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Figure 57 DATA-BASED INVESTIGATING: Error — Its Categries ad Sources

1. Errorin Data-based Investigating

As sumnmarized n the two shamasat the ight, datistics is - ;
concened with data-based investgaing of some dation a Papuation Samphg Data ad ISWEIS {0

gaing ol fop or process Measuring Queston(s
proessto ansvg oneor nore questins of interest

* If the nvesigatirg yields conpleteinformation, we @n dtain DATA-BASED INVESTIGATING
aceftaip arswer tha.t is, an agwerwe @n kngwis orred. Data———>Answer(s to Quegion(9

* If the nvesigatirg yields inconplete information, we @mot Completedaa Cartain answers§)
know an angveris rred (anuncertan ansvel) — in fact, we Inconpletedata Uncertan answer(
can ke fairly sure a nunerical arsweris at basta lttle df; Samghg  Meauing
- sanpllng md meau_ing yeld qaa @nd mnce Reams br inconpleteness ¢ data

informatior) tha are inherently incormplete fand hencefor uncetainty in ansvers
The gpal of gdtisticalmethods is to povide, br eadh Questbn of irterest(in the usid situaion ofinconpleteinformation):
* an Arswey AND: * an asessient d the limitationsimposel by error on tha (uncertan) Answver

Overall err or is the dfferencebaween the Arswerprovidedby dda-basedinvesigatirg and the nknowr) answverthat refleds

the actual (or‘trué) state d affairs in the ppuation a process Two illustrdionsare:

* From a n#éonalpdl whichaked Do you thinkthat the gwermment shauld have he right to \erify the nformation gven
out by wvelfare recipierts a do you thinkthat sich a erification represens an invasion of givaog/? Gallup Canadaeported

in Januay, 1993 tha 71% d regpondents apportedveiification, 24% sw it as anmvasion of privacy and 46 said they did

nat know; the pll involved 1011 elephone nterviewswith Canadan aluts from Decenber 1 to 23, 1992.

- Beaue the sarple percentagesare wlikely to be éxactly) equd to those n the epondent ppuation, Gallup Canada
descibad the imitation on hdr Answerby a onfidene inteval: A nationd telgphane ampk of his sze is accurate
within a 31 pereentaye int margin of @ror, 19 in 20 imes (@thoudh we would refer to predsion rather than aaurecy).

* Forthe Questdn: Is dgarette snokng a au® of urg caner? the Arsweris atherYesorNo and eror is gving thewrorg
oneof thesetwo cdegories For a Queston like this with a cateyarical Answer likely error camnat easly be quantified con-
ceptudly as it @n ke for a umeical dtributelike a poportion or an averaye

- Assasng the Imitation mposel by eror an a ategrical Arsweris wsudly basedon judging how wel the nvestiga-
tion(9 whichgave the Arswerdeat with each d the $ cate@ries d error dsausse garting in Sedion 2 kelow
[Program 1L of Againg All Odds Indde Satistics staes ta the D64 US Qurgean Gened's Report consderedinforma-
tion from over 6,000 nvesigatons(precominanly with ob®rvational Plars) © ansver Questons ebaut the heath conse-
guences(induding lung cancey of cigarete snaking; theseinvesigatbnswould often havearsweedthdr Questons by
conparing nunerical attiibutes — br instance the poportions of lung cancercasesanong snakers and ron-smkers)

NOTE: 1 Error andmist&ke are dten ugd ynorymaudy in ordinary English but aur (tednical) meaning is dstind — aur
‘error doesnot involve mistakes lut is an inherent chaacteistic of an Answerbasedon inconpleteinformation

® Mistakesin databasedinvesigatirg imposeadditional (often unremgnized limitationson Answers.

2. 9x Categories @ Error in Data-based Investigating

To purste aur dsauson, we remgnize ha overdl error in databasedinvesigatirg is uisudly the ret resut of seved com-
ponents, whichwe tink of in terms of $x categries d error Geealso he dagiam a the bottom right of page5. ).
* Study error; * meastement &ror; * modd error;
* sanple aror; * Non-reponseeror; * conpaism error.
Thesecaegoriesare isdul becaug, ontingenton proper Queston formulation in erns of the arget popuation/processthey
hdp us idenify souces of error; in a paricular invesigatbn, we then hoorporate Han conpaonents which we exped will
mange ircarracy and manaje mpredsion (by manajing varatior) in ways ha will redice to a kevé acceptlde in the
Queston context, the Imitationsimposel on Ansver(§ by (the likely size or chanceof) each caegory of error.

3. Sudy Error, Sample Eror and Measuemert Err or

The <hama d the iight below (see dsopage 6 of Gigpter3 of the D04 STAT 231 Course Note$ reminds us ha, from an
introdudory perspedive, databasedinvesigatirg is mnerred with thheegraups of wnits
* thetarget population: the goup d units to whichthe investgabr(3 gr— [ Sy ]

wantAnswels to the Questdn(9 to gpply; popuiation popuiation

* the study population: agraup d units avalable to an nvestgaton;
(true value$ (meauedvalue3

* the sample: the goup d units sleded fom the stidy popuation acually used
(continued weled)

in an investgaton — he sarple is aswbsd of the stidy popuation
[but see tt mmmentunde ‘Measuring overkaf o page5. 2.
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Asdatedwith thesethreegraups of wits ae:

* attributes quantities déned as a findion of eponse(@and peraps explanaory) vaiates over the goup.

Famiiar (simple) dtributes are arerayes proportions, meliars and sandad deviations. The importenceof attibutes is hat:
o Answel9 to Questdbng9 are wsudly given in termrs of dtributes, dten ter values;
o five of the $ cate@ries @ error are cefired n terns of dtributes.

The first three ate@ries d error havethe following cfinitions:
* Study aror: the dfferencebeween [the (true) valuesof] the gudy popuation/processattibuteand the d@rgetpopuationy-
processattibute [The popuationprocessdistinction is dsausse in Appendk 1 on page5. 5]
* Sample aror: the dfferencebeween [the (true) valuesof] the sanple dtributeand the stdy popuatiorn/processattibute
* Measuremernt error: the dfferencebeweean a measwedvalue and the tue Er long-termaveaeage value of a arnate
- Attribute measurement err or: the dfferencebaween a neastedvalue and the tue ©r long-termaveagg value of a
[popuation/processor sanple] atribute

NOTES: 2. Sudy aror and sarple eror ae cefined n terns o attributesof groups of wunits wheeas measement eror in-
volvesindvidual meastements —his is why the aldtional(sib)caegoty of attribute meastement eror is neeced.

3. e reedbath true valuesand brg-termaveage \aluesin the bg two o theseerror definitionsbecause

e ‘truévaluesfor quantities ike lergth, mass ad ime (@ndthe mary quantities deivedfrom them) can ke invdked
becausethele ae standards (i.e., cerified knownvalue$ for such quantities

- Measuing a sandad to quantify measung inacaurecy is lled cdlibrating the measung process

= WJ. Youcers dasst dsaus$on of measting inacaurecy is simnarized n FHgure 64 d the Gurse Mateials.

e long-termavaage \aluesmay be dl we haveavalalde when for insence invesigatirg the dstibuion of re-
spones to a gestbnnaire with particular questbn wordng and/or questbn ader

The impact o thesethree caegories of error can @nvenenty Target 4[ Study }

be dsplayedas a évdopment d the £hema 4 the botom right popuation popation

oveleaf (page 519.

® The three eror categoly names & gven acress he ottom o /;; o Sampe
the schema a the Iight, dthoudh ‘meastement eror'is really (true valie3
‘sanple dtributemeastement eror

® The arow rising from each eror categpry name hows te o
plaee of impact in the £hama d tha cate@ry of error.

@ The lroad arow from the sarple dlipse ¢ measted values Stidy Sampé  Memrament
bad to the igetpopuation repreents AswesE) D the Qies eror - eror eror

tion(9 abaut the targetpapuation ha are inferred from meastedsanple dataon repose(@nd usudly, explandory) varnates.

- The tick lines aosdng this kroad arow & the arowsrisingfrom each error cate@ry representlimitationsimposed by
error an Ansver(9; the pogress/e decreasen width of the lroad arow dter each error cate@ry reinforces this idea.

Otherddinitionsnee@d row for ths Fgure ae:
* Uncertainty: ignorance(incompleteknowledyg of error; for exanple:
- for a rumaical Arswerignaanceof the magntude andor the sgn/diredion of aror;
- for a ategrical Arswer(like Yesor N9, ignaanceof whether the Answeris the orred cate@ry.

* Repetition: repeding overand aer (usudly hypatheically) one o more of the pocesse of ®leding, measting, estimating.

* Sekcting: the process ly whichthe wnits/blocksof the samle ae oliained from the stidy popuation — t is descibed in
the protoool for selecting units (see Appendk 2 on mge 556 and 557). [Equiprobable sdeding is ebbreviated BPS

* Sampling is two proesses- sekcing andestmaing.

* Measuing: the process sedto ddgermine the value of a waniate the @mponents d a meastung pocess ae he nstu-
ment r gauge the @eaor, the me¢hod or instuctions) axd 6omemes the wnit beingmeasted
True and meauedvariatevaluesare dstinguished n the two shemasat the bwerright overkaf (page 519 and &@ove by
having two sanple dlipses; the \erical linein eacdh schama b to lemind us the sapte is a sibst d the sudy popuation.
[More arredly, the sarple is a sibst d therespadentpopuation, as we vill seestating at he ottom o page5. 24]

* |naccuracy: awerage ermor (i.e, its sysiemdic conponent) unde repetition
- Sampling inaccuracy: aveage snple aror underrepettion of ®leding and esmating.
- Measuring inaccuracy: avaage nmeastement eror underrepettion of measung the sameguantity.

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued1)

*

Imprecision: standrd deviation of error {.e, its haphazad conponent exhibited & variation) underrepetition
- Sampling impredsion: standad deviation of @anple eror underrepettion of ®leding and estmating.
- Measuring impredsion: standad ceviation of measwement @ror underrepeition of neasung the sameguantity.

Accuragy: the invese d inacairecy. * Bias: the madd quantity represening inaccuracy
Predsion: the inverse d impredsion. * Variability : the madd quantity repreening imprecsian.
Variation: differencesn (variateor atributg valuesaaoss he ndividuals in a goup ©) or arisingunde repettion ¢); eg,

o afaigetpopuation/proess, o a gudy popuation/proess, o asanple, o repeded meastements
® eror,  ® a anple aerge

Variation @n ke quantifiedby @daa or pobabilistid sandad deviation (Seealso BHe 575 & the wpper light of page5. 28)

* Edimating: a process singstdisticaltheay to derive the dstibution of an estmabr and déa b evaluae an (interval) estmate.

Edimator: arandm vaiable whosedistibuion shavs the pséble values of the @rregponding estmate unde repettion of
the leding, measting and esmating processs. [Random vaialdesare introduced h Figure 56 d theseSTAT 231 Course
Materials g, on pages 515and 517 — e és0 Figure 53 m pages 55 0 59 d the Gurse Mateials]
Edtimate nunerical value§) for a model parameer.

o deived from the ditiibution of the @rreponding estimabr, AND: o calcdated fom data.
- Poirt estimate: asirgle value br an esimae
- Interval estimate aninterval of valuesfor an edmae usudly in a formthat quantifies variabiity (represening impredsion).

NOTES: 4. The hrguaye of eror is devdoped n relaton © particular invesigatonsbut, in introdudory statistics, we quantify

eror anly in relaton © behaiour underrepetition because for exanple, he qantifying is basedon arespmse
madd which desribes behaiour anly underrepettion. Theseindividual investgaton/repeition and real wald/-
modd distindionswere introduced &the end bFigure 11 in Tabe 113 this talle, with additionalterms row de-

fined, is gven at he iight as Talde 571 Table 571:
® The terns in the mdde wlumn of Tade 571 refer b be- INP(}EQ'TC&\#\FON (H\E%%qulzﬁlocl\? Y
haviour underrepeition © we se sgh wads in the ©n- Red World || RedaWorld |  Model
text of proceseslike sleding, measung and esméing. oror inacourecy | bas
o A statament Ike the samphg impecsion in this ines variation impredsion | variabiity
tigaton .....is a ©@ntradction in erns. uneertanty probability
® The terms in the kft-hand @lumnrefer to an hdvidual in- esimate esimator

vesigaton; wedin the oniextof repeition, they need a gdifier like mae likdy to or inareases Ihe risk df.

o As we will seelater in the ourse two main methods of esimating — @nfidene intevals and tests bsignificane
— and the oneeptof (Unbiasel esimaing are intepretedformally in terms d repetition

o A disadvantge of English vocabuary is tha words with greder nherent gpeal — ike accuracy andprecsian
— are theinvasesof the qiantities — ke inaccuracyandimprecsion — we quantify diredly in statistics.

5. Contindng the hame d Sedion 2 on pge5.19 the mportancein datistics of the @neeptof error and its cée-
gorization is le@uUE:
e err lead to ilemgniing the mnaptsof uncertanty, inacauracy and impredsion and to bher succinct definitions

as gven for uncetainty and inacauracy an the fadng pageb. 20 and for impredsion at the tq of this page5. 2,

- we then ge wly satisticalmethods d@m to manage naccuracyand impeckian (by managing \ariation).

Alsq our meanng d ‘error enables us to dinethe gatisticaly troublesome aljective repreentdive
o Represertative ample: a sanple whase anple aror jand orregponding imitation imposal on Answver(g] is
accefiabk in the Questbn mniext However thee ae canpelling reasnsto aoid in datistics the erns

‘repreentdive and repreentdiveressin the onextof a anple:

- a anple eleded ty EPS & wlikely to be repreentdivein the rse jist gven for all attributes of poten
tial interest — ér instaince a sanple may havesmd [passbly (close b) zero] sanple eror for esimating the
(respondentpaopuation areraye’¥ but large sinple aror for estimating its sndad deviation'S;

- the sanple, d itséf, provides ro information atout its‘repreentdiveress

- there is no gleding processknownto Vield a'repreentdive sanple, except taking a @rsis;

- the termindogy tends to dosare e ditindion ketween the ndividual case (the particular sanple) and be-
haviour underrepettion (the properiesof the ®leding process;

- represerative hasbeen ugd with a ariety of (somemesill -defined meanngsin saisticalcontexts in con-
trast to ar 17-word ddinition atove, Kruskd and Mostller cevde 5 pages to dsausdng the meamigsof
representative sampling in three aticles in the Intermational Statistical Review 47 13-24, 1114127, 245-
265(1979. [UW Library call number HA 11. 1505

(continued weled )
2006-0620



University of Waterl@

#5.22
STAT 231 —WH. Chery

NOTES: 6. Varation gererdly hasnegaive connotaionsin gatistics — it is an impedment to:

(cort) e esimaing an dtribute(like an aera@ whichis an Ansverto a Queston;
e qudity in mandacturing @ senice proagesses-improving sud processes mears redwcing variation
By contrast, in the real wdd, vaiation @n hae positive connotaions; it is:
o viewed & an atidote to lorecbm —variety is the pice of ife;
o a requirement br the process d naturd seledion b operate
In a gmilar vein, two contrary viewsof incompktenessare:
e incompleteness & the urce d uncetainty whose nanagiement s the pimary coneernof datisticalmethods;
o Answes with limitationsaceptide in the Questbn mnextsebdomreguire he @mmiment d reurces reeced b

obtain conpleteinformation; i.e, ssme uncetainty from conening resurces is wudly an acepile trade-off.

7. BEngilish prosein some onexs is onsdered’beter if it uses ynoryms instadof repeding the same wal;
with aur gatisticalternindogy, the oppaite is true — it merely sows confusion to use wha we think is a yno-
nymin place of the wad or phrase ve haveddined (seealso Note 97 m page5.85 in Appendk 17).

In paticular, we chaacteize Ansvers spaatdy in terns of their (likely) inaccuracy and their (likely) impredsion,
togeherwith the ensung imitaions; we awid the words untr ustworthy, invalid, unreliable andweg because
e they bo w confusin if usedas gnoryms for inacaurae and/or impredse

e they ae sandimes usd @relesgy to imply some unddined corrbination of inacaracy and impredsion.

4. Plan Conponerts to ManageStudy Err or, Sample Err or and Measuemert Err or

This Sedion 4 @n ke anittedfrom a frst reading d this Fgure 57 @s @n Setions 6, 8 ad 6 on mge 526, 528 and
5.39). Planconpments to nanaye sudy atror, sanple eror and meauement @ror ae simmarized n Tade 57.2 kelow

Plan Conponert

Error
caegory

Table 572
Error Managemern Strategy

Spedfying the stidy
popuatiorn/process

EPS

Method d/
sdedlng

Jud;]&r

/

Sdeding wnits

(Re;icalng) \Judgjer

Strdifying the

respmdent puati 0

Inacarecy

/
\ Impredsion

Measuing \arates

Sinple
Edimaing Rdio
attibutevalue 7
Regesin
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Study

Measuement

Sampé

Spedfy the stidy popuation/proessso is dtributdg can ke antidpaied b be ale-

quady close (in valug to those d the targetpopuation/proess

® Restricting valuesof explenaory varates an edice \anation in he stidy popua-
tion/process- this may decreasesanple eror butincreasestudy error.

o Sampd eror is preferred becausestdisticalmethods to manae t are keter ce-
fined than the dra-ddisticalknowledye wsudly neeced b manaye sudy eror.

EPSis the kass of sanpling theory which provides br:

e unbissedesimating of the egondent ppuation aerae ty the sarple areraye

o quantifying the Ikely sze of sanple eror underrepettion |.e, quantifying sanpling
impredsion, whichwe take rere & ‘quantifying uncetainty’].

Judgemer selecting aims b make aanple aror & gnall as nedced n the onext of

the particular invesigaton.

e It provides ro bass for assesag if this am has leen achieved

EPS Sanpling impredsion decreasesvith increasng sanple sze ceeAppendk 4 an page 559).
Judgemet seleciing: increasingsanple sze wsudly deaeases te dificulty of making

sanple aror @ gnallas neced n the Questdn onext BUT:

e There is no heoretical bass whichrdates sarple sze to anpling impredsion.

Decreasesanpling impredsion unde EPS fom the (propery-chosen) drata.
e Provides #ributeestmates for the grata & well as br the repondent ppuation.

Usea measting process wWhose nacaurecy is acceptible in the Questbn @next
e Incauracy d a measung pocess aesnot necesaily deaease with its cost
o Inacarracy is manaedby usng sandads (vhere they exist — s2e Note3 on mge
5.20) to calibrate the measuing process
Usea measung process whose mpredsion is ecceptilde in the Questbn mniext

e Decreasd impredsion for a measung process sudly entais a nore costlyproess
but tre @nverse & notnecasaiily true.

Unde EPS the samle averaye and sample sandad ceviation provide esimates, with
defined behaiour underrepettion, of the @rregponding epondent ppuation attibutes.
When esmating the epondent ppuation aerae a total unde EPS ratio and re-
greson estmating improve the 6inple) esimae by using the repondent ppuation
aveege 0 total of an explanabry variatewith a étrong) postive sdation with the
reponsevariatewhoseattibuteis of interest
e Rdio esimating deaeases saanpling impredsion when the sindad deviation of he
reponsevariateincreaes ineary with the sjuae oa of the eplanaory variate
® Regesion esimaing deaeases sanpling impredsion when the sindad deviation
of the egponsevariatedoes not chage with the value of he eplanaory varate
Rdio and _reges$on esimaing introduce estimaing hbias but @n hae snaler ms
eror thanYor NYas he esmator of the epondent ppuation aerae a total

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 2)

NOTES: 8.

10.

2006-06-20

Anticipatirg the lroader view of error in Sedion 5 whichstats overkaf rea the lottom d page5. 24, ‘study popu-
latiori has keen gven (more corredy) as repondent ppuatioriin sx places in Tade 572 an the fadng pageb. 2
and h NoteslO and 1L belowand h Notel4 overkeaf o pageb. 4.

. lllustrdionsof restricting (meaued exdandory varates when pecifying the stidy popuation/processare:

® When nvesigatirg a mandacturing process br components @ parts, the sidy popuation might be pecified
as hose pats dill at he nandacturing sie, whichwould usualy be @rs producedconseuively overa rela-
tively shat time; ther variation is heefore likely to be smdler than the bngertermprocessvariation

® A clinical trial GeeNote 38 on jage5.39) of a dug or surgcal procedure ma restict the stidy popuation of po-
tential participants to me s& or a paricular age goup; this is @ainlikely to redwce variation anong paricipants

Manaing sudy eror may be asssted ty congruding afishbone dagram (see Appendk 3 on pges 557 to 559)

for the study popuation/proessand omparing it with the dagramfor the target popuation/process particularly

when the uits d the stidy popuation/proeessare asuwbset of those d the trgetpopuation/proess

Stdistics anphaszes BPS ¢r its equivalenj, pariculary in introdudory courses, leaue it is the kass of datistical
theay which provides gnde repeition):
e an(inversg relatbnshipbeween sanpling impredsion andsamplesize (or degee d replicating);
e an epresin for aconfidence interval (CI) for a popuation averaye — sich an ntewal, understitable modelling
assptions quantifiessanpling and meauing mpredsion (see Hgures5.8 and 131 of theseCaurse Materals;
e unbiasedesimaing (.e, zeo sanpling inacaurecy) of a popuation average (@nattibutecommaonly of intees}.
[Of course an Answer obtained from aparticular sanple remans unertain, as efleded ly its imitationg,
® Alsg a resut from probability theory (the CentralLimit Theoren) makes @proximatdy Protabity
Gaussian@sillustraed a the iight) the dstribuion of the aeraesof the ®t d all fremRren
possble sanples d a gven sze from the epondent ppuation; & a @NeqENE,
uncer EPSthete is ahigher probabilty of seleding a @nrple with sanple eror o
smdler magnitude alower probability of seleding one with larger sanple eror. campe
- Thecertre (oraveraye) of the fynmerica) Gaussan distibution in the dagam 0 ereor
beng & zeo sanple aror is wha is meant &ove by unbiasedestimating — this
matteris illustated n more cetdl in Appendk 4 on page5. 5.

EPS doesiot, of itsdf, redice sanple eror or ainpling impredsion, as mpliedin (wrong) staements ach &s:

o EPS gneates arepresertative sanple; I
o EPS gneates a sinple which provides a poper bass for gererdi zaion; .

as vell as nisregreening the satisticalbendits from using EPS such gatements onfuse epettion (the process
of EP9 with a @ricular invesigaton @ sanple). [Staements ke thesemay arise fom mistakerly intepreing
langlagefrom ddtisticaltheay as referiing to the samle dtainedin an individual invesigaton when t actudly
refers to kehaiour o the ®leding processunde repetition] A carectstdement &:
EPS povides 6r quantifying sanpling impredsion and ®, in corjunction with adequate replicating (or an ade-
guae ampk sz, dlowsan Arswerto be dtainedwith acoceptide limitation imposeal by sanple aror in the
context of a paricular investigaton.
o What mnditutes accepabk limitation imposel by saanple aror depends on he nvestigaton recquirements ér
Answely; uch requirements & dten quantified in terms of sanpling impredsion.
- An exanple is a poportion— like the percentage of working Canadars who do not ontibute b thar RRSP

— to be simated b within 2 percentage ints with 95% probability or at a $% level of confidene.

+ In this exanple, an Answeris to be dtainedthat is‘corred’ (unde repeition) about %% d the tme (i.e,
the A does contain the ppuation proportion and ‘wrong' abaut 3% of the tme (the CI doesnot contain
this proporton); such uncetainty, quantified (urderrepeition) in ternms of probability or leve of confidene,
is unavddable for an Answverfrom inconpletedaa (.e., an Answerobtained by indudive reasming).

Expeienceshavs ha EPS & the processfor sdeding the samle to ansver a Questbn with a desaiptive as-

pect, and ha sanple aror underjudgement sdeding usudly imposes an unacepiide limitation on @ Answer

to the dgree that such investigatirg is ldoma jusifiable use d reurces.

o Judyament gleding is induded in Tabe 57.2 an page5.22 becau®, tegpite its kadk of theorefical fourdation, it
is comnorly usedin invesigatbnsto arswera Questbn with a cawsatve apect, wheee BPS & dten nfeable
— e tle dsausson of experimentalPlars on @ge5.38 in Sedion I7 and in Appendk 14 on pages 579 to 582.

. Sampk $ze which indudes number d blodks (or groups) in a mmparative experimental(or obsevationa) Plan —

seepayes5.36 and 537) is refered b as replicating; definitionsof this ermand d‘covering are:
Repicating: sdeding more than me wit/block from the epondent mpuation or the sanple.

(continued wveled )
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NOTES: 11.* - Adequate replicaing: sdeding jus enaighunis/blocksfrom the epondent ppuation © make the Ikely

(cort)

13

14.

magnitude d sampleerior fand hencethe imitation imposel on Answer(g] accegabk in the Questn @niext
* Covering: to try to manaye snple eror, the valiesof explanaory varates of the wits d the samle ae lec
ted b cove the large of \aluesthat acour anong (nostof) the wnits d the espondent ¢r gudy) popuation.
Coveiing is a guiding prindple for judgement gleding; its chane o (partial) sucess sincreasd by:
- greder redicaing (.e, a hrgersanple sze), AND:
- greder knovledhe almutthe valuesof explanaory variates anong the wits d the epondent mpuation.

. The estt of sdisticaltheay (givenoveleaf n Notel0 o page5.23 which inversely relaes (nde repettion)

sanpling impredsion to (the suae oa of) sanple sze ppeas D be wddy remgnized, perhps in partbecause
it acoords with intuition tha an Ansverfrom a‘large’ sanple is ikely doser © the sateof afairs in the ppuation
or process han an Aswerfrom a‘small sanple. Howerer lesswiddy appredated(or moreeady overboked
is that the shtisticaltheary is basedon EPS of the samle. Hencein proper gatisticalpradice:
e invesigabr(9 must make dea, and reades Or uses) ake rote of, how a sanple was seded
e with anon-probabiity seleding process €g, judgement gleding), thee is ro theoreical bass to jusify in-
voking the sarpling impredsion-sanple sze relatbnship
o we auld recgnize ha sanpling inaccuracyhasno necesary reationshipto sanple sze — nacaurecy in‘large’
sanples nay thusbe nore dargeousstdisticaly than n‘smd’ sanples, egadess of the ®leding process
- lack of an ‘inacaurecy-numbe of inseince's elatbnshipis dso chaacteistic of othe caegoties of error —
for exanple, a uler nissng its first @nimetre will yield lergth meastements ae @nimetre o hgh (that
is, the ruler wil have measung inacauracy) no matterhown mary timesit is used
Intuition atout the ikely smaler nagnitude d sanple eror in an Answver from a‘large’ sanple may be @rred
in the e ase vhee the samle mntains he najaity (@t kast8®o, sy) of the ppuation urits — the statstical
issuels then the saple szein reldion to the popuation sze, notthe sanple sze pe se.

Satisticalissus raisedby measuring in databasedinvesigatirg are dsaussé in Appendk 5 on pages 559 to 562.

o Manaing sampleattribute meastement eror is (sual) achievedby manaing measwement eror dthoudh,
as dsaussd in Appendk 5, thee ae dfferencesn the dfed of meastement eror an variates and dtributes.

Limitation imposel by sanple aror cn Ansver§ basedon datafrom a anple ®leded ty EPS @an usidly be
reducedif thee is prior information, explated appopriatdy, ebaut the repondent ppuation — br exanple,
meastedvaluesof relevantexgandory variatgy. Two shtisticaloptionsare:

* Stratifying: stbdviding the egpondent mpuation into groups Called strata) so ha units within a gratum
have sinlar reponsevariatevaluesand uwits in dfferent statadiffer as nuch as €agble; the samle is d-
tained by sleding units g, by EP9 from ead straum. Althoudh the pocess @ stratif ying refers to \values
of therespms variate it may be basedn practice on valuesof a siiteble explanabry variate
Strdifying is used to echieve e o both of the bllowing bendits:

- to make Answver(§ more wsdul by subdividing them by gratum; for insance in Canada the national
unemploymentate reed dsoto be available by province and teriitory;

- to mana@e snple aror (by decreaing sanpling impredsion), provided the prior information atmut the
reppondent ppuation d owshomogendty within drata hetepgendty among gratato be ahieved— e Ap-
pendix 5 on he kg sde (page 596 of Figure 58 for an introductory disausson of drétifying end dustering.

* Ratio or Regresson Estimating: udng information aloutthe valuesof an explanaory variate overthe wnits
of the egpaondent puation, to deaease mpredsion of estimaing a ppuation attibute ke an &eraye o
tota} to acconplish this, the explanaory variate musthave a $trong) positive ssodation with the reponse
variatewhoseattibuteis of interest — the sbnge the adation, the geder the deaease n impredsion.

Rédio and reges®dn estimaing are dsausse in latercourses on siney sanpling g, STAT 332).

® Rms eror, an aronym for root mean sjuae ertor, is dsaussé in Appendk 6 on page5.63.

5. Non-Regonse Eror

The hama n Sedion 3 at he ottom right of page519 for our introdudory disaus$on is more wsdul with two addtions.
* Therespmdentandnon-resmpndentpopuations to dlow for non+epaonseerror, disausse in this Sdion 5

- ddinitionson pageb. 20 are then estdéed d the tg of pageb. 26 with ‘study popuatiori refdaced ly ‘regpondent puation.
* Themadd, to dlow for nodel aror, disausse in Sedion 7on pages 527 and 528.

Non-regpanseerior is of mnernmostobvioudy when stidy popuation urits are tumans and the Qieston tas a éscip-
tive asped — D-called samplesurveys. Non-repanseis an inseinceof the lyoader gatisticaltofdc of misdng data. We cefire:
* Regonden population: thoseunis d the stidy popuation ta would provide the d& requesed inderthe incenives for

repanseoffered n the nvesigaton;

2006-0620

(continued)

#5.24



#5.5
University of Waterl®m STAT 231 —WH. Chery

Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 3

* Non-regpondert population: thoseunits d the stidy popuation tha would not provide the d&a requesed underthe in-
centives for reponseoffered n the nvesigaton.

* Non-reponse eror: the dfferencebeween [the (irue) valuesof] the regpondent mpuation and stidy popuation attibutes.

As indicaed n the dagam d the ight, we consder the study popuation Study popuation
to be made up of he respadent and non-respndent popuations. The st Regpondent Non-respon dent)
of unts sdeded fom the stidy popdat.ion is he sekcton, and comprises popuation popuation
the sample(from the epondent puatior) and the non-respncents(from N N ¥ N ¥
the non-reppandent wpuation). The dagam ha two categoriesof symbds: ?S _ e
- the Ns and rs refer b numlersof units, S Sdedion
- the Y; and.the_)s ae awragesof a |espgqsevariate¥ of the wits . Sampk res')\‘o?{gems
The relatbnshifs anong the numbers of wits ae: ng | ny Nor Ve
Study popuation = Repondent ppuation + Non-+egpondent ppuation %
S = N + Nnr t W] 4
Sdedion = Sampt + Nonsegpandents Staisticaltheayparicularly of suney
n - n + M sanpling, is cevéoped rmainly in the
S ) o o context of the respadentpopulation,
The shema a the bwerright of the first &le of the Fgure (page 519 is gven often withoutrecgnizingit expiicitly.

at the ight but with the regpandent and on+egpondent
popuationsadded The \erical line now indicaes the

sanple as a s8bset d the respadentpopuation. p;ﬂgﬁm
The <hema B $ionvn gyain as a évdopment @
the ane & the @nte right of page5.20, with the
impad of four caegores of eror — gudy, Samps
non-reponse sanple and  meauement —
induded.
Non-repondent puation)
Fora Questbn with a desriptive agect, the Target Reponden
ovadl error is the sim of he bEr errorEp cate@ries popuation population
owrdl error = study eror + non-espne eror( )
+sampleerror - 57. f’
+ samgleattribule nmeasiremet eror
The dagamat the kottom right shows pctonally,
when esgaing an average to arswera Questbn
with a dsciptive apect, the breaklowvn o over S e
all error gven in equdion (57.9; symbds ae k- (Sampe| arbuig
fined in 'I%\Eie 521? a the ight be%w Licenceon %Hg)r/ Nmerﬁz?rmse Sgrrrgrrk Meaé?rn?rn ent
two mattes improvesthe darity of the dagam
o all fourermor components ae paositive — in practice overdl error Table 5.7.3: SYMBOL DEFINITI ONS
may invdve smecarcdlation anong eror mnponents d oppaite sign; ¥ | Reponsevariate
o the dstribuion of measured sanple atributevalueshasbesn noved down. ¥ | (True) argetpopulation averaye
¥s | (True) sudy popuation averaje
Othermaters aut the dagramare: ¥ | (True) epondent mpuation aerae
® true (1) and meaued(m) valuesof a snple atribute(hee, an averagp, ¥ | True averae br sanple skected
unde repeition of he leding, measung and esimaing processes, ¥ | Measuedavaage br sanple skected
hare each been mocelled ty a Gaussiardistributon; T | True value of a anple averge
M Measuedvalue of a anple average

® the value of hetrue avaage of he samle sekced from amang the

s¢ of dl posdble sanples, s repreentedoy the tack filled drcle ¢); , Ovwerdl error ,
® the value of he measured sanple averagye from among the =t d all Study Sampe _
passble such values;is reprentecby the tack filled sjuae 6); eror | Nonfeponse  erior | Sampt, dirbutemeastement

@ there isnosanpling bias — the mean tthe samling dstribuion is ¥;

o thereis measting bias— the haizontal distancebetween y and he
long-termaverage (the meanof the ditibuion) of its measured values;

® sanpling variability is largerthan meauing varability — the sandad ¥ ‘Z 7
deviationof the dstibuion of the B is lrgerthan ha of the Ms. |

—— Measuing bas

TTTTTITTTITIIIITITTITITTITITITT
] LI

Definitionsfrom page5. 20, restéed b take acoourt of the stidy popuationregponent
popuation dstindion, are gven overkaf a the tq of page5. 26, with their charges unde
lined fourunchamedddinitionsare dso givenagan <o five €orrect error cefinitionsare

(continued weled)
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togetherfor convenient eference

* Study et or: the dff erencebeween [the (true) valuesof] the sudy popuation/processattibuteand the drgetpopuation/process
* Non-reponse er or: the dfferencebeween [the (true) valuesof] the repondent mpuation and stidy popuation attibutes.
* Sample ar or: the dfferencebeween [the (true) valuesof] the sanple atributeand the epandent ppuation attibute
* Measuremen error: the dfferencebeween a measwedvalue and the tue ©r long-termaveage value of a arate
- Attribute measuremert err or: the dfferencebaween a neastedvalue and the tue ©r long-termaveagg value of a
[Popuation/processor sanple] dtribute
* Sekcting: the process ly which the wnits/blocks of the sarple ae oliained from the egpandent mpuation — t is des-
cribed in the protoool for selecting units (see Appendk 2 on mges 556 and 557).
* Variation: differencedn (variateor atributé valuesaaoss he ndiiduals in a goup ) or aisingunde repettion ¢); eg,
o afargetpopuation/proess, o a dudy popuation/proaess, o repeded meastements @ ermor,
o a repaondent ppuation, o a mn+epandent ppdation, o a @anple; e a anple aerge
Variation @n ke quantifiedby @daa or pobabilistid sandad deviation (Seealso BHe 575 & the wpper light of page5s. 28)

NOTE: 15. Which unis d the stidy popuation fall in the egpondent and on+epondent ppuationsdepends on heincen
tives offered for egponse— dff erent ncenives will presumably, in gened, restt in diffeert ses d the stidy pop-
ulation urits in the two mpuations. For givenincenives for reponse (asspedfied in the potocd for sleding
units in aparticular invesigator), datisticaltheay to manaye ronregpaonseeror can ke basedon:

e adeteministic modd — a gven wnit will always male the samededsion aboutwhetter or rot to epond; OR
e astodchastic modd — a gven unit's dedsion will invdve uncetainty and 9 is nodelled pobabilisticali

Ou regpondent and on+regpaondent mpuations are concepual in the ®rse ha we mly encourter subsets of
them @s he samle and the wn+egpondent} if a wnit is notinduded n the €ledion, we genealy do not know
(anddo rot needto know) to whichof the two mpuationsit belong.

6. Pln Cormponerts to ManageNon-Regponse Err or

When uing the aeraye repreentedby the random wéabe Y, of the sarple sleded ty EPS & the esmator of the study
popuation averayg Ys, the non-respndng hias repreening non+egponding inacaurecy; is:
Va Y = _ Y — N?"'Nnr?r nr Y _
EY)-¥%=¥-%=¥- +Nn = ot (F ).
Thus, to edice mn+eponding inacaurecy, the Han for an nvestigaton reed to ndude mnmponents ha are expeded b re-
duceoneor both of the £rms on he iight-hand &le of equaion (57.2):

e the ronteponserate AND/OR e the dfferencein atribute \aluesfor the repondent and onrepondent ppuations.
ThesePlan @mpoents enphasze incenives for wnits to povide the nformation requesed as simnmarized n Talde 57.4 bdow.

Error Table 574
Plan Componert caeqory Error Managenert Strategy

Questonnaire 1 Apart from a psdble legidated requirement to epond €g, to a popuation ersis),
obtaining reponses from wnits whichare lumans rdies a incentveswhich indude:
e a dea, answerdle, siccinct questnnaire;
o when kadle, a gestbnnaire i onesheet d paper (or guivalen) is an advantae

. e propery traned inteviewers;
Intervewer e call bad to nits Lniil those vwho ae uravalake are contacted
Obfaining . / e appeal to aruism — repond to povide information tha will bendfit sodety;
repanse ——Incentives 1 Non-repanse ¢ offer a natetal reward for repanse

\ o give everyrepandent a mall item like a en o a dollar @in;

Call-baks o offer eppondents a chaecto win a sibsantal prize ike a tip.

The ill and persigenceof inteniewers, deeloped Ly training, ae a conponent of
the incenives — ee ds0 Note 68 at he ottom o page5.62.
The deansepaation of epondents and an+epondents $ an deaizaton — m@rial
Other (or ‘item) non+eponseis dso enourtered n practice when samled wits povide
L somebut nat all, of the nformation requesed.

Imputing is the pocess & assgning \valuesfor missng dosevations—eg, assgning a \alue br the repone of a ronrepondent o the kass
of its valiesfor known exdandory variates (ike ®x,age locatior) tha (it is hoped are reagnalle ‘predctors of the eponsevariate
e The purpose d imputirg is to $mpify the dda analsis; i rarely meanngiully increasethe mmpleteness d the nformation in he déa.

Imputng

NOTE: 16.Illustaionsof the ecuirement br dear and arsweréle Questnsare:
e Howmuch hawe you et an gaglinein the s decale? is dear but inarswerale for mary pele.
e Howmuch o you pend per week @ householdtems?is unclea becau® ‘houséndd itemsare rot ddined.
A questbn b quantify behaiour mgy ask atout the behaiour over a ime period €g, lag week or lag month)
and then sk if tha time period wastypical, ratter than aking for the average behaviour over sud a period.

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error—Its Categories and Sources (cortinued 4)

NOTE: 16.Aboutl4 minutes into the onent d Programl4 d Agang All Odds Insde Satistics entitled Samphg and &mp
(cort) ling Distributions Roge Tourargear commentshat the egponseproessis mmplicated and pegple haveto:
e interpret the qieston @rredly in the way the eseacherwaned t inteipreted
e retieve rom memay whaeverinformation is elevanto arsweing the qiestbn,
e often combinethe information into some knd of overdl judgament e reportan aiswey
and ha things can g awry in each of thesestgps The rewspapr aticle Hooked on your cdl? You nmus be Gan-
adan, reprintedin Appendk 7 an page5.64, is relevantto thesematers.

7. Satistica Modelling and Model Error

* Regonse model: a mattemaical desciption, induding modeling assimptions, of the elatonshipbaween a egponse
variateand eplanaory varatgg; the brmof the elatonshipis mntingentin part,on the Han.
- Thestructural conponert modds the dfed of specific exdandory varatg9 on the egposevariate
- Thestochastic componert modds variation alputthe grudurd component.

* Model paameta: a mndant (Usualy denoed by a GreeKeter) in a reponsemodd tha represerts a repondent ppuation

attribuie — for exanple, i/ repreents¥ in the eponsemodd (5.67) near hie midde o the bg sde (page 518 of Figure 56.
The four main repponsemodds dsausse in STAT 231 ae simnatized n Fgure 71 d theseCaurse Materals; modd sym-
bds ae cefined n Fgure 59 and an eewview of leastsquae esimating of model parameers is gven in Fgure 81

Distiibuion of

Modd-basedmethods of analysis in datistics use @tafrom respandentpcpuiaion
a sanple  esimae valuesof model paramders which Poporion e it v | Vaaevakes  ockfor the
then epresent gausble values(in light of the dag) for re- of measedrepase e o o on
spondenipopuation attibutes and, hence for Ansver( to / R RAEe ® sormrpof
Queston(9; we distingusha pant estmate from an interval \ meastediepase
esimae @s afined doe Note 4 on mge 5.2). When he
Gaus-
sian model is gopropriate for the dstribuion of the egponse
variate values,the model meany is esimated ty the sarple
avaagey ando is esimaed ty the sample sandard deviations
— bothpant estmaes. Asillustraed a the ight, we an hink of the
processof esimaing by y ando by s @& gproximating the hstagramof a
daa st by the Gaisgan p.d.f. with the same €entre’ and samewidth as the hstayram.

The <hema fom the ente right of page5.25
can ke agtedto indude the model as fovn & Target

gel dy
the right; this \ersian now incorporates two addi- popuation Suaton |~~~ MODEL

tionsove its introductory versian at e kottom right
(true value$ (meauedvale3
* Model aror: the dfferencebeween the nmodel and its nodelling assumptionsand he

of the first &le (page 519 of the Agure — he epon-
denfnon-repondent ppuationsand the mdel.
actwal stteof fairs in the real wdd; modelling assumptionsin introdudory courses typically indude:
o equiprobalde sleding of wnits for the saanple; o the form of the stucturd component d the eponsemods;
o the Gausianicity of each resdud, o probabilistic ind@endenceof the esduds;
o equd standad deviationsof (repansé valiatevaluesanorg dfferent goups of wnits.

Modd error, with its mahemadical and pobabi-

listic focus, & abroadand omplex bpic and df — Noryreppandent ppuation)

fers in its naure from the dberfive caegories of pq)ug?ion popuanon %%pljg?grf]‘ ______ MODEL
ermor invdving dtributes; te dsais$on of Plan

conponents to nange nodel aror in Tale 57.6

oveleaf o page 5.28 is festicted b five a- /_S;m Samm
sumptions (as given above underying our (four) (tme»aues L(meauedvam
reponsemodds ummarized n Fgure 70). The j

lower schema d the iight above is hown gainat
the right, as a dvdopment d the me & the

Answel§ 0 Queston(9

A . . . (Sampe| atributg
catre _ngrt of page5.25, with the impact o five Stidy Nomespmse Sampe g A Modd
caegories of error — gudy, non+feponse sanple, ermor erml eror eror eror

meastement and radel — nduded.
(continued weled )
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All mahemdical modds ae ideaizatonsand all @#e poduds o Red World 3 Imagination
the intdled and the magination As sown in the bwertwo shanas RESPONDENT §
ovaleaf o page5.27, we think of the nodel & alink beween the POPULATION Vodd
sampleand herespadentpopulation; a moredetailed fictorial repre- (et Bpon-
sentation of this ika 5 sown & the iight. it o

3 MODEL

NOTES: 17 To maintah the dsinction between the real wdd (epre- Modd

paameters ae
estmated fom
sanple data

sentedby the d#&g and the nodel, we wse diferent wads

—‘avaage and ‘meafit for their meastesof locaion; unbr-

tunaey, we do rot have tis tion for the o meauresof SAMPLE
variation, whichare both called standad deviatiori 1n the ealy

stagesof learning gatistics, t is helpful to, & leastmental, add the e-

spedive ajectives ‘dad and ‘probabilistic Table 575

to disingushthe wo uses bstandad Attribute | Red World § Model

deviation This ernmindogy is im- Location | Averaje | Man

marized in Tade 575 & the iight. Variation | (Datg) standard deviation | (Probabiiistiq standard deviation

18. In Figure 58 d theseCaurse Materals,we devdop probabiiity modelsfor the invesigative processes of sanpling
(sdeding) and meswring; thesemodds dlow us, n Chapterl3 to quantify the Ikely sze of sanple and meaue-
ment eror — that is to quantify uncetainty from thesetwo ources — br Answers to ®me pes d Questdns.

19 In Note42 o, page5.43 thee is furtherdisaus$on of model aror aisingfrom dff erencesdheweean the mathe-
matical form of the stucturd component o the nodel and the atud state d affairs in the real wdd — the on-
text is Lsinga repansemodd to manaye @mparisan aror due b posdble mnfourders) in an dosevationalPlan
o In ary situaion whee an Asweris basedin whde a in part,on a natremaical modd, we sauld bear h mind
a mexim o the hte Dr.GeageEPBox, a rgected U.Sddistician: Al model ae f2wrong,
someare wsdul.

8. Pln Cormmonens to ManageModel Error
Plan omponents to nanage nodel eror ae simmartized n Takde 57.6 bdow.

Plan Cormponert caegory Error Managenert Strategy
EPS 1 Limitationsimposel by nodel aror from two nodelling assunptonsare manaedby:
e ersuing he leding process br wnitsis (equivakent tg EPS,
Fom of the stuc- e ersuing \aratevaluesare meastedindepedenty.
tura companent . ) . . )
Assesng how wel modelling assumptions appea to be net wudly invdves gaphical
Assesng rmdal/ Gauséanidty disphys ég., scdterdiagans) d the estnated esduds from the eponsemods;
ling assumptions { Modd ¢ usea Gausian quantile dot (or somdimes, a Istayram) to assess Gusianicity:
\ Probabilistic o trandorming €g, taking logaithms of) the datacan hép med this asunption;
indegpendence e usea fot in the tme order d datacdleding to asses pobabilistic indgendence
e useside-by-sde dot- or boxdots,or a got with the explanaory variate from the stuc-
Equd standad turd component o the nodel an the heoizontal axs, to sssess gudity among, or de-
deviatiors L pendenceon an explanaory variateof, gandad ceviations.

NOTE: 20 Measung independerily mears the @erators knowledge of he valie aisingfrom ane ealzation of he meauing
proessdoesna influence the value he dtains from ary other realzation 6eealso @ge5.60 in Appendk 5).

9. Investigating Satistical Relationships: Changing and Comparing

Relatonships ocaur in most (pertaps dl) arasof human endeaour and X-¥ Relationship? (existenceassodation, causéon)
comein mary forms. In gatistics, we @g relatonshis in terms o variates— in s a A
the smplest cae between one explanaory variate (X, say whichwe all the @\
focal variatg¢ and ae responsevariate, over the wits d a popuation. How- @/ R
eva, as portrayed pictorially at the iight, in gatistics we @n ®ldomignore othe E >®
(non-focal) exdandory varates @enokd Z,, Z,, ....., Z,) when asweing a sp.onse
Queston about an X-¥ rdationship beaug the Arsweris predcaed m Z,, Z,, veriate

..... , Z remahing fixed when X chargesto make gpaentits rdationshipto ¥, Explandory variates
This idea aises mattemadically when to analyze datafor the k+2 variates of each .

the epcoomodd (73 noaticn  YEAAX AL b2 tR, 151200, R R 673
¥ hasa first-paver (or‘straight-lin€) relatonshipto each planaory varate the ntepretaion of, (the wdficientof the fo-
cal variatein the nmodel) is the chage in he aerae of¥ for uni charge inX while Z,, Z,, ....., Z all reman fixed in value
[The inteipretaion of any of thek+2 coefficents i the stucturd component o (57.3 requiresa smilar caveat, of course]
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 5)

Temindogy for descibing databasedinvesigatirg of datisticalrdationshifs is gven in the £hema d the ight below

NOTES: 21 The me¢hod d investgatirg an X-¥ rdationshipin gdistics is by charging andconparing — we ompare values
of ¥ as he valie of X chames,descibed nea the ottom d the fadng page5.28 as X chamging to make gpa
rentits relationshipto ¥. This is why experimentaland dosevationalPlars ae descibed as comparative.
o Chargesin the baal vaiateX may be those ha ocaur raturdly in the ppuation a they may be charges
imposel by the nvestigabr(§ underan eperimentalPlan éeealso Note56 a the ypper half of page5s. 52).
o Aftertwo variates, the extlevel of conplication is elatbnshifs anong threevariates: two exgandory vanates X,
andX, and a eponsevariate¥Y (‘common reponseé) [or two reponse o oneexgandory vatiate(conmon caug)].

22. The rotaion wsedin this Fgure 57 is X for the focal variate and Z for othernonfocal explangory varnates;
elewtere, you nay e tle meanngsof X andZz intercharged

* A relationship in datistics aises from the bllowing £quene of happenings o Two variates: X, ¥
- We doseve that the valie of arespase variate charges(.e, ows Relatonsh|p<Three \aratese” Xv X2 ¥
variation) over the wnits d a group, such @ a arget popuation, a XYY,
study popuation, a regpondent ppuation a a aanple.

L . . Scdter diagiam——Data visudization ftware
o It is implcit tha thee ae ane @ more cawsesof (or ‘reasonsfor)

thesecharges(.e, d this varation) in Y. Lurking variates— Confourding— Compaism
- We wish to acoourt for thesechamges(.e, for ths varation) — we Coq i erer
introducethe idea @ an explanabry variateX (the focal variate. Fom: eg, linear
Magnitude (StrergtH)

- We lodk for assodation beween the valiesof ¥ and X (eg, wsinga

satterdiagam — ge lelow) — a elatbnshipis the connecton (if any) Assogation E:)emo.n
. . . portionality
beween chargesin X andchargesin ¥ (or in the average of ). Caorrelatbn
o If (sutable datashav tha) ¥ remains unchargedwhile X charges(or
vice \ersg), thee is no X-¥ rdationship an dea & unconnectechess _ Edablish .
capuredby me seseof the wad independert. Causton <Accepted4 ﬁ';g‘n‘;fﬂ;e
+ We dauld recanize he dsinction ketween the benhaviourd uncon- Priotitize
nedechessof indepanden@ and he Spatid sepaatenesscapuredby digoint, as n ‘disjdnt events
* A satter diagram is a Garteson plot with a epponse
variate(or esimaed esdud) on the \erical ais, ¥ ¥ ¥
an eplangory variateon the haizontal axs. . . .
- A scdterdiagam — a gaphicalattibute— is e : ..
a wsdul way D look at chtafor an X-¥ rda- Lo - e
tionship Eacd unit gppeas & a at ©r aher Lowt " . .,
appopriate symbol) locaed @ the @ordin- ’ : ., . .
ates ceteminted by its X and¥ vales; [ x 4 x %

threeexanples ae stownat the iight.

o The tak of lodking @ multivariatedaa {.e., datafor threeor more \ariates) b detectpaterns which arswerQues-
tionsabout rdationshifs an ke dded by ddisticalsdtware tha shows,on a onmputer seeen, a pant cloud in three
dimersions, with additionalpassbilities Ike:

+ usng oolour to distinguish stbses of the mints; + rotating the int doud in real tme
Progam D o Agang All Odds Indde Satistics entitled Multidimengona Data Analysis shows such oftware in Lse
[Taking acoourt of lurking variates when ntepreing a saterdiagam & dsausse on mges 531 and 565 in Appendk 8]

10. Compari son Br or — Lurkin g Variates and Confounding
As badgrourd to an X-¥ rdationship Z,, Z,, ..., Zi, ...,Zin the £hana athe bwerright of the fadng page5.28 are alled

lurking variates, a phrase Iha mears lurking explanabry variates in tha eachZ acourts, d leastin part, for chamgesfrom
unit to unit in the valie of he egponsevariate The mportanceof lurking varnates is ha if the dstibuions of ther valuesdif-
fer beween groups of wnits [like sihpopuationsor sanpled with different valiesof the bcal variate an Answer aboutthe X-¥
relationshipmay differ from the tue sate d affairs unlessthe dfferencesn the valiesof the elevantzs ae taken into aoourt.
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 he sarpled wits can le ssesedby:

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

+ conpaing boxpotsof z valuesfor the dfferent valiesof x to try to identfy differencesn Z; for different X values.

2006-0620 (continued wveled )
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The samestdisticalissueraised by lurking variates is nvdved with different ernindogy; in confounding; the dfference
is tha the kehaiour o lurking varates (the entity repongble) is whyconfourding (the gatisticalissug ocaurs.
An explanaory varatereponsble for confourding is alled aconfounder or conbunding variate thesetwo terns ae gno-
nyms for a brking varatewhosedistibuton of values(over goups of wnitg differs for dff erent valiesof the bcal vaiate

The following cefinitionssummarize the bregping dsausgon:
* Lurk ing variate a ron<ocal explanaory vaiiatewhosediffering dstribuions of valuesove groups of wnits with different
valuesof the bcal vaiate if taken into @court, would meanngfully charge an Answer alboutan X-¥ reationship
* Confounding: differing dstributions of valuesof ore or nmore non-focal explanaory variatg§ among two ©r more) goups
of units [like GUo)popuationsor sanpleg with different valiesof the beal variate
- Confounder (confounding variate): a ron{ocal eplanaory varnateinvolved n confourding.

‘Confourding and confourdet havethe mnvenenceof beingoneword temindogy rather tran the mlti-word phrase invd-
ving ‘lurking varates' which convey the samedeas

* Comparison eror: for an Arsweraboutan X-¥ rdationshipthat is kasedon @mmparing dtributes of groups of wits with
different valiesof the bcal variate comparism eror is the dfferencefrom theintended (or trug state d affairs aisingfrom:
- differing dstribuions of lurking variate valuesbeween (or anong) the groups of tnits OR - confourding.

The dtemae wording of the hg phrase acomnodates the euivalent ernmindogiesof lurking varates and onfourding;
in a @ricular conkext, we wse he \ersian of the ddinition agpropriateto tha context

@ ‘lurking vaiates' can nore readly accomnodatephenomendike Smpsa's Paracbx — e Appendk 9 on pages 565 b 570,
e ‘confourding is more cmmon in he ontext of comparative Hars, & in Sedion B which starts on @ge5. 36, kut the
variety of usage of’confourding can ke a surce d difficulty — see Appendk 10 on pages 570to 573.

Sedionsl1 b 20 (pages5.30 to 545 which follow provide recessary badgrourd before we ontinuedisaisson of comparism error.

The <hama htrodJ(;ed athe @nte right of

520 d e'y adaoted Non-reppondent m)pdatlon
page 520, and pogreswvely adepted on rage Target Study ]4[ m
5.%5 and 527, fas leen furtheracapeed @ $own popuiation / p(pwat;J e - - @

at the ight to indude conparisonerror; the i
schema row has d six eror categries |
introducecbn page519 in Sedion 2 Compaism Samp Sampk
o In the €£hama, the burarrowsaiising from eror e V‘mes L(memdvaueg
conpaisa eror point to baxes represening
groups of units (@ popuation a a sanple) atrer Arsiely o | Ouesons
than as obr the ather five aror categries, tolines | trbute
joining boxes; the @mpaisa eror arow & the Sudy Nonrepmse Sampt Meauament Modd

erior erior erior erior ermor

right is to be aken & pointing to bath sanple dlipses.
- Multiple conpaism eror arows are a oneglene of its diferent manfesttionsin different Qieston mnexs, &
summalized in Talle 5741 & the lottom d page575 in Appendk 11
Plan omponents to nanaye omparisa aror ae simnarized n Takde 5710 near the midde o page5. 3.

11. Assogation — Sati stica | ssles

The desciption of a elatbnshipin datistics overkeaf ; page5.29 refers to he assodation of ¥ and X; this Sedion 1L
defines as®dation in datistics and we then ke up he ssie of esodation ketween (Or anong) exgandory variates, and 6
as®dation ketween them and the epansevariate in Sedion 13 on ages 534 and 535.

* Assogation: if a scaterdiagiam $ionvs a tusering d its points daut, say a ine with postive dope (.e, we e that, as
Xincreases, ¥ also ends to ncreagewe |y X and¥ shav a (positive) assogation; thee is madeate pasitive asdation
of X and¥ in the kft-hand saterdiagam a the @nte right overkaf o1 page5.29. The light-hand dagiam $ows wed
negaive asedation and the milde dagramshavs no as®dation.

Questons of gatistical inerest dout an asoaation ae:
- what is tsform? — br exanple, @n the tendbe moetlled by a staightline (.e., is it linea)?
- what is ts magnitude? — br linear adation, wha is the magntude d the slogpe (or the carelation — e kelow)?
- what is ts direction? — Pr linear asdation, is the $ope or wrrelatbr) positive or negaive?
+ Proportiondity refers to a graight-line X-¥ as@dation throudh the aigin.
+ The sgn of the diedion (pasitive a negatie) of a inear sodation isalsothe sgn of correlaton, but the cnnedion ke-
tween the magnitudesof dope and ®rrelatbn is more mwnmplicated — see &tion 8 on jpges 414and 415 of Figure 45
- Correlaion: a rumeaical meaue d tighiness d dugtering of the mints o a sater diagam daut a sraight line —
histaically, correlaton is eenoed r ¢ would havebeen a fetter chdce and its valieslie in the ntewval [-1, ], the
regpective cordationsare ébaut +07, 0 and —0.25 for the three satterdiagianms oserkaf o pageb. 2.
+ If the wints d a scaterdiagiam le on a graight line with postive $ope, r=+1;

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 6)

+ if the wints d a scdterdiagiam le ona graight line with negatve dope, r=-1;
+ if the pints d a scdterdiagiam ae haphazardly spreadove its fectanguar area r is zero or dose to .
Coarelatdn is dsaussd in detal in Figure 45 d the Gurse Materals.

The dsaus$on at the kegiming d Sedion D nea the tottom d page5.29 refers to a goup d units with a lurking variate
(2) whosedistibution of valuesdiffers, averthe wnits d the goup, for dfferent valiesof the bcal vaiateX. A conseguence
of this kehaiour o Z is tha the valiesof X andZ areassodated as llustraed n the bllowing saterdiagians, br repondent
popuationswith 4 or 9 mits andZ values(stown besice the pintg like Q1,2 and 3 [Distina Z valuesfor all popuation urits,
as n dagrams () and 6), is rare in real ppuations.
o In diagram (1) at the fight, the wit with Z=2 whenX=0 hasZ=1 when X =1 thus,the ¥ @
chamge in he aerge of¥ (indicaed ly a short horizontal line) from 2.6 o 36, as X chamges . s
from O © 1, no lorgerrefleds only the dfed of charging X; alimitation is heefore imposel
on the Arswerabout the X-¥ rdationshipby cmmparism error due b the kehaiour d Z nat !
being taken into @ocourt (or due b confourding by 2). ¥ -
+ Beaue Z chameswith X, theke is a (veal X-Z as®dation, quantified by a orrelaton of : L
about—011 over the aght (%, Z) values; by contast, whenZ doesnot chame with X [as '
in diagrans @), (7) and @) overkaf o1 page5. 3], the X-Z corrdation iszeo. 0

An extengon of the llustrdion in dagram(l) is to the cae d repeaed \aluesinvaving mae than two X values.
o In diagram(2), if Z hasthe samevalue 6a 1) for ¥ @ ¥ (€] ¥ @
all nine wnits whose X and ¥ valuesyield this ] P
satterdiagiam, thele is no X-¥ rdationshipin ] ] ] ] S
the ree ha the X-¥ corrdation is 2. | ' ' |
+ This lack of X-¥ relationshipis dso refleded | |
by the ®pe d zeo for the graght line | ’
(shown dasied which simmarizes the rend . : %
in the pints d the sdterdiagam. o 1 2 3 4 5 0o 1 2 3 4 5 o 1 2 3 4 5
+ When nteipreing a <dter diagam Ike @), it is ey to confuse explcit knowledye ha thee is he sameZ value
anorg the wits, with assumirg this to be e cae ty ignoring the wits Z valug§ — e ds0 Appendk 8 on @ge5.65.
+ In diagrans () to (8) overkaf  page5.3, remhiscant d an expaimental Plan with two valuesof the bcal vaiate
we @n a&omnodatediffarert valuesof the ptenial confourderZ anong the wiits; by contrast, in diagram(2) above
reminiscet o an oberational Plan the wits must hee the sameZ value b med the equirement br Z to reman fixed
to avoid the Imitation imposel on an Aswver about an X-¥ rdationshipby cmparisa eror due b this urking vaiate
[Experimentaland dosevationalPlars ae dsaussé in Sedionsl17 and B on mges 538 to 540]

o Diaglam @) is visudly the sameas dagram(2) but the Z valuescharge with X — the a&dation of X andZ can e quanti-
fiedas a orrelaton of atout+07; as ndicaed ty the dahel lines, hee is row a étrong) positive X-¥ asedation anong
pantsfor which Z valuesare reldfixed {.e, for points with the samez value.

o In diagram(4), againvisudly the same @adagrans ) and @), adifferert distibuion of the samesd of Z valuesas n
diagiam @) yields a étrorg) negaive X-¥ as®dation — hie X-Z comrdation is gainabout+0.7.
+ In diagrans @ and @), the X-¥ rdationshipis the samefor the three \aluesof Z; the matterof differert X-¥ reation-
ships for dfferentZ valuesis pursied n Appendk 8 on @ge5.65.
+ Like dagram(l), dagrams @ and @) illustrae in a lroader mnext, the Imitation imposel on an Aiswver aboutan X-¥
relationshipby comparisan eror, when the nits Z valuesdo not eman fixed (are rot the samess X chamges,and his
behaviour is not taken intoac®urt (eg, when htepreing an X-¥ s@tterdiagam.

¥ ©

A specid case $ whenZ chamgeswith X but in such a way ha ther valueshave zeo corre-
lation; an illustrdion is siown & the fight in diagram(5), whichis adgptedfrom dagram(6) over °
leafon mge5.22. In audch a gudion, despie the mniourding, it is possble (nde an asunption ¢

of additive effeds to esimae tre dfed of X on the aerae of¥. NeF-

e This idea & explatedin Desgn of Expaiments(DOE) when nvesigatirg a elatbnshipwith 2 =

two or more focal vaiates — e &dion 20 and Notes45 © 48 on @ges 544 and 545. !
0

NOTE: 23 The dsaus$on above shavs tha, when boking a a <aterdiagiam d bivariatedaa
to assess @ X-¥ reationship experienceoutsice gatistics with diaganms invdving CGariesan axes povides por
prepaation for datistics — in @lcdus and ajebra ourses, br exanple, he sswe of anather varate affeding the
interpretdion of wha we e n the dagiam €ldom(or nevel) arises.
(continued wveled )
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12. Causation — Satisticd | ssies
To define formally in gatistics wha it mears to @y @ darge i) X cawses(@ darge in ¥ in atargetpopuation, we gate
threecriteria (1séul in practice when esatishing causéion a quantifying the dfed of X% on’¥):
() LURKIN G VARIATES: Ersue all othe exgandory valiates Z,, Z,, ....., Z, hdd thdr (samg valuesfor every popuation
unit whenX =0 and X =1 Gomeinesphrasedas Hold dl theZ; fixedfor....).
(20 FOCAL VARIATE: Obsewre the mppuation ¥-valies,and catuate an ® with ewvery unit having X = 0;
appopriate attibutevalug undertwo conditions: ® with ewvery unit having X =1
(39 ATTRIBUTE: Attribute(Y, pertaps ome 6 2, Z,, ..., Z,|X =0 # Attribute¥, pertags sme 6 Z,, Z,, ....., Z|X =1);
thoseof Z,, Z,, .....,Z indudedin the dtributewill have the samevalueswhen X =0 and X =1 under(2).
The rotaion X =0 and X =1 for valuesof the bcal vaiateis symbdc — 0 and 1represert two actual valuesof X in a paricular

context; actwal valiesof the bcal vaiateare st in the protoool for setting levek, disaussd in Sedion 2 on pages 543 b 545.

Three llustrdions invdving aily onelurking variate Z, of this ormal ddinition ae gven at the iight below for a target
popuation of 4 uits with repective Z values(stown besice the intg of 0,1, 2 and 3
o In diagram(g), ¥ values incease ly 1 as X charmges ©) @ ®

from 0 o 1 and, correpondingly, the average of X X X .3

¥ (indicaed ly a short horizontal line) increases a3 L

by 1 fom 2.6 o 36. S

5
.
o In diagram(7), the ¥ valuesagan increaseas X o 7 R
2
1
0

- __e2
27" “x=1fr

_ 1
x=o¥r ot
-7 _e0

~
"
|

-t

x

o

ins
oo
ShRx

chamesfrom 0 © 1 kut by differing amourts. x=dtr o
o In diagram(8), three ¥ valuesincreasebut ae
decreasess X charges,althoudh the average of : — =X : % : :
¥ agan increasedy 1from 2.6 © 36. 0 ! 0 ! 0 !
In contast to the fre dagrams overkaf o page5.3 whee thee is confourding, diagians 6) to @) illustraing our definition
of causéon have(of coursg no confourding — he valiesof Z do not charge & X charmges,so hee isno X-Z as®dation ¢eo
X-Z cordatior). Alsg the ¥s havea subgript T denoing ‘target popuation.

o L N W A~ O
|

o L N W A~ O
|

X

NOTES: 24. The first two dthe tree citeria gven éove whichwetake @& a brmal ddinition of @uséon in atarget pop-
ulation, are idealzations— no Hancan filly satify thesetwo aiteria in practice For exanple:

e Forthe Questbn: Does snoking cau® lury can@r? we @n hink of a (long) causal chain of explanaory va-
riates leadng © the egpaonseof interest (hee, lung caner datug. The Questdn identfies (arbitrarily) one
variatein this dain (hee, snoking gatug, but we regnize ha this \arate is precaled by ‘focal variates
(factars ha caued tre individual to deide to snoke) and t is followed by ohess [factars ha descibe he
darmege(at a cellular kevd, say) tha is utimady maniesed & cancey When lurking \ariates’ criterion ()
refers o ensuing dl othe explanatory variates fold ther (samg values for evay target popuktion unit, it
doesnotindude variates in the causal chaiinvdving e main' focal vaiate
- The Quesibn icentfies one(foca)) explanabry variatein the causal chaias keingof interest; t adso (arbi-

trarily) defines he endof the chan in terms of a m@ricular respase variate However this regponsecan
becomepat of an explanapbry variate chan if a dfferent Questbn identfes adifferert (latel) reponse
variate— for exanple, alive or dead ingead d lung cancer or no lurng caner in our exanple.

e In ‘focal vaiatecriterion @), the ideal 6obseving all units d the fargetpopuation urdereach d two values
of the bcaal vaiateis athinedmoreclosdy in practice in an expeaimental Plan — the two saptes to vhich
the invesigabr(9 assgn equiprobally the two vallesof the bcal vaiatestandin for the repondent pua-
tion @nd henceat two skges remared for the targetpopuation) underthe wo valies.

- In an oberational Plan, the two valiesof the bcal vaiateddine subpopuationsof the epondent énd
the gudy) popuation and the two saples with the o valiesof the bcal vaiatestandin only for these
subpopuations; this matteris pursted n Sedion 2 and Note54 a page5.49.

- In some hvestgatons thee may of course be mae thantwo focal variatevaluesof interest

- Coming doser b meding aiterion @) is one easn why an expaimantal Plan s preferred whee feadble.

o Attributécriterion @) defines casdion in erns of an attribute, not individuals — his is onsgstent with the
precominant @ncern of gatistics with populations not wnits. A conseuence of ariterion @) is tha X need
nat bring @aout a dharge in¥ for every unt of the pppuation for us to |y X calsesy.

- A rationaization of this @pature fom the ituitive idea ha caustion always prodices an &ed is [like
criterion @) in terns of ron{ocal explendory variates Z; — thele may ke wnits with (sang such variatey
whosevalug9 havethe mnqiene tha a carge inX doesnot bring dout a dharge inY; we would
nomally think of theseunits & beinga smd proporton of the ppuation.

+ Foringance thele may be ndividuals for whom sndking would neve causelung cancer a our present
level of (geretic) knovledge we @mat identfy such individuals (if they exist) but t is gill good pubic

2006-0620 (continued)

#5.32



University of Waterl®m STAT 231 —WH. Chery

Figure 57

NOTES: 24. @ = + heath policy to dsmuragesmding basedon dseved Ling canceratesanong non-smders and snokers.

(cort)

25

26

27

28 An exanple of the caed in ‘attibutécriterion @ is: when usg least R ﬁyj(z,- -2)
squaesestmaes [ecuaion (574) at he iighf] to conpare sinple inear p=5F— (574)
regres®on slopes the zvaluesmustbe hesamewvhenX =0 and X =1 gl(z,- -2y

29 ldeasabout in- Table 577: Summary of | deas About | nvestigating X-¥ Relaionships
vesigatirg X-¥ Criterion (1): the deal Ehsureall the Z, hdd ther (samg valuesfor every popuation urit whenX =0 and X =1
relationshis ae Criterion (3) For caustion, a relevantattribute mustdiffer in value whenX =0 and X =1
sunmarized dthe Canfourding CQonfourding aises when me @ more of the Z; chamge in \alue whenX =0 and X =1
rigl"[ in Tabe 577 Compaisa aror A difference due b confourding, from thered or intenced value of a attribute of a ielatonship

2006-0620

DATA-BASED INVESTIGATING: Error — Its Categories and Sources (cortinued 7)

There is furtherdisaus$on of statstical issus invdving @uséon in Hgure 0.6 of theseCaurse Materals.

The tree citeria @t the t of the fadng page5.3) defining caustion ae framedin terms of the (targed popu-
lation and an ppropriateattributg, not units and ter variates. Qriterion () specifies all non-focal explanaory
variates purZs) eman fixed three aproadches ty to med this aiterion © manaye @mparism aror in practice:
e hold sone Zs fixedphysically by Hocking, matching or subdividing seeSedion 5 on mges 536 to 538);

e unde probability assgning d units focal variatevalues,usestdisticaltheay to manae uncer repdition dif-
ferencesanong unbocked, tnmeauedand unknown Zs GeeSedion 2L on pages 545 to 549;

e usearespms nockl in the Anaysis dage of he APDAC cyde to hold someZs fixed mahenatically, but
even a qlite daborae nodel, like equdion (57.3 on page5. 28 in Sedion 9 camat invdve all possble Zs in
its structural companent, and anly those kvariates induded ae rdleded n the nteipretdion of g;, the nmodel
coeffident of the focal variate [The siochastic conponent of a reponsemodd like (57.3 tries to nanaye
mahemadically the dfeds an ¥ of Zs notinduded n the stucturd component]

The dallerge in irvesigatirg ddtistical rationshis is to @me tose encughto the ideal egreentedby the

threecriteria to dotain an Answer with limitationswhoselevel of seveity is ecceptlde in the Questdn mnext

It is inglicit in the hree citeria tha obseved kehaiour is reprodudble anong dff erent nvestigatons.

For ‘focal vaiatécriterion @), thee ae bal vaiates (ike aye and £X whose \aluescamot be assignedto

units by the mvesigabr(g in an eperimentalPlan For such vairiates, we avoid the stonge larguage of syirg

inaeasing age causeslossof visual aaiity in favou of inareasing age b assocated with lossof visual aauity.

® Sud ssddationsare important in conexss like dsaiminaion by sex a rae whee, br ecanple, we com-
pare te elevantpopuation proporton with the proportion of women @ a radal graup in an enploymenir
othercaegory. Causaton (in the ®rse d our three citeria) by sex a race is rot the ssie with sud aso-
ciatiors, lkeaue thee is no htenion to chage he valie of he bcal vaiate
- We nay dso speak d the reason(raher than he cawse &) why a ppuation sibgraup is inder or over

repreented- for exanple, n an enploymentonted we may onsder relevantgudificatons

® Some bcal vaiates (ike dgarete snoking) camat ethically be @sgned b human wnits, whichimposes imi-
tationsthat aise fom usinganimal units in an eperimentalPlan @ human wnits in an dsevational Plan

Thesematers ae pursted n a dsausson of Smpsan's Parabx in Appendk 9 on ges 565 b 570

e The ideal @ criterion @) ignaesary timedifferencebaween the ealzation of he two ondtionsX =0 and
X =1 In actud investgatons the two goups (Usualj sanpleg with units haing X =0 and X =1 ae obsned
concurenty but, in a aossova Plan (ike the @t bran invesigaton cescibed in Note 55 an pages 551 and
5.5), thee is a ime differencebaween X =0 and X =1 for both haf sanples any dhargesin urits othe
exgdandory varates valuesove time may then ke a ®urce d compaisa error.

‘Attributécriterion @) invdves diferent dtributevaluesfor different valiesof the bcal vaiate(but with elevant
Z;s remaning the samg ou definition helefore impliesthat if X cawsesy, thee is assogation of units X and
¥ valuesove the farget popuation urderthe wo valiesof X; we hope this ss®dation @rries ove into the
study popuation, the egpondent ppuation axd the sarple.

e If a caug hasmae than aneeffed (eg, Indking is a @u® of eved different caners),attributécriterion @)
mustbe roacenal to indude inequdity of the dtributes d all the relevantreponsevariates. Exending the
precedhg argumentfor onerepaonse the valiesof these(saerd) reponsevariates will each ke ssodated
with the valuesof X ove the wits d the fairgetpopuation urderthe wo valiesof X; the valiesof these¥s
with the omnon au® X will alsobe &odated

This caustion-as®dation mnnedion urderour definition of @us#on in datistics is wsedin Sedion 1B overkaf

#5.33

o Thedifferencein atribute \aluesin criterion @ must ke 2uch as to ke practically importart in the Questbn onext

o A dargerof appropriating ‘canfourding as gatisticalternmindogy is tha a word fr failure to meet aiterion ()
may shift the baus avay from this orerriding ideal
(continued wveled )
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13. Assdation Among Variates and Causation

Sedion 1L on pages 530 and 531 deak with assodation of two explanabry variates, ike the focal variate X and a dirk-
ing varate (or canfourde) Z; we row dstingush four rea®ns (case} for such ass®dations which are dso shavn ymbol-

ically at the ight, whee an arow denoks casdion. ¥
/
* X causes?; @) (é:;;eg'_‘) ©) Zi\z_
* Z causesX; (Z; causesx ancliz,)
* Z;causesk andZ; —we sy Z; is thecommon cause of X and Z; © (zz_>§<) WX Z
% concidene which dten meas both X andZ are s®datedwith time—i.e., oinci- caise (cancidene)

denceis often case(d whee Z; is time (vhaterercausdion by time mears — ecll Note26 overkaf ; page5. ).
If extra-datisticalknowledge @n le aut wincidencetwo explanaory varates ae asodatedfor orly two reasons
o dired caus#ion [casegl) and(2), OR: o comman repanselcase(3).

The four causal stucturesabovecan ke etendedto indude the eponsevariate¥; thee ae row twehe casesin which

* X and¥ are ssodatedin dl twele X X
* Z (or ;) and¥ are ssodatedin the O ;c ;S’e;) @ (ZZC;;;(;:;) ® 7 Y @) Z,-\Z_ Y
lag nine. (% and Z cause¥) (2, causesz; andx
* Z (orZ;) andX are sDdatedin the © (;f‘—’;(() ®) %‘ )g ;—‘1‘ » % which caise¥)
lag nine [exceptpertags in case(). case (cdneidene ad X caise o z<¥ 5 P
In the dsausion beow, the tvehe @ses ® (g(?ncidere) ©) (e s Coasescandy) (1D TNz oy
are reduced b @ght by assuming etra- # cassesk handZi )
staisticalknowledye is sifficientto: (N X Z—Y¥ which caisest

el
(cdncidene and Z causesy) 10 X ey

o rule aut ‘canciden€’ in case(3), in
(X causesZ and¥)

casd) which then lemmes cae(1)] and cae(7);
o endle the ajectives explanadry andrespmse to be carecty appledto the vaiatesX and¥ and ® rule ait case(2).

The dagrans for the remaning eght cases illustrae o posdbilities
+ X and¥ areassogatedand X causesY-: case (1), 4, (6), (8, 10 and (1,
+ X and¥ areassodated but X doesnotcause¥: case (9 and(12.
Thus, ley ddtisticalissus in esdation and causdion ae:
* if X causes¥ [cases (1), (4), ), (6), (8, 10 and(11)], X and¥ will be assodated
* if X and¥ are asodated[cases (1) to (12] and oincicencecan ke ruled aut, thee is causéion invalving¥ [all casesxcept
(3] but not necessaily by X [cases (7), (9 and(12).

The welve causalstruduresaboveillustrde posdble ssdation-caustion wnnedionsbut a mmbe of theam ae not re-
levant n practiceto Hars for cmmparative databasedinvesigatirg of an dseved X-¥ as®dation.

® Assdation due ¢ ocoincicenceis seldomof datistical inerest diminating cases (3), (5) and (7).
- Casd7) is dsocas€g when he X-¥ rdationshipis mincicence

o Coarred identfication of he egpmseand aplanaory variates diminakes cae(2).

o All asodationscan ke thaught of in terms of causalkchans — reall the first loillet @) in Note 24 o pageb.32 — hut in-
vesigatirg ather geps in theX-¥ chah is eldomof datistical inerest diminating cases (4) and(6).

® Casdp) is case(l) with lurking varateZ shavn explicitly and ® is mveedunde case(l) [andunde case(Ll).

® Beau® Z is an explanabry variate case(10 is really the causal sticture d the light, which

is invesigaied & ase(l) or ase() [ses dso Note 4L on pages 542 and 543 and the dsaus- (19 Xi\.‘f
sin on ge5.46 in Sedion 2L to the kft of Talde 5714. (X caisest andz

e Casd1?) is both: = cas€9 with an intermediry variateshavn in the Z;-¥ branch,
- casd) for the QuestbnIs X a cau® d ¥? when the Asweris No.
This learescased)), (9 and(1); we dsauss cased) and(9 in Sedion ¥ darting on he fadng page5.36 and an page5. 36,
and ve purste them and caes (8) and(1) in Sedion © on mges 540 b 543 — ge #s0 Appendk 11 on pages 573 to 576

The foregping dsaus$on shavs why; in gatistics, we dstingush assodation from cawsaton: to remind us ba, just kecaus
we doseve (for ingance in a sater diagian) that X and¥ areassodated we @mot sa, without further invesigatirg, the a
charge inX will bring ebaut (or cawsg a charge in¥-
® Figue 45 dsaussescarelaion as a neaste d the tghtnessof duskering d the ints d a scater diagam daut a
straght line; correlaton is heefore me way d quantifying magntude (strergth) of assdation between X and¥ as sen
in a aterdiagam. Forthis reasn, the dsinction between asdation and causdion nmay dso be eferred b dsevhee
as he dsinction between correlaton and causdion, dthough this wordng is beter asoided

@ When eferiing to an X-¥ relationship phrase wsedin datistics ike assodation is mot hecessarily) caustion andcare-

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error—Its Categories and Sources (cortinued 8)

e lation is not (hecessarily) causation enconpassthreepassbilities
- the X-¥ rdationshipis acoircidene — this may pggue aur auriosty but is sldomof practical importance
- X and¥ areassogated but X does rot cawse¥;
- Xis a pr posdbly the caue o ¥
Undue enphass on he ®ondpossbility (eg., in introdudory datistics eacling) can dsare tiree nattes:
+ as®dation does imply causéon if cincidencecan te ruled aut;  BUT:
+ the causéion may be but is rot necessarily, between ¥ and X, the vaiates obervedto be ssodated
+ 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 ¥ remansuncharged— e dagrans 6) to @ on the pper talf of page575 n Appendk 11

NOTES: 30 When & charge in) an eplanaory variate ) (@ bcal vaiateX or a onfourder2) cawses(@ targe U—v

in) a variateV (a reponsevariate¥ or a beal vaiateX), seved mattes cetemine he strergth of X—Y
the ssdation @s gantified by the orrelaton, say of U andV, if they are quantitative variates). Z—X%
e If U is theonly causeof V and &tson a time £ak tha is shat rdative b the period d obsevation, thee is
a high corrdation of t) andV; in the dseceof Table 578:  smoking  Lung cancer
meastement eror, the nagntude d r would be 1 Unit  status ® B ©
- An illustrdgion is brceX cauing accelerdion Y- 1 Nonsmder No No No
® Wedkea as®dation oft) andV can @aur for ved reasns as llustraed % m“’sm‘ker No No No
h . . nsmdker No Yes N
by the déa for tre ccaurrenceof lung cancer¥ in relaton © snadking
) . 4 Sndker  Yes Yes No
stdus X in three on-smdkers and three sndkers in Talde 57.8 & the 5  Snoker  Yes Yes Yes
right. The stong (perfed’) asodation in @se(A) can vealen leau®: 6 9ndker Yes Yes Yes

- onenonsmakerin case(B) aquiredlung cancerfrom another cause (eg, ssbest inhalation);

- the snokerwithout lung cancerin case(C) may: yet cevdop lung cancer OR:  die before ching 0, OR
be n a ppdation sibgraup or which X doesnot causeY;

the first two posdbilities hae a ime sale for causéon ha is long rdative b the period d obsevation and

the third invdves air definition of causation (atthe op d page5.3) in terns of an attribute.

In theseways, we aoourt for dffering grergths o assodation obs@ved n cawsal X-¥ rdationshis a, expres

sedanoherway, we acoourt for why (@ charge i) X cawses(@ darge in ¥ but, for sone popuation urits:

® Y chargeswhen X doesnot charge €g., dmenonsmadkers et ung cance), OR

® ¥ doesnot chame whenX chamges[eg., ome snokers  not getlung cancer(beore they die from m%f}seé

31 As®dation is a gaight-forward idea (e @n seeit), causéon nuch lesssg the two casal

strudturesat the light [caseg8) and(9) from page5.34 give insght into their difference As ® X\¥

disaissd in Note27 an page5. 33, underour ddinition of @uséon at he tg of pageb. 2: z7

e in the caisal stucture d case(8 [common respagd, thee is assogation of X and¥ and
of Z and¥ but no necssary asedation of he (In@nneded causesX andz; BUT:

e in the causal sticture d case(9 [common calsg, thee is assodation of Z and¥ and @
Z andX so hee is necessarily as@dation of ¥ andX.

The difference baween the two stuctureslies in the directon of the arowsdenoing causéion — if ther diredion

is revesedin ether dagram,they ae the samecausal stucture goart from the vaiatenames Our definition of

caustion thussuggests ha causéion is direced as®dation, dthoudh it is questionale whether this (modd)

conceot provides nuch indght into thered world differencebeween asdation and causdion.

Caseg8) and(9 and hree dher smilar causaktruduresare mnpaedin Appendk 12 on pages 576and 577.

X
/'
9 Z

0z,

14. Investigating Satistica Relaionships — Three Ypes d Causal Quegions
Relatonshigs investgated n datistics, whichwedescibe n terns of varnates, ae dten enourtered & assodations invest-
gatirg asodationsindudes dentfying ther characteistics and/or the reasns(causal @ otherwisg for them geealso Appendk
11 on pages 573 to 576. This Sedion ¥ is mnerred with omparative Rars for invesigatirg relatonshis whee austion is
to be established oris involved the baus a the X-¥ rdationshipbeng calwsal mears form
that acharge can(patentially) be induced n ¥ by charging X. Thesematers asedation 4 menniude
are simnarized n the £hana d the ight, whichreminds us hat: @113 N\ d'@ )
.. . . . . . Iredion
* as®dation is sudly characteized ly its form, magnitudeor directon;
- correlatio_n (se_eFigLre '45) is ore measte d magni_ude (strergth) quantfy = &"e@en
for a draght-line as®dation; formcan ao ke nonlinear; caustion— ostalish "’9
* it is wsdul to distinguishthreetypes of Questbnswith a @uséve asped: 1213 prioritize
- Edablishing whether X is a cau® d ¥, usudly with a view to manpuating X to produce

Relatonshi
___—diredion

(continued wverledf)
2006-0620
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- a @esied chame in¥ — the qiintesantial exanple is wheher dgarete sndking is a @u® of lung ) X—¥
cancetfandotherlife-thredening dseases), the topc of ters of thousand of databasedinvesigatons

ova seved decacs saring in the B40s Estalishing that an dseved adation of X and is 7 X

caus#ion of ¥ by X is answvering the Queston wheher tre relevantcausal stucture Shavn againat © Ay
the right from page5.34) is ase() or case(9 [= case(1?).

- Quantifying the relatonshipbaween X (o more mmnonly, X,, X,, ....., Xq) and ¥; this &ises in

the datisticalarea ¢ Design d Experiments (DOE) — for exanple, he dfed of temperaure humi- @, X—=¥
dity, light, ferilizer and insecticide levels on he gowth o seedings n a geshous. Quantifying a M X1\¥
causal elatbnshipis, in essace invesigating the cae (1) causal stucture — he sibgripts o the 2 %57
casenunber row remid us ha the Hanneed to iefled the number d focal variates invdved.

- Prioritizing causesby the &e of ther effed is the donain of daa-based proessimprovenent — %,
trying to idenify the mast important cause(usudly of excessve variation in he pocess aitput, ¥) @, i_\é\f
from among mary caugsX,, X,, ....., Xq. X/

Questons whichinvolve estalishirg andquantifying causal elatonshis ae typically partof thesame

invesigaton. For exanple, n the fhysciars' Heath Sudy descibed in Figure 1.2 of the Gurse Mateialg of the dfed
of taking asrin on heat disease two Questons, in the oniextof an gpropriatetarget popuation, are:

e does bking asprin reduce teart-atack risk?

o is the edudion in reat-atack risk due ¢ taking asprin large enaughto be practically important?

The Fhysciars' Heath Sudy had b answver bath Questons; ininformal disaus$on, it is eay/ to consgder only oneof the
Questons and averlbdk the oher

Similaty, whenprioritizing causesn process mprovenent nvestgatons investgabrs sould:
o veiify tha the sigpected(mog important) causeis a @ue of the yariation in he repansevariates);
o valdae tha the poposeal Ansverdoes addressthe Questbn — ha the poposel ‘sdutior! does sdve the probent

NOTE: 32.In STAT 23], estdlishirg causéion is dsausse in Chapterl0 d the Gurse Notesbut the enphass is onquan-
tifying the relatonshipbeween onefocal vaiateand a eponsevariate— for exanple, £e Clapers 710 and 5;
exiersion to nmore than me bcal vaiateis taken yp in STAT 332. Prioritizing causess pursted n STAT 435.

15. Terminology for Comparative Fans — The Protocol for Choosng Groups
The three citeria definng wha we mean by casdion, in Sedion 2 at he tg of page5. 2, invdve diseving apapula-
tion unde two valiesof the bcal vaiate with all the wits haing X =0 and with all the wnits haing X=1 We ty to
appoad this ideal h asamphg context by having two sanples, me with its units haing X =0 and the dberwith its wnits
haiing X =1, each sanple repreentsthe ppuation urder oneof the two ondtions in the usid stdistical ssnseof sanple
attibutes being estmates of repondent puation attibutes. When the two saptes aie conpared to quantify the chage in
(the averae of) ¥ coreponding © a dharge inX, eachnonfocal explanaory variate musthave the samevalue in wth sam-
ples otherwisg thee is (likely to be) mmparism eror. For mmparative Hars for quantifying relatbnshis, we dstinguish:
* anexperimenal Plan — a omparaive Hanin which the investigabr (5) (activey) assgn the value of he bcal vaiateto
eah wit in the sarple or in each Hock);
* anobsevationd Plan — a omparative Hanin which for each unit seleded for tle sanple, he beal explanaory variate
(passiwely) takes @ its ‘naurd’ v alue uninfluenced by the nvesigabr(s.

This dstindion rfleds two t/pes d popuationsenmurtered n databasedinvesigatirg of relatbnshis.
e A popdation in whichall (or mos) units hare onevalue of a fcal vaiateof interest whose \alue t is feasible to dharge

- An exanple is a w dug to tred a friousdisease — no one euld dread be &king the dug but it could be gven to sme
participants (X =1) and withhdd from athers (X = 0) in a dinical trial @nexpeimental Plan — ge Note 38 a page5. 39).

® A popuation in whicheach wit has one btwo ©r more) values(X= 0,1, ....) of a bcal vaiateof interest whaose \alue t
is not feasible to darge br ay wnit — recall Note26 a page5. 3.
- Instance®f uch focal vaiates ae ae X, maita status and income — hdr investigaton recessiily invdves anob-
sevational Plary chargesin pegles detary or ecercise habts can ke imposel 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 Sedions21 © 23 on @ges 545 to 552.

For conparative Hars to ansver a Questdn with a causéive 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 Asver(9
by compaism eror — elevantPlan omponents ae slownin the £hema @ the yper right of the fadng pageb. 37:

* Blocking in an expeimental Plan forming groups of wnits (the blocks) with the samevaluesof ore or nore ron-ocal
exgandory varates; urits within a Hock are hen asgned different valuesof thefocal variate THUS:

Blocking nreds 1urking variates' criterion (1) for thosenon-focal explanaory varatgg Z; [the blocking factor(s] mace

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 9)

the same within each bock. SO THAT: /desciplive bocked

Wh'ethar II’E.QJESIDH ir_vo!ves esib- Queston apect expermentaIPlan< ocequprobatie adgning
lishing causéion a quantifying a red- \Causave / e replcam unblocked -~

ment éfed, Hocking preveits @nbundng of Hae Ppricaing mached

the focal variatewith the Z; madk the same \thin each obsevationalPlan—_ '\ .

block, redudng the Imitation imposel on Answver(§ by conparisonertor.
® By holding ane @ more Zs fixedwithin blocksin an experimentalPlan blocking reduce varation in ¥ and ® has he
additionalbendit of deaeasing conparing impredsion.

- This addtionalbendit of blocking is analbgots to ha of stratifying in reduing samphg impredsion, as ndicded n
lag lines of the two anches 6the shema d the bwerright of page5.48 in Note53 [This analbgy is omeimes
intempretedas ioving tha dratifying in survey sanpling is merely an nstinceof blocking, but ths interpretaion
(urhdpfully) dowrplays he dfferent onexis and intentsof blocking and statifying]

Equiprobable assgning (EPA) [random assgning or randomizatior]: usng a pobabilistic mecharsm @lescibed in
the protocd for choodng groups) in an expei mental Plan to a@sgn the valuesof the bcal vaiatewith equal probabilty:
+ aaqoss he wits d each Hock in a Hocked Pan + to each ait in the sarple in an urblocked Pan.

Equiprobalde assgning provides a lass for theay whichrdates onpaing impredsion to leve of regdicating; thus,EPA,
in conjunction with EPS and adequate repicating, provides br quantif ying comparing impredsion arising from unblocked,
unknown and unmeauednon-focal explanaory valiates and o dlowsa paricular invesigaton © st goup szes which
are ikely to yield an Arswex9 with limitation imposel by compaism eror that is acepide in the Quesidn mnext

Matching in an ob®rvational Plan forming groups of wnits with the samevaluesof one or nore ron<focal eplanaory
variates but different valuesof thefocal variate THUS:

Matching mess urking \ariates' criterion (@) [at the tq of page5.3] for thosenon-focal eplanaory varnate§ Z; made
the same within each group. SO THAT:

Whetter tre Quesibn involves esdlishing causéion a quantifying a reament dfed, matding prevats onbundng of
the focal vaiatewith the Z; made the same whin each group, thusdeaeasing conparing impredsion and ® redudng
the limitation imposel on Answver(§ by conparisonerror.

- Subdividing: a form of matching usel in an ob®rational Plan n whichthe each value of he bcal variatefor the wnits
of the samle is sthdivided on the tass of the valiesof ore or nmore nonfocal explanaory varates tha may be con-
foundedwith the focal variateunde the Han— see BHe 5712and its dsais$on on mge5. 3.

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

samestdisticalbendit as matding for the ron{ocal explanaory varatg9 tha are the kass for the subdividing.

o If subdividing is going to manae only ane non-focal explanaory variate that is a(patential) saurce of cnmparism
ermor, it may nat be osteffedive b devde the reurces reeced b dbtain the elevantadditionaldda.

NOTES: 33 Whee the ddinitionsof blocking on e fadng page5.36) and natcing @bove refer b valuesof nonfocal e-

plandory varates beingthe samein practice the valuesmay only be sinilar

34. The goups of wits ae a@lledblodksin an experimentalPlan ut ' Table 579
there is no sich gened termin an dosevational Plary however Terminology for Comparative Pans
when the goups cntin two unis, hey may be refered b & Plan Poces  Group
matched pairs — see Blde 579 d the light — but ablock of two Experimental - Blocking Bock
unis may dsobe eferred b as dpair’ Obsewaional Matching (Matchedpar)

e A conpaative Haninvalving pairing is uisudly our first encourter with tre coneeptsof blocking a matding,
to illustrae their role in manaing comparism eror.

35 In DOE, ron4ocal eplanaory varatg9 macde the same whin blocksare alled blocking factor(s); in data
basedinvesigatirg to improve industial proassestypical blocking fectars ae days, shifts, batches & raw
material, macinesgndles @ filler heads, noulding macines, noulds,or caviies within moulds
® The valuesof a Hocking factar among Hocks shaild be thosen to make its sample dtribute(eg, its arerae
or dstributon) smilar to its regpondent ¢r sudy) popuation attibute

e An entty tha is the same &th within and anong Hocks (ike the meauring procesy is not a Hocking factor
but is part of wha defins the $udy ppukbtion/process— for exanple, datafor an nvesigaton wllectedon
oneday and oneprodudion ift. If sut fadors as @y a shift havean gpredable dfed on the eponse

the limitation imposed on he Arswerby studyerror is more evee €onpaism eror is traded for sudy eror).

36. lst & equiprobale sekcing, in corjundion with adequate repicating, provides a lheoretical bass for quantifying
the likely sze of sanple eror when esmating a fegponden} popuation areraye so &uiprobalde assigning in
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NOTES: 36. canjurction with bath EPSand adequae redicating, provides he samebendit when esinating an aerae dffer

(cort) encein ((wo) popuationsin an experimentalPlan This and oherpadlelsbewean EPS ad EPA ae dsausse
in Note53 on @ges 548 and 549.

37. Weusedifferert terns for two processes whichare smilar but are wlsedto manae dff erent caéegoliesof error.

@ Subdiiding (of a sanple) ;1 an explanabry variateto manaje @nmparismn eror due b confourding by this
variate usudly in an dsevationalPlan ugd b ansvera Questbn with a auséve asped.

e Statifying (of a popuatior) on arespase variate (or, in practice on an &planaory vaitiate that stand in for
it) to make an Answver§ more wsdul and/or b manaye anple eror — leall Noteld o page5. 24.

Elsevhere, bath proeessesnay be alled strdifying. Thele is urtherdisausson of subdividing on page5.3 in

Sedion B and d stratifying on ppge5.40 rea the end BNote 39 — ge dsothe top d pageb.3 in Note64.

16. Plan Componerts to ManageCompari son Er or

Compaism eror in compardive invesigatirg, inroduced @ page 5.3 in Sedion D, aises from confourding by
non-focal eplanaory varatg9; badkgrourd information axd Han conponents to nana@ie ©npaism earor ae then
disaissd in Sedions11 © 15 on mges 530 to 538. ThesePlan @mponents ae simmatized n Tabe 5710 bdow.

Error Table 5710
Plan Conponert caegory Error Managemert Strategy

-

e Blocking: forming goups of wits with the samevaluesof one or nore ron-ocal
expgandory varates; te wits within a Bock ae then asgned differert valuesof the
focl variate

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

- in the samle in an unblocked Pan.

E . PPla o Blinding participants and treatmert administrators: by withholding from pari-
xperimentalPlan 3 cipants andredment aiministratos knomecge of which graup a @ricipant is in,
thesetwo Hindingstry (like equiprobable assgning) to manae fidors which may
promote differencesin averagesof urknown and tmeaued non-focal eplana-
< Compaism tory variates in the (treament and ontrol) graups whose éveage reponsevariate

is beingconpared [Manaement ¢ compari sonerior]
® Blinding treatment asesas tries(like making measwementsindepeden) to pre-
ventthe assesars other knovledge fom improperly influening ther assessient ¢

Queston with a
caustive assped

L participants heath gatus. [Mana@yement ¢ measuremert erior]
- e Matching: forming goups of wnits with the samevaluesof ore or nore ron<ocal
exdandory varates hut differert valuesof thefocal variate
Otsewaional Plan J o Subdividing: a form of matcing in which each valie of he bcal vaiatefor the

unis d the sample is stbdivided on the kass of the valiesof one or nore norn+
focal eplangory vairiates tha may ke canfounded with the focal vaiateunde the
L L Plan — e BHe 5712and its dsaus$on on the bwerhaf of the fadng page5. .

17 Experimental Plans — Simple slecing and Blocking

The ddtistical ideafor sanple ®leding in any Plan & to Favea knowninduson probability for each unit of the egpon-
dent ppuation; an exanple is equprobalde sleding. For a Queston with adesaiptive apect, if this ideal 5 rot md, svae
limitation is mposel on an Answver by sampleeror. However experimentalPlars to axaver Questons with a cawsatve apect
commanly do not useprobabilty seleding becaue it is rot feagle to mplemenit.

* Forexanple, n databasedinvesigatirg to improve a nandacturing rocess €g, by identfying and emaeing caugs ¢
excessve variation in he pocess aitpu), the tems nandacturedby the pocess ae dten $ipped avay from the manu-
facturing gantas hey are male andrivesigabrs ae then brced (uickly) to use ecent produdion, or a sibset d it, &s
the saanple — asampleof mmenene Three fdors dleviatethis statstcally unstidactary date d affairs:

- With stabé processegwhere the dstibuion(9 of the autput regponsevariatevaluesreman sseriglly) the samerbm
onetime period b anathell, a‘snapshotof the pocess n time (ike recent produdion) may dten hae dtributevalues
that ae clo® to those d the pocess n the brg-term.

- Answes ae cerived from differences in sanple atributes; sich Ansvers may haveles svae imitation imposel by
sanple eror than Arswes basedon sanple dtributevalueswhich donotinvolve taking a dference
+ An illustrdion is he Fhyscians' Heath Sudy (of the dfed of asgrin on heat diseasg, which usel ebaut 22,000

mak daors as he sample — half the datars ook asprin and haf todk a dacebo. It is likely tha the hddene o
heat atacksanong dodors dffers gpredably from tha for the targetpopuation of dl males, lut the difference in
incidene of heart atacks causel by taking asgrin may be much more smilar anong cbaors and all nmales (Two
newspaer reports of this invesigaton ae repintedin Figure 1.2 of theseCaurse Materals)

- Invesigabrs may havea levé of (exira-stdistica) proceessknowledge ha engbles hem to @ses fow dose relevant
attibutes of recent produdion ae ikely to be to he ®rreponding long-term proaessattibutes — nformed luman

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued10

- judgement gans b be leter & sanple €leding in such stuaionsthan t does when asweing a Questbn with a
desaiptiveagect, but it is ill far from the sétistical ideal
The wse @ judgement gleding in the samling protocds of mnparaive Rars ilustraes the divergene between the shtistical
idealand sttisticalpradice underreatworld condraints. Limitationsimposel by the ug of judgement gleding are:
* We @n ro lorgersa increase reficating reduce samphg impredsion; that is we @n ro lorgersa increase sanple
size reducs the likely magnitude d sanrple eror — see &dtion 9(Appendk 3) on pages 591 to 595 d Figure 58;
* moregererdly, the heoretical bass is gnefor interpreting formal mehods of dataanaysis ike mnfidene intevals and
tests d significan@. [Regettably, both limitationsare commnorly overbdkedin practice]

When asweing a Questbn with a cawsaive agpect, satistical best practice to manaye @mparism etor (o redice tke
limitation it imposes on he Arswej is to:
® block (to the atent that is feasble in the Questbn mniex) on known and meauedlurking \arates,
e useERA to manaye urlocked, tnmeauwedand unknown lurking vanates,
[summarized n the peecefr Useblodking © managewhat is known, probability assgning to managewhat is unknow
Unfortunatly, theie may ke practical ar ethical andraintson invesigaors freedm to mplemenbest practice; for insence
* A block whichis an individual paricipant in an nvestgaton may rot practically be dle to be asgned koth valuesof the
focal vaiate For exanple, n the fhysciars' Heath Sudy seeFigure .2 of the urse Mateialg of the dfed of asyirin
on heat disease n males, thenvesigaton would havegore a for too lorng if each paricipant hal been required to take
agirin for ®vad yeas ad notto take asgrin for anather period d the samedrgth. For this @nd ohe) reasns the e-
perimentalPlan br the Physciars' Heath Sudy wasurblocked [reall also he b bullet @) of Note 26 an page5.33.
* It would be wnethical to a&sgn human mricipants to the making goup when nvestigatirg heath dfeds d cigarete snoking;
- in addtion © ehical consderations it is unikely tha mary non-smders would be dle to ke up snoking for the in-
vesigaton a tha mostsmders would be pepaedto quit if assgned b the ron-smdking goup.
Ethical issus can be nanagedbut mnsderable revurces may ke reeced b achieve mnpliane anong maricipants
when the écal vaiatein medcal invesigatbnswith an experimentalPlan nvdves gercise levds o dietary pradices

NOTE: 38 A spedal class ¢ comparative experimentalinvesigaton is aclinical trial, usedin medcal reseach to @&ses he
efficagy of new forms of redment €g, drugs, sirgery); beaus the wits ae humans a edinque @lledblinding

is ised(where feagle) becaue of its shtisticalbendits. Table 5711

[TO be b||_l’l_d r_nears rot to know, for ay unit, Blinding o .... ‘ Short name ‘ Sati stica beneft
whetter tis in mgtrea'ment 9“119 a the Paticipants Sngle Hind Reduced isk of conparisonerror
control graup (vhich usudly recéves a Treatment alministratos | Doubk Hind | Rediced isk of conparisonerror
dumny treament known & aplacehg). As Treatment ssessrs Tiple dind | Reducedmeasuring naccuracy

shavn in Tade 5711 & the iight, Hinding is wsed
to manaye ompaism eror and/or measung inacaurecy, depending an the dgree b whichit is ©r can k&) imple-
mented- for inseinceblinding d paricipants & dtennotfeasible when the dcal variateinvolves eercise leve or diet.

18. Observationd Plans — &imple lecing, Matching and Subdividing

The ommmentsin Sedion I7 (on te fadng page5.38 and dove abaut the wse d judgement eleding in experimental
Plars ae dso gererdly applicable to dosevational Plars; smilarly, matching redices the Imitation due & comparism eror
on Ansver(§ from an dosevaltionalPlan hut, like Hocking, maching may rot be feasble in a @ricular Questbn mniext

Subdliding sanples fom the egpondent sibpopua- Non-smokers (X=0) | Smolers (X=1)
tionswith dfferent valiesof the beal vaiatein an dbse- - faTz:ybl: ?71(22 5 N;rg’(’)z Ca:; (:/; N;r;?)?) Cf‘zzs "g’
vational Plan, on the tass of a psdle mnfurder Z;, is O lamly histay {z; = " ;
illustraed n Tade 5712 at he ight for the case 6 two Famly histay (=1 1000 7 07| 110 & 8
stbpapuations. Thesehypotheical data for wo sanples Both o0 D 07 | DOOO 800 8
(sdeded fom subpopuationsof nonsmdkers and snakers) d 10,000 peple invdve a epansevariate¥ which is lung cancer
stdus, a baal variateX which is snoking gatus, andz; is whether a uit has a &miy histay of lung canceras a psdble indica-
tor of gendic predspostion © the dsease for Smplicity, X, ¥ andZ; arebinary variates in tis illustation. Ead of the $x sets
of three thle entriesis the sample sze (Number) and the ling cancefCases' as a uber and a @rcantaye of he samle sze.

The bottom ine of Tale 5712 shavs a sibgantially higher proportion of lung cancercasesanorg the snokers; beau® this
patem pasistsin the ypper wo lines d the Blde when the da ae sibdivided ty Z; valug the &odation between anaking
stdus and lung cancer stais gpeas notto be due b common caug) onfourding by a gendic factar which deternines a
units snaking fatusandits lung cancer stiais, d leastin <o far & famiy histay is a neaswe d such a fador.

Unfortunately, such subdividing of sanple datato manae te Imitation imposel by omparisa error an an Ansver about an
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X-¥ rdationshipfrom an dsevationalPlan enourters three mtental difficulties

e Invesigabrs haveno onta overthe sanple szes afer sibdividing; if oneor nore of the X-Z; conbinatbnsis rare, he
resilting small sanple szef) increaseconparing impredsion and ® increas@ the Imitation mposel by mmparism
eror an an Ansver alboutan X-¥ relationship(in eventhe ‘best caesituaion of pobéability seleding of the samles.

e Obtaining he Z; value br each wnit in the samles may ke dfficult (and hence expersive and such reuiceintersive
daa manaye oy onepossble confourder
- If datafor two (r nore) Z; are mllected the emsung subdividing into nore rumeous sibsanples & likely to increase

the imitation imposel [unde probability seleding] by snall sanple szeg).

o Suldividing datain the mamerof Talde 5712raises the psdbility (notreaized rere) d the ghenomeno knovn & Smp-

sa's Paradbx @nd its @companying limitation imposel on an Aisvel) — see Appendk 9 on mages 565 b 570

NOTE: 39 In an ¢bsevationa) CaseControl Plan (isel in medcal reseach, for exanplke), unis with a reponseof interest
(s, lung cancey [the ‘Case} are matchedon relevantexdandory variates (like, £x, age regon of resden@) with
units withoutthe regponseof interest(the ‘Controls). The wo groups ae then ompaedon the tags of the valie
of a bcal vaiateof interest €igarete snoking, sg); appedaly higher leves of sndking anong the cagswould
shav assodation of snaking and lung cancerindicaing sndking may be acawseof the dsease
® A Casecotrol Planis usedconmonly:

- when an gperimentalPlan wauld require resaurces keyand hose &ailable, OR
- as a beger forerinrer b a Psdble experimentalPlan to @ses a pomisingbut tnconfirmedtreadment dfed.

o A Case€mtrol Plan males the epanseand bcal variates appear to be interchaged

= An illustrdion is in he P93 rewspapr aticle EM9359 Fats raie risk of lurg caner in non-smolers
which desribes an nvesigaton tha comparedthe dets of 429 ron-smdking women who hd lung cancer
with the dets d 1,021 non-smdking women who di not have lung ancer The women allived in Missouri,
were of daut the sme ge and repeenteda typical Amelican £mde popuation! The women fied ait
forms ha askedabouttheir dietary habis and lhey were dvidedinto five graups basedon the anourt of fat
and oher nutientsthey sid they consimel. The nvestgaton fourd tha those with dietswith the lowest
anourt of saturged it and the ighest anourt of fruits, vegeables, tears and peaswetre the kastlikely to
develop ung cancer At the oherend d the gak, 2 per cent o the women vih the Hghest onsumpton
of fat and dietslowestin fruits, vegédasbles, kears and peashadaboutsix times nore lung cancer
The actual reponsevariate (lung cancey and ocal vaiate (level of dietary faf) appear to be interchaged
sdely as an difad of the Cae Control Plan.

o Probabilty seleding is mmonly not usel for the ase and/or the mntrds, which has mneqienes br the
imitation imposel by comparisan error an Answvers.

- Casesare dten asample of mnvenience— wnits with a reponseof interest orvenenty avalable to the
invesigabr(9, like pegole with a paricular disease i a hogital o dinic neaby to the nvestgabr(s.

+ Consejuancesof non-probabilty seleding to ansver Queston(§ with a desciptive or a @ustive asped
are dsaussé in Appendk 14 on ges 579 to 582 — eall also he dsaus$on on pages 538 and 539.

- Controls are dten ®lectednon-probabilisticaly to med the matcing aiteria; tis increaseghe limitation
imposel by comparisan aror due b the ®leding method, b be &t ajairst he decreasd limitation imposel
by compaism eror due b the onfourding whichis managyedby the natding.

+ A way d seleding contrals probabilisticaly is to brm strata (or graups) d contrals whele the wits in one
strdum matdh one @se contols for the invesigaton ae then gleded pobabilistically from thesestrda.
® While deaeasing the mitation mposel by conparisoneror, such dratifying increaseghe imitetion

imposel by study ermor, becaue the natding aiteria which define the grataresrict the wits which
can nake up he stidy (@and epanden} popuation of @ntradls.

+ When ontds ae slectednonprobabilisticaly, thee is no heoreical bass for an invese relatonship
between sanpling impredsion and (the sjuae oat of) of the sarple sze — ieall Notel0 a page5.23 —
so hek is ro staistical reasa why a hrgersanple sze for mntas will decease ©mparing impredsion
(see dso Note 57 & the end bSedion 24 at he tg of page5. 5b).

+ The Hocksin a Hocked experimentalPlan ae dso often slectednon-probabilisticall but, as dsausse
in Appendk 14 on mges 579 to 582, udgament gleding may siill allow an experimentalPlan to hse
acceiabk limitation imposel by mmparisa eror an an Ansverto a Questbn with a causéve asped.

19 Comparative Hans and Causal Sr uctures

With the aldtionalbadgrourd gven in Sedions14 © 18 on Live rear major road\
pages5.3 to 540 the causal sticture d the fight provides a Low incom<

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

Sedion 13 on mges 534 and 535; this mnextcomedrom an nves-

/Premaure eah
Cigarete snaoking

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued11)

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

Death rate higher near 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 10 rretres of a dy road
that @rriesa dew of polluting cars ad trucks

While thee havebeen a nmber d studies
tying surges n deahs o gty air pollution in
gererd, wha the eseeches at McMaster
University uncovered wasa roudhly 18-per-
cent pike in mortdity in the Hamlton area
armorg pegle who ved adjacent to stees
carrying 35,000 b 75,000 \ehiclesdaly.

The risein the pllution dedh rate ¢ not
comefrom asthma, emphysemaor lung can-
cer but fom heat atacks and oher heat
conditions. "Basicaly ar polluton does rot
affed your lungs hut your heat, is how
Murray Finkestein of McMastek program
in ocaupdional heath and emwironmental
medidne and a o-auttor d the rew gudy,
descibes wha his group tas burd.

The reasn Pr the lamge reat-disease it
is dill uncertan, but Dr. Finkdstein pants
to reseach in animak tha suggestsair pol-
lution particles can iritete ateries anddad
to thar gened hardening and thickeniny.

Although the stidy, which was published
in the dily isste of the AmeicanJounal of
Epdemology, focusel on he oadsand ligh-
ways d Hamiton, the esesches e
ream why the fndings shaildnt apply to
city dwellers perchedabove traffic surgng
along S. LawrenceStred in Monteal Yonge

Stred in Torontq or Hadings Sred in Van-
cauver Not to menbn anyae whose dvel-
ling is on he &irt of the taffic behenoth
known as he Tans-Canadadighway, which,
as t moves 400000 pegple a dy in some
locdions is North Americas semnd-busest
highway.

What the eseaches dso did is randate
the increaimg dedh raes, whichhave a ela-

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

to live nea busy dreets

than rich pemle, and
poa peqle haveother
behaviours — snoking in
particular —that might Kill
them in larger numbers.

tively smdl impact an younge peqole, nto
somehing doser © an insuanceconpanys
life-expectancy table. They fourd thee is a
2.5yea increasen ege+dated deah levds
for peple whose dvelings ae located
ched-to-jowl with heary traffic.

"Basicaly, tha mears your mortdity pat
ternif you ae 9 yeas dd is the same &
som@ne52.5yeas dd who dest live on

a lusy road said Dr. Finkdstein. Wha is
even more bering s the fid tha the ded-
linessof living rea majar thorouchfares &
nat far df the Ife-shatening efeds d such
known killers as dhbetes or dronic lung
disease

The McMastersdenistssa ther reseech
leads b a \ery sinmple Lt of advice for a
heath-conséous ndiidual. "If you havea
heat condtion, | would advise nat buying a
place \ery close b majar roadvays a high-
ways, said Michael Jeret, a McMasterUni-
versity gea@raphy profesor who is aaather
co-auttor an the stidy.

He dso swygests ha suscetible peqple
who live close b the husy thomughfares on-
sicer ar purification gsernrs in thér homes
as a peventtive act.

There ©®me some eeds to the pw
study, which redicates Dutch reseech pub-
lishedtwo yeas @ja Thee was no ded
measte d how nuch higher the notorve-
hide related polluton wasnear ngjor roads
This amisson shaild be emadied rextmonth
when the MMastergraup tracksroadpdlu-
tion leve thenselves

But thele is dso a dassrelatd onfourd-
ing fador to the déa. Beau® of &isting
concens aer nase and pllution, Dr. Fn-
kdstein sas nore poar peqole nmay ke
more likely to live near busy dreds than
rich pegple, aad poor pegole have other
behaviours — sndking in paricular — tha
might kill them n largernumbers.

REFERENCE: Finkelgen, M.M., Eret, M. and M.R. Seas Traffic Air Polluton and Nortdity Rate Advancement
Peiods AmeicanJounal of Epidemolgy 160(#2): 173177, duly 15 (2009. [UW Library E-joumal

The astact gven in the aiginal aticle is:

Chronic exposureto air pollution is ssodatedwith increase mortdity rates. The mpact o air polluton reative b ather
causesof degh in a popuation is of bic heath importanceand ha rot been well estdlished. In this gudy, the ate
advancenent eriods asodatedwith trdfic polluton exposurs were esimated. Study subjeds indemwentpumonary
fundion sing at a tinic in Hamiton, Ontario, Canada between 1985 and 999 Cox reges#on wasuse to model
mortality from dl natura caugs diring 2992-200Q in relaton © lung fundion, body mass nde, a dagross of chronic
pumonary disease chronicischamic heat disease o diabetes meliitus, haiséndd income and resden@ within 50 m o
a majar urban oador within 100 m d a highway Subjeds Iving dose to a najar roadhadan increase risk of nor-
tdity (relative risk =118 95% wnfidene inteval 102, 138). The nortdity rateadrancenent riod sdatedwith
resdene rea a maja roadwas?2.5yeas (95 confidene inteval 0.2, 4.8). By compaism, the mteadvancenent
periods dtributale to dironic pumonary disease chronicischamic heat disease and dabetes were 34 yeas, 31 yeas,
and 44 yeas, repectively.

tigation whose nevspager report is reprintedabove. This invesigaton fourd tha dedh raes were Hgher for peaole who ived
near a majar road— in our ternmindogy; living rear a majar road (focal vaiateX with wo vales: living nea such a madand
nat doing ) is ssodatedwith a ligher ceah rate fn dtributeof regponsevariate¥ with two valies

(alve or dead, quantified in this invesigaton & a‘mortaity rateadvancenent eriod’ (VRAP).

Case(11): The cusalstrudure d the bwerright of the fadng page5.40 is an hstanceof case(1)
[shown agan at he ighf, dthouch the nvesigaton @lescibed éove of the dfed of living rea a

X
W 2, ¥
1
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mgor road was no explicitly conerred wih Z; (low incomg However this @usaktrudure des rot raise Questbnsthat ae rot
also misedby the hree dher @ses (1), (8) and(9) disausse below becau it is a @mpaositeof them (@nd ohe) case as bllows:
e the left-hand &le hasthe ©-called common cau®’ drudure 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 whichdegpends on \ariateasggnment;

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

Cases(1), @ and (9: These casesvolve five Questbnsthat muld be nvestgated they are runberedlto 5 for cwnvenent
referenceand gven with otherinformation in ke 5713 bdow —‘E’or'O’in the Han cdumn denoges experimentalor ‘ob-

sewational Table 5713
No. ‘ Cas ‘ Quegion ‘ Plan
1| @ *%X—=¥ Is low income adatedwith premdure ceah? e}
2 | =@ x—¥ | Isliving rea a major roadasedatedwith premdure ceah? ¢}
3 | @=@ X—¥ | Isdgaete snoking a @aue of premdure ceah? o
4109 2 <§ Are lving rea a majar roadand darete snoking ss®datedwith low incomé@ (@)
510 )Z<>¥ To what extent ae Iving rea a major roadand @arete snoking ssodatedwith premdure deah? | O

Quedion 1 It has brng been known that he aswerto this Questbn isYes— for exanple, nneteenth century vitd statistics in
the UK. shovedan sdation ketween ‘sccid classand deth raes. The nability of the nvestigabr(9 to assgn the value of
the focal vaiateX (@ persan's incomég is why the Ran can aily be dsevationaland the Qeston is ghrasedin terms o
as®dation ¢ather than caisdion).

Quedion 2 This Questdn is asvered ty the nvesigaton whose nevspager reportis gven overkeaf an pageb.4l 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

Quedion 3 The heath mneqenes ¢ cigarete sndking ae row wel doaumenéd & a esut of ters of thousand o
invesigatons mostof them from around1950 and later The Rars of invesigatbnsinvaving humanshave keen dosevational
becauseinvesigabrs ama ethically (or practically) assgn units smaking habts, expaimental Plars have been Imited b
invesigatonsinvaving animak, hut they ae rdatively few in nunbe;, in partbecauseof the dfficulty (@and hencethe @s) of
gettirg animak to snoke  [Anotherfactar is the Imited lfeppans d cheaer laboraory animak (like mice and et in relatbn
to the ime for someheath dfeds d smoking © become apaeni

The Questdn wordng invdvescausaion becauseof the equiranent ha manpuation of e bcal vaiate(redudng the peva-
lene of dgarete snoking will producea desied darge in he eponsevariate (a redudion in snokinginduced dsease
resilting in beter pwlic heath and reduced leathcare cosy. The deadesof reseach and the maber d investigatonsof the
heath conequenes d smaking ae a reninderof the dfficulties @ estalishing causéion wsingan dsevational Plan

Quedion 4 This Quesidn involves Z (low incom¢ as acomman cau® of X (living nea a mejor road and ¥ (cigarete
smding), dthouch the Questbn wordng invdves (the wealer) as®dation rather than caisaion — nore gpropriate natation
would be X ingead d Z and¥, and¥, indead d X and¥-

Quedion 5 This Questdn involves the feds d two focal vaiates on a eponsevariate whichis case(@ but wih X, and
X, in place d X andZ — e ds0the dsauson near the t@ of page5.36 o quantifying the relatbnshipof two ©r nore) ocal
variates and a eponsevariate

In summary four causal stucturesare introduced h the dsaus$on of datisticalas®dation of explanaory variates at he
uper right of page5.34 in Sedion B3; thesebecometwelve druduresat e mdde right of page5.34 with the induson of
the reponsevariate The dsasson on pageb. 34 below thesestruduresand h this Sedion 9 shows tha only four of these
twelve ae rdevant to onparative Hars, br which the primary concen is the stucture d case()); the werbppng frudures
of cases (8, (9 and(11) sewve nainly to inform case(l) invesigatirg.

® The dsausdon in this Sdion © reminds us ha, to devdop a mmpaaive Hanto arswera Questdn with a custve

apect, auffidentextra-ddisticalknowledye is reeced b:

- frame a ¢lea) Questbn alputthe asdation keinginvesigaked

- give a flausdle causaktrudure tha is gopropriatefor this Queston;

- choose(andthen deelop) a feasble Hantype.

NOTES: 40 The ob®rvational naure d the Rars in Tabde 5713 aboverefleds their cantex; in coniexis whee the valie of
the focal vaiatg9 cauld be @sgned ty the nvestgabr(9, the Rars could be eperimental
® |t is dso context-dependent vingher the Questbnsinvolve estélishirg causéon, quantify-

ing (causa) rdationshi a prioritizing causes- recll Section14 o pages 535 and 536.

z
el
. o . 10 X
41 Case(10 [shown agan at he ighf in its lowerred form (becauseZ is an explanaory S ey
variqte) is nota viable bass for a onparative Han, whichreguireseither. L
e directcaustion of ¥ by X [case(1)], OR A——=¥

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued12)

NOTES: 41 e anexplcit intermedate variatein ead causal chai from X to¥, as in @se(1) and llustraed & the sart of

(cort) Sedion B in the causal sticture a the bottom right of page5.40. _ _
. Cigarette snaking
- There may be mae than two causal che flom X toY, as _ -
illustraed by a ase dthreeposdble intermediriesat the ight. Uranium rrining Lung ancer
There may dso beinteraction (see page5.44) anong Lch ex- Asbestcs inhalatiol

20.

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

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

butbath nan-smdkers and sndkers may ke at animcrease risk of lung cancerfrom ashests inhalation

+ Causesof ‘lung cancerare actudly more complicated tran implied by this exanple, tecaue thee ae a
numter of such cances invdving dfferent @ll types €g, mesthdioma from asbestas inhalatior).

42. Tre rewspagr aticle fepintedon prge5.4) disasse in Sedion © on mges 540 b 543 & onerred wih
higher ceah raes anong pegple who ve near a najor road(the focal vaiatein an invesigaton with an obsr-
vaional Plar). The dstact ©on page5.41 kelow the rewspapr aticle) of the journal aricle menions tat six
possble mnfourders — bng fundion, body mass mde, hauséidd income a dagnasis of chronic pumonary
diseasgchronic ischemic heat disease ad dabetes — were onsdered in the nvestgaton & cher posdble
factars in premdure ceah, and arger mortality rateadvancenent eriods (MRAPS than br the focal vaiate
were fourd for the lag three ¢ thesevariates usinga nmodel called Gox reges#on [anabgots © the eponse
modd (57.3 on page5.28 hut dffering in matremdical form]. Sud modelling manayesconpaisa error by
trying to achieve the shtisticalbendit of blodking in an experimentalPlan bymahenatically (raher tran pys-
cally) holding ®me(hee, $) lurking varates fixed as X chamges. Suh modelling encourters wo difficulties
e Like Hocking, it manayesconparisan eror only for confourde 9 whichare identfied explcitly:

- for useas hocking fectar(s) a indudonin the model AND: - whosevaluesit is feagle to measee

[This is tue dsofor the cnfurder§ usedfor matching and subdividing in an dosevationalPlan]

o It must ke sssumedthat the nodel has he carect (or an adequate) form for each possble wniourderin its
structura component — br exanple, a fist power a £ondpower a sjuae oot, a bgaithm; any Z for which
this is rot 30 will notbe feldfixed by the nodel calcdationsand ® can lecome a surce d model eror.

- Holding the same(or siilar) valuesphysially (in an experimentalPlan) for aher explanaory varates &
the focal vaiatechamgesmangesconpaism aror nore dfedively than hdding team fixedby meas d
the madd (andusng datafrom an dsevationalPlan). Likewise, Anavers whichclam causéon basedon
physical evidencehare esssevere imitation than hose lasedon amadd.

The dmilarity of intentbeween Hocking in an eperimentalPlan andmduding possble mnfourdess in the stuc-

turd component f a reponsemodd for an cbsevationalPlan ontinueson by manajing, under repeition, com-

paism eror due b unbocked, tnmeauedand unknown confourdess:

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

e mahemdically, by the esduds [and her (stb)modd] in the eponsemodd for an dosevational Plan (but &
the mstof model aror becoming e d the @mpanents d overd erron).

It isimmaerial in the madd for the invesigatbn descibed on mage5.41 whether we regad the ssven explana-

tory variates as svan focal variates or as ae bcal vaiateand & posdble mnfurders.

Comparative Hans — The Protocol for Seting Levek and Interaction
The protocd for seting levds spedfies the values to be taken by Elevantexdandory varatg9; the smplest cae &two

valuesof onefocal vaiatebut there is ernindogy to deal vith the mmplicationsof more than two valesof more than me
focal vaiate This ermindogy is tsedmanly in the oniextof expaimental Plars.

*

* % kX

A factor is an explanaory variate we dstinguish an eplanaory variatethat is:

- afoal variate - anonfocal vaiateusel as ablocking factor;

- anonfocal vaiatewhosevalue is nanagjedfor otherresms — ge Nbte48 a page5.45
Ou coneernin this Sdion 2 is with factar(s) tha are foal variatds.

Fectar levels are the &t d valug(§ assgned b a fador — tha is, (isual)) the £t d valuesasggned b the 6r g focal vaiate
Choasingthe values for levels in the onextof a @ricular invesigaton may ecuire extra-stdisticalknowledge

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

The (treatmer) effect of X on¥ (usudly) refers to he chage in heawerage of ¥ for unit chamge inX and:
- impliesthe X-¥ rdationshipis (bdievedto be) cawsal— a darge inX cawses(bringsabou) a cdharge in¥;

2006-0620 (continued wveled )
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- indudes oththe magnitudeanddirecion of the elatonship— for exanple, heslgpeand ts sign for alinea reationship
- requiresthat dl nonfocal eplanaory variates Z; hdd thar (samg valueswhen X chames;
- is cefined (the ‘true’ dfed) ove the wnits d the respandentpaopulation.

* Interaction of two fadors X, andX, is said to ocaur when the ffed of one fidor on a egpansevariate dgpends on he
level of the oherfactar. Interation mears the @mbined dfed of two fadors is notthe im of ther indiidual dfeds.
- Interaction is a ke coneeptin the dsaussons of Appendiced3 and ¥4 on pge 577 to 579 and 579 to 582.

Illustationsof this ermindogy ae:

o Levelk of &x & a hidor areferrale andmde;
the rargesusal as évds of (humar) age reed arefu consderation — argesthat ae o narrow may consimeunnecs-
say reures in dtaning adequde redicating, while rargesthat ae o broad may obsaire he dfed(s) d age

o In a tde test d different rands of beer the fador would be brand d beer and its évés would be he ndividual brands

o When hee is aly onefocal vaiate the teaments ae is kevds;
when hee ae two focal vaiates, X, (sa) with two levels denoed1and2) and X, with threelevels @enoed A, B, C),
thele ae 2x3 = 6 tredaments(1A, 1B, 1IC, 2A, 2B 2C) in a fadorial treament stucture
with fourfactars eab at hree kvds, that ae 4 x4 x4 = 4 = 64 possble reaments

NOTES: 43

44,

45

Not all experimentalPlars leadto a Datastaye in uns.
® Processimprovernrent nvesigatonsoften do— the Datastaye is hen a st d runs one br each tredment
@ A clinical frial o a drug usudly doesnot involve runs— each paricipant takes the cug (or a pacebo) [i.e,
the (two) treaments ae goplied to wnitd for the whde period d the Datastaye
When the [@tastaye does involve runs equiprobale assgning mnsstsof equiproballe ordering of theruns beaus
unbocked, unkrown and vnmeauednon-focal eplanaory vatiates ae codderedas keingtime depadent

Equiprobade assgning d treaments to nits may rot be feagle in an &perimentalPlan when oe fador has
hard-to-alter leves. For exanple, f pouiing temperaure @t wo levds, sg, of 1,450F and 1600F) is a fidor
in an investgaton © improve a pocess br making iron cagings, he emperaure d the urrace @ntining the
mdten iron cama easly be dtered it may theefore be rcessaryto doconsecuivdy all the unsat each tem-
peaure inseadof having the puring temperdure low o high unde equiproballe sssgning or eadh run. This
lack of prabability assgning increaseshe imitation mposel on an Aisver by mnpaism error.

o What is aksrable gatisticall in databasedinvesigatirg may dso be @nmpromisedin process mprovernrent n-
vesigatbnsby haiing to arryoutthe Datastaye urdertime pesue while the gocess ontinuesomal oper
ation; inaddition b poséble lad of equiprobalde assgning,thele may ke imitationson Answvers ke@u®:

- there is rot erouch time to dbtain adequde replicating;
- the catarefled process @eation orly overalimited time period.

For a process vith an unacepialdy-high long-term scra rate undegoing an nvestigaton © try to reduce the

rate theie havebeen nstincesof negative reection from manaement to anrivestigaton with an eperimental

Plan whee ®me teameniy invdve fador levels tha would (temporarily) increasehe <rep rate

In ardinary English, interation custonarily invdvestwo enities in datistics, three (or mord variates ae invd-

ved— two ©r nmore) cal vaiates and e eposevariate

o Confoundng also nvdves two &plangory variates and ae egposevariate it is comparedand ontasted
with interation (@ndwith aher ausaktuduresinvaving three \ariates) in Appendk 12 on pages 576and /7.

Interaction is not limited b two factars — k bcal vaiates halve(‘i() possble i-fador interactions; for eanple,

four focal variates have(3) = 6 two-factar interations, (3) = 4 three factar interations, and(3) = 1 fourfador in-

teraction. When i=1, the k1-factar interations are the kmain effects, the dfeds d the k aidors individualy.

o Main dfeds and mteration effeds ae nsaincesf treatment effects, and ae repeentedby feponsé madd
paraméeas. Any linea combination of such parameers wheee the 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 interaction is the dfed of one fador on the dfed of anather fador on a eppansevariate a
threefador interection is the dfed of one fador on te dfed of anather fador on te dfed of a third fador
on a eponsevariate and o on.

46. When hee ae o o more focal vaiates, furking varnates' criterion () nea the t@ of page5.3 entals dl

2006-0620

nontfocal vaiates be leptthe same lut, to dlow interation effed(s) © be simated, the focal variates nust ke

chamedtogehe acmordng to the kalancedsceme d a fadorial treament stucture However confourding

may then aise as otined n Note47 onthe fadng page5.45

o A misundestanding d criterion () is to etend theensuing evaything gays the smeprecet to hefoal vari-
ates and to anly charge ham oneat a ime Forexanple, br two factars eab with two levels denoed Lo and

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued13

NOTES: 46. @ Hi), have one run with bath X,and %, s¢‘Lo, anather mun with X, se‘Hi’

(cort) and aotherwith X, bad a ‘Lo and X, sé‘Hi: the esuting data showvn & three
reponsevariateavaagesin Tade 5714 at te iight, do not allow the X,-X, inter

adion dfed to be simaed, becau® thee is no un with bath fadors st ‘Hi’

Table

5714 \ %¥,L0 X, Hi

Xl LO fLo,Lo YLO,Hi
XiHi | Yy Nodia

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

47 The idean Note45 of esimating 15 treament dfeds from al6-+run experimentalPlan can b algptedto fewer

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

(hee, ahalf fraction). Undersud a PFan, it is only posdble to esimate conbinations of treament dfeds, ike

the main dfed of one fador and onethreefador interaction. Beau® we @ama sepaae sich conbinatons

into their individual dfeds withoutdaa for all 16 runs, thete is confoundng within the @mbinatbns.

o Inability to sspaatetreaiment effeds uindera Raninvalving afradional factarial reament stucture would be
beter called pafectconfourding, to distinguishit from partial confourding (introducedon page5. 30 in Sedion
10, whee the adation of X andZ typically has a orrelatbn with magnitude lessthan 1 As dsausse in Ap-
pendix 10 on @ges 570to 573, hoth casesre wsudly (Unwisdy) Smply called tonfourding withoutdisinction.

48 An ideg asdatedwith the rmme & Tagich, for expbiting interection is illustated
by improvenent d a process br mandacturing eranic tles the dagam a the
right for an X-¥ rdationshipdisphys a interation effed, becausethe slope of the
(linea) relatonshipbeween X and he awerage of ¥ is diffeert (hee, snalker rega-
tive magntude when fion-foca) exgandory varnate Z=1(Ht') than whenZ=0

(L0). In the le-mandacturing process if:
O ¥is tile gze after firing in an aen

o Xis oventemperaure, whaose \atiation from ‘Lo’ to * Hi’ over paosition within the avencausediles @ the same

initial size, hut firedin different arenpasitions to havedifferentfinal sizes,
o Zis anauntof day in the ngredentmix usedfor the iles,

¥

by manaying the anourt of day in the ngredentmix (.e, sting Z=1), the mandacturing grocess & improved
by making variation in tile final sze lesssenstive D varation in fring emperdure die b ftile postion within the
oven. THhs indirectappoac exploiting interaction avdds the (nore expersive) direct appoach of making the
tempergure more niform within the aren of course the poperiesof the tles musteman acceptile when

Z=1ad day must not fe 0o persive an ingredent

21 Expeimenal Plans — Quantifying a Treatment Effect Lhder EPA

To illustraée properiesof expeimental Table 5715 Regondert Population Reponses(N = 6)
Plars @nd then entrast them with thoseof Unitno.| 1 2 3 4 5 6 |A.
obsevationalPlars), hypothdical daa for a X=0|09 15 18 36 39 45 || 27
reponsevariate¥ are gven in Tade 5715 X=1|12 15 24 33 42 54 30
at he "g“ for a espondent pnpdation of Treatmert effect | 0.3 0 06 -0.3 0.3 09 || 0.3

six units tndertwo vabieslasf@gned ly the nvestigabr(g] of a focal vaiateX — the teament dfed
(the dharge in he aerae of ¥ for unit charge in% when all he Zs reman fixed is Q3 wnits, he
avaege of widdy-varying) effeds d charging X for the indvidual units. The d#a in Takde 5715
are dso shavn in dagram()) at the iight; the valie of a lirking variate Z givenbesice each dot

o N W A~ O
P M TR

0 1

reminds us ha, for aur initial disaus$on, charging X doesnot affed the valie of Z [but see th @mmentin the £ondbulet
@ in the ®oond paagraph overkaf o page546. The mpuation avergeswhen X=0 and X =1 ae stown as &ort hori-
zontal lines the dffering rotaion wsedfor theseavaagesbaween dagrans (1) [abovd and @) [at he mdde right of page
549 is to emphasze the dsindion ketween experimentalPlars whele the investgabor §) asggn each wnit's X value (inde
EPA)] and dsevationalPlars whee each it has ts ‘naurd’ X value uninfluened ly the nvesiigabr(g.

Talde 5716 at the pper right overkaf o page5.46 (vhich is urblocked — e Note 49 orerkaf o page5.46) shavs he
twenty posdble assgnments dthe $ popuation urits whosedaa ae gven in Tade 5715 alove, togeherwith their reponse
variateavaages treament éfed and omparisan atror; for exanple, he first ine of Tade 5716 shavs:

e unis 1 2 and 3 asgned X = 0 (ften called tre ‘control group) with aveege egponsel4,
e unis 4 5 and 6 a&sgned X =1 (the ‘treament goup) with aveage eponse4.3
e for this assgnment an simaed tedament dfed y,—y, is of 4.3-14=2.9

e for this assgnment comparisa eror o 2.6— the diferencebewean the estaed and true reament dfeds, 2.9and0.3

the five arergesat he ottom d Tade 5716 have meaning anly if all 20 assgnments e equiprobalde @s hey are inderEPA).

2006-0620
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[The lag columnof ten valiesin italics at the ight of Talde 5716
is dsausséd in the £mndbulet ¢) below]

The

aerges at he ottom d Tade 5716 illustrae svad

maters of gatistical inerest daut EPA and (incidenally) ebaut EPS.
® unde EPA, the aeraye tedment dfed overthe 20 psdble -
signments § thetruevalue 0.3 SO THAT:
® unde EPA, the aerge ompaism aror over the 20 psdble
asfggnments $ zeo — tha is, hee is urbiase esimating of the
tredment dfed; HOWEVER:
- if lurking variateZ and he 7
reponse variate ¥ are a (19 X< %72 ay
conmaon reponseto X [recall ¥
casd10 of the causal stictureson page5.34 and Note41l
pages5.42 and 549, this urbiasednss & lost as he bllow-
ing illustrdion $rows.

(@]

Thus, aperimentalPlars provide unbiasel esimating of the teament dfed unlessoneor nore of the Lrking varates Z,, ...

Supmsethe dharge in Z (resuting from the chage in X)
causesunt 4 @ith Z=23 to hare a epanseof 39 and an
apparent dfed of 0.3ingead d its true’ value of-0.3— for
simplicity, we assume the dber five unis vith Z values
othe than 3 sill have he dfeds gven for X =1in Tade
57.15. The D assgnments mvdving wnit 4 with X =1 then hae

STAT 231 —WH. Chery

Table 5.7.16: Data for the Set d All 20 Equiprobable
Assignmerts o the 6 Uhits in Table 5715 (onpage 545

Unit numbers Averages |Treatmert | Compari son

XxX=0 X=1 [¥=0 X=1| effect error
(1,23 (4,56)| 14 43| 29 26 28
(1,24 (356)| 20 40| 20 17
(1L,25 (346)| 21 37 16 13 15
(1L,26) (345 | 2.3 33| 10 Q7 09
(L34 (2,56)| 21 37 16 13

(L35 (2,46)| 2.2 34 12 Q9 11
(1,36) (2,45 | 2.4 30| Q6 Q3 04
(1L,45 (2,36)| 28 3 a3 0
(L46) (2,35 | 30 27| -03 -06

(1L56) (2,34 | 31 24| -07 -10 -08
(2,34 (L56)| 23 36| 13 10
(2,35 (L46)| 24 33 Q9 Q6 08
(2,36) (1,45 | 26 29| 03 0 02
(2,45 (1,36)| 30 30| © -0.3
(2,46) (L35 | 32 26| -06 -09
(2,56) (1,34)| 33 2.3| -10 -13 -1
(3,45 (1,26)| 31 27| -04 -07
(3,46) (1,25 | 33 23| -10 -13
(356) (1L,24)| 34 20| -14 -17 -15
(456) (1,23 | 40 17| -23 26

AL27 30 0.3 0 01

their avarages inceasedby 0.2 as do he orregponding @mparism error values(givenin italics in the kg columnof
Talbe 5716); theawerage of thetwenty conparisa eror valuesis then0lingead d zero, indicaing biasel esimating

of the teament dfed.

If units otherthan 4 vere 0 also have ther reponses whenX =1 chargedby the chage inZ, some d thesechamges
might be i oppaite diredions resiting in some carcdlation and asmdler (cancavably zero) magntude br the
conmpaism eror o the particular asiggnment; havever the estaing hias (the average conpaism eror over the
sd of all possble assgnment3is wnlikely to be neanngfully chargedby sudh (fortuitoug cancdlation
o The arergge of he ®t d 20 sanples d three units with a gven X value is he elevantpopulation avaage — ge the right-
hand olumnof Tale 5715at the sartof Sedion 2L overkaf a1 page5.45 — this is uhiasel esimating of a iepondent p -
ulation arerage urderEPS $eealso Notel0 o page5.23 and nore cetdl on pages 591 and 592 in Appendk 3 in Fgure
5.8 of theseCaurse Mateials.

Z, and the eponsevariate¥ are a @omnon eponseto the bcal vaiate X; if this date d affairs is unconmon in practice
an eperimentalPlan usidly avoids sich biasel esimating. [Blocking factars ae dealy notsud a @mnon egponsebecaise
they ae reldfixedwhen X is charged

NOTES: 49 If the epmses in Tade 5715 at he sartof Sedion 2 overkaf a page5.45 were red daa, the Arswerakout
the value of he tedament dfed could be mace nore wsdul by manaing the sibgantial variation anong the wnits
effeds —eg, by blocking b deaeae ompaing impredsion [recall the @mment(-) nea the tg of pages. 3.

50 To avoid confourding,lurking vanates' criterion () nea the tq of page5.3 requiresthe ideal d all non-focal
exgdandory vaiates Z; holding ther valuesfor ewery popuation urit whenX =0 and X =1

e Blocking neds this aiterion kut only for the Z; that ae Hocking factar(s).

o Providedthee is no omnon repmseof Z,, ....., Z, and ¥ to X, EPA aldreses aiterion () for the othe
unbocked, tnmeauedand uknown lurking Zs hut it does so aly uncer repdition — making ther distibu-
tions(na thar valuesindividualy) the samen aerage aaoss units whenX =0 and X =1

- Theprababilistic nature d equiprobalde assgning nears tha, e/enin corjundion with acequate redicating,

it camat guaantee (roughy) the same diribution among groups for every undocked, tnmeauedand un-

known non-focal explanaory varate— undera particular asggnment some sich distribuion(9 may dffer
stbstnfally anang the goups beingconpared however the dgree d the lesiting limitation imposed on

Answelg by comparism eror bewmes

+ mae acephbe as the kve of reficating (.e, the goup skes) increases
® lessacepabe s the number d lurking varates (vhoseeffeds ae  be ‘bdaned) increases
- There may ©mdimes le dataavalade an ane o more Z; that dlow some asessient d the kalancein
the assgnment dotainedunde EPA in aparticular invesigaton. Two illustrdionsfrom dinical trials ae:
+ in the usid situdion whee paricipantssex is recordedlit is posdble to thed how dose the Emde-mak
ratios aren the ontrd and reament goups @nd hev dose both are to he atio in the stidy popuation);

2006-0620
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categories and Sources (cortinued14)

NOTES: 50. @ = + when mricipants age is ecordedlthe average agein the onta and reament goups an ke mmpared

(cort)

Depanding an how early in an nvestigaton any (meanngful) imbdane is dentfied, invesigabr(§ may:

+ re-do the guiprobalde assgning, OR

+ usethe Analysis dage of he FPDAC cyde o try to redessthe dfed(s) d the mbalance

Compaing awerage age(sa) is a dedk for smilar age distibutions anong the goups kut a Imitation on
Answelg due b comparisan eror remans becausedistiibutions with differert shgpes or widths may have
the same(or similar) averaes.

- Other(undegrable) larguaye ®mdimes ued b descibe fow EPA addreses aiterion () on page5. 32 is:
ERA in conundion with acecuae redicating, ties torenove as®dation (or produce indepéden®’) be-
tween the bcal variateand unblocked, tnmeauedand unknown non-focal explanaory varates.

ERA epitomizes theadive ndure d experimentalPlars and, in addresingcriterion () for tndocked, tnmea

suedand unknown non-focal explanaory variates, onfers (Unde repettion) a uniqgue advant@e on gperimen-

tal Plars oser obsevationalPlars; probability assgning is wha mostclealy distingushes the two Rntypes.

51 Sdtisticiars haveargued dout whether BPA is ‘necasary andor aifficientin an gperimentalPlan to esttish

a cawsal rdationshipbeween X and¥. The dsageenents & resdved wten t is reagnied that:

o EFA operates probabilistically and n canjundion with acequae redicaing — as dsausséd in Note 50 m the
facing page5.46 axd &ove, nonfocal eplanaory varates may dffer in ther values,anong the goups be-
ing compared to a degee that an meamgfully charge he Arswerunde the asgnment dtainedin a pa-
ticular invesigaton — br insence in Tade 5716 on the fadng page5.46, the first anddd assgnments hee
conpaism eror o subgantial magnitude n the ontextof the lypothdical daa in Talle 57150n pge5.45

e the mathenatical languageof necessty and sficiercy is inappopriatein the oniext of invesigatve uncer-
tainty and ® a gatement lke equprobable ¢r ‘random) assgning is reithe neessary na sufficent o estab
lish causaion may be true hut is inhelgul becau it can dsaire he bllowing wo mattes:

- proper e d statisticalmethods dbes ot guaantee a ‘correctA naver — it merely makes an Aswerlikely
to be dose enaughto the &tud state d affairs o be wsdul (i.e, proper wse ¢ staisticalmethods yields an
Answerwith accefiabk limitations;

- improper wse @ statisticalmethods bes rot guaantee a ‘wrong' ansver— it may pccagonally) yield a‘cor-
rectAnswer, for inseince a eponsevariatemeastedinacairady or incorredy on a @nple d oneunit
may happen to k& dose concevably equal) to the valie of he egpondent mpuation averae

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

by tha of framing n English clea and mrred statements ha deal with uncertanty in gatistics.

e |t is dsochallerging rouindy to remgnize and expres the fid tha, in datistics, we quantify uncetainty only
in ternms of behaiour underrepetition— Answver(§ obtainedin a particular invesigaton rermain uncertan, as
refleded ly ther limitations. Limitationson Ansvers ae unavddable when uig inconrplete information,
which arises nostobvioudy in datistics from the pocesses of sanpling and meauing. 5.85)

- The idea 6 limitationsalso reninds us to soid phrases like the vaidity of a @usal inference — see dsopage

REFERENCE: Sprott, D.A., R M. Royall in Receh Coneeps in Satistical Inference Proceedhgs d a S/mposum in
Horour of ProfessorV.P. Godarrbe University of Waterlm, Augustl4 16,1991, Randomzaion Disausson.

52. Wwo illustraionsof the nattes in Note51 dove in the @niext of non-probability assgning ae:

o Progam P o Agang All Odds Indde Satistics descibes @bout Table 5717 Ribavirin Trial Data
14 minutes into the Ndeo) a dinical trial o ribavirin as teament RIBAVIRIN (mg/day)
for a pre AIDS condtion, swollen ymph nodes the daa for the | 0 600 800
threegraups ae slownin Talde 5717at he ight. The decreasg Group sze ‘ 52 55 56
number d case tha progressd on to ADS with increasing daly Progessto ADS | D 6 0

ribavirin doseindicaed t was a dfedive reament Later it trangired that fibavirin is not effedive — he

daa were an atifad of the sckestpdients leingasigned b the ontd group and the hedhiestto the goup

recéving the hgher dbseof ribavirin.

® Scuvy is a dsease au®d ly a defidengy of vitamin C in the det; it is characteized ty debilty, dood darges,

sporgy gums and henomrhages in bodly tissus. U to the nhaeenth century; it was @omnon anang silors

on lorg voyages,sddiers on @npagn, inhabitants d beleagued cities andn aher such studionswhere

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

- during AnsaY's drcumnavigation voyage in1742-1744 (a period prior to Linds 1747invesigaton cescibed
ovaleaf o page5.48), at kast380 d a aew of 510 a ane d his s$x ships ded of scurvy;  BY CONTRAST:

- on his gondvoyagein 1772-17B, oveaing 0,000 niles aer morethan 1000 days,Codk (who knew of
Lind's invesigaton and actedon i) log only 3 men to @ddentsand 1 to¢onsumptiori from a aew of 118.

2006-0620 (continued wveled )
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NOTES: 52. ¢ Lind had dred experienceof scurvy beaug he fist went to ga with the British Navy in the btel730s he

(cort)

spent mary yeas nvestgatirg its caise Our interest n Linds work is beau®, n 1747 he sedan expei-
mental Plan to nvesigae posdble reaments during a vgage which induded a te-week absace from
shae and in which80 d a arew of 350 siliors were srudk down by scurvy, Lind usal a anple d 12 sailors
with sarwy, whichhe dided nto goups of wo for adninisteing the bllowing sk daily treaments

- two quarts of dder; - haf a pint of sea vater - two aranges and ane Eman;
= 25 dops of dixir of vitriol; = six spoonfulls of inega; = a garlic, mustad sed balsam and yrrh
gum deduary

Pats of Linds desciption of his invesigaton, from the eferencebdow, are:
On the Dth of May 1747 | todk twelve patients n the survy, on board the Salsbury at ®a. Their casesvere &
similar & | cauld have them. They dl in gened had putid gums, the pas and asitude, with wealenal knees.
They lay togeher in ane pace ..... and hal ane det commaon to dl, ..... . Two of the wast patients, vith tendans
in the hamigid, @ symptomnone d the rest hd), were put undera course ¢ seawater .....

The oneqiene was tha the nostsudlen and igible good dfeds were percaved for the ulse d the aanges and
lemons; oneof thase who hal taken ham, being at the end bsix days ft for duty. ..... The aher was he hest
recovered d any in his condtion; .... .

Next to the aanges, | haugh the g/der had tle best &eds. ..... hose vho hal taken i, were in a firer way d
recoery than the diers at he end ba fortnight, which wasthe lergth of time all hesedifferent ourses were
continued, except the aangss. ...

As o the dixir of vitriol, | obseved that the routts of those who hal usedit by way d gargling, were in a nuch
clearer and keter mndtion than nary of the est espedally those who ued tre vinega; but percéved atherwise
no god deds from its inteinal ug yon ather ymptons. ...

There was no emakalle dteraton ypon those who took the deduary the ®awater or vinega, upon comparing
their condition, at he end bthe brinight, with othes who hal taken rothing hut a Ittle lendive decuary and
cream dtar@r, ..... .

It may be row proper © confirm the dficacy o thesdfruits pranges and emang by the experienceof others.

In the oniext of the Gondudon stage of he APDAC cyde, becaus Lind obtained wha is now known to be

acarectAnswer it is eas to overbdk the ®vee limitationson his Ansverimposel by:

- the gnall sanple sze d 12 sailors;

- the ron-probability seleding: likely conveniene sdeding of sailors who were on tie $ip and hal scurvy;

- the ron-probabilty assgning — rot surprisingly, thee is no nenion by Lind of the modem’ idea & proba-
bility assgning €g., EPA) but ®me mplication of judgement assgning in the desription quotedabove.

REFERENCE: Trohler U. (2003. James lind and survy: 1747to 1795 The Jamesihd Library (www.jame$ndlibrary.org).

Repubished i the J. Ry, Soc Medcine 98: 51-522(2005. [DC Library call nunber. PER R35R7

53 Equiprobalie sekctng and guiprobalde assighing are mmponents d the pocesse of sanpling and experimenta)

2006-0620

conparing, whosesinilaritiesare ilustraed n the dsaus$on on pge546 d Talde 5716 and ae portrayed by
the wo treediagians in the £hama 4 the ight below

e Invesigatbnsinvolving conparing (to arswera P MPLING COMP ARING
. . Protocd for leding unitg (Protocd for choosng groups;
Queston with acawsaive agect) usual invdve protocd for sting leves)
samphg; invesigatonsinvolving samghg
to arswera ngsﬁ)n with ades_cri ptive Sdeding Edimating Asdgning  Edimaing
agect reednot involve conparing
Probability selecting mears having Probabiity  Other Probabiity  Other
knownuni indugon probabilties h
the sleding process introdudory Eggg Unecud I(ESSS Unequd
stdistics ourses anphaize equpro- -, S
beble ®leding as he ass of daist- 7 Stdisticaltheay for. -,
cal theory for the behaiour of sam e impredsiomme%icaing
ple error underrepettion. { e calfidene inteval expresians .
- He'e' W_e an the erm probebl- Statifying c"an derease Blockhg‘f:én derease
lity assgning for having known sanpling impredsion conparing impredsion

assigning probabilties we enoun
ter mainly the pecid case 6 equprobalde assgning — (ougHy) equal numbers of wnits in the goups €9,
control and reamen) beng conpared
+ Analogots to BPS EPA is the kass of gatisticaltheay for the behaiour d conpaisonerror under
repettion — eall the dsaus$on on pageb.46 d Take 5716
+ Suprisingly, ‘probabiiity assgningis rot curenty usedelewtlere, pethaps efleding sepaate cevdop-
ment d the two arge $disticalareasof survey sanpling and degn of experiments
Our equiprobable ®leding is usudly simple randm &leding or rancdbm €leding elewtere;
our equprobable assgning is random assgning or randomization elswtere.
(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categpries and Sources (cortinued15)

NOTES: 53 e - Stdisticaltheay is usdin the edmaing branches bthe two teediagians in the £hana a the bwer
(cort) right of the fadng page5.48 thesebranches & partof the Anaysis sage of he FPDAC cyde.
+ Sdeding/asfgning robabilities @ the kass of the heory usel for estimating is rotewothy.
- The <hema 4 the bwerright on the fidng page5.48 reminds s of the anadgots wlesof dratifying and
blocking in sanpling and omparing [but reall the ®mment(-) nea the tg of page5.37].

® As shown ctorially at the ight, a @mnon heme Equiprobable sdeciing Equiprobable assgning
of EPS ad BPA is dviding a goup d units into

stbgraups tat are ikely to be sinilar enaughun-
de adgquae repicating for the repective limitations Repanden
imposel on Ansver§ by sanple eror and ®m- popuation
paism eror to be aceptide in the nvesigaton
context. A

- When sekcing the sanple, he goup d units
is the epondent wpuation, the sibgraups ae the wits not sdeded and the sarple.

oY, Y,
Similar Similar

22. Observationd Plans — The Confounding Effect

In an obervational Plan for a bcal vaiatewith g \alues,we think of the espondent ppu-
lation & beingmadk up of gsubpopuations; each sibpopuation is hose wits whichhave a @r-
ticdar value of he bcal variate Diagram(2) at the iight shows an inseinceof =2 with the o
stbpgouationsbeng of the samesize (4 wnity; two short horizontal lines siow the two sibpopu-
lation averaje epose Y, and¥; [asthey dso do in dagram(l) at the bwerright of page5.49.
The dff erencebeaweean ¥, andY, for the two subpopulations hastwo compaonents

* the treament efed arising from ther differentX values;
* an dfed due b dfferenceshaweea the two sibpopuationsin the dstiibutions of values(eg,
in the areraye$ of one a more lurking variates —we call this the confounding efectand ve write equdion (57.5 bdow;

‘1_‘1—?0 = dfed of charge inX + dfed of charge inZ,, ....., Z, = treament &fed + confourding efed. - (57.9
Explandory variates ae wisudly numeous and g, for each unit, as thesevariates take ther ‘naurd’ valuesuninfluened ty the
invesigabr(9, thee is anple gpportunity for dfferent dstibutions of e o more Z; anong the q sibpopuationsof the e-
spondenipopuation. It is usudly feasle to manaye at nostafewZzs by matding and/or aubdividing.

Assasng Ansvers from dosevationalPlars nmust bke acoourt of the onfourding efed becau®:
- itis a ®urce d compaism aror and the estiing limitation imposel on he Arswexs,
- the redment dfed and the onfourding efed camat be quantified sepaately— we @an aly know ther suny

thus, aur €forts to manaye an inherent limitation on Answers from dosevationalPlars med, & best with only partial sucess
There is furtherdisaus$on and llustraion of he onfourding efed in Sedion 23 overkaf —eg, in Schana O @ page5.5L

o = N W A~ O
—_

NOTE: 54. The g£hema d the iight below shavs o ways ve tink about a epondent ppuation in @mpardive investigatirg.
e On the Eft, we think of al units haing the bcal vaiate value

X =0 and, in an expaimental Plan a ainple sleded ly EPS & Repondent | = @%‘;ﬁgk +
pcpdatlon with X=0

divided n haff by EPA, with one haf retaning the valie X=0

and the dter bang assgned X =1; the two(haf) sanples a@e

then @mparedappopriatdy to ansverthe Questdn(9.

- An illustrdion is a tinical trial d a drug — X =0 repreents
taking no drug (Usualy taking a pacebo in practice and X =1
repreents aking the dug.

[When two drugs ae canpaed none of the ppuation urits
may initially have X =0 a X =1, but this does rot afed the
paint of this dsaus$on]

e On te iight, the haural valuesof X define (two) subpopuations Sam
and in an obenational Plan the sarples to e wmpared are @
obtained by BPS fom theseslbpguations.

Dividing the sarple in half by BEPA is for smpilicity in this dsauson; in practice the ontd and tredament

graups may ke made d different sizes to nanaye dher urces of aror; this @n ke acconplished by using

unequd probabilities d assgning wnits to the goups.

e |t is dso assuned for sinplicity tha the egpondent ppuation sze is an gact multiple of the number o
graups €g, tha N is elenwhen tee ae two graups).

Repondent
stbpopuation
with X =1

(continued wveled )
2006-0620
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23. Comparison Er or in Experi mental and Observationd Plans

Despite the probabilistic equivalenceof EPS bllowedby EPA o the kft and BPS d two sanples o the iight in the
schema n Note 54 overkaf @ the bwerright of page5.49 compaisa aror is invdved n differert ways in the two Ran
types, & illustraed n the two shemasE at he iight belowand O athe ypper right of the fadng page5. 5L

® In schana E repesening an expeimental Plan the egpondent Schemak for an Experi mertal Plan

popuation has (inknown) averaye ¥ and the saple slected Treatrrent Eimaed tedment

from it by EPS tas (indbseved avaage’y Fefed | T —

- The diffeence in the valiesof ¥ and’yis sampleerror; Campaiscn [ efied
its value lemans unknownin a mricular invesigaton. o SmeercnEeo o f

- We dsodenok the epondent ppuation arerage when all o CATRREOTWRENXSL e
units_hae X=0, by..o¥ and when all wits hae X=1, ‘ ror ' Tnmesape |
by...f; the diferenceof theseurknowr) averaesis the —mmm—mm— - %=1, - —
(urknown) treament efed — the chage in he average of x=2f E (%) ho
¥ for unit charge inX when all he Zs reman fixed v @(VF) ”””””””””” h"‘
+ A treament dfed is an dributedescibing a elatonship ——pmmm—————- X=0—T ‘

x:o¥ yO

o The sanple is dvided(roughy) in half by EPA.
- Ore Half yields an aeraey for the reponsevariatewhen the dcal variatetakesasgyned \alue X = 0;
- The aher haff yields an &erae’y for the reponsevariatewhen the dcal variatetakesasigned \value X =1
- The pbseved differencey, -, is the estmaedtreament dfed.

o The sstmaed and truetreament dfeds difer by comparismn eror aisingfrom two ources.

- The wo haf sanples dtainedunde EPA would likely havedifferert aveagesy, andyf whenX =0, due b dfferences
in thar distibutions for one & more lurking varates Z;.

- The tredment dfed in the (haF) samplewith X =1 is kel to dffer fom thetruetreament dfed;
Sdely to illustrae ths dsausdon, the @mponents d comparisan aror from the two surces ae fpadaed ty the dort
vetticalline on he bwersice of the @mparisa eror bar © the iight of its ente.
+ The hypothdical (unobseved avaage Y of the hdl sanple with X =1, if it wereto hare been assgned X =0, is

called acounterfactual and aises gyainin Note55 m the fadng page5.5l and pages. 2.

- Compaism eror (from both saurces is eliminated in the (inatainable) ideal & our three citeria @t the tp of page

5.32) defining causé#on, whichrequire acersusof the egpandent ppuation bath whenX =0 and whenX =1

o By equding the elevantholizontal distancein schama E we e that:
sanple aror whenX=0 + onpaism aror + teament dfed = tredment dfed + sanple aror whenX=1;
conpaism aror = @anple eror whenX=1- sanple eror wrenX=0. - (5706)

Beaus ompaism aror can ke epresedas he dfferenceof two sampleerrors, an gperimentalPlan whichusesEPS

and BPA provides the bss for datisticaltheay whichyields:

- an(inversg relatbnshipbeween comparing impredsion and he group szes(or degee & replicating);

- an epresion for aconfidence interval (ClI) for the reament dfed (.e, for a epondent wpuation areray® — such an
intenval, understitable nmodelling assumptions quantifies conparing axd meauing impredsion (asdemonstatedfor
EPSin Appendk 3 on ages 591 to 594 n FHgure 58 — ®e dso Figure 131 of theseCaurse Materalg;

- unbiasedesimating (.e., z&o conparing inacauracy) of a redment dfed (@ repondent @puation attibute @mnonly
of interest h a @mparative Han — reall the dsaisson of Talle 5716 on page5.46.

Hene, BPS ad BPA in conbinatbon provide for quantifying comparing impredsion and ®, in corjunction with adeglate

repicating (or adeqlate goup $zeg, dlow an Answverto be dotainedwith accepide limitation imposel by mmparism

ermor in the @niextof a pricular investigaton with a omparative Han.

- BExpaimentalPlars whichuseERA but camat feasbly implementEPS & mmmon dae d affairs in practice haveno
basisfor invoking the hree lkendits of detisticaltheay for EPA and EPS a thesebendits are sated dove However
they can be etaned in a resticted way if we think of the sarple as drespondentpopulation’ which is then (inde
EPA) divided nto two'sanples (the cmntd and reament 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 regect o the epandent ppuation — ts asesent waild
be baedon extra-datisticalknowledye and £ldomqguantitative like the povisiors of aanpling theory HOWEVER:

+ The sveity of the Imitaion imposel by this ‘study’ error may ke dleviatedbecausea differenceis beingesimated.

o In schana O &t he wpper right of the fadng page5.3) regreening an oberational Plan,_the two egpondent sibpopu-
lationswith focal variatevaluesX = 0 and X =1 haveregective (unknowr) averagesy, and¥.
- The (nknowr) regpondent ppuation averaye is the weighted aerage of¥, andY,, the weights keingdeternined by
the szes d the two sibpopuations— schama O & dravn with equal weights.
- ¥,— ¥, is thetreament efed [dueto the diferent valiesof X in the two sibpopuation$ plus a confoundng dfect[due
to differencesn the Gveagg valuesfor oneor nore lurking varatg Z; in thesestbpguationg
(continued)
2006-0620
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categpries and Sources (cortinued 16)

+ From Setion 22 o page5.49 the conbunding efect SchemaO for an Observationa Plan
in an ob;er\@ﬁonal Plan & the (Jrknowr) difference Treatment éfled +,  Edimaed teament dfed |
beween ¥, - ¥, and the reament dfed:; Confourding efed Treatment.
. g o _ . Compaism aror ™ efed |
i.e., Y¥.—¥, = tredment dfed + confourding efed.  ----- (57.9 P S

+ The wo components d ¥1.— ¥, in the les_pondent @pua- % SammW
tion @amot be gpaated n an dsevational Plan hut, ’ Whenx=-1 '
sdely to illustrae the preent dsaison, one possble x=1 - , - —
sepadtion is indicaed in schama O ly the $ort veri- %) ¥ %) Vo
cal ine on the bwersice of the dfed bar @t he ypper T —
left of schema Q a litle o the iight of its @nte. X=0— : : ‘
The postion of this epaator involves_the fipotheical ¥ (%) Yo

repondent ppuation aremgesy, and¥,, represening the lypothdical situation whee dl units d each subpopua-

tion havethe othe value of he bcal vaiate

o The sanples dtainedby EPS fom the two egpondent sibpopuationswith X =0 and X =1 yield averagesof y, and’y.
- As in a1 experimentalPlan, the pbseved differencey, -y, is the estmaedtreament dfed.

- The wo (unknown and Ikely differen) sanple arors whenX =0 and X =1, the dfferencesbewean the elevantre-
spondenipopuation axd sarple averages,are as kown in chana Q

o The estmaed and truetreament dfeds difer by comparism eror aisingfrom the onfurding efed and two ohersairces

- Due to dfferencesdn ther distiibutons for ane o more ron<focal explanaory vairiates Z;, the two sarples dotainedby

EPS ikely havedifferert avaagesin the typothdical situation whee the wits in both hadthe sameX value for exanple,

schema O sbwsa dfferencebaween y, andy (the avergye Dr the sanple with X =1, if it wereingeadto have X =0).
+ The typothdical differencey; -V, involves bath the confourding efed and the dfed of sanpling and © dffers
from (in <chema Q is largerthar) ¥, — ..
- The tredment dfed in the samplewith X =1 is likely to dffer from thetrue treament dfed;

Agan lely to illustrae ths dsausson, the @mponents d comparisan aror from the onfourding efed and the two

sarces ae epaded ly the hort verical lines on he bwerside of the @npaism error bar.
o By equding the elevanthorizontal distancein schema Q we e that:
sanple aror whenX=0 + ompaism eror + tedment dfed = treament dfed + confourding efed + sanple eror whenX=1
conpaisa aror = onfourding efed + sanple aror whenX=1- sanple aror whenX=0. - (577
Compaing euaions(57.7) and(57.6) [on the fadng page5.50], we se wly an Ansver abouta reament dfed from an

oberational Plan ha nore evee Imitaion imposal by comparisa eror than sich an Answver from an expaimental
Plan — guaion (57.7) hasthe aldtionalconfourding efed termarising from the egpondent puation.

- This addtionaltermis unaffeded ty the bvé of redicating — it persigs in acersusof both regpandent sibpopuations.
- Limitationson Answver(§ from dbsevationalPlars ae dsaussé againin Appendk 15 on mges 582 b 584.

For clarity, schamask and O ae davn with positive sanple aror, comparisan eror and reament dfed; in practice thee
may be omé carcdlation within or between such entities whenhiey haveoppaite sigrs.

NOTES: 55 The(haf) sanple arerajey in schamaskE (on the fadng page5.50) and O #bove is comnonly unobseved but

2006-0620

an eception ocaurs in a Bocked experimentalPlan caled across-oer dedgn, representedpictorially below; an
exanple is a tinical trial o dietary oa bran as a vay d redudng bood e chdeserol levels @nd hence
heat diseasg

Treatrent (O bran) Treatrent (O bran)
L ‘Basdine’
Baséne !
—
Pla®bo (Low-fibre whed) Plambo (Low-fibre whed)
1week 6 weeks 2 weeks 6 weeks

o Twenty-four participants were dvidedunde EPA into two goups d 12; serum chdestrol levels were noni-
tored for d 24 paricipants br a lasdine period d one week while they ate their normal diets

e Forthe rext six weeks, chdeserol levels were nonitored whle me goup d 12 paricipants was asgned a
dietay supgement d low-fibre whed (the dacebg), the ohergraup was assgned @t bran (the treamen).

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

e In the final & weeks d the nvestigaton, the two goups d 12 were assgned tte othe dietay suppgement
from the one hey had @nsimel in the previous $x-week period.

o The final averge ®rum chdeserol level of the goup d 12 paricipants o pacebo for the seond sixweek
peiod @n ke regaded &'y, but ths Fanrealy just yelds valuesfor y, andy for all 24 paricipants

(continued wveled)
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NOTES: 55.0 The rmon<ocal explenaory variates Z; (the Hocking factarg mace the samewhen X =0 and X =1 ae those

(cort)

perdnalchaacteistics €g, gendic factars, levé of exercise) ha affed an ndviduals serum chdeserol level.

- The ceaeasedconpaing mpredsion afforded ty the Bocking in this Ran mustbe £t ayairst 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 nvesigatbn were lostdue b missng data— the final sarple $ze was D; this gnall
sanple sze {.e, this low leve of reficating) mears sanple aror impose a ®veae imitation on he Arswer

o As is ®mnon with conpaative Rars, the samle was not obtained by prabability sdeding — the parici-
pants were vdunteersfrom amang deticiars and oheremplyees of a tospital in Bostan.

- The Ranindudeddauble Hinding — see Bde 5711 in Note 38 rea the mdde d page5. 3.

REFERENCE: Swan, JF, Rous, I.L. Rous, Qurley C.B. and FM. Saks, Gomparisan of the Hfeds d Oat Bran and
Low-Fibre Whed on Serum Lipoprotein Levds and Hood Resue NewErgl. J. Med.322(#3): 147-152

(1990.

[DC Library call number. PER RI1B7]

56. The dsaus$on of this Sadion 23 garting on pageb.50 makes t dea why the Ranfor an nvestgaton b ansver
a Quesidn with a causéve asped will, in generd, be experimentalby chace obsevationalonly by recessty;
simlary, a omparaive Ranwill be Hocked/machedby chdace urblocked/unmachedonly by recessty. The
importan@ of cbsevationalPlars for edisting @nd hence chege) datafrom them] is that:

e they ae the ally chacewhen t may ke infeagble or is unethical for invesigabr(9 to assign valuesof the bcal
variatgg — for instance leve of exercise, type of det (when onpliane is dten euivoca) or dgarete snoking.
e they may suggest(clue gaerdion) how to improve a pocessprior to usng an eperimentalPlan to onfim
(valdag)) that he sudht-after improvenentdoes ocaur when the elevantcharge is nacke.
An expaimental Plan mug, of course be wsedwhen the elevantvalue of he bcal vaiatewould not ocaur ra-
for insance an eperimentalPlan & reeded b confim tha a darge (ike instllating a newfiltration
systam) does adhievethe anticipated improvenent in a process(like purifying drinking watermoreeffedively).

turdly —

24. Immary of Err or Managemert Strategies

For convenient eference Plan conmponents to nanaye he $x categries @ error (listed aain bdow), from Taes 57.2,
574, 57.6 and 5710 (on payes5.2, 526, 528 and 539), are gven togeher in Talde 5718 bdow and m the fadng pages. 33:

* study error;
* sanple atror;

Plan Cormponert

* meastement eror;
* Non-reponseerior;

Error

caegory

* modd error;

* conpaism error.

Table 5718

Error Managenert Strategy

Spedfying the stidy
popuatior/progess

/
N

Measuing \arates

Sdeding wits

/
AN

2006-0620

-

~

EPS
Method o‘/
sdedlng

Jucgenent

EPS
Sampé sze
(Re'j‘ca'”g) \Jucgenent

Straifying the
respmdent p)pljatn

ro*

n

Impredsion

A

Inacarecy

-

Study

|

Sampé

{

{

Measuement

Spedfy the stidy popuation/progessso ts dtributgy can ke atidpaed b be ale-
quaey close (in valug to those d the argetpopuation/proess

® Resticting valuesof explanaory variates @an edice \ariation in tie stidy popua-
tion/process- this may decreasesanple aror butincreasestudy error.
o Sampt eror is preferred becausestdisticalmethods to manaye t are keter ce-
fined than the @ra-statisticalknowledye sudly neeckd b manaye sudy aror.

EPSis the ass of sanpling theory which provides or:

e unbissedesimating of the egpondent ppuation averae ty the sarple aeraye

e quantifying the Ikely sze of sanple eror underrepettion |.e., quantifying sanrpling
impregsion, whichwe ke here & ‘quantifying uncetainty’].

Judgemer selecting aims b make saanple aror & snall as neded n the onext of

the particular invesigaton.

e |t provides ro bass for essessg if this am has keen acheved

EPS Sanpling impredsion decreasesvith increagng sanple sze 6eeAppendi 4 an page 559).
Judgemer selecting: increasingsanple sze wsudly deaeases the dificulty of making

sanple aror & snallas neded n the Questbn onext BUT:

e There is no heoreical bass whichrdates sarple sze to @anpling impredsion.

Decreasesanpling impredsion unde EPS fom the (propery-chosen) drata.
e Provides &ributeesimates for the drata & well as br the repondent ppuation.

Usea measting pocess vhose naccurecy is accepiie in the Questbn @next
e Incaurecy df a measting frocess @esnot necesily deaeae with its cost
o Inacairecy is mangedby usng gandads (vhere they exist — see Note 3 on mge
5.20) to calbrate the measung gocess
Usea measung process whase mpredsion is accepibe in the Queston mniext

e Decreasd impredsion for a measung process wsudly entals a nore costlyproess
but tre mnverse & not always true.

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categpries and Sources (cortinued17)

Plan Componert

Error
categry

Table 5718 (cortinued)

Err or Managenert Strategy

Sinple

Edimating

Rdio
attibutevalue

Regesin

_
Questonnaire

Obtaining

/ Interviewer
reponss— Incentives

\ Call-baks

Other

<

-

Sampk

Unde EPS the samle averge and sarple gandad deviation povide esimates, with

defined behaiour underrepeition, of the ©rreponding regpondent mpuation attibutes.

When edtnding the egpondent ppuation averge @ total unde EPS ratio and re-

gresgon esimaing improve the 6inple) estimate by using the repondent wpuation

avaege ¢ total of an explanabry veriatewith a trorg) pasitive esdation with the

reponsevariatewhoseattibuteis of interest

o Raio esimaing deaeases sanpling impredsion when he sandad deviation of he
reponsevariateincreases inearly with the guae oa of the eplanaory varate

® Regesion esimaing deaeases sanpling impredsion when the sindad devition
of the epaonsevariatedoes not chage with the value of he eplanaory varate

Raio and_reges$on esiméing introduce esimaing bias but an hae snaler ms

error thanYor NYas he edmator of the epondent ppuation averae a total

Apart from a psdble legidated requirement to epond €g, © a puation @rss),
obtaining reponse from wnits whichare rumans rdies an incentveswhich indude:
e a dea, answerdle, siccinct questdnnaire;

o when fagle, a gestbonnaire an oneshest d paper (or guivalen) is an advantge
e propery traned interviewers;
o call badk to units wiil those vho ae unavalable are contacted
e appeal to aruism — reppond to povide information tha will benfit sodety;

Non-reponse e offer a nateial reward for reponse

o give everyrepondent a mall item like a en o a dollar @in;

o offer epondents a chaecto win a sibgantial prize ke a tip.
The «ill and persigence of internvewers, deeloped ly training, ae a conponent o
the incenives — e dso Note 68 at he ottom d pageb5.62.
The deansepagtion of egpaondents and an+yepondents $ an deaization — prial
(oritem) non+epnseis dso enourtered n practice when sarpled wits provide
somebut nat all, of the nformation requesed.

Imputing is the pocess ¢ assgning \valuesfor missng dosevations—eg, assgning a \alue br the repone of a ronrepondent o the kass

Impuing

of its valiesfor known exgandory variates (ike €x,age locatior) tha (it is hoped are reasnalte ‘predctors’ of the eponsevariate

e The purpose d imputirg is to dmpify the daa analsis; i rarely meanngiully increasethe mmpleteness d the nformation in he daa.

EPS

Fom of the stuc-

/ tural companent
Assesng model-2”  Gaisaanidty

ling assumptions
\ Probabilistic

indgpendence

Equd standad
deviatiors

ExpeaimentalPlan
Queston with a / J

caustive ssped

ObsewationalPlan

Modd

Compaism

Limitationsimposel by nodel eror from two nmodelling esssunptionsare manayedby:
e ersuing he eleding process br wnitsis (equivalent t) EPS,
e ersuing \ariatevaluesare meastedindepedenty.
Asseasng how wel modelling assumptionsappea to be net wsudly invdves gaphical
disphys ég, caterdiagans) d the estnaed esduds from the eponsemodd;
e usea Gausian quantile dot (o, someimes, a Istggran) to sssess Gusianicity;

o trandorming g, taking logaithms of) the datacan hép med this asumption;
e usea fot in the time order d datacdleding to asses pobabilistic indgpendence
usesice-by-sde dot- or boxdots, or a got with the eplanaory varate from the
strudural component d the nodel an the haizontal axis, to esses eudity among,
or dependencen an explanaory varateof, sandard deviation(.

Blocking: forming goups of wnits with the samevaluesof ore a more ron-<ocal
exgandory variates; the wits within a Bock ae then asgned differert valuesof
the focal variate
e Equiprobable assgning: a prababilisic mecharsm sedto assgn the value of he
focal explenaory varateto the uits - within each bock in a Hocked Pan

- in the samle in an unblocked Plan.

o Blinding participants and treatmert administrators: by withholding from par-
ticipants and reament alministratos knowledye of which graup a m@ricipant is
in, thesetwo Hindingstry (like equprobable assgning) to manaye fidors which
may promot dfferencesn avergyesof urknown and unmeaued non-focal e-
plandory variates in the (treament and ontrol) graups whase éveage repanse
variateis beingconpared [Manaement ¢ conpari sonerror]

® Blinding treatment asessas tries (ike making measwementsindepaden) to
prevent the asessrs' ather knowledge fom improperly influening ther asses-
ment d paricipantsheath datus. [Man@enent ¢ measuremert erior]

e Matching: forming goups of wnits with the samevaluesof ore a more ron-ocal
expgandory variates but differert valuesof the focal variate
o Subdividing: a form of matcing in whicheach valie of he bcal variatefor the
unis d the samle is stbdivided on the kass of the valiesof ore or nore non
focal explenaory variates that may ke confounakdwith the focal vaiateunde the
Plan — e BHe 5712and its dsaus#on on te bwerhaf of page5.39.

As an adjurct to Tade 5718 the eror scheama (introducedat the @nte right of page5. ) is gven overkeaf o page5. %4
to show in one pace tre progressve developments bits ur versians (from pages 520, 525, 527 and 530); version 2 @t he

2006-0620
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upper right) is supdementedby the dagiam fom the lottom right of page5.25 (and its &lde o notaion) which shavs overal
eror & the @lgebrac) sum of he first dur error categries when asweing a Questn with a desaiptive agpect. This da-
gramis, in turn, suppgementedoy schanask and O fom Sedion 23 on mges 550 and 551 and equdions(57.6) and(57.7) as
a remiderthat, in comparaive Rars for ansvering Questbns(with acausatve agpect) about (siatistica) reationshis:

® conpaism aror is an adtionalconponent o overdl error,

e in obenational Plars, omparism eror imposes a nore evae imitaion on Aswvers than n experimentalPlars beaus

of the onfourding efed (introducedn Sedion 2 on @ge5.49.

Version 1(page 520) — 3 ar or categries

Version 2 (page 525) — 4 ar or categries

Non-repondent ppuation)
. Regpaonden
l popuiation popuiation

Sampt
(meauedvalue$

j
(true value$

Answel o Queston(§

(Sampe | atribute
Non-reponse  Sampt  Measuement
eror eror

Target Study
. f Target Study
popuation popuation popuation
Answely to Quesion(9
(Sampe | atributg
Study Sampt Measuement
eror  ermor error Study
eror ermor
N

Version 3(page 527) — 5 ar or categories

Non-repondent puation)
Target Study
popuation popuation %%ﬁ’ﬁ;ﬁgﬁ‘ ------ MODEL
= |
Sampk Sampk
(true \ﬁuei—j L(mea;uedvaues)
Answel ) Leston|
(Sampe | atributg
Study Non-reponse Sampt Measuement Modd
error ermor ermor ermor ermor
Version 4 (page 530) — 6 ar or categries
Non-repondent ppuation)
Target Study
popuation popuation F,S%g{ﬁ?&? —————— MODEL
! [ / L
: 1
Compaism ) [_S;mpé Sampk
ermor (true \/abesl—j L(meauedvaues
nswe [0 ueston|
Sampe | dtribute
Study Non-reponse Sampt Measuement Modd
error ermor ermor eror eror

Schemak for an Experi mertal Plan (page 550)

Treatment, Edimaed tedment
—
effed effed Treatrent
H Compaism fled
It IS rDtewothy Sampk @ror whenx =0 ) eror ¢
that wmalsm Sampé eror whenx=1
eror invdves Sampt T Treatnent drea
eror n the e
the dfference et e sepe
f (wo) sample TTTTTTTTTTT I nn T
0 P ¥ £ %) Vo |
eriors. T K"""”_r 777777777777777777777 —¥
¥ ! ) 3
e ikt A=0—r
x:0¥ yO

Inschema E  comparisa eror = sanrple eror when X =1- sanple eror whenX=0.
In schema Q conpaism eror = @nfourding efed + sanple eror when X =1- sanple eror whenX=0.

2006-0620

U

Table 57.3: SYMBOL DEFINITI ONS

¥ | Reponsevariate
¥ | (True) argetpopuation averae
¥s | (True) sudy popuation avergje
¥ | (True) epondent mpuation areraye
Y | True arerae br sanple slected
y | Meamsuedaveage br sanple slected
T | True value of a anple arerge
M Measuedvalue of a anple averae
| Owerdl error ,
Study Sampé

— —— ]
eror  Non-reponse eror | Sampg dtributemeastement
Toeror T " eror !

—— Measuing bias

Disaus$on of the dagiam &ove is at he Eft on the
lower haf of pageb. 2.

SchemaO for an Observationd Plan (page 551)
. Edimaed teament dfed

Treatrrent dfed +,
Confourding efed

Treatnment
Compaisa effed
eror
Treatent éfed
Sampé eror in the sarple
whenx=0 | Sampt aror ,
! whenx=1 !
x=1 s T Ly T
CON %) Y |
T e —Y
¥ |
A=0-r - T
\l(u (¥1 ) yO
----- (576)
----- (577

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categpries and Sources (cortinued18

NOTES: 57 A Plan $iauld carefuy consder whether eror from ane surce $iauld be managedin a way tha increaserior
from anather ource — that is whether trere is a ret cain in redudng the Imitation on @ Ansver by manaing
onecdaegoty of error in a way tha increasedimitation due ¢ anothe caegory — reall the dsausson of com-
paiism eror and stidy error in Note 35 rea the ottom d page5.37, rea the end bNote 39 m page540
and e tle dsaus$on of gudy eror and sarple aror in Note 95 a page5.84 in Appendk 16.

58. Thee is further disaus$on of error categrries n Appendk 16 on mge5.84. Error categrization in he ®dal
sdenes & mmparedwith aur ternmindogy in Appendk 17 on pages 584 and 585.

Eighteen Appendiceshow follow in the ader they ae dtedin the Rgure except for the dtationsof Appendk 14; thee is
no citaion of Appendk 19 on rge5.86. Some Apgendicesnvolve idedy disausse after the Appendk is dted becau stictly
sajuential preserdition of he deasof introdudory gétistics is imposdble — ®me ermindogy must ke isedbdoreit is defined,
a dfficulty addresedhee by having a Gossary (of 10 sde$ as Rgure 15 o theseSTAT 231 Course Materals.

25. Appendix I Popuhbtions and Processes(cited m pages 520 and 586)
Disasson at he ottom d the first &le of the Fgure (page 519, and its etendon to indude the egpondent and on-
regpondent ppuationson mges 524 and 525 in Sedion § invdve papulations of urits and he sample
* Popuktion: a well-defired goup d units othe thana sanple.
Unit: a badc enity for which vaiatevaluescould be ob&ined target units make up he target popuation.
Targetpopulation: the goup d units to whichthe investgabr(§ want Arswel9 to the Questn(s to goply.
Study population: the goup d units avalable to an nvesigatbon &tudy units make up he stidy popuation).
Regondent population: thoseunits d the stidy popuation ta wauld provide the dia requesed underthe incenives
for reponseoffered n the nvestgaton;
Non-regpondent population: thoseunis d the stidy popuation tha would not provide the dea requeséd wnderthe in-
centives for reponseoffered n the nvesigaton.
* Sample: the goup d units/blockssebcedfrom the egpondent ppuation and actually usedin an investgatbn; asanple
is astbsé of the egpondent mpuation. - A cersususesall the regpondent ppuation urits/blocks
[Blocking (introducedon pages 536 and 537 in Sedion B) is included in theseddinitionsto make them more gened]
Target wnits and gidy units ae dten the sameub may differ; for instance when asessg drug dfi-
cacy and sde effeds udng laboraory animak, frgetunits ae umans hut gudy urits are laboraory
animak feall the rewspapr aticle Mirade aure that kills claims fifh victim in Figure 31 d the Gurse poptioyon
Materials). The posdbility of different tugetand stidy units may be docuredby a (niskeadng) dia-
gramlike the ae dthe light whichshavs te stidy popuation & asubt of the argetpopuation.
@ Sud a dagrammay dso shav the sampleas a sbsetof the stidy popuation [but see th four schemas fran pages 520,
5.25, 527 and 530 @hich are stown agan togeher an the fadng page5.54) and the ommentat the ottom o page5.19.

* ok Kk X

>(.

Target

popuation

To ansver sometypes of Questdn, inseadof a ppuation, we gart with a process we dstinguishtwo cases:
* Proces: @ a ®t d opeationsthat produceor dfed units, OR:
e the flow of an entity (like wateror dedrons.

The first case ases when the @estbn is albutimproving a mandacturing a senice-delivery process we quantify the per
formane of the pocess ly measung varatevalueson the wits i produce or dfeds.
- The tamget processis typically the pocess nev and into the tfiture br & long as he curent 6r improved implemenrdtion

of the pocess peates.
The £mnd casealises when the Qestn is alout an enty tha flows like waterin a fiver or dedronsin a drcuit or net-
work; we quantify characteistic(§ of such processe by neasung \aratevalueson the enty tha flows.

- The tamgetproaessis typically the pocess wera cefined period d time Table 5719

An invesigaton with a target population will have a sudy population; an Popuktions and Processes
invesigaton with a target processthat is a st d operaionswill also havea Target popuation ---------------- = Sudy popuation
study population — the aailable wnits producedor dfeded ly the pocess Target process operations-------= Study popuation
An invesigaton with a target processthat flows will hae a sudy process Target process flow ------------- = Sudy process

usualy the amgetproessove a resticted ime paiod 6eeTalle 5719at he iight).

NOTE: 59 In STAT 23], popuationsand sarples ae both mack up of units kut, dsewhere, we dstinguishthe entities ha make
up a ppuation elenety from wha is sleded for the sanple (intg) — for exanple, n duser sanpling, a uit con-
sigs d a group of dements The dementunit distindion is pursued biefly in Note102 on mge5.86 in Appendk
18 and in more cetdl in Appendk 1 on pages 856 and 857 of Figure 811 of the STAT 220 Caurse Materals.

2006-02-20 (continued wverled)
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26. Appendix 22 Equiprobable (Simple random) Selectng — The Protocol for Sekcting Units (cited o pages 520, 526, 585,
* Theprotoool for selecing units, somedimes catd tre sampling protocol, is (a cesciption of) the process and 589
(to be) wsedto wled, from the epondent puation, the wits tha comprisethe sanple.
There ae many processe wsedin practice to sled sanples three d them are dsaussd in this Appendk 2;
o equiprobable sdeding, o systemdic sdeding, o judgemert sdeding.
* Equiprobable (simple random) selecting [EPS (SRY]: all sanples d size n wits from a (eponden} popuation of
size N units hare robability 3/(N) of beingsdeded.
- What we @ll equprobable sdeding is likely to be alledsimple randm (or rancbm) seleding (©r sanpling) elsswtere.
- Equiprobable refers to aprocess we should not refer to an guiprobalde (r randon) sample
- Thedefition of EPS & in terns d samplesdeding probabilities, mot urit induson probabilities consequenes d this
disindion for a einple of $ze n ae:
+ unde EPS the ndusion probabilty is n/N for each wnit in the iepondent mpuation; BUT:
+ evan if the nduson probabilty is n/N for each wit in the epondent ppuation, the ®leding process & na nees
sarly EPS — se BHe 5750 on mage5.85 in Appendk 18;
+ the sanple $leding process 5 Nnot EPS f, for each repondent mpuation urit, the nduson probability is:
® not equd to n/N OR @ nat equd to tha of al otherunit(s).
Refiremenbf the usge of EPSand ‘unt’ are dsaussé on page5.86 in Notes98 and D2 in Appendk 18.

* Sysemdic slecing: oneunt is sleded ty EPS fom the first k mits d the espondent ¢r sudy) popuation (k <)
and theneety kth unt is sleded.
- Retkriing to thefirst k units d the egpondent ¢r gudy) popuation impliesan adeled €g, dphabdic or rumeic) list of
theseunits, such a lst (calked aframe) may be real o conepud (eg, a ule tha would, if implemengd, geneate tte lis).
- Forconvenienceit is usudly assumedthat N = nk s0 all 1-in-k sanples gleded ysemdically are d the samesize n

* Judgemen selecing: human pdgement s wsedto sled n units from the N unis d the egpondent ppuation.
Judyement gleding is dsausse in Notel0 ; page5.23, ; page5.3 in Sedion I7 and in Appendk 14 on mges 579 to 582.

NOTES: 60 Other mmedmehods of leding wnits for the sanple, whichare largdy omittedfrom this dsausson, indude:

o accesibility selecing: sdeding wnits eady) accessble to the nvestigabr(9 — for instance thetop layerin a
basketof fruit or a truckload of potaoes @ thefrontpdletsor carbnsin a krge sack in a warehous;

e convenence ®lecing: sdeding units tha are convenienty avalale to the nvestigabr(9 — for insence peo-
ple with a medcal condtion of irterest who & d a hospital or dinic neaby to the nvestigabr(s);

® haphazard selecing: sdeding units without (cansdéoug preferenceby the nvestgabr(g — shoppers who mss
the location of an interviewer in a nall or ratsin a agewhich ae more asly caudt for a hboratory test;

e quota sdecting: sdeding units acording to valuesof spedfied exdandory vaiiates (ike ®x,age income br
hurman wnit9 so he sarple dstributon of each variatewill (appgoximatdy) matd tha of the stidy popuation;

e Vvolunteer seleciing: asing for (humar) voluntess, usidly after a bief explangion of wha the nvesigatirg
will entail for units in the samle.

Thesenames do notatessally specify a unique sdeding metrod — he first two m#hods overbp and all five

involve ©me dgree ¢ ‘acesility’ and/or ‘conveniencé

Haphazad sleding is ©mdimeswrongly equated wih ‘randomseleding; i.e., with our equprobable sdeding.
Quotasdeding is a $milar idea tocoveing defined rea the t of page5.24 in Notell.

\Volunker gleding is not to be mnfusedwith volunteer (or voluntary) response a phrase smdimes usd b
indicae tha hunan units can sual) chamse whether b regand, i.e, whether © provide the equesed ditg a
sepaate (measting) issueis whether tresereponses ae cared or truthful (seealso Note 68 a page5.62).

61 A sinple image of tow EPS & implemengd B to have,in a tox, a dip of paper Akelled for @t wnit in the e-
spondenipopuation; the N slips ae thomoudcly mixed and then n ee ®leded wihout redacement — thedbels
of thesen dips Pecify the wnits tha comprisethe sanple Er, more rredly, the €ledion).

o It is £ldomrec@nized how nmuch dfortis reeatd b redly mix (randomieé) a cllection of items Ike fickets
or dips of paper whose foughsurfaces do noteadly dide orer each oher, in contast, thee ae griking
imagesof two sds d ‘slippery pladic cgpaules n rotaing drums wsedin the D71 U.S draft lottery in Pro-
gram8 entitled Desaibing Relationships of the video sriesAgang All Odds Indde Satistics.

- In a dmilar vein, the magrian and shtisticianPesi Diaconis mmmentsn Programl5 entitled What is Rob-
ahility? of Agang All Odds Indde Satistics that nostpe@le do rot realze it takes g to daut ven
vigarous shuffles to poperly ‘randomiéa ded of cards

e In practice EPS would usudly be implemengd with omputer sftware tha makes us of an equprobable
digit (or random rumker) gererator — a urce that is egaly likely to geneate ayy d the dgits O to 9 hany
position of a #ring d digits d specified lergth.  Equiprobalde dgits ae dso avalale in printedtables — se

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error — Its Categries and Sources (cortinued19

NOTES: 61 e Talle 6 n Appendk B (locaed dter Craper B) of theseCourse Mateials. To use his agproach, the wits o
(cort) the repondent ppuation ae wsudy thaugh of as eingnumbered(labelled from 1 o N.

62. For tdephane suveys — wsedfor pditical polling and market resach, for exanple — atwo-stage sdeding pro-
tocd for wnits is dten enployed
e in thefirst staye (listed tdephone nunbe's d a sanple of househtds in the elevantgeogmaphic areds are
gererded @uiprobaby;
e in theseond staye the persan who first aiswess the call to each hséndd in the samle is askedto pass he
call to the &gible househl mamber @& Canadan dtizen br a political poll, a romemaler for marketresarch

who had tre nostrecet hirthdgy; this procedire mplementgrougHy) EPS d the digible househtal members.

An advantge of this wo-staje ®leding process & tha, when the nits ae peopé but trere is a eadly avail-
able cheg) frame d houghold (.e, clugers of untg), the fame d househlnl members reed e geneated
only for thosehausdiolds in the sarple and each gch frame aists aly in the mind 6 the persan who first
arswes the elephane @ll. How acaurady this persm follows the intewviewers instuctions éfeds the dgree
to whichEPS § achevedat he ®ondstaje

#5.57

o Beaug househluls havediffering rumbers ¢ menbers unit induson probabities ae unequd at the ®mndstaye

thesetwo stagesof equiprobalde ®leding theefore b notacieveEPS weerd (cf, Tade 5750 ord@ipe5.85

o Beau® of on+eponse mary more (typically abaut four times a mary) househlnls reed b be €leded a
the first stage & ae reguired for the final sarple sze; for exanple, a mtional pdl of 1,500 pele may
require aound 6,000 elephone rumbea's b be geneated and some bthesemay haveto be alled multiple
times to each the #gible househld member — eall the rewspapr aticlesEM9342 (eprintedon he arer
leafside of Fgure 34 d theseCaourse Mateialy, EM9330 and BM9337 (eprintedin Figure 39.

63 Sysemdic sdeding is dsausse in this Fgure 57 becau it is mmonly usedin practice; however wethink of
it as keingequvalentto EPS ly appying the estictive assumption ha the fame (from whichevey kth unt is
sdeced for tle sanple) has he wits ararged so ay value of he egpansevariateis eaidly likely to be
arnywhere on te Ist @neaquiprobably ordered frame for a gven reponsevariat§. Three llustréionsare:

o If a list of UW Faaulty of Mathemdics gudents, arargedin dphéabetical order by family name is usedas a
frame br Lin-8 s/semdic sdeding, the sample of eaut 500 sudents wald mostlikely be essetially equi-
vakent to gleding the stidents guiprobaldy from the Ist if the Questbn(9 invdve the kve of student dét
but not necssaiily equivalent to BPS f the Questdn(9 invdve curtry of birth.

o [f a list of famiy physciars licersedin Ontaio, arargedin dphabeic order by family name is usedas a fame

for 1-in-100 s/stemdic sdeding, the samle of dbaut 300 plysicians would mostlikely be essatially equivalent
to sleding the phydciars equiprobally from the Istif the Questbn(9 invdve drug presribing characteistics.

o If a list of dl school teaches in Ontario, arargedin order by yea of graduaion, is usedas a fame br -
in-500 yseemdic sdeding, the samle of daut 300 eaches would mostlikely not be euivalent to gleding
the teaches equiprobally from the Ist if the Quesidn(9 invdve renungetionslevels (vhich tend toincrease
with ime sirce gadudion).

Thus, n this FAgure we @mnsder two goproaches to ahieving equiprobability for the sanple eleding process

o via an euiprobabe sdecting process, gpplied to a fame n arny order,

o via asysemdic sdeding process applied to an guiprobally ordered frame (for a gven reponsevariatg.

The smnd appoac achieves(closeto) equiprobability only undermorerestictive conditionsthan the first pproach.

27 Appendix 3. Fishbone Oagrams for Comparative Fans (cited o page5.2)
Explandory vanates and thar manayement & the @ntralissuein invesigatirg datisticalrdationshifs, & we ge fom the

lergthy disaus$on of Sedions9 to 23 on jages 528 to 552. An dd to this managanent & wha we all afishbone dagram,;
propery condruding a fstbone dagram,as pat of the pocess d devdoping a Ran for a mnmpaaive nvestigaton, enables
the invesiigabr(9 to sysemdize ter (stdisticalandexra-statistica) knowledhe almut exdandory varates. Assummarized n
the treediagiam 4 the iight below thee are then hree ofionsfor each fion-foca) variatein the fshone dagram

o ignore it — that is, donot measte fi;

o measte it and redri ct its value

o measte t and useits value pg, to formblodks (recall page5.3) or stata]

An explangory variate may be ignoredfor variousreasons for exanple, t may be:
- urknownto the nvesigabr(y; OR Restict value9 Usevalue9
- deemedinimportant in the nvesigaton mniext
apoor reasm to ignae an explandory variateis the ostor aher dfficulty of measung it — it 5 debatalle whether © under
take an invesigatbn wheke reurce ondraintswill only dlow a Ranthat may imposeunacceptle limitation(§ on Answers.

Explandory variate

Ignore Measue

2006-0620 (continued weled)
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An explangory varate may be restictedin value b reduce nvestigaton mst— for exanple:
e a dinical trial o a new drug may ceddeto use paricipants d one s& and/or a esticted @e arge
o when nvesigatirg a manuacturing process the stidy popuation of parts night be pecified as hose pats dill at the e
— thesewould usualy be parts producedconseuively over a relatively shat time so her variation is lkely to be smdler
than the dngertermprocessvariation

The third option — usng the valuesof an explanaory varate— is dsausse eatier in this Fgure 57; eg, in Notel4 m pageb.24.
Choasingan gpropriateoption for each explanaory variate consderedin an investigaton wsudly requiresexta-staisticalknow-
ledge and experiencewith databasedinvesigatiry; agpropriate chace(9 can edice imitation(§ on Answver(9, inappgopriate
chdce(§ can mposeunnecsary limitation(§. For exanple, esticting explanaory varatgy may Pecify a gudy popuation
which ha unaccepially limited averlp with the targetpopuation, resuting in too svee a imitation imposel by gudy aror.

As summarized n the dagiam d right below the @mpanents d a fisthone dagramare:

o a box m its right confaining the name fithe egponsevariate Labe1 Labd 2 Labd 3

e a eentral hoizontal arrow pointing at his box, Ev, EV,, EV,,
o swarows slantedfrom left to right and pointing ether cbwn or EVy, EVy, EVa,
up a the @ntralariow; EVis EVis EVes
o eah sibarow has a kel evocaive (in the investigaton mnex)
of a ate@ry of explangory varates wsdul in organizing them
o hames bexplanaory varates denoed EV'in the daglam) are R\zﬂg;ge
as®datedwith the daned sibarrows; someexgdandory vari-
ates may henselves te lrokendownn into @mponents by snall
stbsib-, subsubab- (etc) arrows;
+ thee an ke nore than me gpropriatechdce of subarow s s s
for pladng some eplanaory varates; £V, BV, BV,
+ the focal vaiate(FV) is shown an the elevantsibariow Labd 4 Labd 5 Labd 6

An exanple of a fsthone dagramis gven at he iight below; its ource s‘Labaaory 4, one d five 2hour pradical
exercises caried out by sudents h STAT 231 (leduresocauged the cher eghteen 2-hourtime dots schediled br the murse
onesla per chgoterof the Gurse Noted. Laboraory 4 invdved an experimentalPlan to nvestigat the dfed of light leve on
studentsreaction time Sudents woked in pairs — he droppe’ held a 0 -centimetre ruler dove a @p ketween the tacheks’
thumb and forefinge and reaction time was aiantified by the dstancethe ruler fell beween the céchess finges bdore it was
stopped ly dosng them, dter it was eleasd by the doppea. Thee were wo light levds; the hgh level hadthe usud class
room fluoresent lighting on, the bw leve
hadit off but an ovetheadprojedor on
at the font o the dassoom — the fgh
light levé was ea®nally consstent
aaoss eriormancesf the Laboraory,
the low leve was sbject to the vayaries
of the nunber d windows in a tass
room kut was wudly low enaughthat
somecachers dd not cdch the wler &
it dropped (@n dosevation crsoredat
30 cm). Exeating the Han involved
onerun at ed light leve; half the su-
dent @irs gdeded haphazardly) ran he
high ight leve first, half ran e bw
level first. A meastednon-focal vaiate
wasthe dstanceof each gudent goup
from the avertheadprojedor light source
at the font o the dassoom, quantified
as floor tles (which were rouchly 30
cm guae. The fstbone dagram,pro-
ducedas pat of the Ran develop-

Environnent Pesm

attentiveness

training

eyesght

fatigue

age

pergiration
gende

alcohd leve
stress
antidpation
cordnation
am lergth

temperaure

naselevel

baomeric presue
gravity

type d light

air resstance
distance fromlight
altitude

light level

Reation
time

thickness
cdour
suface
weight

lergth

cacherpasition
argle of dop
pant of measting

censoreddrop dstance
reaction time ddinition

. ¥ shae rlease aklay order d runs
ment was fdlitated b’ the @u 1se n- initial speed rdease teight zao o ruler sale
strudor from gudent nput; only five sake width of fingergap ruler inacauracy
of the & subarmwswere wedin this reflection number d trials impredsion
invesigaton mniext Material (ue) Method Meastrement

NOTE: 64 Qur fistbone dagrans ae
an agptdion of @ue-and effed diagrans tha are ane d | shkawds seven industiial prodem-solving tods:

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 20

NOTE: 64.1 Chek sheds Environnent Man Machine
(cort) 2. Paretodiagrams 5. Srdification darts Causel Caisel Caisel
3. Caug-andeffed diagrans 6. Sdterdiagams Cause2 Cause2 Caise2
4. Higograns 7. Contd chats; Caise3 caise3 caises
conpaing the caiseand-effed diagramat the iight with
the fistbone dagram at he @nte right of the fadng
page 558, weseethat dfferencesare: (Protiem)
o the lox & the ight names tie prodenti
e the subarowsshav possble cawsesof the probent
It is said tha Ishikawafirst uged a aus-andeffed dia- Caise3 Caise3 Caise3
gramin 1941 in a poblem-sdving $s®n with enginees Cause2 Cause2 Caise2
from a ¢ed-making process Causel Causel Causel

The lakelsoften usedfor the sx subarowsare as Gown Material Method Mezsurement

and hey refled the ndustial context of | shkawd problemsdving. However in an aitomotve industy caug-
and effed diagramto address a poblem d excessve trangmisson gea noise, br insancethe five sibarrow lebds
were the omponents d the gea box: danet assenbly, drum & sun gear planet ariier, revase gga, ring gea.

REFERENCES: 1 Ishkawa K.. Guide b Qualty Contol. AsianProdudivity Organiation 1982, aad QR Qudity Resour
ces, White Rains,New York, ISBN 92-83310357 (Caseaund, 92-8331036 5 (Limpbaund.
2. Kane V.E:: DetctPrevenion. UWse & Smple Satistical Tods Marcd Dekker Inc, New York and

#5.50

Basé& and ASQC Qudity Press, Mlwauleg 1989 ISBN 0-824-7887-1 g, page 562 and 56).
Ishikawés seven tods are dsodisaussed in Fguresll.B to 11. 27 of the STAT 221 Course Materals.

28. Appendix 4: Sample Sze and Sample Er or under EPS (cited o pages 522, 523, 552 and 563
This Appendk 4 illustraes properiesof EPS ntroduced mea the mdde o page5.23 in NotelO.

A repondent ppuation of N = 4 wnits ha the bllowing integerY-valiesfor its reponsevariate
1,245 [so ha the ppuation arerage and fag standad ceviation ae:

The rumber at the tottom

¥=3 ski825t;
we examhe he kehaiour d sampleerror unde EPS & the samle sze increasedrom 1o 2to 3to 4

. Table 57.20a Table 57.20b Table 57.20c Table 57.20d
of the bureerror columrs EPSdn=1uwit EPSdn=2uwits EPSdn=3uwits EPSdn=4 uwits
of Tales57.20 at he iight _ . - .
is the awerage megritude Sample ‘ y Error  Sample| § Error Sample ‘ y Error Sample ‘ y Error
of the sarple aror for that (1) 1 -2 (L2 | 12 -1%2  (L24)| 2% % (1,24,9]3 0
sanple sze. @ |2 -1 (L4 | 2% % (L25)| 2k % 0

(4) 4 1 (19 3 0 (L4S) | 3% ¥
Tables57.20 remnd us 6 ® 5 2 (24913 0 (245]3% %
o 1 1
gererd resits unde EPS ha follow 17 Ei g)) ilz }2 Ve

from the heory in, for exanple, Sdion 5 on

pages8.32 and 853 of Fgure 811 of the STAT 220 Caurse Materals.
® As the samle sze increasesthe avergge magniude énd hencethe sandad deviatior) of sanple eror decreases- this
is wha we mean when w sy ha increaimg sanple sze decreasesanpling imprecsian unde EPS.
e Taking the sign of sanple eror into acourt, the aeraye eror is zeo in each case —his kehaiour is cescibed as (the ran-
dom vaiale represning) the sample averaye keingan unbiasedestmator of the epondent ppuation averaye urderEPS;
- nate thatbath the sleding method andthe popuation attibute ad its estaor are invdved n this satement;
- anoher stéement with theseconpanents, which contrasts with the gatement &ove dout the random vaalkdeY, is that
for the popuation attibute wilich is the ratio of the aerae of tvo reponsevariates (R= ¥/%), the samle ratio r =
y/X is biased[E(R) # R] unde EPS hut unbiasel if the first sarple wit is seleded with pobébility proportional to is

X value and the emande seleded ejuiprobally (seeCochan pagel75;

%

® There is ro sampleerior when acersusis taken — vihenall units d the epondent mpuation ae leded.
REFERENCE: Cochan W.G.: Samphg Tedniquies Third edtion, John Wiley & Sons New York, 1977 ISBN 0-47116240 X.

29 Appendix 5 Measuring Processes(cited o page 524, 528 and 582)

Measuing processes ae wsedto dbtain variate values (.e, data); they exhibit wide variety and dten nvdve tednical
maters from dsdplines aher than shtistic. $me sttisticiais ague ha measung is theefore not pat of Statistics, hut

theseCaurse Materalstake the pstion that:

O Stdistics answvers Questbn(9 usingdata-basedinvesigatiry;

2006-0620
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o dda ae geneated ty measung pocesses; SO THAT:
o stdisticiars mug be nvdved with tle measdng procesge$ usedin an investigaton © a cegee that enables hem to
assss poperly the imitation(® imposeal on Answvers by measwement and of course other ategries @) error.
- Assasng meastement eror will usudly be dnein oollaboraion with otherinvesigabrs who hae relevantexra-sta
tisticalknowledye (This may dsobe tue d othe caegoriesof error —eg, sudy aro).

Disaus$on (like this Appendk 5) of measting pocesse is Lsdul becaue it dlowsthe unfamiiar idea 6 error (andidea
arising from it) to be prentedn a oniext (meauing with which reades havesomefamiiarity.
O An opportunity for practical expeiene with a measung process s provided n Fgures3.6 and 37 o the Gurse Mate
rials; tee is dher dsaus$on of measung in Figures6.1 to 6.6.
When meauing a a wit a varatewhosevalue tes rot chaige we reamgnie hat:
o making onemeastement povides a vale br the vairate but ro information albut meassurement err or — the dfference
beween a measwedvalue and the tue Or long-termavaage value of he vaiate
o making mae than one meastement @ the samevariateon the sameunt [the process @ repeated measuing (or repeti-
tion)] and catuatingtheir (dag standard ceviation and averaye dowsus ta
- seethat repeded nmeastements 6the same upntity usudly do not agee éxactly) with each oher,
- quantify measuri ng impredsion — the (lag standrd deviation of the epeded neastements
- quantify measuri ng inaccuracy — the average of the epeded meastements minushe truevalue teingmeasted
+ Measuing aknownvalue {.e., astandard) to quantify measting inaccurecy is alled cdibrating the measting process
+ A classt dsaus$on of measung naccurecy by W.J Youcen 5 simnmarized n Fgure 64 d theseCaurse Materals.
- Theawerag of repeded meastements § likely to be clogr to the long-term avaage han anindvidual meastement —

that is the aeraye fas bwerimpredsion (or higher predsion) than ndividual mesuements Altematively we @an s the

awerage of repeded neastements $ likely to havemeastement eror o smder magntudethan anindividual meastement

+ These(eqiivalen} staements e the meamig d the (famiiar) idea ba the average of repeded neastements $ a
‘beter value han jstonemeastement

- We remgnize ha the ggn and nagniude d error vhich gplies to aparticular casgunderrepetitionlead to the deas

of inacaracy and impredsion, whose imagesare provided ly pattens d shots m a frget as fiovn belowat the right.

- Implicit in the idea brepetitionis tha the Low inacauracy Low inacauracy High inacauracy High inacauracy
meastements & indemnden, n‘eanhg Low impredsion High impredsion Low impredsion High impredsion

the gperators knownledye of he vale ai- o

sing from one eeaition of the meauing

proaessdoesnat influence the value fom
ary other exeaution.

+ This (more informal) meannhg d ‘in- High caurecy High caurecy Low acaurecy Low acaurecy
depmdenchﬁhwld na be onfusedwith High predsion Low predsion High predsion Low predsion
probabili stic independence for which the gobabilities d everis A andB are such tha Pr(A|B) = Pr(A) and R(B|A
= Pr(B) [see dsoNotes & and 8 on mge579 in Appendk 13 and Fgure 78 d the STAT 220 Cairse Mateiald.

- When wits ae pegole and the mesuring instument & a guestbnnaire, lepeded nmeasung is wsudly not feasble becaus
repondents Wl likely reall ther previous aswess and © conpromise he hdgpendencehat is equired gdtisticaly.

+ When we dstinguish measting ‘physical variates (invaving ane @ more of lergth, mass ad ime from measting
that requiresa questbnnaire, he ley staistical differenceis cmpromisedabilty for repeded measting d the same
unit. There gopea to be £w pr o) staistical issus with the ssamingly different naure d the soucesof measte-
ment eror in the two gudions[eg, imperedionsin the @mponents (lisaussed below) of the meauing pocess
for ‘physcal varnates, gnaant andor carelessandor untruthful reponses to a giestbnnaire].

@ In the same ein, for a giesibnnaire to neaste lf-esteen, for insanceit is a stbjectarea (exra-stdistica) ma-
ter © define wha is adually beng measted(eg, e Fgure 88e d the STAT 220 Caurse Materals.

It is unclea how wel the sétisticalissueof compromisedrepeaed neasung s addresedby a aqiestbnnaire with

many (pertaps fundedsof) quesions, some bwhichare well-sepaated \ersians or inversiang of the samequeston.

The foregoing dsaus$on involves meauring \aliate valuesof units but the dfed of a measung process m an attribuie
value is nore important sttisticaly — reall equdion (57.) and the shama 4 the bwerright of page5.25. For exanple, under
a nodel for measting inacauracy where biasis congant (.e., not dependent o the valie neaswed:

e Inacaracy will contaminde individual meaued valuesand s unaffeded ty averaghg — this is he dudion with the
estimae d theintereptof a kastsquaesregreson line.

- The avergge of neastedvalueshaslowerimpreciion than its ndividual meauements €g, recall Notel0 o page5. 23).

e Inacairecy is zao for a difference whichis typically invdved n conparisms,in esimates of dandard deviations and in
the slope of a kastsquaesregresion line feall equaion (57.4) near he mottom d page5.33.

We dstinguish four conpanentsof a measung process

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 21)

* themeasuring instrumert orgauge  * theoperator(s);, * themeasuring protocol;,  * the unit measued.

Distingushirg theseconmponents makes t easer to idenify explanabry variateswhich afed meastedvaluesand whichmay
thelefore be a surce d measument eror; we @nsder in turnstatstical maters ssdatedwith the four conponents

Matters ébaut the measuring instr umert or gaugeare:
o Decreaing theimprecsian of a neasung instument usidly invdves ncreaimg cost for exanple, when meawring kergth:
- aruler costsabout$5 and can ke readto 01 mm;
- apair of calipas costsabout$50 and can le readto Q0L mm;
- amigomete costsabout$500 ad can ke readto Q0AL mm (L micron);
in this irstanceeach deaease n impredsion by a fidor of ten ncreasesostby éaut a fidor of ten

o Higher costof a measting instument d@snot necassarly mean higher accuracy (lower inacairacy).

o In the @nkextof a @nple wrwey the meauing indrumentis the questionnaire; it is curiousthat invesigabrs, who wauld
not undetake assenbly of the types d instumentdéion wsedin a bBboraory (eg, balancesspectropghotoméers), often gp-
proach the &g of devdoping the questbnnaire with little reagntion of he dificulty or importanceof doing so siccesdully.

o Staility of a nmeasung instument — its hility to yield the samemeasted value in he same iccumdancesat points
sepaated n ime— is important but is rot relevantto all measting instuments we wsudly distinguish:
= shat-termstaility; - long-termstability.

What @mnditutes ashort or‘long’ time scale for gability is conext dgpendent

Matters éaut the operator are:
o In a dinical trial (Usel in medcal reseach to @sessfor exanple, he dficacy o a drug or surgcal procedure, as indicaed
in Tade 5711 (givenagan at he iight from page5.39),

blinding tredment assesers manaesoperdor effed Table 5711: Blinding d...| Short name | Sati stical purpose

on measuring inaccuracy by trying to make sses- ?aﬂdpa“; » § g'gbﬂgjf)dd maﬂ@eco“l’aisone"or
H ; reatment aministratos | Doul N anayje conparisonerror
mentindepadentof the mricipants treament TrentiTBnt HSESSrS Tiple tind | Manae mesuring inaccuracy

= To be blind mears rot to know, for any wnit, whether
it is in thetreament graup a the control graup vhich usudly recéves a dimrry treament knovn & aplaceo).

- The short names m the £ondcdumn of the &bde for the Hinding ae not reconmendedbecausethey  not distn-
gush adequady among the éght posdble combinatbnsof whichgraup(§ are Hind.

Blinding d operator(9 as to he naure d the samle keingmeastedmay aso be wsedin a nedcal diagrostc laboratory,

whee measting inaccuracyis managiedby anayzing standards at regdar intevals wncurenty with the primary tak

of analyzing biologicalmaerials.

o In a s#f-administeed qiestbnnaire fecéved in the i, for exanple), the opeaator is dso the respadent

The measuring protocol is the hstuctions for how to use he meauing instument; me d its purpcses is to pomote uni-
formity in how dff erent @erators make measwements andato try to make redigible, n the oniext of the nvesigaton, any
operdor effed on the meauedvalue dtainedfrom the meauing instument
o Clea measting protocd(s) and alherenceto thean by qerators on dfferent $iifts ae \ital in a multi-shift mandacturing
operdion if a ©ngstent podud is to cme fom the dfferent $ifts Eeealso Notes66 and 67 overkeaf o page5.62).

Matters baut the unit measued are mnceerred with the act d measung charging the wit being measted or the value t
yidds. For exanple:
O Macleals rarking d Canadan wiversities mght make wniversities chage thear operdionsin ways ha would improve
their ranking but make no sibgantive charge b the qudity of the eluationalexperiencethey dfer sudents
o Househluls ®leded for a pné usedto dbtain Nielsen ratings d TV prograns might charge hdr TV viewing habis & a
conse@uenceof knowng their viewing habts ae beingmaonitored.
o The inteviewer adninisteing a giestbnnaire (the ‘operdor) might (uninentonally) influene te persa reponding.
o A slantedquesion on a giestbnnaire may havea dfferent dfed on dfferent types o) repondents
An extremecases when meauing destoysthe wnit (eg, in qudity assuance firing $rotgun cartridgesor measung te turst-
ing presue d pladic bags and ondons); destudive meastng predudes the stisticalbendfits from repeded neastng m
the same mit. (This is he samestaistical issueas @emptirg repeded neasung when a gestnnaire is invdved-

NOTES: 65 The bllowing shema ilustraes dstindionsanmong the erms quantitative and categyari cal (or quditative), meas:
uredandcaunted and continuaus anddiscrete when hey are wsedas a gdifier of variate

.. ____~-measted meastedvalue a smpke attribute .
quantitative of interest 5 dten > continuou
o = caunid caunied \alue an aerae o total Mathemaical
variate model
(vaUesaredata\ . a smple atribute . e/
categorical caunied caunied rumber  of interest & dten a } disaet
qudtative proportion or frequency

(continued wveled)
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NOTES: 65.@ An illustréion of he dsinction between a murted value [a real nunber, modelled ty a cortinuous variaté

(cort)

and a ourted numler [anintegermodelled ty a discretevariatg is:

- to assess he dfediveressof an insecticide the number d insests cauld be ourted o a defired fart of
eaxh d a sanple of gantsfrom urtreded and reded cops — a neaste d effediveresswould be he
decaease n theawrage number d insetspe plant;

- to assas @nderbdane in an aeaof employmentthe number & men and womenreployed n the aea
cauld be @urted — a reaste d the alancewould be he propartion of each x in the aea

The quantitative measured and auantitative caunteddistinction Hurs progressvely as courted \aluesbecomelar-

gerin magntude it is dso affeded ly the Imited eslving power (finite redsion) of real meauing g/sens.

Continuousand dsaetevariates ae madd concepts keau® real meauing instuments vith finite predsion

can yeld only discretevalues.

e Quantitative variatevaluescan lemme 6rdna) catgarical — eg, ages can b dassfied into agegroups, we
take quditative to mean ominal fion-ordinal) caegoiical —eg, marital status or «in colour.
® A binary variateis a @ate@rical vaiatein two caegolies

66. When sipgiers and assenbly opeaionsdisagee d&aut whetrer mandacturedparts med gpecifications a com:

mon rea®n is measung inaccuracy — the meauing pocesse wsedto chek the @ars at he sipdier and
assenbly plantsdisagee leau® they havena been calibraed b dandads tha agreewith each ather

67 Assessg the mpredsion and nacaurecy o the meauing procesqde$ to be sedin an invesigaton, and the

factars which affed them, is a @mnon reasn or cne a more sub-PPDAC cyde(9 within the man’ PPDAC

cycle An exanple is an ndustial gauge R&R invesigatbn.

* Repeaability of a gauge ishe vaiation jexpesedas a gpropriate (dag sandad deviatior] of repeded
meastements o each of a @anple d (10, sa) parts by oneoperaor usng the gquge

* Reproducibility of a gauge ishe ketween-operdor variation fexpresedas & gopropriate(dad standad de-
viatior) of two meauements, ae ty each operator usng the gaugeon each of a anple d (10,sa) pars.
- The wo goerdors ae wsudy assunedto have equal repedability.
Repeaability quantifies the impredsion of a gauge utterthe nostfavaurable conditionsfor operdor effed.
Reprodudbility quantifies how this (lowes} impredsion is dfected(increaed by having two operdors.
® Invesigabrs indetaking a neasung process assesnent siould take © heat the @mmentsmadk in 1966,
by the US National Bureau d Standards fiowv the National Insttute d Standards and Technology), one of
the world's premier measung aganizaions:
A majar difficulty in the goplication of gatisticalmethods o the analsis of measuwement déa is tha of obtaining
sutable mllectons of data The poblem B nore dten aodated with congious, o perthgps oongious,
attenptsto make a @ricular process periorm as one wuld like it to perform ratrer than aceping the atud
peformance..... Rejection of dataon the kass of ahbitrary perormancelimits severely distats the esmae d
realproaessvariation Such procediresdéea the purpose @ the .... pogram. Reaistic peformanceparame-
ters require the acceptanceof dl data that amat be ejectedfor cause

SOURCE: Freednan D., AsanjR. and R Purves Stdistics. First Edition, W, W. Norton & Company; New York, 198Q page95.

68 A measting process d statistical inerest 5 ©-called randomized regponse whose gmplest \ersian invdves an

2006-0620

iterviewer asking a'YegNG questbn alout pas ‘senstive behaiour o the persan being inteniewed (the ‘inter

viewee), usualy with the goal of esimating the ppuation groportion of pegole who will admit they haveergaged

in the kehaiour Eg., dartion, illicit drug use viewing child pornography, money laurdeiing, tertorisiy; random-
ized eponsewasdeveloped b manae tvo dificulties sich invesigatbnsenmurter.

* the inteviewee nay find the gestn Do rsitive © gve a truthful ansver AND/OR

* the inteviewer may ke undera legalobligation © report the behaiour o a repondent who aswes ‘Yes

Randomied reponsemangesbath mattes by having a lmx containing a mimber of (sa, 100 cards, each \th

oneof two cuestbnsin known proportions gy, 20% d cards havethe first questbn, 80% havethe s@no:

- Is your birthday in July? - Haveyau eve engaged n ...7

whete the first qiestdn has aknowndistibution of ansves, the ®mndquesion names the éhaiour o inteest

The inteviewee gleds a cad ‘at mndom vith redacementfrom the (vell-mixed bax and arswes it.

o If the mersa hasergagedin the kehaiour and hassdeded a ard contining the aiestbn aloutit, (She b
na necessarily divulging sersitive information by answvering ‘Yesand © may ke nore likely to ansver truth-
fully [providedthe inteviewer hasconvincedthe inteviewee 6 ther protedion urderrandomeed reponsé

o the inteviewer is legaly proteded kecaue Ehe does notrkow to which question a‘'Yesanswver apples

An introductory version of the probabilistic basis of esimating the ppuation proportion unde randomzed re-

spong, fom a anple sleded fom the popuation, is the tgic of Questbn A4-12 d the STAT 220 asgnments

® Queston A4-16 (the threeconvicts problen) raises a pobabilistic issuewith the wardeks respase to crvict A.

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 22

30. Appendix 6. Bias anxd Rms Bt or (cited ;1 page5. 24)
Fora random vaiade Y and someangant ¢ (and vinee E’denots pobabilistic‘expectaion), we have

E{[v-d} = E{[E() -c +Y-EW)]} = E{[E(Y) - *+ [y- E(¥)]*+ 2[E(Y) - J[Y-E(V)]}
= {[E) - 4} + E{[y-E(v)]} + 25{[E) - dIy-EV)}
= [ECy-*+E{[y-E(V)]} + 2[E(Y) - JE[Y-E(Y)]
ie, E{[Y-d} = [E(v- ]’ +[sd(Y)’ becauseE[y-E(Y]J=0. 79

If we row think of Y as a andom vaalde whose dstributon represents the psdble valuesof arespae \ariate¥ and c 8 a
truevalug the Eft-hand &le of equaion (57.8) is amean squared error andE(Y— ¢ in the first ermon the light-hand gleis
abias, we @n heefre intepret equdion (57.9) as

mean gquaedermor = bag + ¢andad deviatot e (679
Taking the gjuae roa so we ae working a thesamescle as he vaiaterepreentedbyY, theroot mean squared error is:
rms @ror =/biag + ¢andad deviaio®k e (6710

Thus, the ms eror is oneconcept tha corrbinesthe wo model quantties @ bias and (probabiiisti standard deviation, or it
can ke wsedas a mdel for the two wrregponding realworld entities d inacauracy and impredsion.

Equation (57.0) provides usfu indghts dout basand vaiation in he oniext of surey sanpling (o arswera Questbn
with adesaiptive apec)); different caes depend m how broad air focus b in terms d which true value ¢ epresents

* The rnarowestfocus 5 measuring when c & the tue value of he eponsevariate¥; equdion (57.10) is then

measting s &ror =/measting bas + measung fandad cevatok 000000000000 - (CYai)]
* Formeasting andsanpling, c is he tue value of herespadentpopuation attibute d ¥ and hen
measting and sanpling = /measung + snpling bias + measung and sampling sandard ceviatior?;  ----- 6G71R)
rms eror
NOTE: 69 Measung ad sarpling =/ measting sandad deviatior? + sanpling dandad deviatiort - (6713

standad deviation

* Formeasting and sanpling and non-regponding, ¢ is the tue value of he study popuation attibute ¢ ¥ and hen under
our assimption tha nonreponseis deerministic (not stachast — reall Notel5 rear the midde o page5. 26):

measting and sampling and — / meauing + srpling - ; S
nen-repanding s eror v+ non-repanding bas + measung and sarpling sandad deviatior? (57.19)

* Formeasting and sanpling and non-reponding and spedfying, ¢ is he tue value of hetarget popuation attibute & ¥
and hen underourassmption ha specifying the stidy popuation dsois deerministic:
measting and sarpling measuing + @nrpling
and mn+eponding and = / +non+eponding  +meastng ad sarpling dandad ceviatiort  --—--- 67H
studying rms eror +studying hiag

NOTES: 7Q In printed maerials aher than heseCaurse Mateials (eg, e chian p.15), equdion (57.8) [or (57.9)] is
usual disaussd only with regect to estimaing bias. Although we haverdatively little to sy daut estmating
biasin STAT 231, it is usdul to remgnie he bllowing feall Appendk 4 on mge5. 5
® Edimating hias (@ madd quantity) is the diferencebaween the mean foan estimaor and the vale of he ©r

reponding popuation attibute (or nodel parameer — eall the shama o pages. 28); for exanple, tnderEPS:
- the random vaalle Y represening the sarple average yis an unbiasel esimator of the egpondent pu-
lation averayeY¥ becauseE(Y) =¥ or E(Y) -¥=0;  BUT o
- the sanple ratio r = y/X is abiasedestmaor of the egpondent mpuation ratio R =¥/% becauseE(R) R
or E(R) —-R # 0, and Ikewise for Sas a esimaor of the epondent ppuation flag sandad deviationS
(athough S is an urbiasel esimaer d S°) [eg, e tfe op and ottom o page8.33 of Sedion 5 ad Ap-
pendix 3 on @ge8.57 o Figure 811 of the AT 220 Caurse Materald.
® The ms eror o an estmator is of interest lecau®, while we pefer anurbiasel esimator of a pppuation atti-
bute thee ae imeswhen abiasedestmaor hasonly smdl biasand g@predally smdler standad deviation
than an wailade unbiasel esimaor, we may then pefer the Hasel esimator with smder rms etror.
e Unlike featworld) inacauracy, esimaing hias decreasesn magntude with increasing sanple sze — ¢ for
exanple, Note21 d the ottom d page8.57 of Figure 811 of the AT 220 Caurse Materals.

71 Equdion (57.15) can ke though of as an gtengon to variation of the kehaiour o averges(when asweing a
Queston with adesaiptive apect) in equaion (579 and its jctorial version at he bwerright of page5. 2.

2006-0620 (continued wveled )
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31. Appendix 7: Illustrative Nevspaper Article (ited o page5.27)
The Globe and Mail, Novenber 23, 2004, age B

Hooked an your cell? You must be Canadian

STAT 231 —WH. Chery

Study finds we talk 49 minutes a diy an cellphones, daibke the dobal averae

BY RICHARD BLOOM

As a epreentdive d 16,000 sudents, én-
nifer Greens llphone is dways an and
almostalways atachedto he ear.

"On a dgven day | could get ketween 15
and ® phone alls from dudents, arging
arywhere from one minute d the way ©
30 minutes; says Ms. Qea, 24 a market
ing dudent and the nesdent of Hunber
Cdlegés gudentsfederdion in Toronta She
also frquently uses her phone br persanal
reasons

"I dorit know anyane n this cay and e
that dbesrt own a céiphone Congantly,
cdlphones ae ging of"

Ms. Green isrt alone in her datiness
From satpemle to €nor dtizers to du-
dents, mre and nore Canadars ae loth
buying mohile phones and ratcheting up &k
time

In fad, when ya ask them, Canadars
aprea to be anong the nosttakative in the
world, accordng to a sudy o be eleasd
today by the Candian am o mohle phane
giant Telebn AB LM Erics®n.

Repondents sa they talked an averaye
of 49 minutes a Gy a cellphones, realy
double the dobal averaye of 7.

Only the Lhited Sates is higher & regpon-
dents hee said they talked an averaye of B
minutesa cay the stidy reveals.

The dudy was ondwctedin corjundion
with Sarch Reseach and onssted d
2,000 n-home me-haur inteviews with
Canadirs ayed15-69 acoss & provinces.

It didrit measte eact talk minutesprovi-
dedby cellphonecariers kut inseadasked
pemles "peception’ of how much they talk.

"Its very important for cur austomes ©
undestand hav the/'re percaved in the nar-

ket..... Rerception is realty for most cases
from a ®name perspedivé’ said Vishnu
Sirgh, Ericson Canadalncs manaer of
treffic and revenue gowth.

He alded trat Ganadars and Ameiicars
are wsedto wlimited tdking a ther wire-
ine phones and ha habt is being trander-
redto nohile phone saye

Whats more, nost cariers dfer free
evenings and weekend packages, which
mears ron-stopconvasationshave fttle im-
pact an consimes wallets,he sadl.

“In North America, we have big buckets
of minutes and the ost of usaje is gite
low compared to mary of the Hirgpean
caunties vwhee te tiiffs ae much higher'
Mr. Sngh sid in an nteview

Uses in Britain talked 2 minutes while
thosein Itay and Chinaround out the p
five at D and Z7 minutes, lepectively. The
globd figureswere cmmpiled fom more than
14000 ntewriewsin 10 ocourtries and ge a-
cuae © within 2.2 percentage ints. (sic)

The dudy dso shavs tha 63 per cet o
Canadirs avn a nohile phone up from 56
pe cent n 2003 Tha nunbe, it says,
shauld grow to 69 per cent in 2005.

"[Céelphones] ae really bemming a ife-
line for Canadars from a @mmnunicatbns
perspetive; Mr. Sngh said.

Mark Quigley d conailtancy Yarkee
Group Ganadasad tha, while he grees
cdiphoneusae has grovn dramdically" in
recait yeas he qestns the tlk-time
figures He sid tha accordng to datafrom
the phane ©@mpanies, Candian talk an eer
ageof 347 ninutes a nonth, a abaout 1L.5
minutesa day — 4so bdow tha of the
United Sates — and @llphonependraion is
about45 percent.

Matters of gatistical inerest misedby this aticle are:
O A clear Queston is reeckd — & the dtributeof interest the geraye tlk ime over the ppuation of adults tdeptoneuses

or cdlphane uses or avners)?

"The mhutesof use surds \ery mud
outof whack! Mr. Quigley said.

Mr. Sngh egondedto tha coneernby re-
peating tha the stidy was tasedon ®mnai-
mers’ percgption nat actud billed ninutes.

Still, Messs. Shgh and Quigley b agree
that the ellphone wont be redacing the
tradtionalhome élephone any ime soon.

"Wete dill a long way from cutright rega-
cing aur landiné, said Mr. Quigley addng
that Canadirs we ellphones mainly as
sppementay lines and ae 'tost sengtive'
enaigh to make lorger calls on a fatfee
home mone \ersis a @y-pa-minuteserice.

Eatlier this yea, Hunbea’s Ms. Gee ex-
peimentedvith cancéing her landine phone
but ended hetrial ater threemaonths, dting
poa qudity.

"It washorible. The aeathat | was i,
the sgnalwasit verygood ... | vas vaging
my mnutes harging up ad tying calls
agan’ she sail.

OtherhigHights d the stidy:

e Useof shoit messge €nice (SM9, dso
known as ext messging, has aubkd
since D03 with 23 pecentsging they
send a recéve an SMS mesge on a
monthy bags. Nealy half of youngCan-
adars @gel 15-24) sy they use extmes-
sa@je on a wekly bass.

e Ore in 10 youngCanadan @llphoneown-
ers ses nultimeda messging enices
at kaston@ a nont, eventhoudh they
were aly introduced b this @urtry lag
yea.

e Of those with cdlphones, @ per cent sy
they reve leare fome withoutit.

e Fifty-seven per cent did not know it is
possble to acessthe Inteng on cell-
phones.

- Fora varatewith a bwerlimit of zero and a éw \ery high values the meadian may be a teter dtributethan the gerae
o What was he mehad of seleding, and was heframefrom whichthe sanple was sieded a ist of:
- Canadars (vho may a may rot ovn a hone a a @liphonég;
- times dthe dg (peqle who talk longerare then nore likely to be lected
- Canadan ellphoneuses or avners)?
o Peope who ae moreikely to ansve the telephone ae moreikely to be gleded for tre sanple.
o Limitationson Answvers due b meastement eror aise fom using repondentssef-repated‘percetiori of ther talk imes
— notethe @mmentsof Mr. Sngh fear the ottom d the Eft-hand and tp of the mdde clumrs) and d Mr. Quigley @t
the bottom d the mdde and tq of the iight-hand ©lumrs).
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 23

32. Appendix 8: Lurking Variates — Satter Diagrams (cited o pages 529, 531, 573 in Appendk 11, 576 in Appendk 12 and 579 in
To answvera Questbn alputan X-¥ rdationshipbeween quantitative variates, t is usdul to look at Appendi 13
rdevant déa fovn @ asatter diagram — Caresan axes with dots ¢r aher ymbds), the @ordinates ¢ whose ente ae
the X and¥ valuesof each hivariateobsevation However when @amiing such dagrars, t is eay to overlbodk the Imitation
on a Answer about the X-¥ rdationshipimposel by dfferent pints m the gaterdiagiam haing differing valuesof a birking
variateZ. This matteris illusrated ty the two ersins d the samesatterdiagiam a the ight below:
* in the Eft-hand \ersion in which Z valuesareignored we e & X-¥ rdationshipthat muld reasnally be nodelled ty a
straght 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 @ 2) or negatie (vhenZ is 3.

NOTES: 72. Wten baking d a sater diagam d bi- 20 20 .
variate dda 0 a&ssess @ X-¥ reationship . " 222
we gjainrec@nize ha experienceoutsice ul . . 1] .
stdistics with diagams invdving Cariesan e = R
aes povides por prepaation or ddistics ] et . 0] R

— it is dfficult for later stdistical training
to overcomea mindsd (Uunconcenedwith
lurking \ariates) tha arises from more for-
maive aiier experiencewith such da-
grans, saring in dementay school, with

N R O
L1

=}

\\\\\\\\\\ X L e e e
0 2 4 6 810 12 14 16 18 20 0 2 4 6 810 12 14 16 18 20

on-going exposurein the melia, axd mntinung up to pstsemnday leve courses, nduding calcdus and ahjebra.

73 Lodking & multivariatedaa © try to detectpaterns which arswerQuestons abaut relatbnship an ke aded
by sttisticalsdtware tha shows a wint doud in three dmersins o a ©mputer seeen with optionslike:
e rotating the mint doud in real ime; e usng olour to dstingush sibses of the ints,
@ linking points €g, by using cdour) acrass sdter diagiams which shav point douds for dfferent sibsetsof
the variates — ®e Rogram10, Multidimensona Data Anaysisin Agang All Odds Indde Satistics.

74. The foregoing dsausdon and sdter diagams in this Appendk 8 draw atention to the dsinction ketween can-
ditioning on Z andignoring Z when nvesigatirg relatonshifs.

* Conditionirg is stbdividing, as dsausse at he ypper keft of page5.67 in Sedion 1of Appendk 9.

* A marginal (probabiity) distributon, referred b in Sedion 5 on jpge5.68 d Appendk 9 and ilustraed in
Tabes57.30 to 57.33, is an &anple d ‘ignoring the vaiatewhich is dset from the narginal distibution —
for ingance in Tade 5731, X, is alsent, in Takde 57.32, X, is alset, and in Tade 57.33, ¥ is atsent.

The <aterdiagiam a the iight above $rows he nmaminal distibuion of X and¥ if we think of the Z diredion
as oming \erically up from the ge With the Z valuesas gven at he pper right of the iight-hand \ersion of
the dagramand hinking d the mgeas he pgare Z =0, the first fve points d the doud would lie on the page
the remaning 14 points wauld then le progressvely furtherabowve the pagein groups as me noves  the iight
aaoss he dagam. This dsaus$on reminds s that a marginal distibuion is aproedion — we seethe marginal
distibution of X and ¥ if we lodk verically down on the dagam {.e, we lodk adong the Z axs) to projed the
three-dimersianal point doud o to the two-dimersianal dare of the @mge

® [t is inteesing to pecuate on he etent to whichthe ideasof condtioning and marginalizing (r projeding)
provide a lass for understandig he ways n whichmahemdical modds approximate reaity (reall the naxm
quotedin Note1l9 a page5. 28).

33. Appendix 9: Lurking Variates — a Boader Perspective (cited m pages 530, 533, 54Q 565 57Q 571 572, 573, 575 577, 578,
In Sedion D on mge 529 and 530, the oniextof our introdudory disaus$on of comparisan eror 579 ad 583

due b lurking variatg9/confourding is mmparative invesigatirg of atreament effed; the elevantcausal X

strudure from rea the mdde o page5.34 is ase §), hown ajainat the wpper right, with focal variate ® 7 Y

X, respane variate ¥ and Urking variate/confourderZ. In this Appendk, as simmarized n the stucture

(A), at the bwerright, we kroacen the diausgon in two ways: Xl\
e we havetwo (r thre@ ‘focal vairiates jnat necessarily al of equd inteest n the Questbn mniexi; (A), ;27“‘

e we ae unconcened with cawsafon as he easn Por the X;-¥ and Z-¥ as®dations beaus the
naure d the bcal vaiates is sich tha we camot sd ther levds and tis predudes ugg uch focal vaiatg9 to mank
puate the valie of¥ — reall the dsas#onin Note26 a page5. 33;

- this is why the bwerstrudure a the ight haslines athe than arrows beween the vaiatesynbds.

2006-0620 (continued weled )
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The phenomeno knovn & Smpsan's Paracbx can aise n a @nmpaative nvesigaton whee the dtributes ae propor-

tions— tha is, the eposevariate¥ is quditative [disaete (caegorical] in nature the damatic name(Paracx) is a efec
tion of row the dfed of lurking variatg§ canrevese the sgn of a elatonship The d#a in sventeenof the éghteen Talles
57.21 to 57.38 usedin disaus$on of Smpsa's Paracbx in this Appendk 9 are hypothdical The dsaus$onis in $x sedions:

1 lllustrdionsof Smpsar's Paradbx 4. Reagnsfor Simpsors Paracbx — ppuation sibgraups and weighted aerayes.

2. ‘Simpsors ParadbX with a quantitative regponsevariate 5. Reasnsfor Sinpors Paradox — probability distribuions.

3. Reasnsfor Simpors Paradox — poperiesof proportions. 6. A Plan br an investigaton © ansverthe Questbn of €x dsaiminaion.
The dsaus$on is framedin terns d populations becau® thee ae ro inherant sanpling isstes h Smpsat's Paracbx; when
the goups beingconparedaresampls theke is he aldtionalstdisticalissueof manaing sanple atror.

1. lllugtrations of Smpsons Paradox.
The datain Tade 57.21 below comefrom the dsaus$on of mpsa's Raracbx in Programll d Agang All Odds Insde
Stdistics; the onextis posdble sx dsaimindion in gaduae adnissons. Overdl, the amisson rate [or propation (@n
attribut)] is lower for women(50% vs 55% for men — ge tle bottom ine of the TBHe) but, when the da ae sibdivided ky
school (Law and Busnesy, the £mde admisson rae is higher (by 5 percentage pints for eat school. The (binay) reponse
variateis shool admisson (Yes,No) and the lirking variateis women-tomen atio anong picants its dfed is becaus:
* the wo schools hadap-

predably differert admis- Table 57.21: ... WOMEN.....cccocee | e EN.....ccoonee
: . 0, Numbe of  ADMISSIONS Number of  ADMISSIONS
%erateséo D ;?g(yﬁ ff) SCHOOL Applicants ~ Number % Applicants  Number %
Br . aw, a o lor Law 120 96 80 240 BO 75
N uISfmeSs Busness 20 24 20| 120 B 15

* hall as nary women a
Both 240 »0 50 360 b8 55

men(120 vs 240 appled

to Law kut equal numbers of women and mefi20) appledto Busness
The dagramto the ight of Tabe 57.21 shows is daa in grgphical form; Smpsa's RFaradox is the positive slgpe d the mdde
dasedline for the datafor bath schools chamging to anegaive slgpe n the pper and lowerlines br the hools individually.
In this illustation, the vaiates in the bwerstrudure @), at he bwerright overkeaf o page5.65 are:

%, is an gppicant sex (fermale, male), X, is the £hool goplied to (Law, Busness,

[In Tades57.25 and 57.26 on he fidng page5.67, %, is the kve of study (Magers, Dodoral],

Z is the (lurking \ariat§ women-tomen atio anong gplicantsdisasse furtherin Sedions2 and 4 o pages 567 and 568,

¥ is the eponseto an aplicant(@dnitted not admited. [Overleaf ¥ is time br degee onmpletion (minimum longe)]
Unlike investigatirg a reament dfed when hee is nore than me bcal vaiate(eg, wsinga fadoral tregament stucturg, the
focal vaiateof primary inteest h this Queston context is X;, an gplicans sx.

%,
.. N . 100
The imitation imposel by Table 5722: ....... WOMEN....occcoee | o BN............ -
lurking variates on an Aswver Number of ADMISSIONS | Numberof ADMISSIONS 168 Law
to a Queston alputanX-¥ re- SCHOOL Applicants  Nurmber % | Applicants Number % sod o B0t
lationshipis illustated urther Law 120 9 80 168 e 75 1. _
by the déa in Tades57.22 to Busness 20 24 20| 10 B 15 e B
57.24; & the dagarns to he Both 240 20 50 | 288 ¥4 50 *"Women Ver
right of the Bldes emphadze, 1%0_
it is dsopossble to have Table 5723: .......... WOMEN....ccooeeee | v L\ S . sl
; Nunber of ADMISSIONS | Numberof ADMISSIONS 1° *
* the S&I:’]?(())VG‘E" admls-d SCHOOL Applicants  Number % | Applicants Number % sod  ouonmmmmemmmmm BN
Sian ratefor women an )
. Law 120 96 80 240 D2 80
men mt aﬂfj]lgher raeh bli Busness 20 24 20 120 24 20 1120 120 Busness
women n the two Shools Both 240 20 50 | 360 26 60 S — Ver

indvidually (Tabe 57.22);
* alower ovadl admisson rate for women lut the samerate for women and memithe two ghools individually (Talde 57.23);
* ahigherrae orerd andin the two shoolsindividually for women ¢eeTalde 57.24).

%
The dfed of lurking vari- Table 5724 .......... WOMEN....cocooooee | o, EN.............. lm -
ates on a X-¥ rdationshipat SCHOOL [ Xum_)ercf ADMISSIONS | Numbe of - ADMISSIONS e
a seond level of subdivision ppiicants  Nurrber % Applicants ~ Nurrber % 50 O o Bom
is illustated n Tades 57.25 Law 120 % 8 10 05 -
and .26 at he ypper right of Busness 20 24 20 120 3 15 ; 10 Busness
Both 240 20 50 240 D8 45 Wormen Wen

the fadng page5.67 acontet
for thesedata is the poporton of gracduae dudents who enpletetheir degee n the mhimumtime In Tade
57.25, the goportion for women $ lower ovaal, higher when sibdivided ly subjed area(Law or Busnesg but gyainlower
when sibed areais subdivided ly leve (Magers or Dodora). Smilar effeds ae e in Talde 57.26, except the poportions
for women lecomeequal when sibdivided by subjed areaandhigherwhen urthersubdvidedby leve.
(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 24)

Probabilisticaly, subdividing Table 5725: ........... WOMEN.....coove | v, BN............... %
is conditioning so ha Taldes SCHOOL Numba of COMPLETIONS | Number of COMPLETIONS 100
57.21 to 57.26, in illustrding Sucents  Niber % | Stcents Niber % boemonee e
Simpoors Parachx, shav the Law: Magers &0 5 85 60 54 90 { oo
limitation on & Answverwhich ___Dodoral] | 60 38 .55 30 B9 I
involves @nmparing condtional Bus: Magers Y 27 45 20 D 50 504 QuITIiiiieF
probabiities br a eponseva- Dodoral| 60 S 1) W 0 20 o
riate with differert condition- Law 120 84 70 360 234 65 [
ings that is, @mparing prob- Busness 20 36 30 120 30 25 ,
abilies br ¥ given X, and, Both 240 D0 50 | 480 264 55 Women wen
with ¥ givenorly X, (in Tades
57.21 1o 5724) or for ¥ given Table 5726. ........... WOMEN.....cccoooee | errrvrvviiiiinnns BN %
Xy, X, andx; with ¥ given, SCHOOL | 'Sudene  Nimoer | 9% | ‘Sudris Mmber % 7| e
and X, or ¥ givenorly %, (in Law- Maders © 2 90| 240 oo 8 [ — TP
Tales57.25 and 57.26) — e Dodoral| 60 42 70 80 52 65 B SO
Setion 5 averkaf ; page5.68. Bus Magers | " & - B8 30 T T 0 o5 so] o7
Four caher ilustrdions of Dodoral 60 6 10 40 2 5
Simpsors Paracbx ae gven in Law 120 9% 80| 320 256 80 I
Note % on mge 569 ad 570 Busness 20 24 20| 160 2 20 S .
and tree nore illustraive bes Both 240  ©O 50| 480 288 60 e ver

(ike Tade 57.29 overkaf o page
568 are dsausse on mges 577 and 578in Appendk 13.

2. ‘Simpsoris Paradox with a quantitative reponse variate
Sinpors Paradox is wsudly presentedin the @niext of comparing propartions but the same fhhenomeno can aaur
with a continuaus reponsevariate As illustréed ly the dda in Tade 5727 and the daglam to its ight, whose oniextis
gradiade gudies aimisson aveagesthe averaye islower ovardl for women than me(84%vs 86%9

but when he d&a ae sibdivided ly _ A

school, bath avergesarehigherforwo-  TaOe 82274 o JONER - | e Bl

merll TI;e lestser\‘/anat('abhee. Isthm SCHOOL Applicants Av%’age@/d Applicants Av%rage(%) 77__7_,_O§)h"aw
appicans aerge the dtributeis the Lo - % o 88 oS

awerage of theseaveages(eg, 90 and BuSNesS 50 82 50 80 s T —es0Bumes
88 br Law 82 ad &0 for Budnes3 Both 20 84 200 86 Vomen Ven

and theurking variateis women-tomen
raio anong aplicants(1:3 for Law 3:1 for Busnesy. With 11 ratios, thele is no‘paracbx.

The illustraéion in Tade 5727 shows tha Smpsan's Paradbx is not sdely a phenomenio which may arise when ompa-

ing propattions Its aigin lies in the relative ‘naturd’ group szes aising from the pocess d subdividing (r its nverse d
combining) usel to manale ®mparism eror in dosevationalPlars. Sich a birking variate (caled tte women-tomen atio in
the dsaus$on of Talde 57.21 on page5.66 and Talde 57.27 above is differert in nature b Z in the ypper @usalstrucure d
case(® at the bwerright of page5.65 whichwe think of as keingalle to cawsea wnit to charge te valie of ts epose
variate Thus,we now ecgnizetwo ways a iarge in alirking variate can afed atributevalugs:

e by causirg units reponsevariate(@nd hencether attributg valuesto chage AND:

e by distotting atributecalculation when sibdividing is uisedto mangye @mparism eror in an dosevational Plan

3. Reasors for Smpsons Paradox — properties @ proportions

Quantties (like varate and dribute value$ which are sirgle numbers ae rdatively straght-
forward to conpae: 4 is geder than 2 § geder than -6, dthouch the btterhasa larger magni-
tudethan the first two Howerer when aiantities (like proportions a fractions and the oordin-
ates of points an a aterdiagan) invdve two numbers, @npaiisms my raise onplications. For
exanple, n the daglam a the right, pdnts A and C with differert coordnates ae the samedis-
tancefrom the aigin and wint B is clogr to the aigin than A and C degte its mordinakes leing
larger than ane d those ¢ A and C. The gurprising) result for fractions ©r proportions), exhbited
as $npsan's Paradbx, is thet for dght (pasitive) integeis a, b, ..., h, it is posdble to have(asin Talde 57.21 on page5.66):

a>% and 2> % but & thesametimeto have: 82 < gi% eg, 32> %9 and 2> 8 put 44 < 99
This property dso applesto mae than two jairs of fractions @s h Tade 57.35 on @ge5.69 and br aher mmbinatons of
inequdity and equdity (as n Tades57.22, 57.23, 57.25 and 5726 on he fadng page5.66 and dove).

(continued weled )
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When the faction 3% is insteadg, we e athe fight tha thee is no‘paracx 325380 4nd 2259 ang 44 s 39
(asin Talde 57.24), reminding s tha it is the goup skes(in the delmindors) 40" 40 60" 60 100 © 100

unde subdividing tha may engaye he poperty of proportions which geerate the paracoX — recll Section 2 on Rge5.67.

4. Reasors for Simpsons Paradax — population subgroups and weighted averages

The dstated @lcuation of he valiesof (populatior) atributes (like pro- Table 57.28: Weighed percentage ~ Weights
portions and aergied, which geerates the paradXillustraed n Sedionsl

; . : . ) X Tabe 5721: 2xg0+x20=50 I 1

and 2 is an nsanceof weghtel conbinatbnsof the orregponding dtributes atle 572L ;jgx g‘gx ~ 2
of popuation sthgoups. As shown in Tae 5728 at e ight, the dtribute 360" ®*560* 15755 3 3
valuesin the b4 line of each of Tades57.2L to 57.24 are weighted @mbina Tale 5722- P xg0+ Bxo0=50 1 1
tionsof the dtributes in the two &He lines @ove them; wha produce the are i iggx f;‘gx ~ 2
chamgesin atribute \aluesrelative to each dieris a harge inweghts. Each 28870 % 258715750 35
weight is deteminedby the aurd) sizeof a popuation sibgraup; this sze Talle 5723: D xg0+ Dx20=50 1 1
is the lurking variatewhosecharge is eponsble for the dharge in he 6ign e EZSX iggx - > 1
of the X-¥ rdationship The same ideapgies © ead of the two levels of 360%80F 350%20=60 3 3
sthdvision in Tables 57.25 and 5726 and to the eerajesin Talde 5727, Tale 5724 Dx80+ Bx20=50 } 1
When the veights ae equal (@sin Talde 57.24), thee is no‘paracbx. 20 . 11
120 120 5= 11

24070+ 220715745 5 3

5. Reasors for Smpsons Paradox — probability distribu tions
Talde 57.21 on page5.66 povides déa from which the probability fundion of a dsaetetrivariate distiibuion can ke
estimaed. To dbtain this nodel, we first extend Takde 5721 as in Tale 57.29 below to indude three a&tra cdumns br ‘Both
sexes We then déinefive events

and us esimdes for ta proba- T ST e o AomSsions | niroe AOMSSoNs || Kirbed ADISSIONS
bilities —the verical line mears SCHOOL Applicants Number % | Applicants Nurrber % || Applicants Nurber %
‘giventhatin the aght condtion- Law 120 96 80 | 240 BO 75| 360 2B 766
al probabilties andh denoes an Busness 20 24 20 120 B 15 240 42 175
intersecton of events Both schools | 240 20 50 360 P8 55 600 ag 53
The (joint) trivariate Event A Apd!cant!s amited (¥ =yes the omplementA is ¥ = no)
modd is shown in Tade Event E  Applicantis femde (%,=femde) Pr(F) =04 PA(A|IF) =05 PR(A|FnL) =08
57.90 at he iight below; Event M: Aprj!cantls male (X, = malke) R(M)=06 PR(A[M)=055 Pr(A|FnB)=02
summing its probabilities Event L Apd!cantapplesto Law (%,= LaX\b . Pr(A|L) i 076 Pr(A[MnL) i0'75
for onevariate we diain the Event B Applicantapplesto Busness (%, = Busdness R(A|B) =015 Pr(AIMnB)=015
three(margina)) bivariatemodds Table 5730 Trivariate model for ¥, %, and X, Table 5731
in Tades57.3t0 57.33. The snaler | E ... M. Bivariate model for ¥ and X,
bold amaationsin Taldes57.30 to 57.32 L B L B F M
shav how epht of the nhe percentages A| /016 ,004| ,03 ,003| 083 Al /02 ,03 |03
in Take 57.29 arise for exanple, he A 08004 02016 | @501 015017 | 047 A|050.2 0550.7 | 047
80% of women a@mited b Law is %5. 0.2 0.2 04 0.2 04 06
We e that Talle 5721 on page5.66 invdvesparts of the Table 5732 Table 57.33:
two multivariate distibuions in Tades 57.30 and 573L; itis Bivariate model for ¥ and X,  Bivariate model for X, and X,
therefore unsurprising if comparisans anong theseparts, Bken L B L B
in isolation, yield seaming ‘paradoxes It can ke aonfusingthat Al 046 007 | 0.53 F| 02 02| 04
Talde 57.21 end those ike it do rot show explcitly percentges A 076014 0150.33 | 047 M| 04 02| 06
involving conplemets|like gpicantsnotadmitted (event A). 06 04 06 04

6. APlan for an investigaion to arswer the Quegion of £x dscrimination
Compaing poportions of women and mendmited anong gplicantsto graduae sudies s n the oniext of Talde
57.21 on page5.66) is notan alequae Hanto arswerthe Questbn of psdble £x dsaiminaion, for two reasns:
o ther is he msdility of Smpsan's Faradbx and ro dea way © define the kve of subdivisionat whichto make cmparisons
e applcantsqudificaionsare rot aken into @oourt.
Both mattes ae aldresedby a Ranwhich invdves tiking pairs of applicants, me Emde and e nale, with the samequdi-
ficationsfor admisson and hen omparing he poportons of women and men whore almited aross a nnmbe of such
pars tha is adequde, in the nvesigaton mniext, to mange d relevantcaegoriesof error.
* Forconpaism eror, pairing manaesthe group $zes(@ndhencethe weights in the dtributecalcdation$ in a way tha pre-
cludes Snmpsan's Paracbx; matding manayesecudity of qudificationsfor the groups of women and mending conpared
However as with any obsevational Plan (that gahers catafrom a ppuation in ts natual stae), thee is dill the limitation on
Answels imposel by mnpaism eror due b ather (Inrecgnized lurking \ariates.
(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 25)

* When nvestigatirg the nuch-disausse issie of mmparable worth (whether women
are paid the same @nen br the same wak), relevantexgandory varates to man-
ageindude qudifications experienceand hairs worked per ronth or per yea.

The <hema a the iight is a pctorial reminderof the Lirking variate of group (popuation
or sanple) szes when deslopng an dsevationalPlan to aswera Questbn with a cau
satve agpect, which (uaudly) invdves @mparing atributevalues(catuated or dtained
from a <dter diagam n the Analysis stage of he FPDAC cyde) for broadsibpgua-
tions(like women and mén By contast, when asweing a Questbn with a desaiptive
ayect eg., a Qeson alutbath seey, dffering dtributevaluesat dfferent bvds of

Equdly

weighted

conbi

naton

Daa for individuals
Attribute br smdl sitbgroups
Attribute br medium sitbgroups
Attribute br large stbgroups

i

stbdvisian are more obious and g lurking varatgg are wsudly lesstroubkesome
Thesematters e ilustraed usinginformation from Tade 57.25 Attribute bf population
(atthe op d page5.67), in Takde 57.34 at he iight below
'(I'BabLe 53;3451725 0 Women Men Both seves
. D H ai asel on Ble 57 G G G
NOTES: 75 Smpsas Paradbx is so sirprising, paricularly Group oup | Goup || Croup
when first enourtered tha it is eay to lose TS 1 1 1
sight of key staistical issus. S” ';’" e o o 5| o ol 2o 8
. maler W. Masers
® The proportions are corredy calcuated — sthgroups Dodoral| 60 55 | 300 60| 360 59
Sinpsors Paradbx is not the resut of mis- Bus: Magers &0 45 20 %0 80 46
takesin arithmdic. Docrord 60 15 10 20| 160 1B
; i ; . Larger  Law 20 M | 360 65| 480 66
i g'qﬂ;ﬁr‘: ;‘Zradcj)x I?ur:)?:scglgb%tsositr:q stbgroups  Budness P0 30| 120 25 240 27
u oo : Population %0 50| 480 55| 720 B

Sedion 2 on pge5.67).

® Simpsors Paradox ocaurs when sibdividing (Or combining) daa for ate@ries and oly in sone circungances

Lesonsfor daa-basedinvesigatirg are:

* recgnize ad manaye he gurprising) property of proportions dsasse in Sedion 3 on pges 567 and 568,

* mange elevaninon-focal explanaory vairiates — his includes the psébility of somdimes keingalde to iden-
tify an aopropriatelevel of subdivisionat whichto make mmpaisms (eall Tade 57120n page5. 39).

There is hen o ‘paracbX for aclear Queston invesigaed with a adequae Han, suggestiy tha the name iBp-

san's Paradoxcan ke misleading;

i C e WOMEN........cc. | v, EN.......

76. Faur more liustraionsof Smpsats Faracbx are;  Table 57.35: (i o6~ ADMISSIONS | Nimbe of  ADMISSIONS
Table 57.35: The mniextis the same s PROGRAM Applicants  Number % Applicants  Nurber %
that of e 5721 on page5.66 hut there /;LCIQQG;'OW 1022 379 gg ggg 35523 gg
are row six prograns (A, .., F) ingead Chemtry 593 29 37| 325 14 35
of two schools (Law, Busnesy. Drama ¥ B 35| 47 18 33
Like Tale 57.21, thee is alower percen English 393 D6 27 19 48 25
tage of women @mited aerd but ahigh- French 3 z 8 373 22 6
er pacentge br eat of the s prograns. Al 1,825 B9 32 2,64 1187 44
Table 57.36: Basédl batting arerajes— Table 57.36: ...... BATTER #l..... | ... BATTER #2......
the batterwith the lower aveage br the whde Time Reriod | Hits Atbats Average | Hits Atbats Average
seasn has ahigheravaage in oth half seasns. Firgt half 5 © 24 | 25 BO 1@
Realling Sedion 6 ad Note75 dove, it is of Seondhaf |15 50 300 | 80 280 .286
interest to deelop a Ranto arswerthe Queston Whole sasn | & 120 .250 |16 40  .256
of whichbaterto take if only one @n ke hosen. Table 5737 .. SMOKERS..... NON-SMOK ERS
Table 5737 Death rates (pe,.looo IV%) in two LOCATION | Deatts Policies Rate | Deatts Policies Rate
regiors of the US for snokers and ronsmdkers. E‘g:‘x'l'; " 65 191?8 2'5657 ; 1%88 2-32
[Thesedaa were gatrered ly a fife insuanceconpany Eithor T 2000 550 10 1800 5.6

which was ssting whde life policiescauntywide o a ron-

medicalissuebasis; in 1986 3800 pdicieswetre issied b males @ed40-45 The @mpanys fileswere keptin two locations
— Nadwille for policiesissuel eag of the Mssisgpi and Los Angeks or policiesissuel west d the Mssisgop. Nasville
issuel 2,000 pdiciesand pocessedl3 ceahs, Los Angeks ssied 1800 pdiciesand pocessed deahs]

REFERENCE: Dalins, JG.: Actuaies .. becaeful

The Actuary, March, 1989 pagell. Table 5738: ..NO CHALLENGE... | ....... CHALLENGE......

. DEFENDENT | Numbe  CONVICTIONS | Nunbe  CONVICTIONS
Table 57.38: Effea of jury challerges STATUS of Tials  Number % | of Tials  Number %
on @rviction rates in trials in the UK. Guilty 20 6 80 | 70 p 60
[In early 1987 an aticle by Berrard Levin in The Innocent L 0 0 0 0 Y
Time raised the questdn of whether jury challerges Either D 16 53 70 L 60
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NOTES: 76. assst thosewho are guilty in avoiding @rviction. Mr. Levin conduded ths wasnot the case on the kass of datashaving a

(cort) caonviction rate d 53% in trials with no dallerges lower than the onviction rateof 60% in trials with challeryes. However

this ansver doesnot necesaiily follow from theseconviction rates; inthe hypaheical daa in Tabde 57.38 (@t the bwerright

oveleaf m page5.69, the onviction rmtefor guity defendentss subgantially higherin trials with no challerges. Unfortuna

tely, this ourterargument & pecuative becaus the number d defendentsactually guilty and inno@nt, and the ates of chal

lerge and d corviction in boththese graps, ae rot readly accesgéle. Nevethdess, an dicle in a major newspagr which
usedlawedreasming from datato arswera Questbn on a sbgantive issuels a riousmatet]

REFERENCE: Hill, I.D.: Rebuting the melia. The Royd Statistical Sodety NEWS & NDTES 16(#1), Sepenber, 1989 pages.

There is dsausson and firtherillustraionsof Smpsa's Faradox in Wagrer C.H.: Smpsan's Raradox in Real Life.

Amei can Stdistidan 36 (4, Febuary): 46-48 (1982).

There ae three dher mattes of gatistical inerest &dout the datain Taes57.37 and 57.38 overkaf an pageb.69.

® What is a phusble explanaion for the lower dedh raes for both smders and ronsmdkers whose fleswere
kep in Los Angeks, omparedwith thosekep in Nadwill e?

o Develop a Fan which wauld be epeded b dbtain an Ansver with fewer imitaionsabout the dfed(s) d
jury challergeson @rviction rates for the quilty in the UK.
- BEven { the d#a in Tade 57.38 were red, they would provide no Answer aboutthe dfed(s) d jury chat

lergeson the @nviction ofinnocentddendentbecausethesedda fightly) show no sud convictions.

34. Appendix 10: Confounding — Usage in Satistics (cited m pages 530, 545, 576 in Appendiced1 axd 2 and 579 in Appendk 13)

As badgrourd to ansvering Questdn(§ abaut an X-¥ rdationshipbeween N » _
a focal variateX and a eponsevariate¥, 2, Z,, .....,Z,in the £hema 4 the ight #-¥ Relationship? (exstenceassodation, caustion)
are alledlurking variates, a phrase ha mears lurking explanabry variates in ‘ K

that eachZ acmurts, d leastin part, for chargesfrom unit to wnit in the valie of @/@R
(X]

|

the reponsevariate The mportanceof lurking vanates is ha if the dstibutons
of ther valuesdiffer between groups of wits [like Gug)popuationsor sanpleg @\

with dfferent valiesof the bcal vaiate an Ansver about the X-¥ reationship Mg@ge
may differ from the tue date d affairs unlessthe dfferencesn the valiesof the . )

reevantZs ae taken into @oourt. Explanaory variates

A practical difficulty for databasedinvesigating of an X-¥ rdationshipis tha lurking varates ae dtennunerausand e:

e important Zs or hadr differing dstribuions for dff erent valiesof the bcal vaiatecan esily be oerbdked  AND:

e slbstnial resoures nay be reecd b measte valueson the sarpled wits or thoseZs deamedto be important.

Variates aher than X and¥ that are meastedon the sampled wits can le sssssedoy.

+ looking at a sdterdiagiam d y agairst z to try to chek if Z; is an eplanaory varate AND:
+ conpaing boxpotsof z valuesfor the dfferent valiesof x to try to identfy differencesn Z; for different X values.

\

The samestdisticalissueraised by lurking vatiates is nvdved with different ernindogy; in confounding; the dfference
is that the kehaiour d lurking varates (the entity regponsble) is why confourding (the gatisticalissug ocaurs.
An explanaory variaterepongble for mnfourding is alled aconfounder or confounding variate thesetwo ternms ae yno-
nyms for a Lrking varatewhosedistibuton of values(over goups of wnitg differs for dff erent valiesof the bcal vaiate
The following cefinitions(repeaed fom page5. ) summarize the breging disausson:
* Lurk ing variate a ron<ocal explanaory variatewhosediffering dstribuions of valuesove groups of wnits with different
valuesof the bcal vaiate if taken into @oourt, would meanngfully charge an Answver aboutan X-¥ rdationship
* Confounding: differing dstributions of valuesof ore or nore non-focal explanaory varatg§ anong wo (©r more) goups
of units [like G)papuationsor sanpleg with different valiesof the bcal variate
- Confounder (confounding variate): a ron{ocal explandory varnateinvolved n confourding.
‘Confourding and confourdet havethe crnvenienceof beingoneword temindogy rather than the milti-word phrases invdv-
ing ‘lurking variates’ which convey the samedeas
* Comparison eror: for an Arsweraboutan X-¥ rdationshipthat is tasedon @nparing atributes of groups of units with dif-
ferent valiesof the beal vaiatdy, comparism eror is the diferencefrom theintended (or true state d affairs aisingfrom:
- differing dstribuions of lurking variate valuesbeween (or among) the groups of tnits OR - confourding.
The dtemae wording of the hg phrase acomnodates the @uivalent ermindogiesof lurking varates and onfourding;;
in a @ricular conkext, we wse he \ersimn of the ddinition agropriateto tha context

#5.70

® ‘lurking vaiates' can nore readly accomnodatephenomendike Smpsa's Paracbx — e Appendk 9 on mges 565 b 570,

e ‘confourding is nore @mnon in he onext of comparative Hars, & in Sedion B which stats on ageb. 36, hut the
variety of usaye ofconfourding can ke a surce d difficulty (as dsausse garting overeaf o page577).

The dctionay meanings of ‘canfourding in ordinary English indude confused bewldered and mixed up — the Bg of

2006-0620 (continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 26)

thesethreeis dosest to the stiisticalmeanihg gven on ge5.30 in Sedion D @nd epeded m the fadng page570), becaus
the dfeds m ¥ of differencedn X and n one o more d the Zs ae ‘mixedug (or ‘camat be ®paatedas it is dso expesed
— reall the dsaus$on of the onfourding efed on page5.49 in Sedion 2. The difficulty with the ddtistical usaye is ha
different sétisticiars in dfferent gaces may withoutdisinction, use tonfourding to refer b any ane d four of its facets

® the definition: inabilty (or faiure to spaate tre dfeds d X andZ; [or %, andX|] (which ae assodated) on,

© theidea non-focal explanaory (or lurking) variatgg Z; differ in valuefor different X values,

® thelimitation: an Arswerto a Questbn almutan X-¥ rdationshipthat may be meanngfully different fom the truth,

@ the consequence an Arswer may be altered in a meanngful (.e, practically important) way if the valiesof (oneor

moreg Z; are taken into @oourt.

This variety of usaye refleding ladk of agreament anong daisticiars dbaut how broady ‘confourding i s to be nteipreted can
obsare ts indenjing idea the facet enphaszed n aur introductory disaus$on in Sedion D on @rges 529 and 530; it can
also ke a surce d confusion. [There is, d coursg comnon gound anong thesefaces (mostolvioudy among the b thred
becausethey dl refer b thesamephenomenn]

As aummarized h Tabde 57.39 below one way © make thesemdtels nore trangarentis to distinguish four conexts for
‘confourding i n datistics; © do so in heseCaurse Materals,we qudify ‘confourding with oneof four adedives

e peafed, e partial, e gererd, e sdeding.
However theseadedivesand dstindionsare paricular to theseCaurse Matefals and ae wnlikely to be encourtered or under
stood dsewhee — his is |ke aur use ¢‘EPS fom an wstatified popuatiorii nseadof the usid ‘SRS (seeNote 98 on jage
5.86 in Appendk 18) and ¢ ‘ERR i nseadof the usid ‘ randomiétion (seethe bottom d page5.48 in Note 53 in Sdion 2)).

The latterthreefacets Table 57.39: SUMMARY OF USAGE OF ‘CONFOUNDING IN STATISTICS

of confourding de (Simpsors Paracbx referred b belowis dsausse in Appendk 9 on pges 565 b 570

enconpassedy aur Degription Type Impad Facet llugtration

definition of @npa- Pefed confourding 1 Pasitive: Expldtedin DOE  Ddinition Fractional fadorial treament stucture

rism eror an page Patial confourding 2 Negatie: | Imposes Idea limitation ‘Confourding i n comparative Hars

5.0 in SedionD Generdconfourding 3 limitation on Limitation, congequene ‘Confourding and Sinpsors Paradox
! Sdeding confourding 4 an Arswer Conseuance limitation  didgement eleding

and epeaed for on-
venencenear he lottom d the fadng page570. A minor chame in this @finition, from tha on page5.30 in our introduc-
tory disausdon, dlowsfor the possbility of mae than onefocal vaiateto accomnodate for exanple, experimentalPlars with
a fadorial tregment stucture and thenomendike Smpsan's Paracbx (eall Appendi 9 on mge 565 b 570.

More cktdls aboutthe fourfaces d confourding and aur dstindionsare as éllows:

o Caonfourding (perfed or type 1 onfourding) is a ermin the shtisticalarea ¢ Design d Experiments (DOE), whee it
indicaes hability to (fully) sepaae tre dfeds d two ©r more) focal variates on a eponsevariate it can ke explatedto
adievestdisticalbendits in Plars with a fractional factarial redment stucture — reall Note47 on @ge5.45
- The aljective pafectfor type 1 onfourding indicaes tha levds of Goméfoaal variates and/or their interections ae &-

scciaked with orrelatbn of magntude 1 —this is why Gomeof) the dfeds m a eponsevariatecamot be spaated

(ecept by uing a Ranwith afull factarial treament stucture).

+ A Planwith afractional factarial treament stucture acceptsthe limitation on Answvers imposel by (perfed or type
1) confourding © dbtain the alvantge of sing fewer resoures esiting from a smdler number d runs— in this
sense confourding d focal variates [introducecdby the nvestigabr(g] in DOE has apasitive impact.

- This is ikely the aiginal usge ofconfourdingin datistics — he enphass in this sage is onlie original) defiition.

+ When tonfourding (in the ®rse d its ddinition) is introduced anong o o more focal variates and/or their inter
adionsin a fractional fadorial treament stucture this facet is not enconpassedy aur definition of @mparism error.
However ‘partial or type 2 onfourding among nonfocal lurking varates is a potental saurce d our conparism error.

o Confourding (partial or type 2 @nfourding) in the ontext of comparative Hars imposes a Imitation on @ Ansverto a
Queston with a @uséve aped, due b one or more) jhonfocal confourders charging (or dffering) as he beal vaiate
chamges(or differs) in value The mpact o type 2 oniourding is hegatve and the mphass is on heidea of confourd-
ing and the estting limitation imposeal on Answvers by @nparism error.

- We dstinguishtwo cases of type 2 onurding — eihermay give rise b comparism error that ds-

torts realty (credes illusion) and © lead to awrong A naver about an X-¥ rdationship ® A~
+ when Z andX bath cause¥ (type 23— this stuaion is ha of our introduction © confourding Z/'¥
on mge5.3) in Sedion D, and the elevantcausal stucture fom rea the milde o page5.34
is case §) [equivalent to cae(D) with the nfourdershavn ecplicitly] given againat the nght; © Z/X
+ when Z is aconmam cau® of X and¥ (type 2B — the elevantcausal stucture 5 ase 9 a Ty

the right and e #s0 Appendiced1 and  on mges 573 to 576and Y6and 577.
(continued wveled )
2006-0620
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- The ajective partial for type 2 onfourding indicaes tha the adation of [the (iInwaned chamge irj the onfourder
Z and(the charge in) the bcal vaiateX hasa orrelaton tha is (Usual) lessthan 1lin magntude
+ The gecid case 6 zao cordation is dsausse briefly in relatbn © dagram(5) nea the ottom d page5.3L

= In the D04 STAT 231 Gourse Notes;confourding mears aur ‘partial confourding.

o Confourding (generador type 3 mnfourding) is a ioader meaning wsedby some gttisticiais to enconpass bth the ‘par-
tial confourding d comparative Hars andthe dfeds d lurking varates in phenomendike Smpsai's Paracdox. The impact
of type 3 mnfourding is @gan) negaive and the mphags is on helimitation on Ansvers and its coneqene.

- The aljective gererd is to remnd us an Aswer[usudly to a Questbn alout a (cawsal) X-¥ reationship may be
alteredin a meanngful (.e, a pactically important) wey if the valiesof Z are taken into @oourt.

- When henomendike Smpsan's Paracbx ae caxdderedto be an nsanceof (genera or type 3) confourding, dis-
cusn of its manayement (in an dosevational Plar) in Sedion 6 on pges 568 and 569 h Appendk 9 upgdements
ealier disausson of manajing confourding €g, & simmarized n Tade 57100n page5. 3.

- Simpors Paracox and elaed phenomenddisaussd in the pevious Appendk 9 on mges 565 b 570 would nat
usualy be onsderedto invdve cawsaion in the £rse d the dsaisson of Figure 1.6 of theseCaurse Materals. As a
cons@uence induson of Smpsa's Raradox in ‘gererd or type 3 @nfourding affeds the wading of two ddinitions:

* Caustive aspect the Answer from the nvestigaton of acausative Queston addressesomechaacteistic(§ of a
relationship beween a eponsevariateand me Or nore) explanaory variates; if the relatonshipis cawsal, the n-
tent is sudly tha charging the valug§ of the explanaory variatel§ would (r will) chamge he eponsevariatevalue

* Focal variate an eplangory varatewhoserelationship to the egponsevariateis gven in the Arswerto the Questbn.

If Simpsan's Paradbx and relatd henomenarenot regarded & insincesof ‘confourding,a caustive asped and the

focal vaiatewould bath be defined & invdving acausal rdationshipand air dstindion involving ‘gererd or type 3

canfourding would not be reeced.

Confourding (sdeding or type 4 onfourding) invdves the psdble creaton of an unwanedrdationship(eg, by judgement

sdeding) beween wnit sanple indugon probabiities and eponsevariatevalues— see Appendk 14 on mge 579 to 582.

Therelationship hee is ketween X" which indicaes whether a it is sdeded for tie sanple (X*=1) or is in the goup d

units not sdeded (X*= 0] and¥, distina from the Queston which may havea desciptive or a caustive aped.

- Type 4 onfourding is wniqueto theseCaurse Materals and & induded i this Appendk 10 primarly to provide gatis-
ticalindght from recognizing conmaon themesdfrom the @ge5.48

schem3 of probability assigning and pobability sekctng; Rt Sadeding
+ probability assgning g, EPA) manaestype 2 onfourding,
+ probability seleding g, EPS mangestype 4 onfourding; C°QP.§‘F“‘/ hmm SS".S?*/ canireing

‘manayeshere mears ‘provides a kss for ddisticaltheay tha
quantifies the likely magntude d (cormrparism or sanple) eror — this heory shavs tha both proessesre nore likely
to achieve ter goal of acceptide limitation on @ Answverwith increaghg group a sanple szeg).

Type 2 onfourding (bath casa) distats a (vanted rdationship type 4 onfourding creats anurnwaned elatbnship
- The impact d type 4 onfourding is @gan) negaive and the mphass is on he conseqiene (@ndlimitation).

NOTES: 77 A furtherdifficulty with ‘confourding is tha its roat may be wsedin any o three brms; we @an sg for ecanple:

e thee is confoundng of the dfeds d varates X andZ on \arnateY, OR
e the dfeds d varates X andZ on \aiiate¥ arecanfounaed ALSO:
e if X is the bcal vaiate thenZ (which is ssodatedwith X) is a psdble confounder

78. Theassodation (eg, mon-zeo arrelaton) of confourdedvariates is leally an inddentd feaure d the ghenome
non — ssDdation in heusualstde d affairs for varates tha charge bgeher
® Zao comeation of mnfourdedvariates is wsudly introduced ly the nvestigabr(9 — for instancein a fadorial
treament stucture peealso he bief dsaus$on of diagram(s) immedatdy before Note 23 a page5. 3.

79 Key ideado take from the brgthy disaus$on of confourding in this Appendk 10 and ealier in this Hgure 57 ae:
e the ulse @d meamg d ‘confourding in DOE,
e the idea and the emgyement 6 ‘confourding (or d ‘lurking \arates) in compardive Hars, Bking into aoourt
the two ways a darge in alirking varatecan afed atributevalugs:
- by cawsirg units repponsevariate(@nd hencethar attribut valuesto chage AND:

#5172

- by distotting dtributecalculation when sibdividing is usedto managge omparism etror in an dsevational Plan

For an ntrodudory datistics course whether Smpsan's Paracbx and relaed fhenomenare inseincesof ‘con-
founding i s of no onequene ad the oneptof ‘sdeding or type 4 @nfourding i s soldy for errichment

Suprisingly, ‘confourding may rot be menioned dsewhee in dsaus$on of datisticalmethods — Pr instance it
does not ppea in the ndex (p. 500 of the widdy-cited text by GW. Shedecor and WG. Cochian, Stdistical

2006-0620 (continued)



University of Waterl®m STAT 231 —WH. Chery

Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 27)

NOTES: 79. Mehads The bwa SateUniversity Pres, Ames, dwa, Sevanth Edition, 1980.
(cort) o No menion of ‘confourding may indicae its inteipretaion in this extas slely our ‘perfed or type 1 onfourd-
ing’ (the ‘original definition), coupked with ro formd disaus$on of the tgic of DOE.

35. Appendix 11: Redity and lllusion in Statisticadl Assdation and Causation (cited o pages 530, 534, 535, 571, 576and 579
A precep of invesigatirg relatonshifs in gatistics is looking & the data; tha is, visuaizing the relatbnship— reall the
disaus$on of scater diagans on @ge5.29 and rote that he ourse JAT 442 has he ttle Data Misualization. A caveat D
this precepis tha dedding how to visudize the d#éa and hav to interpret the dsplay(9 must ke informed ty adequae gatis-
tical undestanding — £eng may ke illusory In this Appendk 11, we etend the dsaus$on in Sedion ¥4 on pages 535 and
5.36, dealng in turnwith the three nain types d Questbn whicharsewhen nvestigating gatisticalrdationshis:
1 Is thee a assogation of X and¥ and if so, wha is its form andor magntudeandor director??
2. What is hereasonfor an adation —eg, can we estadlish that X causesy¥?
3. Aceping a elatbnshipas @usal wha is its form — eg, wha is the efectof X on (the averae of) ¥?
which explanaory varateis the mest important causeof (variation ir) ¥?
This ‘naurd’ order d such Questbnsmay diff er gopredahly from the ane n whichthey ae dsaussd in an ntrodudory course
alsg the enphags in introdudory disaus$on is usudly on the

. . - ! Asdation (eg, in a sdterdiagal
rdationshipof onefocal vaiate (%) to onerepansevariate(¥). g gam)

Compaisa error
The main isswe in aur dsaus$on of realty and ilusion

in databasedinvesigatirg of datistical rdationshifs is Simpsors Paradox Compadtive Han

the imitation imposel on Answvers by omparisa aror (andrélated fenomena

arsing from confourding by lurking varatg9. A framework Ore focal Two Or more

for our presendisausgon is shown in the shena d the ight. varate focal vaiates

* This hama reninds us of elevantmaters from Appendk § Caistion CauSion  Caussion
8 on mgeb.65 Appendk 9 on mges 565 b 570 and from Esablish | aceped aceped  aceped
Sedions9 to 23 on pge 528 to 552; it sarts with an causgon = quantify Quantfy  prioritize
obseved &dation €g, d X and¥ in the amplest cag Z<x Zi/\: X>¥ X>¥ Xl)y X§1>¥
[or with lack of (expected as®datior. o d;; Cafei( 0 %S “ é;semz o
= Casell),

We haveenourtered the firgt type of Questdn in Appendk
8 on mge5.65 and in the dsausson of Smpsm's Faradbx and relatd thenomendwhich invdve conparing proportions) in
Appendk 9 on mges 565 b 570 Sdisticalissus ae the ole d lurking variates and frrrulating aclear Queston.

Forthe mndtype we dstingush four reasns(case} for assodation of varates X and¥ in the pesnceof a psdble
canfourder (or lurking variatg Z; the burrdevant caes from pageb. 34

are ovn eymbd_lcaliy at the ight, whee an aroyv denoks casdion: @ ()z(c;:e‘;“) = @® Z>¥ o Z\¥
* X causes (in the pesnceof confourder?); (2 casesk and¥)
* ¥ causesX;
* Z causesX and¥ — tha is, Z is acommon cause of X and¥; @ (x;;eg(() Q (C?,-(ncidere)

* cancidene which dten meas tha both X and¥ are sssdatedwith time—
i.e, mincicenceis often case(9 in whichZ is time (vhaterer'causdion by time mears).
A Queston alputthe adual reasa for an dbseved X-¥ as®dation @n ke ansvered ly a process d elimination:
o cancidene [cas€3)] requiresexta-stdisticalknowlecge o rule it aut;
- in a universe with an amostunmurtable rumber of varates dharging in value arertime ooincicentalas®dationsare
likely numerausbut may lamgdy go unndiced
o identifying corredly whichis the eponseand vhichthe explangory varatecan ule ait case 9);
o the remaning two reasnsare dred caus#on [case(l) = case §] and @mnon @ue [case9] — an
invesigaton with a compardive Han that yields accepide limitation on he Arswerimposel by © 27 X
conpaism eror due b type 2b ©nfourding) can then b wsedto try to rule aut case 9 [or case ey
(12); if successul, this kaves(dired) caustion [casgl) as the (ikely) reasn for the sdation.
- The Ran that managiescanfourding by a cmnon @u® for X and¥ [case @) will also maage
passble omnfourderS Z (or Z;) chaming as bcal vaiateX chames|case ) in a way ha makes ® X\¥
accegiabk the imitation imposel by wmparisan aror @due b type 2a onfourding); the @mnon -
themeof manajing type 2 onfurding fcaseg9 and @) is olding Z fixed asX chargesin value

+ Casqp9) is, d course case J) with confourderz shavn explicitly — ¥ is acommon regponseto X andZ.
ForQuestons of the ®mndtype comparism error resuts in an Answverthat migdentifiesthe aug d ¥ — for insence

2006-0620 (continued wverledf)
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- an Arswerwhich sys X is a @u® d ¥ when (in realty) it is not [casg9),

- an Arswerwhich sgs X is nota au d ¥ when(in realty) it is [case8).
Diaglans (@) to @) belowand rea the t@ of the fadng page575 ilustrde tresematers in nmore cetdl. A realworld exanple
ocaurred in The Gobe and Mil on March 7 2015,pagesM1andMs, in the aticle: $42 AN HOUR WHY CANADAS YOUNG
ACADEMICS ARE ON THE PICKET LINES.
The except (from pagems) rdevant to his dsausson
is gven at he ight. The three \ariates ae:

Do we havetoo many PhDs?

Yet, if graduae prograrrs havegrown, it has leen beaue gvernments
have waved mone/ at wniversity administraions operdting underthe

K. proportion of the Caneian mpuation with a FhD, assmption ha more gadiae sudents qud increase produdivity
¥: Canada leve of produdivity and innovétion, and hnovaion.

Z: Canada leve of devdopment In 2011, Ontario annourced that t would fund an aldtional 6,000
The assumption isthat nore gaduak sudentsequal magers and dactord spas even as ts indergradate perstudent
increasedproductivity and innovation. BUT: funding, adustd for nflation has keen dedining for decaes

It could well be hat courtries a high lewels of develgp- Tums ait that he curent hstuctions for bulding a FD dudent
ment produce both innovation and FhDs. may not frandate pto the eonomlc.galns ha govanments asume
Thus, hee is a reed o estalish whetter the gplicable "It is & open questbn whether DS ae recessary to
causal stucture & ar case 1) [= case @] or case 9). () X—=¥ prodice hnovaion and produdivity, or can yai do ha

- with MAs; said Daniel Murro, an analystat the Gonfer

In addtion b the cawsal Queston, thele ae dsosta- O enceBoad o Canadawvho will be eleaing a report he

isticaly challerging mattes d measuring a curtrys ® ¥ co-autlored o PhDs i the Caneian kabour market tis

produdivity and innovaion gumber d patents) and % spring.

level of devdopment (©) Z Ny Dr. Munro says t is true tha courtries vith a Hgher per
centage of thDs tavehigher levé of produdivity end in-

. . . . novetion, and tend to ppducemorepaents However the
Forthe tird type of Questbn, provided that the X-¥ relation- rdationshipbeween very advancededution ad nno-

ship is causal Fase(l) above, acceptlde limitetion imposel by vation is urcertan. It could well be ha courtries & high

conpaism eror due b type 2a onfourding can usdly be levels of cevéopment poducebath innovaion and FhDs.
acieved by a @mparative experimental(but notan dosevationa)

Plan deeloped and exeauted & previoudy disaussé at ergthin

this Hgure The €hema d the iight, from the yper / desciptve blocked —__

right of page5.37, reminds us of Ban conpaonents Queston agect expermentalPlar< Pfot’ab"'ty assgning
avalate to invesigabrs to nanae msible \causave/ adeqie ,e,jlca,ng unblocked -~
confourding by knowvn and by unknown and \ b | |Plan——méched
unmeaseednonfocal explandory variates. obsevationalPan—__ - neq

For Questons d the £mndand hird types, vhichinvolve an hferencefrom as®dation © caustion, the Imitation im-
posedby mmparism eror due b type 2 @nfourding) on Ansvers @n ke simmnarized n two preceps
* Partial or complete false pstive: when coircidene can e ruled out & a ea®n, an X-¥ assodation indicaes cats-
ation of ¥ but not necessaily (orly or evenin par} by X.
* False recative; as@dation of X and¥ may be abser even when hey havea causal rdationship
Theseprecepts brialize the deasin Note 30 an page5.35. The peceps ae ilustrded n more cetdl in two stsof four
diagiams bkelow and m the fadng page575 which shav how the average of ¥ chamgeswith X in the pesnceof a (binay)
confourderZ; except for dagram(4) [casg9) abovd, the causal@nedionsare those n case §). In theseeight diagrarns:
e the drcles (9 repreent eponsevariateavaagesthat c not ocarr underthe Han becausetheseavaageswould require
the wnits Z valuesto be differert from ther actud values(caunterfactials — eall the midde o page5.50).
e the dbts ¢) repreent eponsevariateaveagesfor unis whoseZ valuesmean bheseaveagesare obseved (letd),
o the 2lid lines ae the unobseved reaity, e the dashedlines ae the dseved illugort
e the lorizontal axis has aguantitative scale, rather than sioving X as a indicéor variatewith valuesof 0 and 1
o In the kft-hand dagam () below the (pasitive) effed of X on (the averaje of) ¥ is repreentedby the two baces to he
right of the¥-axis; however if thee is @nfourding (Z charging from 0 1o 1 & X charge$, the dfed of X on¥ would be
ob®erwedas he brace b theleft of the ais. Thus, n dagram(d):
- the dashedline invdving mmpaism etor yields awrorg @xageeraed magnitudefor the dfed of X onY-

- the dope of the ®lid lines siowing the elatonshipof X to the aeraye of ¥ areunaffeded ty the valie of Z — tha is,
thele is ro interaction of X andZ.

©Diagam @) is = pe @ me O wae O wae @
like dagram(1)

exet thee is (
interaction of X L
andZ — the ®lid L
lines hae differ-

entslopes. o
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Figure 5.7 DATA-BASED INVESTIGATING: Error—Its Categories and Sources (cortinued 28

- Diagians () and @) illustrae parial false pstives as®dation of X and does comegpond to caisdion of ¥ by X but
confourding by Z distotts realty (credes illusion).

In diagram(3) with a differert (negative Z-¥ rdationship comparisa error is wrorg drecton for the dfed of X onY-

- An Answerwhich, due b comparism eror, is a wong direcion for an X-¥ rdationshipis dso a ase éwrong value
(and usudly, wrong magnitudg but, as in $mpsan's Paradbx GeeAppendk 9 on mges 565 b 570, the nore dramatic
(dirediona) manfesttion of @mpaisa ator is wsudly enphaszed.

The right-hand dagiam §) illustrées (vithout interection) a conpletg false positive Ansver — thee is X-¥ assogation

without %-¥ cauwsaton; this is he suaion whenZ is a omnon aue d X and [case @) at the bwerright of page573.

- The wo lines in dagram(@) havezeo slogpe ® we [y X and¥ areindepexdentcondtional on Z — for (uni) charge inX,
thee is no charge in(the averaye of) ¥ provided Z is (held fixed — seelsoNotes & and 8 on mge579 in Appendk 13.

A false nga-

Q) ® @ ®

Average Average Average Average
repaise repaise repaise repaise

tive Answer z=0

as h dagram L ( ( © ° {

©), can @waur o o }_ - N

in other ways; + _ 0 L L/

in diagram(), L C

suc_han_Answer ok ok S I
agan arises from 0 0 0 0
canfourding withoutinteraction, and in dagrars (7) and @) [as n dagram(5)] from bath confourding andinteraction.
In dagrans ), 6) and (7), interation of X andZ is in- Table 5740

cidenta to the nanfesttion of (Dn'paqsm aror when AX-Average legponse RELATIlONSHIPS IN EIGHT DIAGRAMS
quenﬁfying the rragniude andor dredion of he dfed Diagram Relationship | nteraction Compari son error

@ Pasitive None  Wrong magntude — &eggerated

of X_on ¥, _only i_n diagram(g) is the nteration essatial @  Pesitve Inddensl Wong magniude — eaggeated
to this manfesttion o . ® Poitive None  Wrong dredion: wong \alue
+ (Campletd false ngativesinvolve the pecid case 6 @ Nore None  Wrong value false mstive
exad cancéation of he dfeds d X andZ on¥- Es; Pcsitve  Inddentl  \Wrong value: false neative
. . . . 6) Negatie None  Wrong value false ngative
The foregping dsaus#on of diagrans @) to @), invdving type 2 @ Negat've Inddentl Wrong vaue false ngat've

canfourding,is sumnarized n Tade 57.40 4 the iight. ©®  Mixed Esatal Wrong\aue false ngatie

NOTES: 80 For Questons of the tird type, onerred with gqiantifying the dfed of X onY, the déght X-Average epmse

81

diagams on he fadng page574 ad dove ae aly ill ugrative of comparism eror becau its paricular mank
fesation cepends on he nteplay d seved mattes whichaffed the gpeaanceof any such dagram,induding:
e the magntude(9 and diredion(9 of the dope®) d the X-¥ rdationshis;

e the magniude d the Z-¥ rdationship refleded n the vatical sspaation of the ®lid lines

e the ébseceor pressnceof interaction (of X andZ in ther effeds a);

e the formsof the X-¥ andZ-¥ rdationshifs €49, linear ornoriinea).

The two desciptions in the b columnof Tade 5740 dove for dagrans @) to @) on the fadng page574 ad

aboveremind us ha, for quantitative \arates, @mpaism error is [degpite the ®mnd(mare damatic) desciptions]

awrorg value (and usudly, a wong magnitudg for the dfed of X on (the averae of ¥. As a oneiene,

diaganms (@) to @) illustrae the acaurrenceof comparisan error for Qestons d bath the ssmndand hird type.

o Similay, Smpsan's Paracbx @isasse in Appendk 9 on mge 565 b 570 is, unde subdivisionon a addi-
tionalexgandory vaitiate acharge n valuefor a treament effed, resiting in a firamati charge of dredion
of the effed’ [anabgols to dagram(3) at the ottom d the fadng page574]

82. For the Unathinable) ideal Eriterion @) nea the tg of page5.37 of all non-focal explanaory variates remaning

2006-0620

fixed wren X chargesto make gpaentits relationshipto ¥, the Arswerhasno limitation imposel by comparisn
eror but when a pséble confourderZ doesnot reman fixed comparisan eror does imposea imitaion on he
Answeraboutthe X-¥ rdationship Thesdimitations from the breging dsaus$on in this Appendk 11, ae sim-
marized in Tabe 57.41 below; it remnds us ha the néure d the Imitation depends on he Questbn @niext

Table 5741 i
Quedion cortext Quedion able 5 Conrpari son error Confct)%gngOther name
Compaing proportons Does¥ increase @ deaease wth X? Wrong dredion for an X-¥ as®dation 3 Sinpsors Paracbx
Edablishirg causéon Is X the or g cawseof ¥? Wrong @au® identfied for ¥ 2b Connon aue
Quantfying a redment dfec  What is he dfed of X on¥? Wrong magniude br dfed of X on¥ 2a Camfourding
Wrong dredion r défed of Xon¥  2a Camfourding
Improving a pocess k X the most importart causeof ¥? Wong nain cau® identfied for ¥ 2a Cafourding

More than me bcal vaiate What is be dfed of eachX; on¥? Wong efed of one @ moreX; on¥ 122 —--

(continued wveled )
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NOTES: 82. e If Simpsa's Paracbx (in the first ine of Talde 5741 is doseved n asamplebut the Questdn involves the or-

(cort)

regpanding population, limitation is mposel on he Arswerby sampleertor & well as ty conparisonerror.

- Regadess of whether tre invesigaton inolves aregponden} popuation ersus or @anple, sudy, non+e-
spone and meauement eror dsolikely need b be nangiedin the Ran— see Appendk 16 on pge5.84.

e The :mndlad line of Talde 5741 deak with proces improvemen — prioritizing the eplanaory variates
regpaondble for varnation in¥; the elevantcausal onnedionscan then b thougltt of as
case(l), [repeded d the iight from page5.30]. Prioritizing a set of m explanaory vari-
ates %, (I=1, 2 ....,m) an ke ahieved by successvely prioritizing pairs of varates X;
andX;. The dfeds d confurding ae the sameas br quantifying the dfea of X on¥
and the ranfesttion of @mparism aror is idenifying thewrong main cause of (variation in .

- Beaug rioritizing explanaory varates invdvestwo or more focal vaiates, the Banshaild male provision

for estmating interaction effed(s).

+ [Perfed or type 1 ®nfourding among $me tedment dfeds aising from using a fradtional factarial
tredment stucture mg be acepibde in the Questbn mniext — reall Note 47 onpage 545 and the
disausson of type 1 onfourding o page571 in Appendk 10]

e In thelad line of Tabde 5741, gyaininvolving estimaing treament dfeds for wo o more focal vaiates, he
Plan $auld provide br esimating both main andinterection effeds.

36. Appendix 12: Connections Among Three \Ariates (cited ; pages 535, 544, 571and 79 in Appendk 13)

For three variates [two expanaory (% and Z) and me epose(¥) involving two causal elatbnshis, hee ae five
causal stuctures,as siovn in the first two olumrs of Tadle 5742 4 the ight below; the first stucture hastwo contexts,
making sx lines in the Blde. The stucturesare fve d the twelve @se gven nea the mdde o page5.34 in Sedion 13
[cases (4), (6), ®), (9 and (0] plus cae (1), from the wper right of page5.36 [also dsausse above in the ®ondbulet @) of
Note &]. [A remnderof two ddinitionsfrom pages 530 and 544 b:

* Confounding: differing dstributions of valuesof ore or nmore non-focal explanaory variate§ among wo ©r more) goups

of units [like Gw)papuationsor sanpleg with different valiesof the bcal variate
* Interaction of two fadors X, andX, is said to ocaur when the ffed of one fidor on a egpansevariate dgpends on he
level of the oherfactar. Interation mears the @mbined dfed of two fadors is notthe sum of her individual dfeds]

Se/erd mattes ae rotewothy.

o What &nds to dstingushthe @ase is
the patten of the causal rdationshifs
in the bd columnof Take 5742 — &
shavn in the third cdumn, ech
variateis assogated with each of the
othertwo, except in the cae d inter
adion, when he X-Z rdationshipis
na relevant

o0 Confoundng and interaction have
similarities ¢) and diferenceq-).
+ bath invdve wo explangory vari-
ates whichcausea regponsevariate

Table 5742

Kine
@, ¥

Variate Assodation Cauwsdion
causd connections Name XY X-Z Z-X | XX X-Z Z-¥
® _Z\ = X>¥ Confourding Yes ¥s ¥s| ¥s N Yes
X—Y¥ Z [Common epaseY]
z .
@, Xa\;‘ = ;1>¥ Interaction Yes --- Yes| ¥s N Yes
2
z b
() x/ \; = Z<¥ Common auez | Yes Yes Yes No Yes ¥s
z z
10 /., = x_ n X | Yes Yes Yes Yes Y
10 .y = x, | Common aue es Yes Yes| Yes YesNo

z
©® ¢ Yy =x-z-¥

sz =
@ % . yEZ=x—=¥

Causal chan Xz ¥

Causal chai Zx ¥

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

Yes Yes Yes

+ bath havethe same tten of causardationshis and @cept as mtedabove asdationsin Talde 57.42;

- their focus s dfferent:

® confourding s mwnerred with the impact an invesigatirg the X-¥ relationshipof (unwaned chargesin (confoun

de) Z as(focal vaiatg X chames;

® interaction is coneerred with the impact an the X,-¥ rdationshipand the %,-¥ rdationshipof the value of (focal
variates) X, and %, repectively (seealso Note 88 m page579 d Appendk 13 — reaall also Note48 m page5.45).

The same onpaonents hut dfferent beus d confourding and interation are smevhat lemhiscent o the ondtioning-

ignoring dstindion dsausse in Note74 d Appendk 8 on ge5.65 besause in each case datisticalmishanding pro-
vides gportunity for mnmparism eror to imposeunnecssary (@ndsqg possbly unacceptide) limitation on Answvers.

The manifestdion of confourding & cmparism eror may ke @drersdy) affectedif thee is interaction of Z and X — for

exanple, (puzziing) ‘incongstendesmay ke exhibited n the X-¥ relationship— recall Tade 57.40 and the dsausson on

pages574 and 575in Appendk 11

o The posdbility of Z as acommon cause of X and¥ [case(9)] is relevantwhen esalishing the ea®n or an X-¥ as®ci-
ation, as dsausséd on pages 573 and 574in Appendk 11
= Common @u® Z regpondble for misdentifying X as a au® d ¥ is aur type 2b onfourding — eall the dsaus$on at

the bottom d page571 in Appendk 10 and a the ottom d page573 and the t half of page574 in Appendk 11.

2006-0620
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 29

+ From this perspetive, Z as a omnon aue d X and ¥ cauld be egaded & an etremecaseof our type 2a on-
founding wheke Z is soldy regpongble for the charge in¥ asX chamges.

o X as acommon cause of Z and¥ [case(10] is really the causal sticture d the ight below becau® Z is an explanabry
variate thus,elewhere we onsder case(10 to invdve threecausal elatonshifs, nottwo as in tis 7
Appendk 12. We havesea eaallier in this FHgure 57 tha case(10 with threecausal elatbnshifs: 10 %" sy
- isnota viabe bass for a @mparative Han, as dsaussed in Note41l an pages 542 and 543;

- can eslt in biasedestimating of a reament dfed, as illustraed o page5.46 in the dsaus$on of Tale 5716

o0 As dsaussd on mge5.3 in Note24 @nd abo n the mdde o the first &le of Figure 0.6 of the Gus Mateialy, we
think of causéion of ¥ by X as poceedhg via a(long) causal chain of explanaory variates leadig b the eponseof in-
terest The Quesibn mnextidentifies@rbitrarily) one(foca) variate(X) in this dain as keing of interest but we reag-
nize ha this \arateis preceledby and éllowedby otherfocal varates; the onextalso amitrarily) defires he endof
the chain in terms of a @ricular respose variate(¥). However this eponsecan lecome @rtof an explanabry variate
chan if a dfferent Questbn onextidenties adifferert (later) reponsevariate From this perspedive:

- The causakhan of case(6) is merly the \pper branch d the (ea) causal stucture d case(10 shavn above d the iight;
® case€6) reminds us to dstinguish X cauing ¥ via Z from X andZ assepaate causesof ¥ [case(8).

- The causakhan of case() is really case(l) [= case(g)] — Z in case() is merely an explanaory varate precaling the
focal vaiateX in the causal chaiend o is (gererdly) of no datistical inerest n the Questn @niext

The Guprising) number d statisticalissue aising with relatbnshis anong only three variates is urther conplicated f the

%-Z-¥ rdationshipis modelled matremdically; such a nodel (for usein the Anaysis dage of he APDAC cyde) need to onsder:

e theformin the nmodel g, first power semndpower quae oot, bgaithm, produd) of X andz;

e thedistibution of Z (g, its mean and ahdad deviation) [and @rhaps of X];

e therelationship of X andZ (eg, thar correlaton).

As®dation of (focal vaiatg X and ¢onfourde) Z in case(d) is ore fedaure d confourding, a source d comparism eror and
limitation on Answvers from comparaive Pars feall Note78 o page572). Smilarly, ssodation anong \ariates in the stuc-
turd component En the ight-hand &6 of a repansemodd [like equaion (57.3 on prge5. 2 is dsoa surce d such limita-
tion, maniesed & unertainty in the estaes of nodel parameers [eg, g, — the teament dfed for X — in equaion (57.3].

o This urcertanty bemmes ppaentfrom stepwise modd fitting, a pocess b assas £g, basedon the odficient of mul-
tiple cetemination, a measte d the poportion of the vaiation in¥ acmurted for ly the fitedmodd] which exdandory
variates to hdude in the nodel. For insancein the cae d two (foca) variates X, andX,, three nodelsare fitted— one
with bath variates, ane with X, only and ae with X, orly. The stonge the @odation (in the dag of X, andX,, the
greder the likely differencein the edtmaes of thar codficientss, andg, anong the hree nodels.

- In the etremesituaion whee wo vaiates X; andX; hae @rrelaton of nagniude 1(.e, X; andX; are the samevari-
atestdisticall)), the model fitting process @mnat be achieved conrputdionall — the degn matrix is not o full rank
and ® camad be nveated.

In introdudtory statistics murses, enphass on ®mparaive Rars with onefocal vaiate togeher with dmilarities d con-
founding and interation when hee ae hree \arates, $iould nat be dlowedto dosawre he ontinung importanceof posdle
confourding in comparative Hars with two or more focal vaiates. Wih threevariates and sdble mnfourders Z;, Zj andZ,,
stdisticalissus ke those n the breging dsausgon may arise br cnnedionsanong:

0 X, Z; and¥, o X, Z;jand¥, AND 0 %, %,, Zyand¥  [Z, may be aconma cau of X,, X, and¥l.

37 Appendix 13: Simpsors Paradox and Interaction (cited o pages 544, 56Q 567 575and 56in Appendicesd and )

Forexendng the dsauson of Smpsan's Paracbx in Appendk 9 on mges 565 b 57Q for cmnveniencein this Appendk 13

(induding lakelling the tiree dagrans to he light of Tades57.43 b 57.45 overkal we se he rotaion cefined , page5.66:
X, is an gppicank sex (female, mak), X, is the £hool gpplied to (Law, Busnesy, X, is the kbve of study [Maders, Doctoral,
¥ is the epanseto an gpicant(adnitted not admited or ime for degee onpleton (minimum lorge),

¥ [the average of ()] is the pacentaje of agplicants a@mited or wio completetheir degee h the mhimumtime

The dagrans illustraing Smpsat's Paracbx o the ight of Tades57.21 to 57.26 (En pages 566 and 567 in Appendk 9
are emhiscent o a dagramshaving interation (eg, in Note48 a page5.45); however thee ae differences:
o the Smpsan's Raracbx dagrans havean aldtional(dashel) line for the overdl X,-¥ relationship
o the inseincesof Smpsan's Paracbx in TaHes 57.2Lto 57.26 haveonly paalldl (sdid) lines br the %,-¥ relationshifs for
different valiesof X, — tha is, hee is nointerection of X, andX, in thar effeds m ¥
This restiction isremovedin @nohe) rewaking of Tale 5721 in Tale 5743 werkaf a the tg of page578, whee thee is
interaction of X, andX; in ther effeds m ¥ becausethe wo lid lines n the dagiam to the ight of the BHe ae not paralel.

2006-0620 (continued weled)
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Table 5743:  .......WOMEN......c... | cercvrrrenne. BN......c.......
Number of ADMISSIONS Numbe of ADMISSIONS
SCHOOL Applicants Number % Applicants Number %

STAT 231 —WH. Chery

Law 120 96 80 480 360 75
Busness PO 36 30 120 © 10

....... BOH SEXES...... %Y
Nunmber of ADMISSIONS 100
Applicants Number %
06— g4g0Law
600 %6 % - - ------0Both <chools
240 48 20 50

Both schools 240 B2 55 600 372 62

Thus, nteration may be nvdved n Smpsas Paracbx but is rot requiredfor it to ocaur. 0

Men

Disauson in Appendk 9 at he pper keft of page5.67 axd o page5.68 in Sedion 5 and in this Appendk 13, eminds
us ha Smpsan's Paracbx and interation bath involve estmated valuesof condtional probabiities br, BUT:

o Sinpsrs Paradbx invdves omparing theseprobabiities ondtionad on wo (©r threg of the Xs with probabiities ©n-

ditioned on e fewer (one or o) Xs; WHEREAS:

o interection is atsent ar present deending an the vallesof probabilities with the sameconditioning on he Xs — hese
valuesdeernine whetter the orreponding nes ae a are rot parallel.

NOTES: 83 lllustrdion of Smpsm’s Paracbx from comparing acoss Talles57.21 to 57.26 can arershalon comparisonsdown
sut tabes For exanple, in Tade 57.21 feworkedas BHe 57.29 on mge5.68), the # bold percentgesfor X,
(80 and 0, B and B, B.6and 7.5 addressa Questdn differert from possdble x dsaiminaion:
@ Howdo tre admisgon gandards of he Law and Busness shmls conmpare?
The (hypothdica) daa in Tabe 57.29 (@and Bdes57.43 b 5745 on his pagé indicae ax gppredably higherad -
misson standad for Busness han br Law unlessthe ailities d the two @plicantpods are renarkally diff erent

84. A seondreworking d Tabe 5721 and its dagiam B gven belowin Talde 57.44 as in Takde 5743 theeis inter
teraction of X, andX, in ther effeds ¥ but, for both schools conbined, theee is no se differencein proportons,
due b cancdiation of dfeds in oppaite diredionsfor the shoolsindividually. <

Table 5744: ... WOMEN.....co. | wrvirrinnns BN......c......
Nunmber of ADMISSIONS Number of ADMISSIONS
SCHOOL Applicants Number % Applicants Number %

....... BOH SEXES......
Number of ADMISSIONS
Applicants Nurmber %

Law 120 96 80 180 153 85
Busness PO 24 20 180 27 15

300 249 83
300 3 17

Both schools 240 i2dy] 50 360 BO 50

Women Men

Talde 5745 belowand its dagam $iow, like Talde 5744, no se differencefor bath stools combined but this is
nowv a mneglene of heindvidual shools also stowing this same lehaiour — heke is nointeraction.

Table 5745: ... WOMEN....oooo. | oo BN.ooorrrree || o BOH SEXES..... %)
Nurrber of ADMISSIONS | Number of ADMISSIONS || Number of ADMISSIONS 100
SCHOOL Applicants Number % Applicants Number % Applicants Number % 06— e80Law
Law 120 96 80 80 64 80 200 BO 80 I o Bot whle
Busness 20 24 20 80 B 20 200 40 20
Both schools 240 20 50 160 80 50 2 80Budness

X1

Women Men

85 Across Bles57.21 to 57.26 on ges 566 and 567 n Appendk 9 and Talles57.43
to 5745 in this Appendk 13, dfferent weights in the poportion calcdations(like thase h Tabe 57.28 on mge
569 yield a rotewothy vaiety in the percentagesfor women ompaedto thase br men This is simmarized
in Tade 57.46 4 the ight below; three ategries ae dstingushed.
o In four tables, heke is an X;-¥ rdationship thee is no nteration of X; and X, in ther effeds a ¥ and in
two o the tades, the X,-¥ rdationshipis unexceptional in light of the dfead of subdivision by X,; by con-
trast, in Table 57.23 and Talde 57.26 between the first and smndlevels of subdivision by X,, the eceptional

behaviour is theX,-¥ rdationshipdisappearingwhen e

daa ae sibdivided ty X,.

- Notation ke (1,3 [or (1,2] on Tade 57.25 (or Tale
57.26) in Talle 57.46 efers to he first andhird r
first and emnd leveks of sibdivisionby X,.

o In fourtables, hek is no X;-¥ rdationshipbut threeof
theseare false negativé A nsvers — when the d@a ae
stbdvidedby X,, thee is anX,-¥ rdationshipand ®
they ae desgnaed exceptionalin the burth mlumn
- In Tabe 5744 interation is thereasonfor the excep-

tionalbehaviour but interation is atsent in the oher
threetables

o In five aldes,there is (again) an X,-¥ rdationship inter

2006-0620

Table 5746: %,-¥ RELATI ONSHIPS IN NINE TABLES

(SP i the burth clumndenoes Sinmpsors Paradx) Exceptiona
Table Relationship I nteraction behaviour
57.23 Yes No Yes
57.24 Yes No No
572513 Yes No No
57.26 12 Yes No Yes
57.2 No No Yes
57.26 2,3 No No Yes
5744 No Essatial Yes
5745 No No No
57.2 Yes No Yes SP
57.25 12 Yes No Yes SP
57.252,3 Yes No Yes SP
57.26 (1,3 Yes No Yes SP
5743 Yes hddengl Yes SP

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error—Its Categories and Sources (cortinued 30)

NOTES: 85
(cort.)

86. In meding the dligatbn © deal with relationshipsin an introdudory satistics

87

adion is asent ar inddentl, and eachs a @ase 6the eceptional behaiour known & Smpsa's Paracbx.
Apart from understandig the poperiesof proportons and weighted aergiesand ugg an alequde Han (dis-
cussd in Sedions3, 4 ad 6 and Nite75 o pages 567 b 569 in Appendk 9), the simmary in Talle 5746 4
the bottom right of the fadng page578 remnds us hat:
® Sinpors Paradox is merely the mast ex:epuonal case ¢harge d directon of an X, rdationship in a on-
text (invaving discretevariates) tha can dve rise b lessexceptional ar even une>cepuona| behaiour;
@ interaction is rarely the easn or the exceptional behaiour Enly in Tade 5744 on the fadng page578).

#5179

course the krgthy disaus$on (eg, in this Agure, Sedionsl10 © 23 on mges / cmfoummg\

5.29 to 552 and Appendicess t0 13 on mges 565 b 579 shavs the (Inex- X—i{—2"

pected conplexifes,for only threevariates, aisingfrom issies d causéion, \m /
canfourding, interaction and $npsat's Paracbx. The <hama a the ight Ao

reminds us hee ae conmon themesand differencesanmong thesefour / ¥

maters — leall also Appendk 12 on pges 576and 57. e SF':Z%%E
As simmaiized o the Eft of the £hama d the iight, a le- STATISTICS | pROBAB||_|TY

lationshipin staistics is often consderedin terns of me a N ;

moreof asdation, confurding, caustion, interation and Relatonshlp

Sinpsors Paradox (eall also he £hana m pages. 29). — f

In prabability (onthe right of the £hemg, ardationshipis Asation i Depedence

congderedin terms d dep@&den® whichcomesn gred ) ,\}l

variety and is dten dfficult to matremdize; & a ©n®e- Canfourding | Bents
quence introdudory courses enphasdze independenceas R SEE Independenc< Random vaialies
it applies to eents,random vaiabdes and pocesses. Caustion L Processes
Even the first two bthesethreeinvolve an gpredable § i)

sé of ideasand nay ke dl a course hasimeto disass Interecon | iﬁ%&%@"ﬂce

Conredion ketween datisticaland pobabilistic consder- 3

ations of a elatbnshiparises in the pobability madds Sinpsors

stdistics Lses in the Anaysis gage of he FPDAC cyde. Paadx

e Emplads onindgpendencen introdudory courses an dsaire he fid tha indgpendencds a natremdical
idealzation. In the real wdd, dependencés the rorm— it may be tha the kehaiour d ewery particle in the
universe épends on (.e, is deded ly) ewery othe particle, no matterhow minute tre degee d dependence

- This may ke why lurking variates ae wsudly so nunmerauswhen aisweing Questbnswith a @uséve asped.

88 The équivalen) diaganms at he fight show the dfeds d ¥ ¥

two (binary) focal variates %, and X, on (the averae of

¥; one bcal variateis on te hoizontal axs of a dagram,

the aher dstingushes the twoihes by is levd. %, L0

® Thenompardlel lines ow thek is a X;-X, interaction.

® The left-hand dagam $ows ha X; and¥ arecond- x Xl;O
tionally indepedentwhen X, is Lo (the relevantine has Lo Aot Lo WoC
zao sl but notwhen X, is Hi.

e The right-hand dagam $iows theee is no conditional indpendenceof X, and¥ — néther line has zro dope
[recall ako dagram(d) at the tottom d page574 and its dsaus$on near he tg of page574.

Thus, guivalenceshaween datisticaland pobabilistic viewsof relatonshis ae rot alvays draight forward.

%, Hi %, Hi

38. Appendix 14: Quedion Aspect and Method d Sample Selecting (cited o pages 523, 540 544, 556 and 572)

The Questbn asped (dentified as @dy as the Roblem sage of he APDAC cyde) has implcationsfor the metrod o
sanple sekcing. To dsaussthis mattey we first adapt ideasfrom the burth bulet @) of Note 53 on rage5.49 (immedatdy
before Sdion 2). We take (bmary) focal vaiate X" to indicae wretter a unit is sdeded for the sanple (X"=1) or |s in the
graup d units not sdeded (X"=0). The valie of a(paossbly oom’ourdmg) exgandory varate Z deermines which X" value
each nespmdent @puation urit recéves. [The asteisk &) on X is to remind us ha the naure d this cal vaiatediffers from
X eleewtere in this FHgure 57; for ingance its valiesareimposed on te wits d the egpondent ppuation kut, urike a
‘treagment it (Usual) does rot actively charge a uits reponsevariatevalue (but see Nte93 a page5.82)

* Quedion with a de<riptive aspect unde probability sdeding g, EP9, a siitable probabilistic proess(eg, eui-
probabe dgit9 detemines the valiesof Z (and hence of X*), so hesevaluesareurinfluened ly the wits othe variate
values; with adequate repicating, we @n teefore uisudly come @ceptlly close to he ideal bthee beingno Z-¥ (and
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hence no X™¥) rdationshipover the wits d the egpondent ppuation. This mears in practice that the valie of he
attibute of interest n the sample will usualy be aceptlly close to ha for the wits not sdeded
which meas in turnan aceptide limitation on he Arswerdue b sanple eror. Schana @) at the
right shows te elatonshifs or their abserce among Z, X and¥:

o While probability seleding may obtain a @nple with an dtributevalue €9, an averagygd meanngfully different fom that
of the epondent ppuation g, ¥), Sdisticaltheay quantifies, underepeition, the pobability of obtaining such a
sanple — ha is, the heory males epilicit the dgpendenceandits form) of sanpling impredsion on dcegee @ redica-
ting (.e, sanple sze), as vell as poviding, when esmaing an average:

X
/
A) Z

® ¥

+ aconfidenee interval expesion,  + unbiasedesimating. repae @ repae 3

- Diagam () at the iight is a lepre®ntdion of a @ }
repondent @puation of N=16 wnits with four RESPCNDENT =1 S - 5 U
different Z values; a saanple conssting of the 520 ze1 2i2 7ea .
batom row of four units wauld yied (the ideal 28
of) diagam @), in whichthe sanple arerae @) 8'5 No sple aor Sampk ror
and ha of the wits not sdeded €) are exactly) o " "

tg T T

T
0 1 0 1

equal — tha is, hee is zeo sanple eror.

* Quedion with a de<riptive aspect unde judgement sdeding, Z may be an e&planaory variate of the egpondent pp-
ulation urits, in which casea wit's Z value infuen@sbath its X" and¥ valuesso ha, & sown in x*
schema @) at the iight, X" is assodated with ¥ (the dashel line), due b their conrman cau (or‘con- ®) z< :
founded) Z; an exanple, n the epondent wpuation in dagram (1) above would be if judgament ¥
sdeding dotainedthe four units with Z=3
e A posidble autcomeof judgement leding is ilustraed n dagram(3 at the iight above — his dagram[anddiagians

©), (7) and © on the fadng page5.81 assune the saple s$ze is me-quater d the epondent ppuation sze and sam

ple aror is pasitive.

- As well as llustrding the (Inacepile) limitation imposel by sanple eror uinderjudganent gleding when aswer
ing a Questbn with a desciptive apect, diagram(3) alsoreminds us of he usid (nortrideal lecau® thee is sanple
eror) stuaion urderprabability sdeding; thecritical differencesare:

+ judgement gleding doesnot have the tree kendits from sanpling theory unde EPS reiteréed dove Eeealso
Note 10 on mge5.23 and the shana n Note 53 at he bwerright of page5.48, which allow investigabrs o
mange he nherent wncetanty (ansing from inconplete informatio) of sanpling end © to ty to make
acephbe in the Queston mnextthe imitation on @ Answverimposel by sanple eror;

o when estaing an aeraye urderEPS a oneqiene of the GentralLimit Theorem & ahigherprobabiity of seled-
ing a @anple with sanple eror d smdler magnitude alower probability of seleding ane with larger magnitude
@ this may imply tha judgement sdeding, o which the CentralLimit Theorem desnot appy, is prone b
sanple eror o larger mggnitude thans BEPS br a gven sanple sze.
Of ocourse it is possble that, in diagram (1) above, EPS night seled the bur units with Z =3 and judgement gleding
might seled the lottom row d four units — eall also Note51 an pages 547.

When aisweing a Questbn with a deseiptive apect and when the vak of he egpaondent ppuation attibute keing
estimated sibequenly bemmesknown ddistical experienceshavs tha ‘confourding by Z, resiting in a snple eror
of unacephlly large magntude is commonunde judgament gleding comparedwith probability seleding.
e For a saanple dotainedby judgement gleding, the Imitation imposel by sanple aror an an Answverto a Questbn
with a asciptive agect is so gvae it raises tbult as to viheher tre invesigaton $auld have been undetaken
- Judyament fatrer than pobability) seleding, wsudly doneto cmon®ene reures, s thus stdistical false econany
when asweing a Questbn with a cesciptive agect.

* Quedion with a causative aspect answered usng an experi mertal Plan: for a Questdn with a custive asped, EPS,
degite its kendits, is sldomfeasible and judgement gleding is the pactical aterrative ¢eall the @t-bran investigaton
descibed in Note55 m pages 551 and 552). We ceal with this Questbn asped and Fantype aly for the pecid case 6
esimating a reament dfed of focal vaiateX which is adifference of two averages (- ¥—x-.¥) and ® is itséf an averaye;
alsq we asume ha the samle is dvidedinto the reament (%=1 and ontad (X=0 graups by BPA. From dsasion
in Sedion 23 nea the mdde o page5.50, we recll from schema E ha conparisonerior hastwo saurces
o the wo haf sanples dtainedunde EPA would likely havedifferert aveagesy, and'y whenX=0; AND:

o the tredment dfed in the (haf) samplewith X =1 s likely to dffer from thetruetreament dfed.

In the peent dsasion, we reed onsder only the seondsaurce, leau® the first, under BPA has noprekrantial effed

on mmparism etor in relatbn © mettod (probabiity or judgemen) of sanple sleding. Diagrans ) and @) above row
eah beometwo diagams, dgending o the dseceor presnceof an X-X" (i.e, an X-Z) interaction. The regpectve
pars of dagrans, $iowvn & the wpper right of the fidng page5.81, are @) and 6), @) and () — thesediagams a&sume a
positive tregment dfed; for darity, they omit comparisan eror from the first surce gven ebove (they dl show y,=y).

o Unde EPS in the idealcase ddiagrans @) and 6) with no sanple etror, relatonshi ©r their ab&ncg are & $ovn
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 31)

in schema €) at the iight noze (@) wege (D) newe  (6) mee  (7)
bdow diagram(7). With b e b xz1 e =1
no Z-¥ (and hence no Xs1 o x=1 Xs1 o x=1 X1 0 x=1 0
X"¥) relationshipover the oo, we, Voo, wo, ¥ 2 N o
units d the egpondent =0 =0
poptjation, itis ImmaeI;Ia| No sanple eror No sanple aror Sampé eror Sampé eror
whether there is an X-X No X-X* interaction X-X" interection No X-X" interaction X-X" interaction
(.e, an X-2) interaction; , , %" , , " , , " , , **
this is why dagranms @) 0 ! 0 ! 0 ! 0 !
and §) are the samerefleding zeo conparism aror from the ®mndsairce fesatedon pages.80. 7o’
® When hee is sanple aror, as in dagrans 6) and (/) above ad relatonshig ae & $own in ©
schama ) at the bwerright (where the dasheal line denokesassogation), thee is @mparisa error X—X
from the seondsaurce only when tee is a X-X" (.e, an X-Z) interaction [diagam ().
We ®e fom this dsauson that, when esinating a reament dfed by adifference of sanple averages 5) Z—>>§*
(...Y —...¥) in an experimentalPlan, theintuitiveideathat hee may be carcdlation baween the two ¥ Ny

sanple arors is a1 over-amplification — ather, the dosenceof interaction males the dferencein aver
agerepnsethe sameior bath valuesof X*

* Quedion with a causative aspect answered usng an doservationd Plan: for this Questbn asped Z ¥t
and Rantype we first distinguish: ® 2oy
o Z*: the vaiatethat cetemines which X" value ech repondent puation urit recéves, FROM: W4
o Z: the tonfourdetwhaose dstribuion differs between the epandentsibpopuationswith X=0 and X=1 X
Rekvantpatems d varate rdationshig @r their abencé are stown at te iight in schamas(F) and

(© — in cchena @), Z* andZ may be hesamevariate %‘*—“Z(*
® From shama O ad eudions(57.5 and(57.7) on page5. 5., we reall tha the diferencey, - ¥, © Z—=¥
beang esimated n an obervational Plan s not simply thetreament effed; the inherent limitation of L/

an dosevationalPlan aisingfrom the confoundng effed of equdion (57.5 is reprentedn the bwer

part of schenas(F) and ), whee te two §did) lines epresnt tiree wsdble stuaionswhich show an X-¥ asedation:
- (focal vaiatd X is a @u® of feponsevariatd ¥ [sother is a reament dfed of X on];

- (possble confourdef) Z is a ®mnon @ue of both X and ¥ [sothele is no treament dfed of X on];

- (possble ‘confourdef) Z is esdatedwith X which isnota cau® d ¥ [sothele is @gan) notredment dfed of X on¥l.
The lowerpart of schamas(F) and @) is redravn & the tight below with thesethreesituagionsshavn explicitly in schemas
(H), () and (). For dosevational Plars whee theseschemasreprent he acual (but unknown) sate d affairs, he
confourding efea of equdion (57.5 on page5.4Lis:

+ unde schama @), the (nan) dfed of Z on¥ plus,if there is a Z-=¥ Z—=¥ Z—=Y¥
X-Z interaction, the X-Z interection effed; H (ORI @ .7
+ unde schenas(l) and (), the dfed of Z on¥ X X X

[Limitationsinherent in dbsevationalPlars ae pursted in Appendk 15 on mge 582 b 584.

For a Questdbn with a cuséve sped invesigated with an dbsevational Plan, the elevantdiagianms @ and @) below
hase nore in mnon with diagiams @) and @) on the fadng page5.80 than vith diagiams @) to (7) above, except thee

are row two sanples gleded fom the two epondentsibpopuations. e (© e (9

o Unde EPS whether in the ideal case 6 diagram (8), or diagram (9 rewprse rewpnse
wheee thee are sanple arors kut likely of different magntudes n the =3 - et
two sanples, the iree kendits from gdatisticaltheay are dfse by the ' oo
inherent limitation of an dbsevational Plan — hee is hus(ewen wder 3 I e Gl
EPS aseerelimitation on Answvers die b comparisa error. ° °l °

o Unde judgement gleding, lack of theory and its kendits conpaunds the No sinple ator Sampé aror
alread sevae imitation from conparisan aror inderEPS o (usual) , e , et
male unaceptle the imitation on Answvers imposel by wmpaism eror. 0 t 0 t

In summary it may be tha, underjudgenent gleding:
% anX™-¥ relationship creaed ly Z is (datively) conmon thusimposng a (isual) unacepale limitation:
o due b sanple eror n Answver(9 to Questbn(§ with a desaiptive asped, AND:
e due b conparism eror (@s he maniesttion of @nple eror and the mnfurding efed) on Ansvery to Questdn(y
with acausafve agect in an obenational Plan (but tking accourt of the @mmentdn Note 39 daout CaseControl
Plars on @mge540 and in Note55 o pages 551 and 552), BUT:

* anX-X" (.e, an X-Z) interaction is (datively) unconmon, thusimposng a (isualj) accepable limitation due & compari-
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s aror @s he nanfesttion of @anple eror) on Ansver§ to Questbn(9 with a cawsatve agpect in an expaimental Plan

NOTES: 89 The bregping dsaus$on in this Appendk 14 is iluminaed ty a saanpling exercise uisedover more than a deade

in teacling introdudory datistics in the 4-yea Bachdor of Mattemdics programat the Lhiversity of Waterla.

A popuation of100 ‘blocks (irreguar polygors aut from 6-mm grey plagic shet, numbered from 1 © 100 is
laid aut on a ke in the dassoom and eachfdhe (50 © 80) students sleds a sarple d 10 bocks by EPS
(usng a \bde o equiproballe dgit9 and by judgement gleding. Fom a ist of the DO Hock weglts, each st-
dent catuates her two sanple arergieswhich ae then usd ly the nstucta to condrud, on an eeteadpro-
jedor at e font o the dassoom, a bar-gaph (in 2-gram intevals) d the aerajesfrom each sleding method.
e Unde EPS the ar-gaph is wsudly cented dose to he mpuation aerae bock wegh (32.4 gamg, is
roughy Gausian (Or & leastsynmerical), and ha nostof its valieswithin alout10 gams d its @nte.
e Unde judgament gleding, the @nte of the kar-gaph s typically at least40 gams (morethan 2% o
high), the $igpe & nore ragged’ and the vidth is agpredably greder than br EPS.
Althoudh this is arestrictedsanpling context, the persigenceof sanpling inaccuracy unde judgeament gleding
is notewothy — no sibgantial exception to the cheacteistics rotedabovefor the judgementseleding bar-gaph
wasobseved n one b two hundedclassrmm uses fithe eercise.

90 An illustréion of this Apendk 14 dsausson ovaleaf o page5.81 is provided by the US Physciars’ Heath

a1

Study (sunmarized in Figure 1.2, whichinvesigaid tre dfed of asgrin on he iisk of heat atack in males

The sanple was 2,071 male dodors, who vere assgned b asprin or dacebo innderERA — the tedment and
control groups were thuseach d size @aout 11,00Q In the rotaion of Appendk 14, the bnary varates were:

e focal vaiateX: taking dacebo (=0, 11034 dotors or taking asprin (%=1, 11037 dotors,

e ‘confourdet Z: not beinga dodor (Z=0) or beinga docor (Z=1),

e reponsevariateY: not having a reat atack (¥=0) or having a leat atack (¥ =1) duiing the nvesigaton.
Her, he mtten of relatbnship anong the vaiates is pobably more ike shema €) than shana ©) overkeaf
on page5.81 —it seans easnalle o assune ha the dfed of asprin on keat atack risk in males & ot ©Er is
orly wely) relaed b whether a @rsm is a cdor. Alsg underERA, the hrge anple sze reducs the imi-
tation imposel by omparisan eror from its first saurce. Thus,degite the ug of judganent gleding to dtain
the sanple, hee fauld be acephble limitetion due @ comparisa error an the Arswerfrom this invesigaton.

The dsaus$on of judgement gleding in this Appendk 14 reminds us low datistics deab with uncertanty [and
the restiing limitation on Asverg] due b sanple @nd ompaisa) aror — that is how datistics deak with in-
ductive reasming from the sarple @r the reament and ontra groups) D the egpondent puation.

@ In contrast topredctable bendfits and @oeptle limitation due ¢ sanple Er comparism) eror underprababi-
lity sdeding, judgement sdeding (Usual) imposes an unaceptlde limitation on Asver§ primaily beaus
of lack of predctallity of its behaiour underrepettion.
= Judyanent gleding might, in a parfcular investigaton, yield sanple or comparisa) eror o smdler mag-

nitude than PS hut there is ro theay to idenify when this is Ikely to be he cae
- This matteris astatstical versiin of the precep tha knanvledye B nore usefil than ignorance.
An Answer(eg., from judgenent gleding), no matterhow severe its imitation, may be torrect- for insance
ealy (before 1940 invesigatbnswith a GiseControl Plan carecty identified dgarete snoking & an eplan-
atay variate as@datedwith the dfferencebeween aurgery paients @mited b hogpital becaue they had
lung cancerand hose amited br othe disease — recll also Notes51 and 2 on pages 547 and 548.

- Likewise, an Answverwith accepiabk limitation will somemesbe wrong'—too far from the truthito be wsdul.

92. The dsauson in this Appendk 14 dsoreminds us of he commongraundin dealng with ‘confourdery by EPS

in sanpling end by BPA in assgning, as rirayedby the shema n Note53 at he bwerright of page5.48.

93 The mrenthdical comment athe end bthe first mragiaph nea the ottom d page579 d this Appendk 14 —

that the imposel value of X” does not (sualy) charge a uits ¥ value — nay rot goply in some sarples ®lected
from human popuations: beang in the sarple may charge a wit's reponsds. An illustrdion is a grsan or
famiy charging TV viewing habts when hey keg a dary of prograns they watdh to provide datafor (sg)
Nielson ratings — eall also e dsasdon of the unit measwed on the bwerhaf of pageb.61 in Appendxk 5.

39 Appendix 15: Limitations on Answers from Observationd Plans (cited o pages 551 and 581

ObsewaionalPlars —'pas#/ely’i nvestgatirg a ppuation in ts ‘naurd’ state — b ansvera Questbn with a auséve asped

(i.e, a Questdn aluta relatonship imposeaninherent limitation on Answvers.

o Proportions may kehae in urprising ways vhen omparing popuation a sanple sibgraups at dfferent kvds of subdivision;

- the reasn is hargeswith leve of subdivision of the (haturd) weights invdved n the catuationsof the proportions;
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 32)

this is he fhenomenio of Impsan's Faradbx — reall Appendk 9 on pages 565 b 570

o A conpardive dsevationalPlan & basedon he (haturd)) suopopuationsof units of the %%%% 39299
popuation cefined ly different valiesof the bcal vaiate as epresentedpictorially for two OodE o000
valuesat he rght; for visud corvenence the two sibpopuationsare spasated Eft and %%%% 8%%%8
right in the dspby The dtribute (anaveage say) whose \aluesare mmpared (Uudly as nnjnjEelelClelE)
their estmatesfrom sanples are cefined for thesetwo) subpopuationsas
in equaions(57.3) and(57.17) at e iight below whee: 2 ¥()-L-XQ]

- the (binary) focal variate X takesvaluesx of 0 or 1, VI jx= 0o Frepanden) = TN—XO (576)
represening the twdtreaments$ S )a;(“( )

- the verical line in the tree sib<ripts 5 condtional _eryxu
probabilty notaion and meas given hat; BVEE =i Rpeend = DT 521)

allu

= ¥(U) is the egpmsevariatevalue of urt uwhenX(U) =x;
. L L Y U)X =x
- Nis the number d units in the egpondent puation P; average, jx (P Y= (5718
L . 1% =x\FReponden N o
- the sums run overall units in the lepondent mpuation kut
+ in equation (57.18) for anexpaimetal Plan all N units @ntibute b bath numeratorand denminaor and ®, when
esimating the two regpoprdent ppuation areraggesfor X =0 and X =1, each sanple provides hnformation aloutthe
enfre repondent mpuation for the relevantvalue of he beal vaiate
+ in equaions(57.16) and(57.17) for anobgrvational Plan, only the epondentsibpapuation urits with a gven value
of X contributes to he elevantexpesion and © ndther aveage 6r its esimae) applies to he entre repo- dent
popuation or, at tvo stges remaved to the enre targetpopuation).
Even when the IBn usesmatching (Or subdividing) of the wnits sleded for tle sanple, hee is no nformation on fow
(the averaye of ¥ wauld charge if urits with ane \alue of X wele to ke anothe value (the confoundng efectdisaissel
and llustréed n Sedions22 and 23 on mges 549 b 552); thus,conpaaive oberational Plars aly provide Answers
about caustion with seerelimitation imposel by cmparisan error.

o In contast to an bervationalPlan énd & portra/ed pictorially at the

. B | p OOOOOEEE0 (0000000QC
right and simnmarized n Tale 57.47 below), conparative expei mental DN@OEEOOEON| |[00@0030QQ
Plars with ecuiproballe assgning @nd preferably, Hocking) usuay yield poEELoLnEl 183333383
(esimaes o) repondent mpuation attibutes [equaion (57.18] with DOOOONEEEON) |[000@GA0GQQ
accepiabke (in coniex) limitation imposel by mnmparisa error. uinjnjejcjeivinie) g elelcldelelelels
- Ary Plan must ao ceal alequady with limitationsimposel by othe
caegoriesof error (study, non+eponse sanple, anple dtributemeastement and radel aror).
Table 5747: SUMMARY COMPARISON OF OBSERWATIONAL AND EXPERIMENTAL PLANS
Criterion Observationd Plan Experi mertal Plan

Charge he valie of hefoal exgandory variate X | Done pasiwely as \aluesof X ocair naturdly | Doneadivdy by the nvesigabrs
Lurking variatevalues e Hod one o a few fiked | Matching and/or Subdividing where feasble) | Bocking (vhere feasble)

when X charges o Quanify the éfed¢ of | ----- Probability assgning €g, EPA)
their likely differences
Effed of conparisoneror on Answers daut a Sewere (often unacepibe) limitation imposel | Usudly accepable limitation imposel

cauwsal X-¥ rdationship

Anotherway of deseibing the diferencebaween the two Rantypes is:
® anobgnational Plan yelds Ansver§ abaut the repondent mpuation as t is;
® anexpgimental Plan yields Answver(§ abaut the regpandent ppuation as t might be enabled b beconre.

Theinherent limitation on he Arswelg obsevationalPlars can provide may ke anabgots to he Pogulates d Imptene
in physcs — asetionsof a @nviction ha al attemptsto do a ertan thing, however macde, ae bourd to fall. For exanple:
* The Posulateof Relatiity: it is impossble to detectuniform trandatory mofon, possesedby a ysem & a whde, by
obsevationsof phenomenaaking dace wiolly within the ysem

* The Posulateof Themodynamis: i is impossble to derive mechanical &ed from any portion of matterby ading it
bdow the emperdure d the oldesibof the sirrourding dojects

* The Posulateof Imperfed Definition: i is imposdble to neaste predsdy the nomenum of a @ricle & the sameirne
as a pedsemeastement d its postion is nace.

From Hgure 11 o theseCaurse Materals and pevious dsaus$on in this Agure 57, in datistics we &set:
* The Posulateof Uncetainty: it is imposdble to dotain a ertan Ansverfrom inconpleteinformation
* The Posulateof a Gauséive Questdn: it is impossble to establish caustion wsingan dosevationalPlan

The urce gven overkaf rea the tg of page5.84 gates:
(continued wveled)
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We rnust dstnguish a posulate of impotencefrom an eperimentalfact and from the satements 6 pure méhemdics, which do
nat depend h any way @ experiencebut ae recesstated ty the stucture d the luman mind; sud a satament as,dr insance
It is imposdble to find ary powerof two whichis dvisible by hree We ama coneive any wniverse n which this gatement
would be wntrug wheeaswe @n giite readly imagine a wiverse h whichary physcal posulateof impotencewould be wntrue

It is inteesing to gecuate into which of thesetwo caegoriesthe two shtistics posulates fall.

SOURCE: Whittaker ET.: From Eudid to Eddingtan. The Brner Lecures,1947. Canbridge Uiversity Press, Canbridge U.K., 1949 pp. 58-60.

40. endix 16: Error Categries Samples and Populations (cited o pages 555 and 576in
Aop P ; P Noges g anga E% and Appendk 11)

From the sartof Figure 11, we haverecanized tha detistics

is oneerred with ditabasedinvesigatirg of populations (or proces®9, but that reurce
constaintsusualy imposesamphg with its @mponents d sebcing andesimaiing; thus,
sanpling is © be t @airst investigatirg all the fegponden} popuation urits (@ erss).
At the iight, the two istsof invesigative processes remind us ha seleding and estmating
are wha distinguish invesigatirg basedon a anple and an a whde popuation — he po-
cesses of Pecifying the sudy popuation, obtaining reponses, meauing \alatevalues

and onmpaing (for a cawsaive Queston) are conmonto bothtypes of Han
We @n dasdy error categaieson the kags of whether they aise n the on-
text of a Faninvolving a snple and/or ane nvdving a vhde popuation &
shavn & the iight in Talde 5748 we e tat:
o sanple aror aises only when the Raninvolves a sample;
o study error, non+eposeerior and dtributemeastement eror aisere-
gardess of whether ®me d or al the (epanden} popuation urits are
beng invesigated

A Plan invalving a.....

sample: population:
Spedfying Spedfying
Sdecing Regaonding
Reponding Measuing
Measuing Compaing
Edimating
Compaing

Table 57.48: ERROR CATEGORIES

Ariseswith a.....
Error categry Sample | Population

Sampb Yes N
Study Yes es
Non-reponse Yes Yes
Attribute neastement s s
Modd Yes (Yes
Compaism Yes es

o becausea fegpansg model is wisudly congruded b descibe asamphg proaess,modd error comnonly arises in the
context of a Planinvolving a snrple but modelsfor populationsare mndruded n some hvestgatiryg.

o conpaism eror aises mly when thenivesigatirg invdves a @Qestbn with a cawsaive agpect and, like nodel aror, is usu-
ally encourtered n the oniextof asampleof units becausemost corpartive Rars invdve sanpling, kut mmparisa eror
in phenomendike Smpsa's Paracbx can aise when the Rninvolveseithe a popuation or a anple feall Appendi 9).

NOTES: 94. Yoecifying the wnits which conprise the dudy popuation is wsudly thougtt of in terns of aframe — alist of
unis tha may ke real o coneepud [eg, a wle tha would, if implemengd geneate the list (recall page5. 55).

95 Invesigabrs may havethe goportuniy to trace gudy eror and sample aror; an illustréion is a invesigaton
with a taget popuation of d Canalian aluts and esurces to ®led equiprobaldy 1,000 pegle for the sanple.
® A study popuation of d Canadiars resding in Canadawould have smdler study error but (ikely) larger

sanple eror becau® of geder varation anong the wits d the stidy popuation.
® A study popuation of dl Canalian wiversity sudents wald have larger study error but (ikely) smder
sanple eror becau® of snalker varation anong the wits d the stidy popuation.
A Planinvolving smdler study error and (likely) larger sanple aror is wsudly preferredbecause
- Study error requiresextra-gdisticalknowledge b asses t and its kehaiour can ®ldombe quantified;, BUT:
+ Unde EPS sanpling theory descibes the kehaiour o sanple @nd perhass meastemenj error underrepe-
tition of he ®leding and esmaing processes [reall the £ondbulet @) of Notel0 a page5. 3.

96. When asweing a Questbn with a desaiptive agpect, thee is ernindogy — sanple sirvey and cersus— to
distngush whetter the investgatirg invdves some iodl of the wits d the egpondent mpuation.

@ No such dstinguishirg termndogy exists when asweing a Questbn with a calsatve apect, pethaps be

cause esseially all sud investgatirg invdvessamphg.

41 Appendix 17: Error Categorization in the Sdal Sciences(cited
Theideaof error and its céegorization in Note58 o pages. %)
in databasedinvesigating is widdy recognized but temindogy differs
anorg dsdplines; Tade 5749 d the ight comparesthe ternindogy in
this FHgure with that in he ®dal sdenes Advantgesof the brmer ae:
o severd words with the ame ¢r smilar) meanngsare avoided,;
o saurces ¢ different caegoriesof error ae dstind and well defined,;
o the individual case ad repeition, and the real wdd and the nodel,
are dealy distingushed.
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Table 5749: ERROR TERMINOLOGY

This Figure 5.7

Sodal Sciernces

Study error

Non-reponseeror
Sampe aror

Measuement eror
Compaism atror
Modsd error

Measuring inacaurecy

Measuing impredsion

Extemal valdity, sanple bias
gererdizability

Sanple bas

Sanpling error, genedization
(Constuct validity)

Intenal vaidity
Meastement(in)validity,
systanaic meastement eror
Measuement (rjreliability,
random mesLrement eror

(continued)
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Figure 5.7 DATA-BASED INVESTIGATING: Error - Its Categories and Sources (cortinued 33

SOURCE: (for sccid scien@s ernindogy): Sngletan, R.A, Straits, B.C. and M.M. Straits: Appoache to ®dal Reseach. SendEdition,
Oxford Uhiversity Pres, New York, 1993 pages 114 118 1714172, 854187, 216,393 402, 433 ad 462-456.

NOTE: 97 Becau® they unnecessaiily duplicate temindogy in STAT 231, words pr phrase) © avad indude:

* Applicability (of an Arswej refers to sudy eror and/or sanple aror.

* Generdlity (of an Arswej usudly refers to anple eror; in DOE, generlity (or awider inductive basi§ may
refer to whether the Haninvolves a &dorial treament stucture so bha interation effed(s) @n ke esimaed.
- Generalizability refers o study error and genelizaion to sampleeror (pp. 185187 in the Sairce éove).
Reliability [usudly] refers to alequde predsion (atiainedby manajing impredsion) [somemesto alequade acauracyj.
Sersitivity (abilty to detectan dfed) refers to alequde predsion (atainedby manaing impredsion).
Strength (of an Arswe) mears predsion sowegkness mears impredsion.
Tr ustworthiness (of an Arswej mears acaurecy  untr usworthiness mears inacairecy.
Validity (of an Arswej mears ecaurecy © invalidity mears inacaracy

* ok * *

42. Appendix 18: Sekcting Protocols and Unit | nclusion Probabilities cited o pages 555, 556 and 571in Appendiced, 2and 1)
This Appendk 18 illustraes the dea(introducedon page5.56 in Appendk 2) of the disinction between sanple sleding

and unit induson probabilties The ilustrdion involves aepondeny popuation of N =10,000 wnits and a sapte of n=100

units, dotainedusing sx protocds for sleding units (listed in roughly ther order d disaussonin a ourse ke STAT 332):

equiproballe sleding of 100 wits from the unstrdified popuation;

systemdic sdeding: leding equiprobaldy 1 uni from thefirst 100 popuation urits and then eery 100th unt;

equiprobalde sleding o 10 clugers of 10 units from the popuation of1,000 sich dusers;

equiprobatde sleding of 10 wnits from each of the D popuation stata each d N, =1,000 wits (h=1,2, ..., 10);

two-stgge €leding: <leding 100 dusters eguiprobaldy and then sleding 1 wnit equiprobally from each duser,

two-stgye ®leding: leding 2 drata equiprobaldy and then sleding 50 wnits equiprobally from each gratum.

Talde 5750 belowuseghe symbd (*,\1‘), the number d ways niems @n ke ®leded fom N items f order d seleding is unm-

portant; his ymbd and its ug ae dsausse in a urse ke STAT 230 pr in Figure 75 d the STAT 220 Caurse Materalg.

o

O O O O O

Rekvantcalcdationsfor this Appendk 18 are simmarized n Talde 57.50 below whee the $ protocds ae row listed n
order d decreaghg number of posible sanples The shat namesdr the protocds in the £ond cdumn of the Bbe shauld
gererdly be aoidedbecausetheir brevity can (temporarily) obsawre he naure d, and diferencesanmong, the potocds.

Table 5750 .

Protoool for selecing units Short name Number of samples bEPS  Smple ... ... ... .. Unit. . ........
E,f;sra{i‘]?i;”dagopu{itbn EPS (19900 Dp.5x107* 1 15x107%% ()(9239/(290%) = &,
%—Seﬁg S fomappuaton é_rsg?eecting A0 6 410 (107 16%10%0 (B BO) = Lok =
sEt':a‘?ﬁ(‘;‘(’j";)gpumbn Straified sdeding (*00°016x10° 107 6.2x107% AE2)/ (1(1’8 =L
Sraed poplaton waioa g (D(EYDa0x10” 107 25a0™ OO/ QECE) =35 =%
iln_ségjg-fz?ag%ns%g pUaton oy tersdedting (999 D2.6x10° 102 38x107% DO/ (l(l)g =55
1-in-100 ysemaic sdeding g ¢emtic sdeding 100=10° [10%° 1=10" %

from an wstatified popuation

The lag four cdumns d (somamesappoximate nurrerical table entriesare, br each of the $x protocds:
@ the numbe of sanples ha can ke slected i.e, the &ze of the £t d all possble sanples
@ the ratio of the number d sanples a potocd can ®led to the nunber for BPS fom an wnstdified popuation;
@ the probability any samplés slected here, herecipocal of the number d sanrples(but see Ntel00 overkaf ; page5.86);

® the probability any unit is included for tre sanple.

- In contast to he extremevariation pve nealy 240 aders d magniudg of the samplesdeding probabilities anong
the protocds, the $x unit indusion probabilities ae all 1in 100 in this illustation (the equality of thesesix probabilties
is a haracteistic of this illustation, nota gened rest).

+ Althoudh calculations for urit induson probabiltes for the me stage and the twestage dusered and statified pro-
tocds havethe samestrudure, they yield vasty diff erent numbers of sanples thee ae dso otherimportant stais-
tical disinctionsbeween dusered and statified protocds — e Appendk 5 on he b sde (page 596 of Figure 58.

2006-0620 (continued wveled )
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NOTES: 98 EPS fom an wnstdified papuation yields the éxhausive) set d all possble sanples d a gven sze from a pop-
ulation of a gven sze; this et cotans daut 65x10" sanples whenN = 10,000 wnits and =100 units.
o Ead of the oherfive sanpling protocds can ®led only a subse of this €xtausive) set d sanples
- Thesefive protocds are wsdul becaue BPS fom an wnstatified popuation @n arely med Plan requirements
- When heseprotocds ae poperly implemengd they preerentially exclude saanples with an etremevalue
for an dtributelike an &eraye thusdecreasg sanpling impredsion (eg, reall Note1l0 a page5. 23).
o As well as yelding dl posdble saanples, BPS 5 enphaszed n introdudory disaus$ons beaue it is:
- involved n more practically usdul protocds like the g five in Tade 57.50 overkaf o page5.85
- the bass of sanpling theory for quantifying the kehaiour o sanple eror underrepeition, i.e., for quanti-
fying sanpling impredsion — recll Note10 an page5. 23.
Thus, we reed o dstinguish:
* EPS fom an undgratified population: a protocd for sleding units whichis sldomusel in practice but
which is the kass of sanpling theory; FROM:
* EPS (umudified): part of a potocd for sleding wnits which involves othe stdistical idea ke dratifying
andor dusering and/or /semdic sdeding — this is he more conmonusae of EPS

99 In practice seleding uses aframe — a real a conepud list of the (eponden} popuation urits; ‘popuatioriin the
protocd desciptions in the first olumnof Tabde 5750 overkaf o page5.85 muld theefore be edaced ly ‘frameé
o An advantge of tvo-staye ®leding protocds is hd, & the £ondstaye a frame s required only for those
clustes or drata £leded 4 the first shge— recll Note62 page5.57 in Appendk 2.

- A protocd for leding wits with threeor more gages(see Note 62 m page5.57v'-.06) erhanceshis
advantage

100. Use ¢ EPS athe ae o both stgesof each protocd mears tha, in this illustraion, dl sample the protocd
can gled are equally likely; as a nequene, he samplesdeding probability for each protocd in the ffth
(Sample’) cdumn of Talde 57.50 overkaf ; page5.85 is the recipocal of its number d sanples [but see th
first @omment(o) in Note 62 o the wpper half of page5.57]. Thus,from the perspedive d samplg the
protocds ae:

e alikein having ther posible sanplesequprobabe; e differert in thar numbers of posdble sanples

101 A mutistagestatified sdeding protocd for a snple suney d a lamge gegraphic aral(ike a Ginadan govince
may need b pace ed largeurbanarea n its avn gratum. For exanple, a anple surney in Ontaiio would rarely
wantto omt Torontg its induson is assured by making Torontoa gratum with an nduson probabifity of 1

102. Tre ideasof dustering and multigege ®leding require us to dstinguish the units of the ®leding process fom the
elemerts deernined by the Quesidn(9 — recll Note59 d the end bAppendk 1 & the ottom d page5. 6.
® Forexanple, an invesigaton © ansver Queston(9 abaut pegple Elenenty may wse a fame d househlals (nits).
- If the Questbn(§ are daut househhls, a mit and an &ment waild be he samea househtal).
Like nostintrodudory satistics curses, his Fgure 57 has for smplicity, largdy ignaedthe dementunit distindion.
Elsevhele, dements nay ke alledelemenary units or obsevation units; units may ke @lled sampling units.
Multistagesanpling Plars havepri mary sampling units, seondary sampling units, €c., & ther successve stajes.

SOURCE: MacKay R.J.Experimental Design and Samping  Course Notesfor Stdistics 332/362, Lhiversity of Waterlm, Fall, 2005 pageVIlI—1

43. Appendix 19: Themes Symbols and Acronyms for this Figure 5.7

We wse ppropriateternindogy and wotaion Geealso mge5. 25 and its Blde 57.3 to hdp maintan dstindionsbeween:
e the popuation(§ and the sample; e the individual case ad behaiour underrepettion; e the real wald and the nodel.
- Upper asebold letters are population variates: eg, X (the focal vaiat, ¥ (the reponsevariatg and Z (@ @nfourdel;
for the repondent ppuation (page 534): N is its nunber d units, ¥ is its aeraye ad Sis its fetg standard deviation
- Upper aseitalic letters repreentrancom vaiableslikeY in the egponsemodd (57.3 on page5. 28.
- Lowercasaetalic letters ae values of random vaialles lowercaseRoman keters ae datavaluesexept n s the sample sze).
The Ranfor an nvestigaton nust ty to make it rea®nalle datisticaly to tred datavaluesas \aluesof random vaiales

Overall error is the dfferencebaween the Arswerprovidedby dada-basedinvesigatirg and the @nknown) answer that
refleds heactual (or'tru€) state d affairs in the ppuation a process we distinguish six components (pages5.19 5.25, 552, 554).
Error is inherent n ensvers dotainedfrom inconpleteinformation €g, from sanpling end meauring).

Stdisticalmethods for manajing eror in databasedinvesigatirg havetwo goak:
* to redlce tle likely Sze of aror as much as is €ashle (but aly as nuch as is eededlin the Questbn mniext
* to cquantify remaning error in terms of behaiour underrepettion. - DOE: Design d Experiments(page 53));
Acroryms ae: —= EPS equiproballe leding (pages5.56, 586); - EFA: equiprobalde assgning (pagess. 37, 548);
- PPDAC: afive-gage sruduredprocessfor daa-basedinvesigating: ProblemPlan-DataA nalysis-Conduson,
moreevacaively renamd FDEAC: Formnrulation-Desgn-Exeation-Analysis-Conduson.
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