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Figure 131. SMPL E LINEAR REGRESSION: An Introduction

To gpredate our next devdopment @ statistical methods in Partl3 d the Gurse Materals, we first reviev wha we
acomplished n Part12, whee we brought togaher and caitalized a, ideasfrom earier Parts of this murse ad STAT 220.
o Remenbe tha UPPERcasebold letters refer © a pgpulation; the tross(a horizontal line across a étten enables us to
distngush, in handwritten material, a popuation quantity from a landom vaiale repreentedby an yper aseitalic leter
- A value of a andom vaalle is repreentedby alower caseatalic letter; a daa value or a pecified value Ike a sinrple
size) s repreentecby a bwercaseRonan kter
Thesendtation mnvenions asstin maintaning the ppuation/sanple and real waold/modd distindions.

1. Cae 1 Describing One Ropulation bistbuionf
As indicated pictorially in the 3-dimersional dagam T uaion

at he iight, we think of a fespaden) population as faving Proporion of derments vith y  vanaevalies - Moc forthe

a distibuton of values for some measted respose ameaswdrepasevalie fegandent ppuation

variate(¥) of interest; his dstribuion can ke dsplayed Variaievatles  samogof

as ahisbgam. Popuation attributesof interest ae: " anatevaties

* Size: N [the rurber of elementd;

* Location: ¥ [the averagg;

* Variation: S [the data) standrd deviation;

N is usudly consderedto be:

o known, and

o vely lage @mparedto the &e f) o any samplgto bg seleded.

The study popuation is @fined by speifying valuesfor oneor more explanabry variat€y; therespamdentpopuation is hose

study popuation denments ha would provide the dia requesed uinderthe incenives for reponseprovidedin the nvestigaton

o Usudly, many exgandory varates dfed the meauedvalue of he eposevariateof an dement; deahg with exgana
tory varates becomes esmtial in the Han when relationship@) are beinginvesigaed €g, when two @ more popuations
are mmpaedto arswera Questbn with a cawsatve agpect) but is uisudly lessimportant when nvesigatirg onepopuation
to arswera Questbn with a desaiptive agect.

In Figures121, 27, 1210,1213 1215 and 12.22,we dsausse formal inferenceabout onepopuation — ve wsed

@ atest d significane, a: ® a onfidene intewval,
to dbtain an Ansva basedon an esimae dtainedin the nvesigaton for the value of a epondent mpuation attibute typically:
* anawerag (manly), o * astandrd deviation (in Figure 213 aly);

[interest n gandard deviation or its own sale is nore wmnon inindudrial prodem sdving oneerred with edudng varia-

tion. We wsedstdisticalmethods of dataanalysisto dotain this Answer becausewe had anly inconpleteinformation — data
from asampleaather than fom acersusof the egpondent ppuation Satisticalmethods dlowedus toquantify the uncetainty
arnsing from:

+ sampleermor and: + mesuremat error and to &sess + madd eror,
but, as we developed them,they bok no formalacourt of othe saurces d uncetainty in Ansvers:
- studyerror, - non-resmne erior @ roteble insnceof the dfed of mising data).

Ou inferencefrom asampleabout’? or Sis basedon amadd, most conmonly vON
in this @urse @ assumed nomal distiibution for the population reponsey; we v (wo), . (1319
write equation (1313, wher the are (probabilstical}) indepeadent 1=L 2.0

* Y is arandom vaiable whosedistiibution represents the psdble valuesof the meauedreponsevariate’¥
for the jth wnit in the sampleof n urits sebcedfrom the egpondent ppuation,
if the ®leding and meauing processe wele to be epeded werand wer,

* 4 is a nodel parameer (the mean) repreening ¥, the average of the meauredreponsevariateof the dements
of the epondent mpuation

Equation (131] hasa probability emphass; an equivalent but _
stdisticaly more wnvenent formis eaidion (1312, whee the \.i(__” R R .D(;\I(o’ Cg'
R (and hencethe Y) are (probabiisticaly) indepedent J=12...n, Independent EPS

* R is a andom vaalle (alled tre residual) whosedistibuton repreents the psible differences, from the stucturd
conponent d the nodel, of the meauedvalue of he egpansevariate for the jth wnit in the sarple of n wits
sdeded fom the egpondent ppuation, if the ®leding and meauing pocesse were to be epeded arerand wer,
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* o the (probabilistic) standird deviation of the rormal model for the dstribution of the esdud, is a nodel parameer which
repreentsS the (lad standrd deviation of the meauedreponsevariate of the dements @ the egpondent mpuation;
this gandard deviation @nd hence o) quantifiesthe variation of the meauedregponsevariateove the denents dthe e-
sponent popuation — & this variation increasesso tes the epondent ppuation gandad deviation @nd hence so eso).

Note the séps leadng D this normal probabilty model for Y: the (lisaetd popuation hisibogram for ¥ hasa $gpe ha is
appoximatedby a ¢ontinuous normal pd.f and, undereguprobable sdeding (EPS [for which each bthe N repondent
popuation dements ha the sameinduson probability], this normality for the population carriesthroughinto the nodel for the
random vaiade Y in the sample [Elsevhele, BPS nay ke referred b as simple randmsdeding (SRS]

e The rormal modkel for ¥ is the tads of t distibuton esimating procedires(eg, in Figure 215), whee u regreening ¥ is

estmaed ly Y (takenas hesampleavaagey) and o repreening S is esimaed ly s [takenas hesampledad s.d. 4.

- If a value isgivenin the Questbn tatement or S (to be wsedas he valie of o), we @n elaxthe requirement br a
nomal modd for the dstribuion of ¥; the approximate nomal distiibuion of the elevantestimaor of ¢ represening
¥ is then a onequene of the CGentralLimit Theorem. However this ase $ of little importencein practice becauseS
is seHomknownwhen estating i represening ¥
o The pctorial repreeentdion of this ase would be lke the dagam werkaf & the ypper right of pagel33 kut with-

outthe froma)) modd for the dstributon of respondent mpuation rponsevalues@nd hence without ).

- Beaue we eoourter probabilistic stdaements nainly in relaton © the sampleand its #ributes, t is eay to forget such
staements & aconeqene of our madd for the respadentpaopulation reponse coupked with BPS @ the sarple.

Thus, the mst naiable fedures of our madds ae the distributon of ¥ in the egpondent ppuation and the processes of
sebcing the smpk andmeasuring \ariate values (introducedn Part2 of STAT 220); we dsorecanize he importanceof:

+ acequae accessto an apropriatestudy popuation (first dsausse in Part2 of STAT 220 [to manae sudy aror;

+ a high respos rate (disaussé in Part8 of STAT 220 [to manaje ron+egponseerior for the respadent popuatior;

+ assesng madd error (for exanple, eall Point 6 of Sedion 3 on pges 621 and 622 of Fgure 63).

NOTES: 1 The dagiam oerkaf & the ypper right of pagel33 reminds us ¢ sampleerror and mesuremet eror — the
difference beween the meaured value of ¥ (the repondent mpuation aerayg and y (the sampleaverage in a
particular invesigatbn In the dagiam,the mmbinaton of hesetwo erors is knownbecause¥ is knovn but
in real nvestigatirg, we only know y; datisticalmethods dlow s to quantify the sarpling and meauing wn-
certanty in our estimate of . Throuchout Part12, only sanrpling and meauing wncetainty were mwnsdered

2. An investgatbn involving ane mpuation is wsudly trying to ansver a Quesin(§ with a desaiptive apect —
sud investigatirg typically seeks to desribe te sateof afairs in ©me mpuation, often n terns of esimates
for the valuesof ore or nore popuation attibutes; thee may dso be conparisonanong the Arswes from dif-
ferert invesigatbnsof desciptive Questons — br exanple, ®mparism among the Arswes from a ®ries d po-
litical polls taken avertime — lut ths does rot ater tre desciptive naure d the Questbn in ed investigaton
By confrast, mostinvesigatons of two popuationsare inherenty conparative somdimeswith exgicit concern
for cawsaton, somdimes vithoutit or with this cncernonly implicit.
® When a ompadive Hanis conerred with etmaing an dtributeinvaving adifference theee may be sme

cancéation of measuring inacauracy.

2. Cas 2 Comparing Two Popuhtions — Relaionships

Ou picture d two popuationsis, in essace a Distibuiors d.
1 i respadent ulation
dupication of he cae br one popuation as meastedropotse
indicaed ly the 3dimersianal daglam a the ight. _ _ y vaatevabes Modlstor the
Pgpuation attibutes of inteest ae ayain: e repandent ppuation

meastedrepose

* Size: N, and N,, g vanatevabe; f .
— (s ampsof measte
* Location: ¥1 and ¥2’ ¥ { re$m§evariatevaUes

* Variation: S and S,,

exet tha a subsript (L or 2) is added b distinguish
the o repondent ppuations. The newideais the
useof the vaiie of afocal explanabry variate (hee
denoed X%;) to pecify wha distingushes me -
spondenipopuation from the oher

® The wo popuationsmay be hesameslementst dfferent tmes

In Figures12.11 and 219 we dsausse formal inferenceabout two popuations— we wsed
® atest d significane, a: ® a onfidene inteval,
to dbtain an Answvea basedon esimates dotainedin the nvestigaton for the valuesof regpondent mpuation attibutes, typically:
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Figure 131. SMPL E LINEAR REGRESSION: An Introduction (ortinued 1)

* two averages(manly), o * two standrd deviations (in Case 2 and 3 d Figure 219 aly);

[our conernwith dandard deviationswasonly seondary to aur primary inteest h arerge$ We wsedstdistical methods o
daa analysisto dbtain this Answver becausewe had aly inconpleteinformation — chtafrom sample rather than fom cen
sugsof the two egpondent ppuations. Stdisticalmethods dlowedus toquantify the uncetainty arisingfrom:

+ sampleermor and: + meauremet error and to &sess + madd error,
but, as we developed them,they againtook no formalacmurt of othe sauraes d uncetainty in Ansvers:
- studyerror, - non-espne eror (the mostnatable instainceof the dfed of mising data).
Ou inferencefrom the sampls alout ¥, -, (or about S, /S,) is basedon an ex- Y, ON(w, )
tendon of the nodel, written & equaions(131.) and(131.9 on pagel33 to two K B L — @313
popuations— in the expresions (131.3 and(1314) at the light, Sub- 1=12 n.
saipt i =1 or 2 indexesthe relevantregpondent ppuation and the Yi=w+Ry, RyUNQ, o), i=12 1314
sanple from it, whee the Y; are(probabilsticall) indepedent j=12,...,n;, indgendent EPS

* Y, is a andom vaiade whose dstribution repreents the psible valuesof the meauedreponsevariatey;
for the jth wnit in the sampleof n; units eleded fom repondent puation i,
if the ®leding and meauing processe were to be epeded averand wer,

* 4 is a nodel parameer (the mean repreening the average of the meauedregpaonsevariate: for the dements
of repondent mpuation i;

* R; is arancom vaiable (calkd tre resicual) whosedistiibuion repreents the psdble differences from the stucturd
conpaonent d the nodel, of the meauwedvalue of he eponsevariate; for the jth unit in the sample of n units
sdeced fom reppondent puation i, if the ®leding and meauing processes were to be epeaed werand oer,

* 0; the (probabilistic) standrd deviation of the rormal model for the dstribution of the lesdud, is a nodel parameer
repreening S, the @lata) standrd deviation of the meauedreponsevariate; of the dementsts bregpondent ppua-
tion i; this dandard deviation @nd hence o;) quantifies the variation of the meauedregpaonsevariateove the dements
of repondent mpuation i — & this variation increasesso es each dandard deviation @ind hence so esa;).

Note ajainthe deps kadng © this normal probabiity model for Y;: the (lisaetg popuation histogams for ¥; and’, hae a
shae ha is goproximatedby a ¢ontinuou$ normal pd.f. and, underequprobable sdeding, this rormality for the populations
cariesthroughinto the modelsfor the random véaiades'; in thesample

3. Cax 3 Rdationships— Many Populations

Compaing wo popuationsin Case 2 $ aqne nsenceof invesigatirg a relationship — wheher trere is an #ed on a
measted reponsevariate ¥ of (two valiesof) a focal explanaory variate X;. In Case 3our cacen is dill with relatbn-
ships, hut from a nore gened perspedive

We tink first of onepopuation of N elementseach with a ¥
value br a egponsevariate ¥ and an xplanaory varate X; A
suh a datase (X, ¥), i=1, 2 .....,N, would usudly be fovn
grephically as a sdter diagam Ike the me 4 the ight. The .
Queston we want to arsweris: What is the form of the elaion-
ship between¥ and X in the espndentpopulation? .

Ore answver to this quesion, for the N (%, ¥) values,is . . . .
¥ =f(X), whee f(X) is a plynamial d degee N passg . o
through all the N pants (which ae @&sumedto have distinct X ' = .
value$, such a nodel for the form of the elatbnshipcontains
N+1 paameers. Dependng an the mstionsof the mints (.e, 4
degpending an the dement$ X and ¥ vaue$, a mlynamial o .
lower degee nay dso pass hiroudh dl the points kut, in gened, .
as he dgreedecreasesmoreand nore of the ints will lie off .
the aurve repreening the plynamial. Our concen hae is with ’ .
usng a straight line (a first-degee pmlynamial with two para- 4
meters) © model the Inear omponent d the trendin the ints
this graight line may pass hirouch one o more of the mints a it — T T T — T — T — T — X
may pass hroudh none of them.

There is anly onepdynomial o degeeN, specified by a uniquese of valuesof its N +1 parameters, which passe throuch
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all N pants, but trere is mae than ae Ine which muld be thaught of as epreening the staight-line conponent o their
trend The giterion we wse b sled oneof theselines & alled least Kuaes: the line of best fi to the N pantsis the ame
which minimizes the sun of he gluaes of he \ertical distances d the ints from tke line (.e, the ae which minimizes the
sun of the guaedresiduals). Swch a ineis often referred b, for histaical rasns as the regresion o ¥ on X; its two
parameters B, (the Y-intercept) and B, (the dope) ae attribuiesof the ppuation

An illustrdion of te nattes descibed in the pevious Y
paragraph is shown & the ight. There ae five (X, ¥) values: 12

X|[136 D5

¥ | 355 7 D,
and the durth-degee mlynamial which passe throudh the five 8-
pantsis:

7560¥ = 3060 +25 236¢ — 6 205%° + 608%° —19%* 6-
[or: ¥ LJ0.4048+3.3381% —0.8208%*+ 0.08042¢— 0.00283%"];
alsq as siown in Fgure 13.3,the reges®n of ¥ onX is:

104

f = 27778+ 04603X. 2
The dagramat the ight shows a sater diagam d the five (X,
¥) valueswith the polynamial and the stight line of best ft 0 . . . . . . . =X

sypearimposel on t.

The dsaus$on so far in Case 3$ in terns of apopulation of N (X, ¥) valuesbut the nore wsud datase in practiceis a
sampleof n , y) values where the sarple sze n is gneadly much smder than the ppuation sze N. As eplaned in more
ddall in Figure 13.3, the nodfication © the dsaus$on atoveis tha, for sampledaa, the me¢hod d leastsquaesyidds aly
estmatkes b, andb,, of the madd parameas 3, and 8, repreening the ppuation attibutes B, andB; we also rder to the
ine as he esimatked regres®n of ¥ onX (athouch ‘esimaedis geneadly omitted elsewrere). As dways, the mehad of
sdeding the samle is certral to assesag the Ikely sze of the eror ssdatedwith inferencdy from the sarple @aut the
relationshipin the egpondent ppuation; ore gatisticall acceptilde method is, d course equiprobable sdeding.

e Fomalstdisticalinference(intenval esimating, sgnificane testng) from a anple
aboutthe graight-line conmponent o the elatonshipin the egpondent ppuation ¥ ON(Bo + 8., 0),

usuay requiresdistibutional assuptionsabout the popua- i=12..n. T 1319
tion; for Smple inear regeson, the @mnon normal modd ’

is the epresians (131.5 and(1316) at he ight, whee the'Y Y=pBo+Bx+R, RUNO, o), (1316)
(andthe R)) are (probabilistical}) indepandent j=12...n. indpendent EPS

* Y is a mndom vaialle whose dstribution represents the psdble valuesof the meauedreponsevariate¥
for the jth wnit in the sarple of n wits eleded fom the epondent mpuation,
if the ®leding and meauing processe were to be epeded aerand wer,
* [3, is a nodel parameer wlich represents he Y-interaptof the staight-line modd for the relatbnshipbeween X
and the gerage of ¥ meastedin the egpondent ppuation; i.e, the adinate of this graight linewhenX=0;
* B, is a nodel parameer which represents he slgpe of the staight-line modd for the relatonshipbeween X
and the geraye of ¥ meastedin the egpaondent ppuation;
i.e,, the chage in he meauedavaage of¥ for unit charge inX ove the dements é the espondent puation;

* X; is the valie of he eplanaory variate X for the jth wnit in the sarple of n wits eleded fom the egpondent ppuation;

* R is a andom vaialde (alled tte residual) whosedistibuion repreents the psdble differences, from the stucturd
conpanent o the nodel, of the valie of he meauedregponsevariate for the jth unit in the sarple of n wits
sdeced fom the epondent mpuation if the ®leding and meauing processe were to be epeded averand wer,

#136

* o the (probabiistig standrd deviation of the rormal mocel for the dstribuion of the esdud, is a nodel paramder repeent
ing the @lag standrd deviation of the meauedrepansevariate of the dements @& the epondent ppuation with value
x; for exdandory variate X; this dandard deviation @nd hence o) quantifies the variation of the meauedreqponsevariate
of the dements & the epondent mpuation with value x for exgandory varate X — as his variation increasesso teso.

This model ssomewhat chargesour original picture d one popuation of N (%, ¥) values— thee is row concepualy a

nomally distributed popuatiori of ¥ valuesat any X value X,. This idea 5 srown pictorially in the daglam d the t@ of

the fadng pagel37 which, for corvenience is limited b four X values; the dagramshavs how the madd for disasing

relationshigs in Case 3 rakes his @seappear to be an atenson of Case 2@ many popuations one br ead value of X.

- This dagramdiffers from the two edier diagans ©n te first and sond sides d this Fgure pages 13.3 and B.4) in
that it shaws only the popuationsandonits the sanples if it wae to indude the httey thele would typically be aly four
obsevations— one fom each ‘popuatiori at the bur X values.

(continued)
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Figure 131. SMPL E LINEAR REGRESSION: An Introduction (ortinued 2)

- Unlike Case land Cae 2

Distribution of

thee may ke studions in v respodentpepulalion e th
meastedreponse 0 rtne
Case:_% whee th_e p_opda- Variatevalies distibuon of
tion higograns, impled by Proporton of dements vith whenX =% ’if&‘é’é”éfé’%é?é%”
the model o equdions aneasedrepmsevale variatevalies

(1319 and (1316) on the
facing pagel36 for Y, do
na actudly exist — thee
may be aly one (or a few
valuesof ¥ whenX =X;.

= The nodel sssumption ha the
trend h the¥.s islinea in X can ke
illustraed & $own in the dagam a
the lowerright; the saterdiagam s the
onegivenon pagell35 hut, as hdicaed ty
the dashedverticalllines, the pints hae row been %
grouped into ten intewvals on he kass of their X-valuesand

the average of ¥ (indicaed ly a drcle 9 calcuated for ech Y

graup; theseaveageshae then keen conneded ly lines. I e e
The regesson of ¥ onX% can e thouglt of an idealzation T T N R S R S
of this oughly (untidy’) linear rendin theseaverages T

o A notdionaldifficulty is tha ¥, is the naura symbd for 8
the adual avaage of ¥ when X =X;, but we dso needa
synbd for the hypatheical avaage of ¥ unde the deal-
zdion of he staight-line_regreson modd. In these 4
Caurse Mateials,we segY,(X;) wheee:
@ the bar reminds us we & dealng with an awerage T

reponse
® the aub<ript reg reminds us his averge is amadd e
quantity; T e
@ the X; reminds us he nodel arerge is agtraght-ling S
fundion of he valie of he eplangory varate X; . p o
[When hee is no anbiguity, (X;) can k& amittedand_ 1 e
the popuation nodel areragge adinae $ortenedto Y ]. "

When prabability modeling is introduced és n Fgure 137)

to deal vith inferenaes basedon sampledaa, the ymbd for ths averge adinae is 14 (x;), which follows raturdly
from «¢(%;); asq we write the equation of the staight line fitted Ly the méhod d leastsquaiesas ey = B, +B,X of,
for our illustrdive popuation catase of 5 dbsevations as ¥ = 27778+ 0.4603X. We reed 6 remenber from the
stat tha a reges®n modd deak with anaverage reponse dthoudh it may take ime for us to @t wsedto this darge
to aur long-standng mahenatical desciption of a draght lineas y=b+ mx.

It is the onern with averges that dstingushes nost sheply regesson modeling from the idea 6a polynamial
passirg throudh al the dervations we ae ro longer concenedwith this latterideain Partl3 The two aproaches
to fitting equdionsto points hae dfferent ntentsand aitcomes

= As in Cass 1 ad 2 notethe deps kadng © the normal probabilty model for Y: the (lisaetg popuation hisiogram for
¥ at each value of X hasa e ha is gpproximatedby a ¢ontinuoud normal pd.f and, underequprobable sdeding,
this normality for the populations carriesthroughinto the nodelsfor the random vaallesy for each valie % of X in the
sample

R R T

NOTES: 3. The bur diagams on his axd the pevious two @ages 13.5 and B.6 show the cae ¢ a direct relationshipbe-
tween ¥ and X — both variades tend to increaser deaease bgeher {.e., B> 0); of course invase rdation-
ships, whee me \ariable tends  increaseas he oherdecreasedi.e., B, < 0) are dsoimportant in practice

4. A straght line fitted b bivariate daa 6r, equivalenty, the valiesof its two @rameers) @n ke regaded & a
usdul datasummary, in the same ay an average is a wsdul summary of univariatedda.

5. One purpcse d fitting a dgraight line or aher fundion b a £t d bivariatedaa nay be t extrapolate beyond the
interval of the doseved X valuesto ‘predct a value br (the averae o) ¥. The dagam 4 the wpper right of the
facing pagel36 reminds us of he mportanceof choosng a‘'sengble’ model and d the dagers of etrgpdating;
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NOTES: 5. @
(cort)

6. If thee is nteest h whether a harge in X cawsesa charge in¥, the aauracy o the nferencedegpends m
whetler the datacomefrom an expeimental Plan [in which the investgabr () deternine the X valuesand hen
measte ¥] or from an oberational Plan [in which the ¥ valuesarise from the valiesof X that acour in the

the points in this dagram shav an increamg rougly linear tend but we have no emjrical information
about whether this form of relatonshipbetween ¥ and X persstsoutsice the arge of he déa (.e, X values

ousice the ntewal from sbout 0 D 16);

the ‘predcted ¥ value br X outsice the nterval 0-16 would dffer substantially between the straight line of
best fit (which passe through none of the mints kut follows their trend and the durth degee mlynamial
(which passs throuch all the points kut depats sharply from ther trendouside the mteval o obsevatior) —
in the ontext of this Agure 131, the mlynamial is introducedonly for illustrdive purposes and aur red con-

cernis with the graight line

unis tha happen to ke invesigaied.

7. Notethe smdimes onfusingternindogy used in connedion with the topic of ‘regresgon introduced n Case 3

and the prasesimplélinea regesson.

® Raresia, in its shtisticalusege mears a pocess br finding a nattemadical form for the relatbnshipbe-

8. Althouch we imit our dsaus$on to fitting straightlinesto dda in STAT 221, the mé¢hod d leastsquaescan aso

tween (the averaye of) a measwedrespms variateand me o more explanabry variates; ke dl mathema
tical modds, regresgon madds are mly an approximate desciption of wha is beingmodelied.

Simplerefers to he straightline regres®on modd with oneexgdandory varate reg? = By +BX, whichis dso

the (modk)) regression o ¥ on¥%; simpleis to be ontrastedwith multiple.

Linear refers to a eges#on modd beinglinea in the parameéers — it doesnot mean ihear n the explanatory
variatd9, D that: ¥ = B, +8.X +B3,X7 is linea; linear is to be ontastedwith non-inear.

Multiple regresgn modds havetwo or more exdandory variates ©n ther right-hand &le — for exanple:
et = Bo+ Bk + B K,

Nortlinear refers to a eges#on modd that is notlinea in the parameers — for insence

wf =4 X is rondinea (becauseof a) but can ke macke inear by a logaithmic trandormation;

Y = Bo+LX" is (inheenty) nondinea.

be sedto fit a sondor higher cegee wlynamial ©r a nore cnplicated nodel) to a &t d bi- (or multi-)
variatedda.

9. Information almuttwo mattes of Hstaical inteest h Case 3taken fom page45 of an established regres®ori

text (Apdied Regiesson Anaysis Norman R Draper and Hary Smith, Third Edtion, ohn Wiley & Sons New

York, 1999, is as bllows:

2005-04-20

It appeas tha Sr Frands Galton (18221911), a well-known British anttropologist and mésoologst, was e-
spongble for the introdudion of he ermregresian. He aiginally usedthe word revesion in an unpublshed adiress
Typcal laws of keredity in man to the Ryal Insitution on Febuary 9 1877 The hterword regresion apgeas in his
Presdential addressto Setion H of the Bitish Assdation at Aeadea, 1885, pintedin Nature, pages 507-310,
Septamber, 1885 [DC Library call number. PER Q.NZ], and ako n a paper Rgresian towads nedocrity in hereditary
staure, Jounal of the Athropdogical Inditute: 15, 246-2631885. In the bttey Galton reports (page 246) on his
initial disovey tha the dfspring d seed ..... dd nat tend © reserble ther parert seed in sze, lut b be dways
mae medocre (i.e, mae avaage than they — to be mdler than the farents,if the @rentswae large; o be brger
than the prentsif the mrentswae vey andl. ..... Tre experimants fiowed furthe that the mean ffial regesson
towards medocrity was drecty proportiona to the parentd devation fromit. Galton then desribes how the same
fedureswer dseved n the ecords d haghts d 930 alult chidren and her resgcive parentayes 205 in numker.
In essace he $iowns ha if varate y repreents chids height and vaiate x repreents a wighted aeragye of he
motels and fatters heights Geethe aiginal paper for cetdls), an esimaed eges®on of ¥ on X somehing like
y =Yy +%;5(x—X) is gopropriate dthoudh he aes rot phrase 1 like this. Galton's paper mekes fsdnatirg readng, as
does the aoourt in The Hstay of Satistics by SM. Stigler pages 294 -299 Belkngp Pres of Harvard University,
1986 [DC Library call number: QA27615S7 198¢. Today Galton's analysis would be alled carelaion analysis a erm
for which he s dso repongble. The ermregresian soon @me to le gplied to relatonshi in stuaionsothe than
the acne fom whichit arose induding stuaionswhere the eplanaory varate camot reasmébly be epreentedby a
random vaiale, and its ug has fersiged b this day In most curent nodel-fitting stuaions thee is no ément
of ‘regres®oriin the aiginal srse but the word is so stadlished that i is retaned in most stdistical conrmurication
(induding theseCaurse Mateials.

There has keen a dsputeabout who firgt dismvered the mettod d leastsquaes It gppeas it was dsooveed
independenly by Can Friedrch Gaiss(1777-1855) and Adrien Maiie Legende (1722-1833), tha Gaus sarted wsing
it before 1803 (he daimedin albout1795 but there is no orroboraion of this arier dat§, and ha the first @oourt
waspublished ly Legende in 1805 When Gasswrotein 1809 ha he had wsedthe nettod eadier than the d& o
Legendes publication, contoversy mneerring the piority began The fads ae arefly sfted and dsausse by
R.L. Plakettin Studes in the histay of probability and gatisics. XXIX. Tte dscorey of the méhad of leas squaes;

(continued)
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Figure 131. SMPL E LINEAR REGRESSION: An Introduction (ortinued 3)

NOTES: 9.
(cort)

1964 [DC Library call nunber. PER Q1wW32], whichis reprintedin:
= Precisbn, Measuenent and Gilibration, edited by H.H. Ku, U S National Bureau d Standads $ecid
Pulication 30,1969 Volumel;
® Gauss Carl Friedichin: International Encyclopeda of the ®dal Saéences Macnillan ., Free Res Divisian,
New York, 1968 Volume6, pages 74 -81[CG Library call number. H40.A215 1%, and:
- Encyclopeda of Satistical Sierces John Wiley & Sons New York, 1983 Volume3, pages 305-309[DC Library
call number. Ref QA27614E5 1982;
® S.M. Stigler. Geagonres B15 paper an the desgn and aralyss o polynomid regiesgon experiments Historia
Mathematica: 1, 431-447, 1974 (seepage 83 [DC Library call number. PER QA21H58X;
- seealso Siglers book The Hstay of Satistics [DC Library call no: QA27615S7 1986 referencedon he fadng page

Biomdrika: 59, 239-28, 1972[DC Library call nunber. PER QH3@B5], a paper well worth readng  Also of interest ae:
® C. Esmhart The meanng d ‘least in leas squaes, Jounal of the Vashingtan Acaceny of Sierces: 54, 24-33,

The ideasntroducedn Case 3 oaur in the malia and elatd surces, & illustraed in the bllowing sk Exanples

4. Example 13.1.2 This shotter aticle EM9701 from The Gobe and Mil of Januay 3 1997 pageB7, invdves tassiying
bivariateobsevationsin terms of whether or rot they follow a ceaeasinglinea trend In the rotaion of

Cases, ¥ is a ourtrys avergle est soreandX is the poporton of its I7-yea-olds taking phydcs dasse.

Enrolment and test aes

Busness dten omplains ha eduation gan-
dards ae dipping. Lag mont, this clumn
swygestedthat wha's really happening is rot
a cedine in gandads as much as a
increase n the percentage of hie ppuation
who are faking partin our eduation ysem.

If you lodk at the estts of interrational
tests d student &ility, it often ®ems ha
Canada- with oneof the hghest eluation
budhges in the wald — is ot dang well
enaigh It certanly seems we ae ot
gettirg wha al tha money shauld buy.

But it turnsout that, with few exceptions,
the ourtries ha score highest o intema-
tional tests ae the mes with the snalest
proportion of sudents m dasss, and he
low scores ae the mes with the hghest
proportion in dass

The dhat a the iight shows the esllts of
a well-doacumened ®t d tests m physcs,
pat of the Seond Intenaional Sdene
Study of 1988.

The restuts of dl but threeof the B coun
tries n the stidy — the Lhited Sates, Horg
Kong and Norway — @ll within a rarrow
band, whee te eslts can k& smply
descibed. The bwer the proportion of a
cauntrys 17-yea-old popuation king phys
ics dasss, the gher the averge ores.

Hungay and England which ranked -
cond and hird in the wald-wide tests, ta
orly abaut 5 per cet o ther 17-yea-olds in
physics dasss. In Canadaand taly, which
ranked 1thand Bth, dout 20 per cent were
taking physcs dasse. O the eceptions,
HongKong axd Norway dd beter than hey
shaild have, consdering the number gudy-
ing physdcs, and the bited Sates dd worse

What des this €ll u® A smdl intdlec
tual dite will scoe Hgher an average han a
large gudent ody with a wider rarge of
intelledual cgecities But what popuation
of 17-yea-olds would you ratrer ke reauiting
emplgees from — Hungays or Canadsg?

John Kettle is a ©nsuting futurist based n Oshawa, Ot

5. Example 131.2: The aticle EM92Q1, from the pumal Nature: 355 25, Anuay 2,1992[DC Library call number. PER QNZ],

Physics &4 scaes
and participation
SeondInterrational Sdene
Study, 1988

Percent test sore
80+

e HongKong

70+

Go'gunge.ly N EAESESTSTS————
E Sirgapre®  Jatan Norwa o
Pdande ——

o Austdia =

OUA Swelene

Canadg
® Finland

50+

404

30

o ltaly

20 T T T T
5 10 15 20 25
% of age goup faking murse
Saurces: Rbet Crocke (Menorial
Univesity), Secand International
Sdence Sudy and bhn Ketle

is of interest krcau® ts main Answveris basedon extrapolation of reges#on lines

Wil women soon outrun merf?

The averaye unning \elocity (V) is a gucid
daerminant of the mdebdic demands
imposal by onpditive munning eent$?
Its Hstaical progres®on, theefore, & likely
to be important in understandig the hyso-
logical determinantsof the femingly inex-
orable progreson of record perrmances

We theefore estdblished vas a €indion of
histaical ime (t) for the world record at d
the gandad Qympc eventsfrom the 20

2005-04-20

m to the maration (42195 m) for men
decadeby-decad, hrouchout this century??
We were dle to estdlish this relatonship
ony for erentsup © 1500 m dce the
1920s br women datawere inadeude for
the 5000 aad 10,000 m dthouch we udged
thete to be sfficdentfor the maratton

In men the pogresgon of V appeas b be
a linear fundion of t, with slopes for the df-
ferent @entsbeng remakaldy smilar (left-

hand djramovelea)) — in agreament vith
the resits of Ryder et d> Theseranged
from 569 b 757 m min~ decadg with no
systendic variation with increasingrace ds-
tance The naratton dope, towever was
appedaby greder (9.18 m nin-decadé).
Forwomen thee were dso no sgnificant
differencedn the fopes anong the dfferent
evaits p to the 1500 m (nidde dagram
ovaleaf). The fope, lowerer was @proxi-

(continued weled)
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mady doubk tha for the men rarging
from14.04 ©1786 m nin* decadé As
for men the mteat whichV increasedin the
maathon was @predably greder (3775 m
min™ decadg). Degite the mtenial pit-
falls, we could not resst extrapdating these
recordprogresns into the Giture

Unless he pogresfon rate d mers re-
cordsincreases relatve b tha of women
then v for theseevents will be ro dfferent
for men and women ithin the first hef of
the went-first century (right-hand dagiam
bdow). Beyond tha time current progres-
sin rates imply superior performance by
women The poeded ntesedion for the
marathon is1998.

The suggestdn ha women ould, o o,
be unning theseraces as &< as nen £ans
improbable at frst gppeaance Noneof the
curent womehl world record toldes &
these evants ould even mee the meb
qudifying gandad t compee in the D92
Olympc games However it is the rates of
improverrent ha are so &ikingly different
—the qap is pogressvely clodang®

Although it is dfficult to estdblish a pre-

650+ Men

cise netddic enegy equivalent d these
rates of improverrent, one may esimae from
the cataof Margariaet d7 and Wynchamet
al® tha, for the erentsup © 10,000 m the
progres$on requiresa rateof increasen O,
consunption of atoutl0 m min-tyrfor
men and rare than dable tha for women

It is wnlikely tha we will learn when and
how rapidly, the curent hgh rae d im-
provement vas estalished owing b the
lack o reliabe imesove reliable dstances
in the @mg¢. Some woald records ae
avalabe, however as &r bak as he B60s
(rferenced); they are casstent with the
values'expectedfrom the curent gogres-
sin rates. Whether the world recmrd pro-
gres®on rate wil begn to dow, ather ela-
tively abupty or more progresssely, will
only bemme @paentin the uture

In any event theseresilts posefour chat
lerging questbnsto physologists. Why is:

e the world record progreson in the vai-

ous events ® linear orer an nteval o

appoximatdy a cnury;

e the dope of the ewmrd pogresson so
similar from the printsto the D,000 m;

7 Women .
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e the reoord progres®on in the narathon
appedably greder,

e the recrd pogres®ns for women ncreas
ing at s1ch a rafd raterdative b mer?

BRIAN J. WHIPP SusaN A. WARD

Department d Physiology and Anesthesiology,
Stool of Medcine

Univesity of California,

Los Angdes, Galifornia 90024, USA
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World remrd progres®on, expresedas aerage unning \elocity versws histaical ime for men and women
with bestfit linear reges®ns 6did lineg superimposel. In the ight-hand dagiam,the regesgon lines br
the omnon eentsfor men and womersdid lineg are extrgpdated fasiedlineg to thar points d inter
sedion; he pedcted world record imesat hesentersedion points ae stownin parenthess(h:min:s).

A Decanber 202Q Goagle ach yields the wald record datagivenin the fide below The e imesat he etrgpdated
crosing points in the ight-hand dagiam dove ae stown in bald type n the @ntralcdumn; adjacent to tiem in amaller
type ae the mtios d mers recorc to heseextrgpdationsand the atios d the womeh to the meb records. Three nattes
seen inhogitalde o the mplicaionsof the aticle reprintedaboveand its itle overkaf rea the ttom d pagel39:

e the relatiely long sanding RACE ........... MEN........... ... VOMEN . ..........
of some ecord; Time Name ea Time Name ea

o differencesof 4ill at kast 200 m 1919 Usan Bolt 2009 10306 18.62 1m20 2134 HorenceGriffith-Joyner 1988
10% bewea the mek and 400 m 4303 Wayce van Nekerk 2016 1039 4170 11062 4760 Marta Koch 2006

0 800 m 140.4 David Rudsha 2012 10537 13577 1126 15328 Jamila Kratochvilova 1983
womers world recorc; 1,500 m  3:2600 Hcham B Guerou 1998 10643 3:1355 1mes  3:5007 Genzebe lbaba 215

e except for the maratton, the Maratton  201:39 Elud Kipchage D18 09973 2:0159 1@ 21404 Bigid Kogye 2019

differencef atout3% b ebaut 6/2% ha reman between the mei record and the valesat the aetrgpdated cossng points.

2005.04-20 (continued)
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Figure 131. 9SMPL E LINEAR REGRESSION: An Introduction (ortinued 4)

6. Example 13.1.3: The aticle EM9111 eprintedbdow from The Gobe and Mil of Augustl0,199], pages Al and A2 is o
interest kecau® it invdves a pojedion {.e, an extrgodatior) from 1964 d the future r@uirements ér

the rumber of medcal dectas in Canadaand a aim in the mdde wlumnof the aticle tha the pojedion

wasmud too hHgh.

Cutbadk In supply of MDs uged

1964 pojedionsgrosdy in error

BY ROD MICK LEBURGH
Hedth Policy Reporter

The nost conprehesive gudy yet into the
question of physcian suypply calls for a ait
of nealy 10 per cent in the number d stu-
dents Ileing acmitted to Canalian melical
schools.

The mas#ve report also ugesless reiane
on foreigntrained dodors in Canadaand stic-
ter @ntads on her enty into the ourtry.

The report, prepaedby medical eseech
profesers Morris Barer of the Lhiversity of
British Cdumbia and Greg Soddart of Mc-
Mader University, further recanmends tha
greder dtention be m@id to mntadling pay-
ments to @sting physciars, sich as by pa-
cing more of tham on slary or sting in-
comelimits for doctars in certdn spedalities

Although the eport, commssoned ty the
canference of depuy ministers of heath,
hasnat been releasd, The Gobe and Mil
hasobtained a opy of its r@mmendtons
and eeaitive summary

Saurces sal the enite reportis alput 700
pages long, the podud of 10 nonths d
invesigaton, more than 70 mteriews with
expers in the feld and éght other reports
conmissoned ®paatdy by the eseeches.

"This is he first omprehesive complete
report we havehadon this nattef said for-
mer Ontario depuy heath minister Marin
Barkin, who recéved a opy before leaving
his postlag week.

"It is certanly going to provoke a lot o
disaussor!!

Healh-care aitics have long argued that
Canadas produdng too mary new dors,
panting to this & a najor fador in the
cauntys esa@lating medcare coss.

Betwveen 1975 and 087 for instince the
number d physciars in Canadarose ly 46
pe cent while the ppuation increasd by
less than B per cent.

The BarrSoddart report agees tha

meastes must be aken to cub the a-
going supgy of dodors.

"The brg-termtrend d annud increases
in the mteof growth of physcian sippy in
exess ¢ popuation gowth continueswith-
out obvious a compdling jusfficatior the
report says.

It attributes excessve medicalschool enrol-
ment td'grosdy in aror' popuation projec
tions contaned in the B64 Hall report on
heath care in Canada

The report also Bames "to little, and frag-
mented contd exercised aerthe entry [in-
to Canad d graduaes of foreign meli-
cal £hools.

Although the eport condudes hee is ro
"optimal' numbe of physcians for Canada
it recommend resticting entry to 1,600 $u-
dents a ga into Candian medical chaols.
"This repreents a edudion of kssthan D
per cent

This yea, just averl, 00 gudents gadi-
atedfrom medcal shoolsin Canadadown
from a peak ¢1,835 h 1985.

Dr. Barkin said he £ds the poposel aut is
unfair. TheeS no easn why Ontaio cart
continueto turn out600 rew cbdors a yea
from its ovn medcal shools he agued
The problem aises from the ssung of 500
additional nev medcal licenceseach yea
to dactars from ather aess.

"Why ot deal vith those500 hstadof
depriving ©me dé our owvn dtizers of the
right to atend medical shool?"

The BarerSoddart report did not atempt
to ®t a pecific quota for doctars trained
ousice Canada

Butit did gressthe reed ér'a nore @n-
certedeffort..... b monior and sticty en-
force ondtions of entry for Jisa trainees
and \saphysicians'

The report added that spedfic policies
shaild be eactedto enouragemoreCana-
dian datas © fill unpgouar postionscu-

renly staffed ky a Hgh proporton of foreign-
trained physciars.

Above all, the eport emphaized the
conplexity of the Bsle, pointing aut that
evay measte Bken n one aeaof heath
care has a impact in anather aeg and ha
theefore it is not erouch to implementonly
a few of is @mprehesive £t d 53 remm-
menddéions which also ndude the ®ting
of qudity dandads, evising the way
physiciens are pid, axd improving the
allotmentof spedalist and gned-pradice
resdendesin teacling hogitals.

But the report sad governments eed ot
throw up ther hand in cegpar and ®tle for
the datus quo. "Mog importantly, we reed b
getove our cdledive Canadan style fea of
chamging dredions even when sich red-
rectonis dealy called br' the aithors say

"Letting policy devdop by ddaul, ds-
interest or insuficient will .... an aly be
expeded b bring daut stifactary resuts
by those who kelieve in winning lotteries

EvaRyten reseech diredor of the Aso-
ciationof Canadin Medcal Collegeswould
nat commenton the eport. "The medcal
schools are going to haveto take imeto di-
gestit; she sail. "This reportis s compli-
caed and the $ses ae so caplex ha
arything | say worit deal ®rioudy encugh
with theseissug!

No date hasbeen ®t for releaseof the
conplete report, which is yp to Manitdba
deputy heath minister Frank Mayrard, but
copes are being circubtedanong a snall
number d interestegarties

Dr. Barkin said he expeds the eport will
be hgh on the gendafor a meding o
Canadan heah ministers rextmonth.

He alded trere is dreaqy a written under
standing between Ontaio dodors and the
province to tacke the sswe as frt of its
newly-estalished, high-ponered pint man-
agenent ommitee

7. Example 13.1.4: The ecept EM8911 gven overkaf m pagel312is reprintedfrom the Journal of the Aneican Stdistical
As®dation 84(#409, pages #5957 Deceanber 1989 [DC Library call number. PER QA276.A5994; the
introdudion of he aticle, by Sddartha R Dalal Edward B. Fowlkesand Buce Hyadey and eritled Risk
Analyss d the $ae Sutle: Pre-ChallergerPredction of Failure, is the kags of the nformation overkaf
It is of inteest & an llustraion of he ug d scaterdiagians in the Anaysis dage of he FDEAC cyde
and d the mpsible mneqiene of &sessg a rendfrom only pat of a £t d bivariatedaa. [Author

2005-04-20
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Bruce Hbadey is inteniewed n Program16 d Agang All Odds Indde Satisticsin the £gmentn the Challerge disaser]

On the nght of Januay 27, 1986 the nght before the pace $utle
Challerger acddent thee was a hreehaur telemnferenceanong
pemle at Morton Thiokd (mandacturer of the ®lid rocke motol),
Marshall Sace Hight Center [NASA (Natonal Aeronautics and
Spae Administraion) centerfor mota desgn control], and Kemed/
Spae (enter The dsaision focus@ on he breas of a A°F
temperaure r laurch ime the rext moming, and the &ed of low
temperaure an O-ring perbrmance A daa s, Figure B below at
the left, payed an mportant role in the dsausson Eadch potted
pant repreents a Butle fight tha experiencedthermal distressin
the field-joint O-rings the x &is shavs te pint temperaure &
laurch and the y»as shavs the number d O-rings ha experienced
somethermal disttess The O-rings sealhie feld joints of the ®lid
rocke motors, which boost the butle into ahit. Basedon the
U-shaged configuration of points (identified by the fight numbe), it
was conduded ttat thee was no eidencefrom the histarical dda
abouta emperdure dfed.

Figure 1a. Fequency o O-Ring Distress \s. Tenmperature
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41B 41C 41D
61C STS-2
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n~+30Q—035— =0 —MT3ICZ

o

50 55 60 65 70

Calculated Joint Tenperature (°F)

75 80

Nevertheless thele was a @bateon this iswe, axd me @rici-
pants ecmmmendedhat the hurch ke posponeduntil the empera-
ture mseakove 53F — the bwesttemperdure eperiencedin pre-
vious hurches — kpaue the orreponding fight had the Hghest
number d distresedO-rings Some m@ricipants telieved basedon
the physcal evidence tha thee wasa emgerdure dfed on O-ring
peformance for exanple, me d the mricipants, Roge Boigoly,
staed tenpeature was ndeeda dscriminator. In gite of tis, the
final recanmendaion of Morton Thiokd was b laurch the Challen-
ge on <hedle. The ecmmmendion ranamittedto NASA stated
that Tenpeature data [are] not mndusive m predcting pimay O-
ring Howby, The samedefax staed that Cdder O-ringswill have
an inaeasedefectve duromeer (harder), and Harde’ O -rings will
take lorge to ‘sed [Presdential Commisson Report, Vol. 1 (PC),
p. 97 (Presdential Commisson on the $ace Swutle Challerger
Accident D8g].

NOTE: 10. It is inteesing to gecuate, i (hypotheically)
the right-most pant in Figure Ja @ove had n-
volved one (ingead d two) distresed O-rings,
whetter tre nodfied Figure Ehavn & the iight)
would hare been inteipretedto yield the carect
Answer(asin Figure b a the iight above abaut
the emperaure-O-ring dstres relatbnship

After tre acddent a @mmsson wasapminted ty PresdentR.
Reaanto find he case The @mmsson washeadedoy former
Secetay of State William Ragers and induded ®me & the nost
repectednamesii the sienffic and pace @mnunties The @m-
misson deermined the caiseof the addentto be the bllowing: A
conbugion gas kakthroudh the right Solid Rocke Motor aft fidd
joint initiated & or shartly after ignition evertually wealenedand/or
pendrated tte Extermal Tark initiating vehicle fructual breakup
and bssof the ae Sutle Challerger duing nisson 51-L (PCL,
p.7). This is he tpe of faiure that was ebatedthe right before
the Challerge acadent

The Roge's Canmisson (PClL, p145 naed that a nistake in the
anaysis of the hemal distressdaa — Fgure Ja at he Eft — was ha
flights with zero inddentswere left off the pot becauseit was felt that
theseflights dd not cntibute ay information alwutthe emperaure
effed (seeFigue b below). The Roges Conmisson conduded
that A careful andysis of the fight histay of O-ring performance
wauld have reveded the carelation of O-ring camage n low empe
rature (PClL, p148.

Figure 1b. Fequency d O-Ring Distress \s. Tenperature
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This aticle @ms to dve more sitbseinceto this quate and $how
how datisticalsdene ould haveprovidedvalugble input to the burch
dedsion proess Clealy, the ley queston was What would have
condituted proof that it was wnsafe to urch? Since ar madd of the
phenomen is sochast, our answeris recessrily probabilistic. As
in the elecmnference a good $art would havebeen an gamnation
of the hemal distressdaa — Hgure b — for the preenceof a empera-
ture dfed. Nevethdess, the nostimportent queston was What is
the probability of catagrophic field-joint failure if we hurch bnor-
row maning at 3°F? Both thesdssus ae aldresedin the aticle.

STS4cC

w

N

-0 —mT3cZ

41B 41C 41D
61C STS-2

(614

n—+30Q —O5

50 55 60 65 70

Calculated Joint Terrperature (°F)

75 80

In light of information in he bwerparagraph in the Eft-hand olumnakove,the doituary EM1201 reprintedat the tg of the fadng
page B13 is of inteest [An obituary for Dr. Needeman Geepage B14) is gven in Fgure 73 o the STAT 220 Caurse Mateials]

The Challerge disaser is dso disausse in SatisticalHighlight #31 in which, as vell as he aticlesEM8911 and BEM1201
reprintedin this FHgure 131, theke is nore information in aticle EM86QL on the £ondside of Hghlight #31
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Figure 131. SMPL E LINEAR REGRESSION: An Introduction (ortinued 5)

The Sydney Mor ning Herald, Felruary 14, 202

Spae enginees warnngs bushel
asde bdore Challerge exdoded

ROGER BOISJOLY
US ROCKET ENGINEER
25-41938 - 612012

ROGER Bigoly, an engineerwhosewarn-
ings d catastrophy were ignaedon the ee
of the P86 Challerge’ spae $wutle dsastey
which killed ®ven cew menbeas ad
plunged the US pace pograminto crisis
hasdied ged73.

Boisjdy worked @ Morton Thioool, the
conpany tha madce swutle boosterrockds.
In his time he hd watdedse/erd success-
ful shutle laurches, mduding Discagy on
Janary 24, 1985.

Examining Discarays disardedbocstes,

he was lorrified that £ak in the ndkets had
been hurred ttrough Only a mnday seal
hadpreventedDiscaovey becoming a fiebdl.

By the midde o tha yea, Boigoly thaught
he hal identfied the faut, and wrote a eport
to akrtthe onmpany and NASA.

The problem was ha in cold tempera-
tures,the sak' rubber stiffenal end keame
morelikely to fail. Morton Thiocol formed
a sudy goup kut, by Januay 27, 1986 as
temperauresdropped to zer on he ee o
Challerge’s blag-off, little progresshadbeen
mack. Ih a pedaurch onference he and
four other enginees dcemanded the laurch
be pstponed

But their tesimony was bushel asice.

The rext day, unable to watdh, Hs worries
seened unfourded He had epeded tre
sals to fil on the burch pad. As Chal-
lerge cleaedthe laurch tover acdleage
whispered b hm: "We just dalgeda hullet!
Seonds laterthe pacecrdt exploded

Roger Mark Boigoly was tornin Lowell,
Massichusets, and sided mechanicaérgin-
eerng d the dty's wiversity. He then waked
for agospae ompanies n Californa on
projeds induding NASAs lunar nodule and
the moon vehicle

After the Challerge disaser Boigoly ex-
peiencednterse dings d guilt and deres-
sian not hdped ly the fad tha mary in the
businesshe bved rejectedhim as an awel
comewhisteblower

Boisjdy is survived by his wife, he br-
merRokertaMalcdm, and two dagtters.

TELEGRAPH

8. Example 13.1.5: The aticle EM99Q1, from The Gobe and Mil of June9, 1999 pages AL and A8, is of inteest leaus
its Answerdepends on dentfying achargein the $ope of two trendswhich hal previoudy been rouchly

linea overtime

Skin-cance r ate levels df as Canadians mwver up

Peope taking © heat sun-{rotedion neastes

JEN ROSS
The Gobe and Mil, Tororto

he nddene of the nost sefous brm

of skin @nceris finally levdling of
after yeas d stead increasesand e-
sarches ae gving protedive dothing and
swnscrea mucd of the cedt.

A Statistics Canadareport rdessedyeser
day shows tha the number d Canadan
men who decloped nelaroma pealed a
about10 per DO000 h the ktel980s ad
hasremaned rougHy the sameisce. For
women the ates pealed & about nine per
100,000 n the bte1980s ad fll sightly
during the P90s.

"People have stated tking D heat the
swn protedion neastes that beganin the
mid-dghties, said the eports author Ledie
Gaudete, who waks with Healh Canada
canceibueal.

Alagtair Carruthers, pesdentof the Can
adan Dermatdogy Asodation, is thrilled
to ee sin-awaeressprograns he telped
crede I yeas @o @ming © fruition

"Thee is dways a lag ime baween aur
stating a pogram and eng its eatud
effed! he @id, addng tha the Stistics
Canadareport hdps 0 refue revious
studesthat daimedsuwscrea is rot usefu
in prevening kin cancer "This showvs ar

2005-04-20

messge is ight; dont stop usng unsreet:

The report cited datafrom the D96 Sun
Exposue Surwey which indicaéd daut
four in10 Canadars oser the age of15
wore protedive dothing during ther leisure
haurs, @veaed their head, uged sincreen
on ter faees and styedin the $adeas
mud as psdle.

Ms. Gauckte sid mary peqle hkegan
weaing singreen and protedive dothing in
reponseto publc-avareresscanpagns o
the 1980s but charging fasion trendsmay
hae dso playeda role

"Until recently, fasion trendshad been
gradidly exposng more in, she sail.
"Thees nmuch more varation in skrt lergth
now than n the &ties and eventies, when
the miniskirt realy came i

Ms. Gauctte sid one d the ways e nack
the fasion ®mnnedion was ly looking &
whee pegle were devdoping melaroma.
Shesad it was g@peaing kessfrequently on
womers legswhele it was sceconmaon.

The gudy dsoreveaéd a kift in the Ike-
lihood d devdoping melaroma between the
sexes 9nce the htel960s women hd been
morelikely than men to & dagncsedwith
mdaroma, hut that beganto chage in he
late 980s Inddene rates ae row &aut
10 per cent higher for men than women

The dance of dying from melaroma,
one mnsdeed a rea-lethal dsease has
also kvded off. Survval rates for mela-
noma fie yeas dter dagnasis are 88 per
cent for women and Z per cet for men

Debbe Altow, a pdokesvoman br the
Canadin Caner Sdety, said mortdity
rates may dso be gabilizing as a esut of
increasedpublic avareress

SKIN CANCER
Canadan iates for melaroma.
Per100,000

2 Male Femak

L Y

0

I e e e o e e
1970 1975 1980 1985 1990 1995
Saurce: Satistics Canaca  The Gobe and Mail

(continued wveled )
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NOTE: 11. Othermaters of gatistical inerest h the aticle EM990QL reprintedoveleaf o pagel3l3are:
e the inference from ob®rvational daa, of a cawsal connedion tetween use 6 sunsreen and a bwerrae o
mdanoma Geethe lag paragiaph of the kft-hand olumnoveleaf ;m pagel313;
o the identfication of ancther explanaory varate — fasion, as efleded n kirt lergth — from the analsis o
site-pecific mdanoma cata(see the midde paragiaph of the mdde clumnoveleal).

9. Example 13.1.6: Of gdistical inerest n the @nextof this Agure B1, in the P92 atice EM9204from Neveweek[March
16, page & (Vol. 119 Issie 1) reprintedbdow, is a dsputeove the brmof a taisticalmodd appropriate

for anayzing dataon kadlevels in teeh and IQ; the wak was pat of databasedinvesigatirg oser mary
yeas ly Dr. Neederman and Is mlleages ¢ posdble dfeds d leadexposureon dildrers intdledual develop -
ment The aticle dsaussesa daim tha age $auld have been induded n the nodel s an eplanaory varate

Lead, Liesand Data Tape

A nagy aademicfight becomes adderdcase

By Sharon Bedgey

ientfic misaondict is exceeihgly rare and edtremdy serious
S(Cj:targesha/e keen brought dlegirg pagiarism a faking data
r falsifying resits. The latest ca&e however invdves he
mamer in which a reseecher sturg togeher a st d equdionsin
order b find a mesage hidlen n a dack of raw data To reach for
a metaghor, this is Ike kringing a €lory indidment br jaywaking
Two psychdogigs, oth of whom hae esfified for the lead
industy and ane d whom ha recéved ters of thousand of dbllars
in reseech grants fom the ndustry, havefiled msoondwct charges
agang the gientst who firgt linked"low" levés of leadto amgntive
probems in dhildren They dorit supect tha Herbert Needeman d
the University of Pittsbugh sole, faked or fbiicaied dita Rather
they sy he ®leded the dataand the sttisticalmodd — the gua
tionsfor anayzing those dita— tha show leadin the wost posdble
light. That a dsputeusual ared n reseach pumak. Now its
becomea federa case — ad een those sdenists most diligent
about pursuing nmismndict are meay. “If it getsto which stdistical
modd is gppropriaté a kadng gwemmentfraud-bustertold News-
week "it gets reahard to believe a niscondict charge'

The @ase leganlad yea. Psychdogids Sanda Sar of the Lhi-
versity of Virginiaand Gaire Ernhart of Case Vésten Reseve Uni-
versity filed chages d scientfic miscondict agairst Neederman with
the National Institutes d Heath. The alegatonscentre on a 979
pagpea. It descibes low Needeman and olleages meaued the
lead in babyteeh, looking for a Ink between leadand ntdli- gence
NIH told Pittsourgh to @rvere a @né of inquiry. The mnds
report, submitted in Decenber and dotained by Nevesweek fourd
that Needeman ddrit "fatricae falsify or pagiarizeé' It did have
probdems with howv he dcedded wheher or rot to ndude par-

10. Podcript

ticdar children in his analysis, ut called ths "a resdt of ladk of
sdenffic rigou ratter tran the peenceof scientfic mismndict!
The pané fourd Needemars gaisticalmodd "quesionalle; thaugh
On tha basgs, the wniversity laurchedan nvesigaton

Scar, Ernhat and the Ritsbugh pané all condenn Needeman
for nat usinga dfferent nodel — e ha, say fadored n the @e of
each child. If he had they say leadwould nat havehadan impact
on IQ. But lag yea Environmenal Protedion Ageng scientst (@nd
redpient of a MacArhur Foundaton ‘geniusaward) Joel Schwartz
reanayzed Needermars data He fadored n age epilicitly. "I
found esentially idenical resuts; he says.

Flawed sampling? Another criticism addreses whether Neede-
manignored ditahe ddrit like. Sar dlegesthat te lodked at he
childrers leadlevels and 1Q score and anly then Hedded in or aut
for ech chld” In fad, "the reasnsfor excluson can & fourd in
the protocd, says eonomerician HughPitcherof Batelle Memaial
Institute who anafzed tre 1979 catawhen he vas & EPA. They in-
clude such things & the clilds having a feadinjury. The ®ledion,
sgs Htcher was @nebdore the eseaches knew the Kds1Qs.

This is rot to s§ Needemars work was pefed, just ha any
lapses dd not chaige he aitcome Ernhart ingststhis is rot good
enaigh "He dbesrt fed it's recessary to do hings he way youre
sipposel td; she sys. "You havethe ®rse ha he was @ing to
dananstae the dfeds d leadno natterwhat'

How does this ase #Hed lead pdicy? "We drit even use
Needemars study any nore, says BPAs Schwartz: it has leen
swpereded ly reseach $iowing efeds d leadat even lower levels
(Neveweek duly 15, 191). The politicization of niscondict myy be
just stating, thaugh Crying fraud says @ NIH scientst, "can ke
usel to railroad peaple you cortt like:

Regesian [i.e, matremdical modeling of the trends) dis-

playedby a ®t d multivariatedad is a widdy usedstdisticalmethod d dataanaysis; wses, maricularly those with limited
stdisticalbadgrourd, rouindy give little or no emgntion © ome nattes raisedin this introdudory Figure 131, such as:
* the idea dreges®n as he end ba progressn of datisticalmethods for descibing ong then twg then nary popuations;
* the dfferencein intent between modeliing the exad behaviour d individuals end the ppaentowerdl behaviour o a group
* useof the rotdion Y as a eminderof ‘idealzing’ (or ‘mathemadizing’) an pften untidy) trendin an average reponsevariate
Radsing such mattes here invdves two ompeding dsadvantges:
- they nmay dstract the kegiming tudent fom the pimary goal of this Agure B1 and katerFiguresin Partl3 — lemming

confortable with formulating reges#®n modds and @npeent in usingthemn
+ an Arswerbasedon a egeson modd may be mmpromisedif such mattes ae gnaed
In a gmilar vein, distndionsintroducedn Figure 13.3beweean the egpondent mpuation regesson, the madd regres#on, and
the estmated (modd) regres®on are sldommade dsevwhee and invdve the same twoarpeting dsalvantges.
The readeshaild kegp thesecareds in mind when stidying the elevantMaterials.
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