyde) in runs.
® Processimproverrent nvestigatonsoften do — the Exeation stage is hen a st d runs one br each treament
@ A clinical frial o a drug usudly doesnot involve runs— each paricipant takes the dug (r a pgacebo) [i.e,
the (two) treaments @& goplied to dements ¢r wnitg] for the whde period d the Exeaution staye.
When the Eeaition stage does involve runs equiprobalde assgning mnsstsof equiproballe ordering of theruns be-
causeunbocked, unknevn and tnmeauwednon-focal explanaory valiates ae consderedas leingtime-depadent

24. Equiprobale assgning d treaments to Eements ¢r wnit§ may rot be feaile in an eperimentalPlan when oe
factar has tard-to-alter kevds. For exanple, i pouring tempergure @t wo levds, say, of 1,450F and 1600°F) is
a fador in an investigaton © improve a pocess br making iron cadings, the émperdure d the urrace ontin-
ing the nolten ioN @ma eadly be dtered it may theefore be rcessry to do consectivdy all the unsat
each emperaure, instadof having the puring temperaure low o high unde equiproballe assgning for each
run. THs lack of probability assgning increaseshe limitation imposel on an Aasver by wmparisan error.

o What is aksrable gatisticall in databasedinvesigatirg may dsobe @mpromisedin process mprovenent n-
vesigatonsby ha/ing © carry outthe Exeaution stage urdertime pesue while the pocess ontinueshormal
operdion; inaddition b posdble lak of equiprobale assgning,there may be imitationson Ansvers beaug:
- thee is ot erouch imeto dotain adequae repicating;

- the datarefledt process @eration orly overalimited time period.

For a process with an unacepably-high long-term scra rateunde&going an nvestigaton © try to reduce tke

rate thee havebeen nstincesof negatve reaction from manayement to anrvestigaton with an eperimental

Plan vhee ssme tedmenis invdve fador levels tha would (temporarily) increasehe srap rate

25 In ardinary Engish, interation custonarily invdvestwo entties in ddistics, three (or morg vairiates ae invd-
ved- two ©r more) bcal vaiates and e eposevariate
o Confoundng also nvdves two &plandory variates and e egponsevariate it is comparedand ontasted
with interation @ndwith aher @usaktruduresinvolving tree \arates) i pages 967 and 968 n Fgure 99.
Interaction is not limited b two factars — k bcal variates have (‘f) passble i-fador interactions; for ecanple,
four focal variates have(3) = 6 two-factar interations, (3) = 4 three factar interations, and(3) = 1 fourfadtor in-
teracton. When i=1, the K1-factar interations' are the kmain effects, the dfeds d the k aidors individualy.
® Main dfeds and mteration effeds ae insanceof treatmert effects, and ae repesentedby feponsé madd

2006-0620 (continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 8)

N(OTES: 25,

paamégas. Any linea combination of such paramders whee te odficientssum to zeo is called acortrast.
o Forfour focal vaiates, hee ae 4+6+4+1=15 treament dfeds potentally of inteest; heseeffeds canall
be stimated with a 6-run experimentalPlan nvdving a fatarial reament stucture
® A two-fador interection is the dfed of one fador on the dfed of anather fador on a eponsevariate a
threefador interaction is the dfed of one fidor on the dfed of anather fador on the dfed of a third fador
on a eponsevariate and  on.

26. Wren tee ae o a more focal vaiates, lurking variates' criterion () on the ypper half of page9.8 entais dl

nonfocal vaiates be kept the same i, to dlow interation effed(s) b be stmaed, the foal variates must ke

chamedtogeha acordng to the kalancedstheme d a fadoral tregament stucture However confourding

may then aise as otined n Note27 bédow.

o A misundestanding d criterion () is to etend the ensuing evaything days the smeprecet to thefoal vari-
ates and to anly charge ham oneat a ime Forexanple, r two factars eab with two levels @erotedLo and
Hi), haveonerun with bath %, andX, sd ‘Lo, anather un with %, sd ‘Hi'and Table 92.8| %. Lo %. Hi
anotherwith X, bak a ‘Lo and X, sd ‘Hi} the eslting data shown @ three 4'7 2 2
reponsevariateavaagesin Tabde 92.8 d the iight, donot allow the X,-X, inter %110 | Moo Yiom
adion dfed to be simated, becaue thee is no un with bath fadors =t ‘Hi: KHE | Mo Noca

Sud a Han, if it recuired four regdicates for each treament would invdve 12 runs. With afacbrial tred-
ment stucture only 4 runs povide he samdevel of redicating andan esmae d the nteration effed.

27 The ideam Note25 d esimaing 15 treament dfeds from al6-+run experimentalPlan can b adgpted b fewer

esimaes (7, sy) from fever (s 8 of the B) runs — his is alled afractional factorial treament stucture

(hee, ahalf fractior). Undersud a Ran, it is only posdble o esimate conbinations of treament dfeds, ike

the main dfed of one fador and onethreefador interaction. Becaus we @amat sepaae sich conbinatons

into their individud effeds withoutdaa for all 16 runs,thee is confoundng within the @mbinatons.

o I[nabiity to sepaatetreament effeds undera Han invaving afractional factarial treament stucture would be
beter called pafectconfourding, to disinguishit from partial confourding (introducedon page9.6 in Sedion
2), whee the a®dation of X andZ typicaly has a orrelatbn with magnitude lessthan 1 As dsaussé in Fg-
ure 99 m pages 961 to 964, both casesre wsudly (urwisdy) Smply called tanfourding without disinction.

28 An ideg as®datedwith the rmme @& Tagichi, for expbiting interection is illustated ¥

by improvenent d a process br mandacturing eramic tles the dagam a the

right for an X-¥ relationshipdisphys @ interation effed, becausethe slgpe of the

(linea) relatbnshipbeween X and he average of ¥ is differert (hee, snaler rega-

tive magntude when fion-foca) exgandory varate Z=1(Hi) than whenZ=0

(L0). Inthe le-mandacturing process if:

O ¥is tile gze after firing in an awen

o Xis oventemperaure, whose \anation from ‘Lo’ to * Hi’ over position within the arencausediles @ the same
initial size, hut firedin different wenpasitions to havedifferentfinal sizes,

o Zis anauntof day in the ngredentmix usedfor the iles,

by manajing the anourt of day in the hgredentmix (.e., sting Z=1), the nandacturing process & improved

by making variation in tile final $ze lesssenstive D varation in fring emperdure die b tile postion within the

oven. THhs indirectappoac exploiting interaction avdds the (nore expersive) direct appoach of making the

tempergure more aiform within the aven of course the poperies of the tles musteman acceptable when

Z=1ad day must not le bo expersive ar ingredent

13. Experimental Plans — Quantifying a Treatment Effect Under EPA

To illustrae properiesof expaimental Table 92.9: Respondert Population Reponses(N = 6) )
Plars @nd then ontast them with thoseof Elemertno.| 1 2 3 4 5 6 | A
obsevationalPlars), hypothdical daa for a ¥=0|0Q9 15 18 36 39 45| 27 L
reponsevariate¥Y are gven in Tabde 92.9 x=1112 15 24 33 42 54 30 pa oo
at he ﬂgh for a espmdent m)leation of Treatmert effect | 0.3 0 06 -03 0.3 09 | 0.3 \?3'—\ < g

six elementunde two valiesasggned ty the nvesigabr(g] of a focal vaiateX — the reament
effed (the dharge in he aerae of¥ for unit charge in X when all he Zs reman fixed is 03
units, the serae of widdy-varying) effeds d charging X for the individud elements The d#a
in Tade 92.9 ae dsoshavn in dagram(l) at the iight; the valie of alirking variate Z givenbe-

o Lk N W A~ O

sice each dot reminds us ha, for aur initial disausson, charging % doesnot affed the valie ofZ [but see th mmentin the
seondbulet ) in the £ondparagraph orerkaf o page9.22. The mpuation arergeswhenX=0 and X =1 ae slown as
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shat horizontallines the dffering rotaion wsedfor theseaveragesbeaween dagrans () [ovaleal and @) [at the mide right
of page9. ] is to enphadze the dsinction ketween experimentalPlars whete theinvestigabr ©) asigyn each dement X value
(underEPA] and dosevationalPlars whele each dement ha its ‘natura’ X value uninfluened ty the nvestigabr(g].

Tabe 92.10at the right below (which is urblocked — see Note 29 bdow) shows he twenty possble esssgnments dthe &
popuation dements vhose @taare gven in Tade 92.9 overkaf o page9. 21 togeaher with their reqponsevariateaveages tred-
ment éed and onpaism eror; for exanple, he first ine of Tade 92.10shaws:

e clementd, 2 and 3 @sgned X = 0 (ften called the ‘control group) with aveege eponsel4,

e elementgl, 5 and 6 &sgned X =1 (the ‘treament goup) with avaage eponses.3

e for this sssgnment an esimaed teament défed y,—Yy, is of 4.3-14=2.9

e for this assgnment comparisan aror o 2.6— the dfferencebewean the esmaed and rue reament dfeds, 2.9and0.3
the five arerayesat he ottom o Tade 92.10hae meaning anly if all 20 assgnments &e eqliprobalde @s hey are tnderEPA).

[The lag columnof ten valiesin italics at the iight of Tale 92.10 Table 92.10: Data for the Set of All 20 Equiprobable
is dsausséd in the £mndbulet ¢) below] Assignmerts d the 6 Hemerts in Table 9.2.9 (onpage 921)
Elemert nubers | Averages |Treatmert | Compari son
. X=0 X=1 |X=0 X=1] effect error
The avergesat he ottom d Talde 9210illustrée sveaa mat- (123) (456 | 14 43| 29 26 28
ters of sdtistical inerest dout EPA and (incidenally) ebaut EPS. (L24 (356 | 20 40| 20 17
® unde EPA, the aeraje teament dfed overthe 20 mssble as- (1,25 (346)| 21 37| 16 13 15
signments $ thetruevalue, 0.3 SO THAT: El' 22; 8 4 2 213 ‘;3 tg (11; 09
® unde EPA, the aerge ompaism aror over the 20 msdble (]]:2 5) (2:26) 2o 34| 12 0 1
asggnments $ zeo — tha is, heke is urbiase esimating of the (1,36) (2,45 | 24 30| a6 Q3 04
tregment dfed; HOWEVER: (145 (2,36)| 28 3| a3 0
= if lurking varate Z and the e- 7 19 (1,46) (2,35 30 27| -03 -06
spone \ariate¥ ae a ommon X< x-"Z sy (156) (234 |31 24| -07 | -0 -o08
reponseto X [recall case (10 of ¥ (2,349 (1,56 | 2.3 36| 13 10
the usalstudureson page910 and Note 21 n page91d, (2,35 (146)| 24 33 Q9 a6 o8
. ; . . : (2,36) (1,45 | 26 29| 03 0 02
this urbiasednss & lost as he bllowing ilustrdion sows.
: . . (2,45 (1L36)| 30 30| O -0.3
o Supmsethe dharge inZ (resuting from the chage in X) (2.46) (135 ] 32 26| -06 -09
causeselement (with Z =3 to hare a eponseof 39 and (2,56) (1,34 | 33 23| -10 -13 -1
an gpaenteffed of 0.3ingead d its true’ value of-0.3— (3,45 (1L26)| 31 27| -04 -07
for sinplicity, we assume he oher five elementgwith Z ggg 8%2 gf %g —ﬂ —1173
, . . ’ , , : - - -15
valuesothe than 3 sill hare he dfeds gven for X=11in @56 (123| 40 17| 23 6

Tabe 92.9 The D asdgnments ivdving eement4 with
X =1then hae ther averaes inceasedby 0.2 as do he ©r-
reponding @mparism error values(givenin italics in the hs column of Tade 92.10; the aveage of the tweny
conpaism aror valuesis then0lingead d zerm, indicding hiaseal esimating of the teament dfed.

o If elements oherthan 4 vere 0 also have her reposes when X =1 chargedby the chage inZ, some & these
chamgesmight be n oppaite diredions resuting in somecarcdlation and asmdler (cancevably zer) magntude br
the ommpaism aror d the particular asiggnment; havever the esating hias (the average conparism eror over
the %t d all possble sssgnment} is unlikely to be neanngiully chargedby uch (fortuitoug cancédiation

® The averge of he £t d 20 sanples d three éements with a gven X value is he elevantpopulation avaage — ge tle
right-hand olumnof Talde 92.9 & the sartof Sedion 13 overkaf ;m page9.21- this is uiasel esimaing of a egpondent
popuation arerge urderEPS ¢$eealso Appendk 3 on ages 935 and 936 and nore cetal on pages 67 and 68 in Appen-
dix 3 in Fgure 61 d theseCaurse Materals.

Thus, eperimentalPlars provide wnhiasel esimating of the teament dfed unlessoneor nore of the Lrrking varates Z,, .....,
Z, and the eponsevariate¥ are a ®mnon repmseto the dbcal vaiateX; if this gate d affairs is uncomman in practice,
an eperimentalPlan usidly avoids sich biasal esimating. [Blocking fectars ae dearly notsudh a @mnon reponsebecause
they ae teld fixedwhen X is charged|

AL27 30 03 0 01

NOTES: 29 If the eponses in Tale 92.9 d the sartof Sedion 13 overkaf o page9.21were red daa, the Arsweraloutthe
value of he teament dfed could be made nore wsdul by manaing the sibgantial variation anong the dement$
effeds —eg, by blocking © deaease omparing impredsion [recall the omment(-) nea the mide o page91d.

30 To avoid confourding, lurking variates’ criterion @) on the wpper half of page9.8 requiresthe ideal é all non-
focal explanaory variates Z; holding ther valuesfor every popuation dement whenX=0 and X =1
e Blocking neds this aiterion tut only for the Z; that ae Hocking factar(s).
o Providedthere is no omnon reposeof Z,, ....., Z, and ¥ to X, EPA adreses aiterion @) for the othe
unbocked, lnmeauedand unknown lurking Zs tut it does so aly uncer repdition — making thar distibu-
tions(not thar valuesindvidualy) the samen aveageaaoss éenments wienX =0 and X =1

2006-0620 (continued)
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 9)

NOTES: 30. @ = Theprababilistic nature d equiprobalde assgning mears tha, evenin corjundion with acequae regicating,

cont)
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it camot guaantee (rougHy) the same dtiibuion armong groups for every unbdocked, tnmeauedand un-

known non{ocal eplanaory variate— undera particular asggnment some sich dstribution(§ may dffer

stbsanially amang the goups keingconpared however the dgree d the estiing limitation mposel an

Answelg by comparism eror bemmes

+ mae acepable as he bvé of redicating (.e., the goup szes) increases

@ lessacepable as he number d lurking varates (vhoseeffeds ae © be ‘bdaned) increases

- There may ®mdimes @ cataavalalle an one @ more Z; that dlow some a@sessient d the kalancein
the assgnment dotainedunde EPA in aparticular invesigaton. Two illustrdionsfrom dinical trials ae:

+ in the usid situdion whee paricipantssex is recordedlit is posible to dhed how dose the Emde-mak
ratios aren the ontrd and reament goups @nd hev dose both are to he iatio in the stidy popuation);
when aricipants age is ecordedthe aveage agein the ontrd and treament goups an ke ompared

Depeanding an how early in an nvestigaton ary (meanngful) imbdanc is identfied, invesigabr(§ may:

+ re-do the guiprobalde assgning, OR:

+ redes te dfed(s) d the mbalance

Compaing aveage age(sg) is a diek for smilar age distibuions anong the goups but a Imitation on

Answe(g due b comparisan eror remans becausedistributions with differert shapes or widths may have

the samedor similarn averayes.

- Other (undedrable) arguagge ®mdimes usd b descibe tow EPA addreses aiterion () on page9.8 is:
ERA in conjundion with adequate redicating, ties torenoveassodation (or produce indepeden®’) be-
tween the bcal variateand unblocked, tnmeauedand unknonvn nonfocal explanaory variates.

EPRA epitomizes theadive naure d experimentalPlars and, in addressingcriterion (1) for tnbdocked, tnmea

suedand unknavn non4ocal explanaory vaiates, ®nfers (inde repeitior) a unique advantaye on gperimen-

tal Plars o/er obsevationalPlars; probability assgning is wha mostclealy distingushes the two Rntypes.

31 Saisticiars haveargued dout whetrer BPA is ‘necasary andor afficientin an eperimentalPlan to estdish

a cawsal rdationshipbeween X and¥. The dsageements & resdved wten t is reognied that:

o ERA operates prababilistically and n canjundion with acequae redicaing — as dsausséd in Note 30 m the
facing page9.22 and dove, nonfocal eplangory vaiates may dffer in thar values,anong the goups be-
ing compared to adegee tlhat an meamigfully charge he Arswerunde the a&sgnment dotainedin a par-
ticular invesigaton — br insence in Tadle 92.100n he fidng page9.22, the first andds assgnments hee
conpaisa eror o subgantial magnitude n the nextof the lypothdical daa in Tadle 92.9 an page9.21

e the mathenatical languageof necessty and sificiercy is inappgopriatein the oniext of invesigatve uncer-
tainty and ® a tatement lke equprobable 6r ‘random) assgning is reithe neessary na sufficent o estab
lish causaton may be true hut is inhelgful becau it can dsare he bllowing o mattes:

- proper e @ statisticalmethods dbes not guaantee a ‘correctA naver— it merely makes an Aswerlikely
to be dose enaughto the &tud state d affairs to be sdul (i.e, proper wse ¢ stdisticalmethods yields an
Answerwith accefiabk limitations;

- improper wse @ staisticalmethods cbes not guaantee a ‘wrong’ answver— it may pccsonally) yield a‘cor-
rectAnswer, for insence a eponsevariatemeastedinacairady or incorredy on a anple d oneunit
may happen to le dose Concevably equal) to the valie of he egpandent ppuation aerae

It is dfficult to devdop a nmind-set in whichthesematers ae ouindy remgnied; the dificulty is compounded

by tha of framing in Engish clea and mrred stataments ha deal with uncertanty in saistics.

e |t is dsochallerging rouindy to remgnize and expres the fid tha, in datistics, we quantify uncetainty only
in ternms of behaiour unde repetition— Answer(§ obtainedin a particular invesigaton remain uncertan, as
refleded ly ther limitations. Limitationson Ansvers ae unavddable when uig incornrplete information,
which aises nmostobvioudy in gatistics from the pocesse of saanpling and meauring.

- The idea 6 limitationsalso reninds us to ®oid phrase like the vaidity of a @usl inference ingead d
(disdplined) useof the erminology of comparisan ator 1o refled one urce d investgative ncetainty.

REFERENCE: Sprott, D.A., RM. Royall in Receh Con@ps in Satistical Infereamee Proceedhgs d a Symposum in
Honour of ProfessorV.P. Godanbe, Lhiversity of Waterlm, Augustl4 416, 1991, Randomzation Disaus$on.

32. Wwo illustraéionsof the mattes in Note 31 dove in the @niext of non-probability assgning ae:

o Progam 2 of Agang All Odds Indde Satistics descibes @bout Table 9211 Ribavirin Trial Data
14 minutes into the wileo) a dinical trial o ribavirin as tredament RIBAVIRIN (mg/day)
for a pre AIDS condtion, swollen ymph nodes the déa for the | 0 600 800
threegraups ae stownin Takde 9211 & the iight. The decreaing Group sze ‘ 52 55 56
number d cases tha progressed on to ADS with increasingdaly Progessto ADS | D 6 0

(continued wveled)
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NOTES: 32.0 ribavirin doseindicaed t was & dfedive reament Latey it trangired that ribavirin is not effedive — he

(cant)

33
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daa were an atifad of the sckestpaients eingasiggned b the onta group axd the hedhiestto the goup
recdving te hgher dseof ribavirn.

Scuvy is a dsease eu®d ty a cefideng of vitamin C in the det; it is dharacteized ly debiity, bood darges,

sporgy gums and henorhages in bodly tissus. U to the nhaeeith century; it was @omnon anang wilors

on lorg woyaes,sddiers on @npagn, inhabtants d beleagued cities andn aher such stuaionswhere

freshfruit and/or vegetldesin the det were @sent ar insuficient As illustrdions:

= during AnsaYs drcumnavigaton oyaje in1742-1744 (a eriod prior to Linds 1747invesigaton cescibed
bdow), at east380 d a aew of 510 an one d his $x ships ded of scurvy; BY CONTRAST:

- on his gondvoyagein 1772-17B, cvaing 0,000 niles aeer morethan 1000 dys,Cod (who knew of
Lind's investigaton and actedon &) log only 3 men to &adentsand 1 toconsunptiori from a gew of 118.

Lind had dred experienceof scuvy becau® he frig went to sea ith the British Navy in the htel730s he
spent mary yeas nvestgatirg its caise Our interest n Linds work is becau®, n 1747 he wsedan expei-
mental Plan to nvesigae posible redaments during a vyage which induded a te-week absace from
shae and in which80 d a aew of 350 slliors were grudk down by urvy, Lind usel a sinple o 12 sailors
with sarwy, whichhe dvidedinto graups of o for adninisteing the bllowing sk daily treaments

- two quarts of dder; - haf a pint of sea vater - two aranges and e Eman;

- 25 dops of dixir of vitriol; = six spponfulls of vinega; - a gaidic, mustad sed balsam and yrrh
Pats of Linds desciption of his inzesigaton, from the eferencebdow, are: gum deduary
On the Dth of May 1747 | todk twelve patients n the survy, on board the Salsbury at ®a. Their casesvere &
similar & | could havethem. They dl in gened had putid gums, the pats and dsgude, with wealeneal knees.
They lay togeher in one gace, and hal one detcommon to dl, ..... . Two of the wa'st patients, vith tendans

in the hamigid, @ symptom roneof the rest hd), were put indera wurse ¢ seawakr .....

The mneqene was tha the nostsudien and \sible good dfeds were percaved for the use d the oanges and
lemons; oneof thase who hal taken ham, being at the end bsix days ft for duty. ..... The aher was he lest
recoered d any in his condtion; ..... .

Next to the oanges, | thaouglht the g/der had te best &eds ..... hose who hal taken i, were in a &irer way o
recarery than the diers at he end ba fortnight, which wasthe lergth of time all hesedifferent ourses were
continued, except the aganges. ...

As o the dixir of vitriol, | obseved ttat he noutts of those who hal usedit by way d gargling, were in a nuch
clearer and beter mndtion than nary of the est espedally those who ud tre vinega; but percéved atherwise
no good #eds from its intenal ug Ypon ather ymptoms. ...

There was 0 remakable dteratdbn ypon those who took the deduary the gawater;, or vinega, upon conmparing
their condition, at the end dthe brinight, with othes who hal taken rothing but a lttle lendive deduary and
cream dtart@r, ..... .

It may be mow proper b confirm the dficacy o thesefruits pranges and emang by the experienceof others.

In the ®ntext of the ndudon staye of he ADEAC cyde, becau® Lind obtained wha is now known to be

acarectAnswer it is eay to overlodk the gvere limitationson his Ansverimposel by:

- the gnall sanple sze d 12 sailors;

- the nonprobability seleding: likely coneniene sdeding of sailors who were on he $ip and hal scurvy;

- the monprobability assgning — rot aurprisingly, thee is no nenion by Lind of the modem’ idea & proba-
bility assgning €9, EPA) but ®me mplicaion of judgement asigning in the desription quotedalove

REFERENCE: Trohler U. (2003. James lind and survy: 1747to 1795 The Jamesihd Library (vww.jamegndiibrary.org).

Repubished i theJ. Ry Soc Medcine 98; 51-522(2009. [DC Library call number. PER R35R7

Equiprobale sekcing and guiproballe assigning are
conpaonents d the processes of sanpling and experi-
mental conparing, whosesinilaritiesare illustraed
in the dsaus$on on page9. 2 of Tade 92.10

SAMPLING
(Protocd for seleding unitg

COMP ARING

(Protocd for choosing groups;
protocd for sting leves)

and ae portrayedby the two teediagams Sdeding  Edimaing Assgning  Edimaing
in the £hama d the ight.
\adine 19 . Probabilty  Other Probabilty  Other
@ Invesigatonsinvolving conpaing (to
arswera Questbn with a cawsaive Eqd  Undqd

apech) usuay invdve samphg, EPS '(ESSS Unequa

invesigatons invalving samphg to
arswera Questbn with a desaiptive
agect neednotinvolve conparing

® Probability selecting mears having
knownelementor uni) induson pro-
bavilities n the <leding process

TTey-- Stdisticaltheary for: ---<(_
e unbisedesimating )
® impredsion <=reicating
o canfidene inteval expresians

Blocking can derease
conparing impregsion

Statifying can derease
sanpling impredsion

(continued)

#9.24



University of Waterl®m STAT 220 -W. H. Chery

Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 10)

NOTES: 33. @ introdudory dtdtistics curses enphasgze equprobalde sleding as the kass of tatisticaltheay for the beha
cant) viour of sampleeror nderrepettion eealso Appendk 3 on mges 935 to 937).

- Her, we win the term probability assgning for having known assigning probabiities we en®urter
makhly the pecid case 6 equprobalde assgning — (ougHy) equal numbers of dements n the goups €4,
control and redmen) beng compared
+ Analogots to BPS EPA is the kags of ddtisticaltheay for the behaiour of conparisonermor under

repettion — eall the dsaus$on on page9. 2 of Takde 92.1Q
+ Suprisingly, ‘probability assgningis not curenty usedelsewtere, pehaps refleding sspaae devdop-
ment d the two &rge ddisticalareasof survey sanpling and degn of experiments
Our equiprobable €leding is usudly simple randm gleding or random eleding elsewtere;
our equprobable assgning is random assgning or randomization elewtere.

- Stdisticaltheay is used in the esmaing branches dthe two teediagans in the £hema a the bwer
right of the fadng page9.24; thesebranches @ partof the Anaysis sage of he FDEAC cyde.
+ Sdeding/asiggning probabilities @ the kass of the heory usel for esimating is notewothy.

- The s<hema 4 the bwerright on the fadng page9.24 reminds us of he anadgous rolesof drifying and
blocking in sanpling and mmparing [but eall the ®mment(-) nea the midde o page91d.

® As shown ctorially at the ight, a ®mmon heme Equiprobable slecting Equiprobable assgning

of EPS ad BPA is dviding a goup d units or de-
ment$ into subgraups tha are ikely to be simlar
enough uncer adequée repicating for the regec-
tive Imitationsimposal on Answver§ by sanple
eror and ompaism eror o be acepable in the
invesigaton @niext
- Whensekcing the sanple, he goup d elements ¢r
unitg is the epondent mpuation, the sibgraups ae the wits pr dement3 not sdeded and the sarple.

oY, oY,
Similar Similar

14. Observational Plans — The Confounding Effect
In an obervational Plan, for a beal vaiatewith g values,we think of the espondent ppu-
lation & keing macdk up d q stbpopuations; each sibpopuation is hose éements vhich hae a
paticular value of he bcal vaiate Diagram(2) at the light shows a inseanceof g=2 with the
two subpopuationsbeng of the samesize (4 dement$; two short horizontal lines &iow the two
stbpuation averge epossY, andy, [asthey dso do in dagram(l) at the bwerright of page
9.2]. The dfferencebetween ¥, and¥, for the wo subpopulationshastwo companents
* the treament efed arising from thdr different X values;
* an dfed due b dfferencedbeween the two sibpopuationsin the dstributions of values(eg,
in the aeraye$ of one a more lurking variates —we call this the conbunding efectand ve write equdion (9.23 bedow;

¥, - ¥, = dfed of charge inX + efed of charge inZ, ....., Z, = tredment dfed + confourding efedt. - (9.23
Explandory varates ae wsudly numeous and g, for each dement as hesevariates take thear ‘naturd’ valuesuninfluened ty
the invesigabr(9, thee is anple gportunty for dfferent dstibutions of e o more Z; amorg the g sibpopuationsof the
regpaondent ppuation. It is usudly feasble to mange at nostafewZzs by natding and/or subdividing.

Assasng Answvers from dosevationalPlars nust tke acoourt of the onfourding efed becau®:
- itis a ®urce d compaism aror and the estiing limitation imposel on he Arswexs,
- the reament dfed and the onfourding efed camat be quantified sepaately— we @n aly know thar sum
thus, aur dforts to manaye an inherent limitation on Answers from dosevationalPlars

o = N W A~ O
—_

mee, & best with only partial sucess Thee is urtherdisausdon and llustraion Repandent | = @%ﬁ?ﬂh +
of the @nfourding efed in Sedion B overkaf —eg, in Schema O m page9.27. popuation with X =0

Repondent
stbpopuation

NOTE: 34. The g£hema d the light shows wo ways ve tink about a epondent
popuation in ©mMpardive investgatirgy.
® On the kft, we think of al elements ¢r unitg having the beal vari-
atevalue X = 0 and, in an expaimental Plan a @nple ®leded ly
EPS § dvidedin half by EPA, with onehaf retaning the valie
% =0 and the dherbeang assgnedX =1; the two(haF) sanples
are then omparedappopriatdy to ansverthe Questn(s.

= An illustrdion is a tinical trial d a drug — X =0 repreents Contor (Treatmont Sampp /Samp
taking no drug (Usuay taking a flacebo in practice and X =1 grap @

2006-0620 (continued wveled)
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NOTES: 34. @ - reprents aking the dug.

cant)

[Whentwo drugs ae canpaed none of the ppuation dements ¢r unitg may initially haveX =0 a X =1,
but ths does not afed the int of this dsaus$on]
@ On the ight of the £hama d the bwerright overkaf ; page9.25, the ‘ndurd’ v aluesof X define (two) subpopu-
lationsand in an obervational Plan the sarples to ke mnpaedare dotainedby EPS fom theseswbpgouations.
Dividing the sarple in half by EPA is for smpiicity in this dsaus$on; in practice, the ontrd and redament
graups may ke mace d differert sizes to nanagje dher urces of eror; this @n ke acomplished ty using
unequd probabilities @ assgning eementgor unig to the goups.
e It is dso assmed for sinplicity tha the epondent ppuation sze is an gact multiple of the number d
graups €g, tha N is elenwhen hee ae two graups).

15. Compari sonError in Experi menrtal and Observational Plans

Despite the probabilisic equivalenceof EPS bllowedby EPA on the Eft and BPS ¢ two sanples @ the fight in the
sthama n Note 34 overkaf @ the bwer right of page9.25, compaism aror is invdved n differert ways in the two Fan
types, & ilustraed n the two shemaskE at he iight belowand O andtahe @nte right of the fadng page9. 27.

e In schama E repesening an expaimental Plan the egpondent Schemak for an Experi mertal Plan
popuation has gnknown) averae ¥ and the saple skected Treatment Edimated tedment
from it by EPS las (inobseved aveage’y Fefed | = —

- The difference in the valiesof ¥ andyis sampleerror; Compaism | effed
. . . . . . Sampk a@ror whenx=0 error
its value emans unknown in a paricular invesigation. | . !
- We dsoderptethe repondent ppuation areraye, when all e RTROTOTWENXSL e
elementshare X =0, by «_¥ and when all &enments hae ‘ eror ' Tintesape
X =1 by,.¥; the diferenceof these(urknown) averages ——m——mmmm—— - X=1 __ —
is the (Inknown) treament efed — the chage in he ave- xif E (%) Vo
ageof ¥ for unit charge inX when all he Zs reman fixed N @(VF) ”””””””””” h’\f
+ A treament dfed is an dtributedescibing a elatbnship ——m— - X=0—r
x=o¥ yO

® The sanple is dvided(rougHy) in half by EPA.
- Ore Half yields an aerge’y for the reponsevariatewhen the dcal variatetakesasigned \alue X = 0;

- The aher taff yields an aerage’y for the reponsevariatewhen the dcal variatetakesasgned \alue X =1
- The pbseved diffvencey, -, is the estmakedtreament édfed.

o The sstimaed and truetreament dfeds difer by comparisan eror aisingfrom two sources.

- The wo haf sanples dtainedunde EPA would likely havedifferert aveagesy, and'y whenX =0, due o dfferences
in thar distibutions for ane @ more lurking variates Z;.

- The tredment dfed in the (haf) samplewith X =1 is lkely to dffer from thetruetreament dfed;
Sdely to illustrae ths dsauson, the @mponents d compaisan eror from the two surces ae spaded ty the $ort
vetticalline on he bwerside of the ©mparisan aror bar © the light of its e@nte.
+ The hypotheical (unobseved aveage Y of the hal sanple with X =1 if it wereto have been assgned X =0, is

called acounterfactual and aises ggainin Note 35 d the ottom d the fadng page9.27 and page9.28.

- Compaism eror (from both saurces is eliminatedin the (Inathinable) ideal d our three citeria En the yper half of

page 98 deining causéion, which require acersusof the egpondent mpuation bath when =0 and whenX =1

® By equding the elevanthoiizontal distancedn schema E we e tlat:
sanple aror whenX=0 + ompaism earor + treadment éfed = treament dfed + sanple eror when X =1,
conpaism aror = @anple eror whenX=1- sanple gror whenx=0. - 9.29

Beaug ompaism aror can ke epresedas he dfferenceof two sampleerors, an gperimentalPlan whichusesEPS

and BPA provides the bss for datisticaltheay whichyidds:

- an(inversq relatbnshipbeween comparing impredsion and he group szes(or degee ¢ replicating);

- an epresion for aconfidence interval (Cl) for the tredment dfed (i.e.,, for a epondent ppuation averayd — sud an
interval, undersuitable nodelling assumptions quantifies conparing aad meauing impredsion (asdemonstatedfor
EPSin Appendk 3 on ages 67 0 611 in Fgure 61 —seealso Fgure 811 of theseCaurse Mateials;

- unbiasedesimating (.e., z&o conparing inacaurecy) of a redament dfed (a repaondent @puation attibute @mnony
of interest h a mmparative Rar) — reall the dsaus$on of Tade 92.100n page9. 2.

Hene, EPS ad BPA in combinatbn provide br quantifying comparing impredsion and ®, in corjunction with adeqate

regicating (or adeqate goup $zeg, dlow an Ansver to be dotainedwith acceptable imitation imposel by mmparisan

ertor in the @niextof a pricular investigaton with a ompardtive Han.

- ExpaimentalPlars whichuseERA but cama feasbly implementEPS & mmnon dae d affairs in practice haveno
basisfor invoking the hree kendits of datisticaltheay for EPA and EPS a thesebendits are gated dove. However
they can be etaned in a lesticted way if we think of the sarple as drespondentpopulatior’ which is then (inde
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 11)

EPA) dividedinto two ‘sanples (the cntral and redament goups).
+ The theorefcal bendits are retaned for the o (r nore) goups (sanpled geneatedprababilistically.  BUT:

+ Sampé eror o the aiginal sanple is row ‘study’ error with reect o the epandent ppuation — ts asesnent waild
be baedon extra-datisticalknowvledge and ®ldomquantitative like the govisions d sanpling theory HOWEVER:

+ The veity of the Imitation imposel by this ‘study’ error may ke dleviatedbecausea differenceis beingestimated.

o In schama O &t he iight below) repreening an oberational Plan the two epondent sibpopuationswith focal vaiate
valuesX =0 and X =1 haverepective (urknown) avergesy, andy;,

- The @nknown) reppondent ppuation areragge is the weighted aerage ofY, andY,, the weights keingdeternined by
the szes @ the two sibpopuations— schama O & dravn with equal weights.

- ¥, - ¥, is thetreatment efed [dueto the dfferent valiesof X in the two sibpopuation$ plus a confoundng effect[due
to differencedn the Gveagg valuesfor oneor nore lurking varatg§ Z; in thesestbpguationg

+ From Setion14 m page9.25, the conbunding efect ScemaO for an Observational Plan
in an ob@r\@jonal Plan 5 the (Jnkn(wn) difference Treatent dfed +, . Edimaed teament dfed |
beween ¥, - ¥, and the reament dfed; Canfourding efed Treatrent
. g o _ . Compaisa aror " efled
i.e., ¥,—Y, = treament dfed + confourding efedt.  ----- 9.23 pnpaisa arory

—_ - . Treatrrent dfedt

+ The two components d ¥, - Y, in the lepondent ppua- % Sam o nthesame
tion @amot be &paated n an dsevational Plan hut, - whenx=1
sdely to illustrae tre preent dsaus$on, one passble X=1 - . - —
sepaation is irdicaed n schema O ly the $ort veri- (%) ¥, (%) N
cal ine on the bwerside of the dfed bar &t he ypper - —
left of schema Q a little o the ight of its @nte. X=0— - : ‘
The postion of this epaaor involves the fapotheical Yo (%) Yo

repondent ppuation avergesy, and¥., represening the lypotheical situgion whee dl elements 6 each subpop-
ulation havethe othe value of he bcal variate
o The sanples dotainedby EPS fom the two epondent sijpapuationswith X =0 and X =1 yield averaesof y, and’y.
- As in an experimentalPlan, the pbseved diffeencey, -y, is the estimaedtreament dfed.
- The wo (Unknown and Ikely differen) sanple erors whenX=0 and X =1, the diferencesbeween the elevantre-
spondenpaopuation and sample arerges,are as kown in chema Q
0 The esimated and truetreament dfeds difer by comparism eror aisingfrom the @nfourding efed and two ohersairces
- Due to dfferencesdn ther distributons for ane o more non<focal explanaory variates Z;, the two sarples dtainedby
EPS ikely havedifferert avaagesin the typothdical situaion whee the wits in both hadthe samex value for exanple,
schema O sbwsa dfferencebeween y, andy} (the average br the sanple with X =1, if it wereinstead to have X = 0).
+ The fhypothdical differencey; -y, involves bath the mnfourding efed and the dfed of sanpling and © dffers
from (in schema Q is largerthar) ¥, —¥..
- The tredament dfed in the samplewith X =1 is likely to dffer from thetruetreament dfed;
Again solely to illustrae ths dsausgon, the @mponents d comparismn aror from the ®nfourding efed and the two
salrces ae epaded ly the ort verical lines on he bwerside of the @npaism error bar.
O By equding the elevanthorizontal distancein scheana Q we e that:
sanple aror whenX =0 + ompaism aror + tedment défed = treament dfed + confourding efed + sanple eror whenX=1,
conmparism eror = mnfourding efed + sanple aror whenX=1- sanple eror whenX=0. - (9.29
Compaing euaions(9.25) albove and(9.24) [on the fadng page9.26], we e wly an Ansver abouta reament dfed
from an ob&rvational Plan ha nore svae imitaion imposeal by compaism eror than sich an Answver from an ex
peaimental Plan — gudion (9.2.5) hasthe aldtionalcanfourding efed termaiising from the egpondent puation.
- This addtionaltermis unaffeded ty the bvé of redicaing — it persids in acersusof both regpandent sbpopuations.
- Limitationson Ansver from dosevationalPlars ae dsaussé againin Appendk 4 on pages 937 and 938.

For clarity, schemask and O ae dawvn with positive sanple eror, compaisa eror and tredment dfed; in practice, thee
may be 6omég carcdlation within or between such entities whenhey haveoppite signs.

NOTES: 35 The(haf) sanple arerayey in schanasE (on the fdng page9.26) and O ébove is comnonly unobseved but
an eception ocaurs in a llocked experimentalPlan cakd across-weer dedgn, repreentedpictonally below, an

Treatment (O bran)

Treatment (O bran)

T ‘Basdine’
Baséne !
Plambo (Low-fibre whed) Plambo (Low-fibre whed)
1week 6 weeks 2 weeks 6 weeks
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NOTES: 35. exanple is a tnical trial o dietary od bran as a way d reduing Hood €eum chdeserol levels @nd hence

(cant)

heat diseasé

o Twenty-four participants were dvidedunde EPA into two goups d12; s rum chdeserol levels were noni
tored for dl 24 paricipants br a lasdine period d one week while they ate their narmal diets

® Forthe rext six weeks, chdeserol levels were nonitored whle me goup d 12 paricipants was asgned a
dietay supgement d low-fibre whea (the dacebo), the ohergraup wa assgned @t kran (the redamen).

® This was bllowedfor all paricipants by a tweweek breakduring whichno detary syppement was onsimed.

e In the final & weeks d the nvestigaton, the two goups d 12 were assgned tte othe dietay suppgement
from the one hey had @nsumel in the previoussixweek period.
o The final averge ®run chdestrol level of the goup d 12 paricipants ; placebo for the seond sixweek
peiod @an ke regaded &y, but ths Hanrealy just yelds valuesfor y, and"y for all 24 paricipants
o The non4ocal explanaory variates Z; (the Hocking factarg mack the samewhen X =0 and X =1 ae tose
peronalchaacteistics €9, gendic factas, leve of exercise) tha affed an individud's serum chdeserol level.
- The ceaeasedconpaing mpredsion afforded ty the Bocking in this Ran mustbe £t gyairst the imita-
tion imposel on he Arswerby the sdbility tha order of beingon treament o placebo dfeds a @rici-
pants serum chdeserol level i.e, notime cary-over effed is assumel for bang on reament o placebo.
- Faur paricipants n the nvesigaton were lostdue b missng data— the final sarple $ze was D; this snall
sanple sze {.e, this low leve of reficating) mears sanple aror impose a gveae imitation on he Arswer
o As is ®mnon with conpaative Rars, he samle was not obtained by prabability sdeding — the parici-
pants were vdunteersfrom among deticiars and oheremplyees of a logital in Bostan.
- The Ranindudeddauble Hinding — see Bde 92.5 in Notel8 a the bwerhaf of page915.
REFERENCE: Swan, JF, Rous, I.L. Roug, Culey C.B. and FM. Saks, Gompaism of the Hfeds d Oat Bran and

Low-Fibre Whed on Serum Lipoprotein Levds and Bood Rresue. NewErgl. J. Mead. 322#3): 147-152
(1990. [DC Library call number. PER RI1B7]

36. The dsaus$on of this Sdion B darting on page9.26 makes t dea why the Hanfor an nvestigaton b answver

a Questn with a caustive asped will, in generd be experimentalby chadce, obsevationalonly by recessty;
simlany, a omparaive Hanwill be Hocked/machedby chadce, urblocked/unmachedonly by recessty. The
importane of dbsevationalPlars or existing @nd hence chege) datafrom them] is that:

o they ae the aly chacewhen t may ke infeagble or is unethical for invesigabr(9 to assign valuesof the bcal

variatgg — for instance leve of exercise, type 6 diet (Wwhen ompliane is dten ejuivocal) or dgarete snoking.

e they may sugges{'clue gaerdion) how to improve a pocessprior to usng an &perimentalPlan to onfim
(valdag) that he sudht-after improvenentdoes ocaur when the elevantcharge is nace.

An expaimental Plan mug, of course be tsedwhen the elevantvalue of he bcal vaiatewould not ocaur ra-

turdly — for insance an eperimentalPlan & reectd b confim tha a charge (ike insallating a newfiltration

systam) does achievethe anticipated improvenent in a process(like purifying drinking watermoreeffedively).

16. Appendix I Lurking Variates — dter Diagrams

To ansvera Questbn aloutan X-¥ rdationshipbeween quantitative variates, t is usdul to look at relevantdaa sown &
a saatter diagram — Cartesan axes wth dots ¢r aher ymbds), the ®ordinaes ¢ whose @nte ae the X and¥ valuesof
each bivariateobsevation However when @amhing such dagrans, t is eay/ to overbbdk the Imitation on & Answver about
the X-¥ rdationshipimposel by dfferent mints an the sater diagam haing differing valuesof a urking varate Z. This
matteris illustated ty the two ersions d the samesatterdiagam a the ight below:
* in the Eft-hand \ersion in which Z valuesareignored we e & X-¥ rdationshipthat muld reasnally be nodelled ty a
stragtt line with anegatve slope.

* in the ight-hand \ersion, whee dfferent ymbds for the points demte four different valiesof some (on-focal) exgan-

atay vaiate Z, the staight-line X-¥ rdationshipcan hae a fpe whichis Close bt) zero (whenz is 0, postive (vhen Z
is 1 a 2) or negatie (whenZis 3.

NOTES: 37 When bdking & a sdter diagam d bi- { { T
variatedata © essess @ X-¥ rdationship - ] +z=1
we gjainrec@nize ha experienceoutsice 6] 6] : §;§
stdistics with diagams invdving Cartesan 7% . 14] . .
axes povides por prepadtion for gatistics i, ", . 2 ,°
— it is difficult for later stdistical training % DR 5
to overromea mindse (Unconcenedwith 6 ' o 6] °
lurking variates) tha arises from more for- 4] . 4]
maive aiier experiencewith such da- 2] 2]
grans, saring in dementay school, with RSN YT T RN R
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Figure 92. INVESTIGATING STATISTICAL RELATIONSHIPS ¢ortinued 12)

N(OTE)S: 37. on-going eposurein the melia, and @ntinung up to pstsemnday leve courses, nduding calcdus and ajjebra.
cant.

38 Lodking @ multivariatedaa b try to detectpaterns which arswerQuestons abaut relatbnshis an ke aded
by shtisticalsdtware tha shows a wint doud in three dmersins a a @mputer seeen with optionslike:
e rotating the int doud in real ime; e usng oolour to distinguish stbses of the mints;
@ linking points g, by using cdour) across sater diagians which shav point douds for dfferent sibsetsof
the vaiiates — £e Pogram10, Multidimensona Data Analysisin Agang All Odds Indde Satistics.

39 The bregoing dsaus$on and sdter diagans in this Appendk 1 draw attention to the dstinction ketween caon-
ditioning on Z andignoring Z when nvestigatirg relatonshifs.

* Conditionirg is stbdividing, as dsaussé at he pper kft of page9.3 in Sedion 2 in Fgure 98.

* A marginal (probabilty) distribution, referred b in Sedion 6 on age9.60 in Fgure 98 and ilustraed in
Talles9.810 © 9813 is an @anple d ‘ignoring the vaiatewhich is dsent from the narginal distibuton —
for indance in Tade 9811, X, is atsent, in Tade 9812 X, is alsent, and in Talde 9813 ¥ is alsant.

The <caterdiagam d the ottom right of the fadng page9.28 shows the narginal distibuton of X and¥ if we

think of the Z diredion a coming \erically up from the age With the Z valuesas gven at he wpper right of

the right-hand \ersion of the dagam and hinking d the mgeas he gare Z=0, the first fie points d the
cloud would lie on the page the emaning 24 points waild then le progresévely further above the pagein

graups as me noves to he ight across he dagiam. This dsaus$on reminds us ha a marginal distibuionis a

proedion — we seethe marginal distibution of X and¥ if we lodk verically down on the daglam (.e, we look

along the Z axs) to projed the tiree dimersional point doud m to the two-dimersicnal dare of the age

@ |t is inteesing to pecuate m the etent to whichthe ideasof condtioning and marginalizing (r projeding)
provide a lass for understandlig the ways n whichmahemadical modds approximate reailty, beaing in mind
a maxim of the bteDr. Geage E P Box, a repectedU. S ddistician: All model are wong, smeare usefll.

17 Appendix 2. Scatter Diagrams — Rearson's Parert-Child Data (reconstru cted)

18. Appendix 3. Equiprobable Slecting
Stds introdudion

Note 1, page5.23

Note X4, page5.24

Note 98B, pageb.86

Unhbasel esimating

18. Appendix 4: Limitations on Answers from Observational Plans
Appendk 15 of Fgure 57, pages 582-5.84
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