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REGRESSION: Anscombés Four Smple Linear Regression Data Sets

Of inteest h the oniext of Smple linear eges®oN is an article in The American Satistician 27(#1) 1721 (1973 by FJ
Ansmonbe antitled Graphs in Satistical Analyss The ntrodudion of this aticle reminds us of he ugfuness d grephs ad
pictorial disphys n ddistics and is as bllows:

Mog textbodks m datistical methods, and rost stdistical conputer pograns, @y 0o fttle dtention to gaphs Few of s
escpe béng indoctrinated with thesendions:
e numeiical catuationsare act, but grgphs ae roud;
e for ary paricular kind of datisticaldaa, thee is ust ame sé of calcuationsconsttuting a @rred datisticalanaysts;
e paforming intricate @lcuationsis virtuaus, wheeasactually looking d the daa is cheding.
A computer $iauld male both calcdationsand grgphs Bothsotts d output iauld be stulied each will contributeto understandig.

Graphs @n hae \various purposes, sich s:
* to hdp us percave and @predate somebroadfeauresof the daa;
* 1o let s lodk behird those oad duresand ge wiat dseis thee.
Mosg kinds of datisticalcalcuation rest m essumptionsabout the behaiour o the dda. Thoseassunptionsmay be falsg and hen
the alcdationsmay be nisleading. We aught aways b try to chek whether the assumptionsare reasnally corred; if they are
wrong, we aight to be dle to percave in wha ways hey are wrong. Graphs ae \eryvaluable for thesepurposes.

Good ¢disticalanaysis is rot a purdy rouine mater and genedly calls for nore than me passhrouch the @mputer The
anaysis wauld be ®rsitive lothto pealliar feduresin the dgven numbes and ako b whaever badgrourd information is aaiale
aboutthe variables The htteris paricularly helpful in suggestilg dtemaive ways d seting up he anajsis.

Of relevane to smple linear reges®n are x| 4 5 6 7 8 9 0 1 » 13 1
L . Dataset I
four ficttiousdata tsgivenby Ansombe ad y | 425 568 724 482 698 880 &3 832 1084 758 996
reproducedwith minor refirementisat the right;
the x valuesare the same for the firg three dita x| 4 5 6 7 8 9 0 1 2 1B 1
i ; q Data st 2:
sds Numeical simmaiies réevant to smple y | 310474 613 7.6 814 876 914 9. 913 874 810
inea reges®on are esseatially the same for all
four datasds and & was K| 4 5 6 7 8 9 D 1 R B ®
X =99 2} =100 XY, =7915 "y | 530569 608 6.44 80 72 744 783 84 1274 883
sy =825 syklee0.0as  (n=1)
- 7 8 8 8 8 8 8 8 8 8 8 B
X=9 y=175 Data set 4
6.57 576 771 884 847 70452 556 79 689 2.50

SSy = 55, SS=10, SSH412513
hence the estimates of 3, (the dope) and 5, (the ¥-intercepf) of the eges®n of ¥ onX are: ﬁl =0.5 ﬁO: 3,
so he gudion of he staight-linemodd is:  «y =3+0.5¢ = 7.5+ 0.5X—9); dso o Ll37083  r2Llo66665

Scdter diaganms of the bur daa sts,with the estimaed eges®on of ¥ on X sypaimposal on ead, ae gven overkaf m
page H.53.2 visual assegwent siovs the bllowing:

Dataset 1. The sdterof the mints daut the ine seens b med the bllowing tree Yisud) criteria for accephbility:

o the points $auld lie (reaonally) dose to the fitedline —we may ke @le to plerae asmall proportion (typi-
cally one @ two pointg with larger esimaed esduds, but t is then mportant to Dllow up o uch dbseva-
tionsto try to find aut why they ae more dviant than the tierobsevations;

- if the reasn(9 for e o two deviant dbsevationscan ke fourd, it may be wsdul to reclcuate the edma-
ted eges®n of ¥ on X with the nore ceviant dsevations omitted

e there iauld be ro dbvious pattern in the way the dosevationsfall on he two &lesof the fitedline;

e there sauld nat be ay s/seemdic change in the magntude d the edmaed esduds with increasing valuesof
X — this is ©nsstent with the nodelling asssumption of constant standard deviation about the regresson line

Data st 22 The dependencef ¥ on X appeas b be non-linear and, in place d a straight-line modd, a quadratic pdynomial
would be a btterchdce.

Dataset 3. Theoutlier at X =13 puls the fitedline ypwards softiis not a good fiteither to this dosevationor to the emaning
ten; if thesewere real daa, we $auld try to find aut why this dosevation dff ers from the oherten.

Dataset 4 The estimae d the $ope of the Ine dgpends mainly on the one obsevation with X =19, so it would be mportant to:
e ched tha this infuentialobsevation isaccurate:
e undesand why the datasd has unusualx values— dl but cne ae hesame.
In addtion, with obsevationsat orly two X valueswe c not know if the elatbnshipbeween ¥ andX is linear
ove the ntewval X =8to X =19
(continued overleaf)
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Thus, the stight-line modd is unsucesdul for threeof the bur daa sts The eaderis referred b Anscanbes aticle for
moredetailed dsaus$on and ohermdters of gatistical inerest

The majar lesen from Anscanbes four daa ets— with their vasly diff ering visual implicationsbut virtudly identicalnume-
rical summaries— for this Highlight #53 is he importanceof visual ingection as air primary method d assessg the fi of a
regres®n modd, and te supplementary nature d the 6ill usdul) information rovided Ly the ANOVA talle and the vale of
r2 We ae dsoremindedthat, essatial as umeical simmariesare for dataanaysis, hey must ke usedwith due are.

Exercise ForData %t 3 if the aifier et X =13 is amitted show tha the edtmated egessn of ¥ on X for the remaning ten
pantsis: «y = 4003+ 0.3457X = 6.976+ 0.3457(x—8.6) — this Ineis shown in longe dakes o the bwerleft dia-

14+

124

104

grambdow.

® For the realcdated Ine, confim tha r2=0.999 607— this is a damaic increasefrom the pevious valie of
0666 64 and efleds the &a we ansee that the ten pints ie dmog on the realcuated ine.

Datast 1

r=066665; Line: ey =3+0.5x
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Data set 3

r=066665; Line: ey =3+0.5K
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Data st 2

r=066665; Line: ey =3+0.5x
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Data st 4

r=066665; Line: ey =3+0.5K
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NOTE: The repective valuesof >y? for the four deta stsare 6600022, 660, 650.002 and 650.0d; the goproximatefigure
of 660.0a3 gven overkaf o pageHL531 is dose to he aerae of hesdour values.

The information in this $atisticalHigHight #53 is dsousal in Fgure 6.50f the STAT 231 Course Materals.
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