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Figure11. DATA-BASED INVESTIGATING: Introductory Overvien

1. What is Satistics About?

As aimnairized i the two shamasat the fight, detistics is @n- REAL INVESTIGATIVE DATA, INFORMATION
cerred wih data-based investigating (or emprical problem sdving) WORLD METHODS and KNOWLEDGE
of the real wdd, which mears investigatiry some puation a
processon the tasgs of data to answer one or more questions Sampling Data md Answer to
For this introductory disaus$on, only the nvesigative nettods o Or process|  Measuring Queston(g

sampling andmeasuring are sowvn in the bwerschema.

This introdudion presupposes initially tha databasedinvesigatirg is mnerred with asvers to questn(§ abaut a ollec-
tion of dements which conprisea population. For exanple:

o a omputer mandacturer may want to @sess varranty daims br ane d its produds — andement would be e tem o
the produd and the population is dl such items ®ld ove some pecified period;

o a gvenment dpartment nay want to kow the poporton of Canadan aluts who have concens daut the leve of
funding d the heah care g/siem — a dement would be a Gnadan alut and te population is dl such Canadars;

o afinandal inditution may wishto find pqle whose pofile makes hem more likely to acceptan wsdicited offer d a aedt
cad — an dement would agan be a persan but the population is harderto ecify; it could be pale whose pdfile puts
them d or ébove an accepancelevel deemedkely to make the gedt card dfering profitable for the finandal inditution.

The questn(9 to be asvered nay sometimes be onerred with a individual to be sleded n future fom the ppuation.

2. Key ldeas Uncertainty, Error and Repetition

A centralissuein databased invesigatirg is tha extemal ongraints and the ype of information we require impose
sanpling and meauing pocesse an mostinvesigatirg; we then reed o assess he Ikely ‘correchessof the aswerfrom the
invesigatirg in light of the uncertainty introducedby thesetwo processes. In essace this is he poblem d induction. An
ovaview of this matteris gven in the €hama d the light below; the nain ideasare simnarized a the Eft.

* If we havecomplete information, we @an d-

tain acartain arswer tha is, an aswerwe Completeinformation————— an aswerwe @nknow is mrred

canknow is arred.

* |f we haveinconpleteinformation, we @an-

not know an answer is rred (@an uncer Inconpleteinformation—— an aswerwe @mot know is mrred

tan enswer) —in fad, we @an ke fajrly sure (we can e fairly sure a mmeical arsweris at basta fttle off)

a rumeical arsweris at basta lttle dof;

- sanpling and meauing yield daa and ) )

henceinformatior) tha are inherently inconplete how muchis the aswerlikely to be df?
* An arswerwhich is anumber (ike a srple avera is
called apoint estimate of the @rregponding popuation attribute

Sampghg | Measuing

the idea 6 eror, whichimposes limitations on answers

(the popuation averaye. [erroris @nd usily remans of unknownvalue in aparticular invesigatbri

* To make such an asver moreusdul, we want to ke &le to gve
an interval etimate, a quanttative gatament &dout how far the

pant esimate is likdy to be from the tue value — this dference behaviour d error inderrepetition
is theerror of the estnae Uncertainty is ignaanceaboutermor (g, d sanpling and meatring
* In aparticular invesigaton, the &ze of the eror is @nd usdly re-
mang unknown this is efleded n limtations on axavers. To inacaIray —_ 1 worlo repetti on— caracy
quantify uncetainty, we turn to the kehaiour o error under impredsion—"_ "~ predsion

repetition of the samling and meauing processes;
- an analgy is tosing a ®in — we @ma predct the autcome bias— -
of aparticular toss tut probability can desribe hedistribution variabi,ty/mg}gf}ggf;
of outcomeaunde repetition of the pocess @ tosing the @in.

* In the dassoom, we @n doactual repeition fepeding over and wel) to demastate for exanple, he shtisticalbeha-
viour o the valiesof sanple dtributes g, aerage$ and d the valieswhich aise fom measung processes;

- the wo chaacteistics d sign and magnitude of (humeiical) error lead underrepeition, to wha we all inaccuracy and

imprecision; theinverses of thesetwo ideas- acauracy and predsion — provide nore famiiar termindogy, but we nust

reaize tha datisticalmethods(try to) manaye he (indesable) former to achieve reeded kvds of ther (dedrable) nverses

* QOutsice the dassoom, we remgnize ha actual repettion is wsudly not a vable gption — we se nsead hypothetical
repeition basedon an gopropriatestdisticalmodd (for the sleding and meauing processs, br exanple);

- we kelp mantain the dsinction ketween the real wdd and the nodel by usingbiasand vaiability as he modd quan-
tities vhichrepresent nacaurecy and impredsion in the real wadd.

(continued overleaf)
20050820

#1.3



#4
University of Waterl@ STAT 220 -W. H. Chery

* A statisticalmodd, including its assumptions dlowsus to @hieve air am of quantifying Gomeof) the uncetainty in our
estmae(9; partof identfying the Imitaionson ax Answeris to ass&s nodel aror aisingfrom the diferencebaween
(idealzed) modeling assumptionsand the eakworld stuation.

* \We emphaize sanple eror and meauement eror in this inrodudory ovewniew; other ategries @ error, which need
morebadkgrourd to inderstangdare (besides nodel aror) study aror, non+feponseerior and @Mpaism aror
- There @an abo ke non-datisticalerror, dthouch subjed-matterknowledye is gaerdly required to assess t.

Disasson of each of the $ categries d (stdistica) ermor is pursted n laterPats of theseCaurse Mateials when he
relevant satistical idea havebeen deeloped and the onextis appropriate

NOTES 1 Anaher dagramnatic summary of wha stdistics is daut is gven at he iight; Stastical
it shows a oad dvisin of the baus d statisticalmethods into dda collecting Daa Jaa
and déa analysis s
Instancesof important questbnsto be ansvered (.e., mattes reedng data Informai -
basedinvesigatirg) are gven by P Calamai Why journalists carit add [Chap- nlormaion ménoce d
ter 3 (pagesl5-24) in Satistics, Stiencg, and Public Palicy, A.M. Herizbeg arnis

and | Krupta(edtors, Quees University, Kingstan, Ortario K7L 3N6 1994:

What ae he hig thing® They are issies sich as giconebreastmplants, the den-

sizingof the mdde class genderpay equity, the @nuume price nde, violene@ ajairst women the mo-
verty ling drinking and pregnant womenrace and @ime intendional debt comparisas, unemploy-
ment ates, the diappeeanceof the Alanic cod, he tintedblood £andal andof course BSE and CID,
two stsof initials knovn aly to a w reseaches wntl Mad Gw Disease fit the hedlines in 1996.

Knowledye

2. Tre following ae ilustraionsof the pecep tha cartainty requirescomplete information and conversdy, incom:
pleteinformation inescaably yields uncertanty [ignorance(usudly of the sze or magntude of erro:
e In the poof of a heorem n mattemdics, we havea %t d axioms and the tles d logic; within this ystem d
conpleteinformation, thele @an ke certainty the theorem & true.
e Gamesike chessand bidge irvolve small popuationsof dements(32 peces and 2 cards, repectively) and a
sd of rules within thesesystans d completeinformation thele can ke certainty which payer haswon a game
e In databasedinvesigatirg, information ourdaries ae eldomas tealy defined & in matlkemdics, ches and
bridge and practical mnsderationsimposesaurces d inconpleteness ad, hence of uncertanty, which indude:
- sanpling: dthouch we want Arswel9 to goply to apopulation, we £ldomhare the esurces to nvesigae
morethan asubsé of the ppuation & sample) — the idea bsanple eror reminds us a anple £ldomagees
exactly with the popuation;

- measting: even gpaenly straight-forward DATA-BASED INVESTIGATING

quantities Ike lergth and veight have inherent Data——————=>Answe (s) to Question(s)
uncertanty in the valieswe dtain (the idea @ Compktedaa Cartain aswersg)

. . L Inconpletedaa Uncertan ansver(§
meastement eror), while measung quanities
like the number d cod n the North Atlantic Samping Measuing
fishing grounds or peples attitudes or opinions Reams br inconpletaess 6 data
(eg, on manddory regstration of freams, caital fand hencefor ncetainty in ansiers

punishrrent, abartion) may introduce nuch greater measting wncetainty.
A diagramnatic summary of thesemadters is gven at he iight above

3. Anillustrdion of sample eror is polling © esimate a poporton of interest typically from a rationalsanple o
about1,000 b 1500 aluts. The sample proportion is a mint estimae d the population proportion but is un-
likely to be exactly equd to it; hawever in a properly desgned and exeauted poll, it is likely dose encugh(.e, to
hare snall enaugh sanple aror) to be an Aswver with acoeptable limitations provided that measurement error
(eg, aisingfrom the qiestbnnaire, he ntewviewer and the nterview proces} has dso been aequady manayed

4. Lodking ehead a simmary of someter minology, and two dsiinctions(beween a @ricular invesiigaton and repe-
tition, between the real wadd and the node)) it helps us naintain, is gven belowat the light in Tade 111 individual
terms ae cefined b the Eft of the Rde.

® Error: the difference between wha is gaed Bg, in an Answel] or assuned[eg, in a eponsemodd] and
the actual stde d affairs.

e Inaccuracy: average error underrepettion. Tablel'lll AL Iy Y ETron
® Bias the nodel quanity represning inacaurecy. Real World Real World Model
® Imprecison: sandard deviation of error underrepettion. variation ‘ ircaracy | bas

e Variability: the nodel quanity represning impredsion. eror impredsion | variabilty

e Variation: (naurd) differencesn (variatg valuesanmong the menbers of a goup; eg, a argetpopuation, a gudy
popuation, a egpondent ppuation, a anple, epeded neaswements, eror values underepettion.
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