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That the use of multiple linear regression remﬂmsaﬂsfyimmnlmpﬂogf has

seldom been disputed. However, assessing whether one has met Important assumptions ls
not always easy, and gven the limited Ume available to Instructorsin a typlcal multiple re-
~ gression course, the techniques available for checking assumptions are often not tw@t, or
mentioned only briefly. The purpose of this paper is to compare the most uslly avallablc
techniques for checking usumpuom from two of thc most popular catictice ;ndaau in uce
Loday, SAS (SAS Institue, 1985) and SPSSX (SPSS, Inc, 1985). ILis hoped that the attached
examples will make the multiple regression course lnstructor’s job easier by providing con-
crete examples of computer inpud and outpndt um l!lustnu the tcsl.lna of usump!lons -
| A condition that should be met for the use of mulﬂplc regmsion. but whlch Is not,
sirictly speaking an mwnpﬂon, ls that there be an abscnce of nmltlcolllnurily Mulﬁcol-
linearity Is defined as the existence of substantial correlation amonga set of lndcpcndent vari-
ables, and Is presence creates thm dlstlnct problcmr
¢ the substanth» Inlzrprehﬂon of pmhl rccmslon cocﬂlcknu,
¢ the sampling stabifly of these Md«lu
and
o comptmuoml wcuncyof the rcgmslon uulyds
Thus, Mabmdmdtlcolﬂnuﬂtyls notangnulon uaunpﬂon,tnhnloumre
 that predictor variables are notnmltloomrmrcan result in faulty tnummmom ofanatyws,
regression equations that cmnot bc used for prcdlctlon. or both.

In terms of actual thoonual assumplions for using multiple ncmslon analyses, ¢r-
rorsownpndkﬂonornddmfromatlmudvahmown nmulonpmﬂdoﬂnbuls
for assessing the adequacy of the model (Cohen & Cohm. 1083). Specifically, i is assumed
that errors

(1) are normally distributed
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vation Yj are niot correlated with errors associated with any other observation
Y) ”
(3) are identically distribuied (lhalls,m sampledfromlhc mdlstrib\mon
mdhavcconsmrtvaﬁuw alsolammuﬂnmmnpﬂonof " |
u;h.v.‘.m.‘.nam’ | ,_
and T
(5) are uncorrelaled with lhe Indcpcndmt vuiables O('s)
lnuddlﬂontoﬂnummwﬂomabmdmors,lllsﬁuth«mcdthn T
(6) thc hdcpmdmlvarhbks. O('s) are ﬂxed and mmuredﬁth;demr )
(T the messionoﬂonxullnw S o
and P A VLTS S
®Yisa nndommhblc composedoﬂwocomponm aﬂxed componm\.
a+bX,andarandomerrore. o |
Two conditions under which thése mpuom about mwmi;’;_tiﬁvi;\'& mctocmr o

-unmaonormx(ormmmmmmumm1mu
nol mel)

Iﬂd .
o there are one of more extreme residual values, known as mnnm.whkh ,,,E
not only make nhﬂniyhmwnhhﬂomlomoromﬂdmlmhm(ﬂm

o b Ui KT

anz)hddwucdadkpmpodhmuiydmmme

'romumuununocmmdsrssxtounmm mmnptlom.\ve

i m'm it

= e iy &;}%&é’*&}ﬁ}&i& :
»@r% I% e

~ (infamous Longley data sel. ﬂ\hddudhunmlucolllmaﬂlymdmm«

T A *»a'“!‘ ’g‘ﬁk %‘w' . . 0

msmmmhwmumwpmm«nmmmwm

A e :
$ BH 3 N LA ;}r'fh;fﬁ"‘-‘fa"
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sPssX. ﬂnfoﬂowhgpmsprovldemnomzdammnfromthmlmpkawhkhm
will describe in the next section o

_ Description of Output | -

The first assumplion about errors is that the residuals are normally dlstrﬂmted. This
assumption can be assessed by examining the residual seatterplat in Figure £.SAS and the
normal probability plot and statistical analyses shown in Figure 6.8AS; similar plots and stalls-
tics are produced by SPSSX, as shown in Figure 4.SPSSX, Figure 5.SPSSX, mdl'lmre
6.SPSSX. If residuals are nonmllydlst:ilnmd. the plus signs (+' s) and the utcﬂslts ("s) will
colncide in the SAS normal probability plot (or the asterisks l"s] and dots [°‘s| ln thc SPSSX :
normal probabﬂlly plol) Also a sm.lsﬂullest for nomnlltyls provided ln SAS ln l’lem
6SAS; lnthlswe,WNORMAL 0.94&6&2 pa. . ltshouldbenoudMSPSSlsCON-
DESCRIPTIVE procedure roudinely does not provide awmmnbkmmualud. Mlo( these
plots and tests (rom both SAS and SPSSX lndlcatethatﬂumnnptlonabonnnommw
distributed residuals has been met | | L

M residuals are Indcpmd«u of one mothcr or ervors assoclated wlth one obum-
tionare nat c:rg;em with errors assoclated with any other observation Isthe second as- A
mmpﬂontobeumd. ‘mcDmbin-WAbon DMMkshomlnl'l@m!&Smdﬂom
uPsslumformﬂndmmdmnannord«damhmww l'orlhls
data set, the Durbin-Watson D stallstic is lrrelevant. The residual mﬂmolobln Figure 4.SAS
and Pigure S.SPSSX show that the midunls are Independent.

ﬂnUﬂrdummpﬁonlsMruldmlsmld«m«llyM mmnmthuthc
mo:smmoMfmﬂanﬂmmdhmconm alsoknownas
homoscedasticity. Examination of the residual scatierplots In Figure 4.3AS and Figure
5.SPSSX ndicates that the assumption of homoscedasticity has been meL
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Assumption 4, thatttnn.ddmkhmamanolmo.canbcdeumﬂned byenmm-
incl'loms.SMorm:n&SPss‘ l’orthlsdmut thcmcanls-7 421E-10 (Figure 6.SAS),
whkhlsconsidmdmoloromwrpom.or OOO(F‘Wcﬁ.SPSS‘) o

The comlann malrix showlnc the comlaﬂons bctwnn all of thc lndcpcndent vaﬁ- ,
ables and thcmldual shwldbcundtoumsmnnpuon 5.uuuhc residuals are uncorre- |
lted with the independert variables. Exarmination of the corveation malsix fo this data st B
ufomdlnMcLSASorﬂomeSSlhdlduacomhﬁonbdwecncachoﬂhcsix |
(ndependent varlables and the resiual equalto zero. | o

thnmsslonoﬂon)(ls Ilncar.nsmnpﬂon‘l canbedctnnﬂmdbycreaung | |
blvaﬁnlcmt!nplotsfonllpredldorswlthﬂncrﬂzﬁon Oncenmple Is shownlnl'iom
SSASmdanotherlnHmre l.SP:’»Sx both showthc relannbctwnnYandxl Allslx prc
dldorslnttﬂsdahutmﬁnwlynhudtomecmeﬁoﬂ o S

l'lmn 1.5AS md l"lom 2.SPSSl show a check (or rmltkolllmadty Low to|cnncc .
value md hld\ conditlon nwnb«wlth hmzvuima promdlon for two or more variables
mayIndicate muicolinerty vmmxsmxcmmudmmmbemucomnmm{ |
pmmumulnt:nmodet o o

l’lom 2&\8 has two Indku to checlt foroutllm Amdmtlud residual vdue ln ¢x-_,;,_
cest o 4300 may indicate a univarlate outher (Tabachick & Fidll, 1989, p.67. Also,adala
MM&:M:D‘WVMWMIMBWO‘mmmr Cook’ i
Distance is discussed In depth In Tabachnick & Fidell (1989), p. 1%, deklnmeupp«
& Muller (1988), p. 201. Also note that In Figure 3.SPSShsunnumMuplohpp¢ars.
well as a listing and a histogram of etandardized residuals.

ER 2 rg oA

Discussion S
mmcmdwmmmsmmaxﬂpmmm
cedures for SAS and SPSSX are quite similar, thmmafewdlffmmmrthnoﬁnc l'lrst,

SPSSE Inchudes a histogram of standardized residuals to makethe spotﬂndolouﬂlcvssome- T
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wtutmkrtheprowmakohaunonmlpvobabmtyplowutlnﬂukuﬁcrtorudhn
that provided in SAS. SPSSX al¢o provides standard ervors fortlmkcwnessmdkuﬂosis val-
s or the varlables analyzed i the CONDESCRIPTIVE module these vaes ae ol prinied
in the SAS outpul. On the other hand, SASprwidenslMullcslofnomulhywhmre-
quested through PROC UNIVARIATE aswellasstem and leaf dhwmmdboxplots of dis-
tributions, through the same PROC. It s also easyto obtain Cook's D vahues thfou¢\ SAS' |
PROC REG; ltlssomMatmrediﬂk\ﬂﬂoﬁelsimﬂarmuﬂksfromSPSS‘ requldnq!he
use of a RESIDUALS subcommand. In most other resned.smtpuilscompanbk for the *
datamdregrcsslommlyscsshownhm l'ormorudvancedtmsdonwpﬂuuom Itls
somewhat usietto obtain lcvmac (padhl mwion residual) plou for amcnl Ilnar hyh
pomm,usedmnuuwmom.mmmpomu mdmummmn(y(w.mo)
from SAS {via an option in PROC REG) than from SPSSX, which produces“parta regmsion |
plowu\mapmmpwrmm luhaxldbcnoud,howw«.tmuomc o
momaliesm«ﬂlyhmb«n detecled in SAS‘sucmdondeLM procedum for modcls
mﬁudlffmnt {ypes of Imercepttmns (s« Uyar& Erdem, 1990). l'lmlly M ltls
somcwtntmorcdﬂmdttoobhlnm«aldhmodkmusﬁafmnsmsx thcpultmmp
plemcnu lts recmsion modulc wlth an c.xtcndw and flexible MANOVA proccdurc thahl
Iowsonelomflybund advanccd recmslon modols With these advmwcsmddlwhuMs
lnmlnd.lutmldbepouibkforﬂnmd«todmbouwhkhcomuﬂ«pukmlmmup-

propﬂm{onpmhdnmudonmﬂyslt S
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FIGURE 7.SAS CORRELATION OF

) 4 xn X2 X3 x4 s
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o
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