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Figure 16.5. SIMPLE LINEAR REGRESSION: Anscombe’s Four Reg ression Dat a Set s

Of int e rest in the con tex t of Chapt e r16 of the STAT 231 Cou rse Not esis an article in The America n St atist i cia n 27(#1)
17 -21(1973) by F. J. Ans combe entit ledGr aphs in Sta tis tical Analysi s. The int roduction of this article rem inds us of the usef ul-
ness of graphs and picto ria l displays in statis ti cs and is as fol low s :

Mo st tex tbooks on statis ti c a l methods, and mos t st atis ti c a l co mputer progr ams, pay too lit tle att entio n to graphs. Few of us
es cape being indoct rin ated with thes enotion s:

• nume rical calcula t ion sare exact, but graphs are rou gh;

• fo r any par ticular kin d of statis ti c a ldata, the re is just one set of calcula t ion scons tituting a cor rect statis ti c a lanalys is;

• perfor ming int ricate calcula t ion sis vir tuous, whe rea sactually looking at the data is cheating.

A computer shoul d ma ke both calcula t ion sand gr aphs. Bot hso rts of output shoul d be studied; each wil l cont rib u t eto unde rst anding .

Graphs can have various purposes, such as:

* to help us perceiv e and appre ciat eso m ebroa dfe ature sof the data;

* to let us look beh i nd those broad feature sand see what els eis the re.
Mo st kin ds of statis ti c a lcalcula t ion rest on assump tion sabou t the beh aviour of the data . Thos eassump tion smay be false, and then
the calcula t ion smay be misle ading . We oug ht alw ays to try to che ck whether the assump tion sare rea son ably cor rect; if they are
wrong, we oug ht to be able to perceiv e in what ways they are wrong . Graphs are ver yvaluable for thes epurposes.

Good statis ti c a lanalys is is not a purely rou tin e matt e r, and gen erally calls for more than one pass throu gh the computer. The
analys is shoul d be sensit ive bot h to peculiar feature sin the giv en numbers and also to whateve r backg rou nd infor mation is availa ble
abou t the variable s. The latt e ris par ticularly hel pful in sugge s ting alt e rnative ways of setting up the analys is.

Of relev a n ce to sim p le lin ear reg res sio n are
fo ur fictit iou sdata set sgive nby Anscombe and
reprodu c e d(w ith min or refi nem e n t s) at the rig ht;
the x value sare thesa m e fo r the first three dat a
sets. Num erical sum marie s relevant to sim p le
li near reg res sio n are essentia l ly thesa m e fo r all
fo ur dat asets and are:

Σxj = 99, Σxj
2 = 1,001; Σxjyj =797.5;

Σyj = 82. 5, Σyj
2 −−∼ 660.0013; (n =11)

x− = 9, y− = 7.5;
SSxy = 55, SSx =110 , SSy −−∼ 41.251 3;
henc e, thees tim ates of β1 (the slo pe) and β0 (the Y−-i ntercept) of the reg res sio n of Y− onX− are: β1̂ = 0. 5, β 0̂= 3,
so the equ ation of the straig ht-lin emodel is: regy− = 3+0. 5x = 7. 5+0. 5(x− 9); als o: σ̂ −−∼ 3.7083, r2 −−∼ 0.66665.

Data set 1:
x 4 5 6  7 8 9 10 11 12 13 14

y 4.25 5.68 7.24 4.82 6.98 8.80 8.03 8.32 10.84 7.58 9.96

Data set 2:
x 4 5 6  7 8 9 10 11 12 13 14

y 3.1 0 4.74 6.1 3 7. 26 8.1 4 8.76 9.1 4 9. 26 9.1 3 8.74 8.1 0

Data set 3:
x 4 5 6  7  8 9 10 11 12 13 14

y 5.39 5.69 6.08 6.44 6.80 7.1 2 7.44 7.83 8.1 4 12.7 4 8.83

Data set 4:
x 8 8 8  8 8 8 8 8 8 8  19

y 6.57 5.7 6 7. 71 8.84 8.47 7.0 4 5. 25 5.56 7.91 6.89 12. 50

Scatt e r diag rams of the fou r data set s ,with the estim ated reg res sio n of Y− on X− superimpos ed on each, are giv en ove r leaf on
page 16. 22; vi sua l assessment shows the fol low ing :

Data set 1: The scatt e rof the poi nts about the lin ese ems to meet the fol low ing three (vi sual) cr iter ia for accep tability:

• the poi nts shoul d li e (r eason ably) cl o se to the fitt e dli ne –we may be able to tole r ate asm all pro por tion (typi-
cally one or two poi nts) wit h larger estim ated residu als , but it is then impor tant to fol low up on such obs erva-
tion sto try to find out wh y they are more dev iant than the othe robs ervation s;
−− if the rea son(s) for one or two devi ant obs ervation scan be fou nd, it may be useful to recalcula te the estim a-

ted reg res sio n of Y− onX− with the more dev iant obs ervation(s) omitt e d;

• there shoul d be no obviouspa ttern in the way the obs ervation sfa l l on the two sid e sof the fitt e dli ne;

• there shoul d not be any sys tem ati c change in the mag n itude of the estim ated residu als wit h in cre asi ngvalue sof
X− – this is con sis tent wit h the model ling assump tion ofconsta nt sta n dar d devi ation about the reg res sion lin e.

Data set 2: The dependenc eof Y− onX− ap pears to be non-lin ear and, in place of a straigh t-lin e model, a qu adr atic poly nomial
woul d be a bett e rchoic e.

Data set 3: Theou tli er at X− =13 pulls the fitt e dli ne upwards so it is not a good fitei ther to this obs ervationor to the rem ain ing
ten; if thes ewe re real data, we shoul d tr y to find out wh y this obs ervation differs from the othe rten.

Data set 4: The estim ate of the slo pe of the lin edepends mainly on theon e obs ervation wit h X− =19, so it wou ld be impor tant to:

• che ck that this influe n tia lobs ervation isaccurate:

• un d erstand wh y the dat aset has unus u alX− value s– all but one are thesa m e.
In addit ion, wit h obs ervation sat only two X− value s ,we do not know if the rela t ion s hipbetween Y− andX− is li near
ov er the int e rval X− =8 to X− =19.
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Thus, the straig ht-lin e model is unsu ccessful for thre eof the fou r data set s. The rea de ris refer red to Ans combe’s article for
mo redetailed dis cus sio n and othe rmatt e rs of statis ti c a l in terest.

The maj or les son from Ans combe’s fou rdata set s– wit h thei r va stly differ ing vi sua l im p lication sbut vir tually identicalnume-
rica l summarie s– for Chap ter 16 is the impor tanc eof vi sua l in spect i on as our pr imary method of assessing the fit of a reg res -
si on model , and the supplem entary nature of the (stil l us eful) infor mation provi ded by the ANOVA table and the value of r2.
We are als oreminde dthat, essentia l as num erical sum marie sare for dat aanalys is, they must be use dwith due care.

Exer cise: Fo r Data set 3, if the outli er at X− =13 is omitt e d, show that the estim ated reg res sio n of Y− onX− fo r the rem ain ing ten
poin t s is: regy− = 4.003+0. 3457x = 6.976+0. 3457(x− 8.6) – this lin e is shown in long er da shes on the lowe r le ft dia -
gr ambelow.

• Fo r the recalcula ted lin e, confi rm that r2 = 0.999 607– this is a dramati c increa s efr om the previous value of
0.666 647 and reflects the fact we canse e that the ten poi nts lie alm o st on the recalcula ted lin e.

Data set 1

r = 0.66665; Line: regy− = 3+ 0. 5x
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Data set 2

r = 0.66665; Line: regy− = 3+ 0. 5x
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Data set 3

r = 0.66665; Line: regy− = 3+ 0. 5x
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Data set 4

r = 0.66665; Line: regy− = 3+ 0. 5x
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NO TE: The respectiv e value sof Σyj
2 fo r the fou r data set sare 660.0022, 660.001, 660.0012 and 660.001; the approxi mat e

fig ure of 660.0013 giv en ove r leaf on pag e16 .21 is clo se to the ave r age of thes efo ur value s.

The infor mation in this Fig ure 16. 5is als ous ed in Statis ti c a lHighlig ht #53.
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