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That the use or nrultiplc linear regression requira � sevmJ assurnptlom lw 
' ' .s:' ; ·' +I" • 1,�)>� 

seldom been disputed. HOWfflf, assessing whether one has md. Important assumptions Is 

not always easy, and� the llmlted lime ava.llablc lo lnst.ructors In a typical multiple rt· 
Qression course, the techniques available for checklnQ assumptions are often not tauQht, or. , 
mentioned only bridly. The purpose of this paper Is to compare the most easily avallable 
techniqua for chccldnG auwnptlon, from two ol the mod popular slat1dJu padcaoa, In uu 
today, SAS (SAS lnstitutt, 1985) and SPssX (SPSS, Inc., 1985). It Is hoped that the attached 
uamples will make the mulUple rtQrtsslon course Instructor's job wlcr by provldlnQ con­

crete wmplcs of computer Input and output that Illustrate the testlnQ of assumptions. 
A condition that should be md. lor the use of mulUple rtQrasion, but which Is not, 

strictJy spealdnQ, an assumptlon, Is that there be� ·�sence of�- ,Multlcol­
llneartt.y Is defined as the alstence of substantial correlallon amonQ a set of Independent vari­
ables, and Its presence cnates three distinct problenu: 

• the substanth, 1nterpretallon of partial rtQresslon coefficients,

• the sampllnQ slablllt), of these coefflclenls
and
• computallonal accuracy of the regress��-

Thus, alUIOU(lh absen« of multkc>IJlneart Is not' a �C8ftsslon assum� failure to wure 
• ' .. 

": 
! .,�- :,-� � f- / ' 

thal predlctorvarlables an nol mu1Uco111near can result In faulty lntffpntatloN of analyses, 
, rr,., ,. ·�•1"�- ?'•'·;.'If';, ;' , 

rcQrcsslon cqualJons that carinol.be wed for prtdlcUon, or both. 
In tmna or actual thcorellcal assumptions for ualnQ multJplt n,rtalon analyMs, tr• 

rors of the pndldlon or ralduals from utlmated values of tht ,_...ion provide tht butt 
for �the adequacy of the model (Cohen A Cohen, 1983). SptdflcaUy, It la wumtd 
thalcrrors 

m arc normally dfstrlbut,d 
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·• 

' _, . , � ,.,. ' ,. ; '� i -., _J .' '. ; , ' \ . I , •• ,, \_� . <, ,, 
(2) art Independent or one anothtT (thal ts;' errors wodated v.4th one obser-
vaUon Y1 are not correlated with mors assoc:fated v.4th any othcr'obsmatlon •• ' 
vp 

(3) art ldcntlcally dlstrtbutcd ·(thal Is, are sampled from the WM dlstrlbuUon
and have corutant varlancts,also known u·the assumpUon of
homaccdutlctt,)

(4) have a mean or mo
and

..,,, ,,,/,\::1·�.;}•�· ·,,,, . • 
• 

(5) are W1COnelaled with the Independent variables (X's).
In addlUon to these usumpUons about ttro�� 1i'1s �r � that.

, . , .: ·\"�· 'V·.l !":· ; ; , •. ;-� ,.✓ , ·"tr, .. : 

(6) the Independent variable� (X's) ire fixed and measured without error 
, ,. t '.)C ':· � '.;. ". 

' 

(7) the rtQresslon or Y on X Is Unear • 
and .. , 

,, :''. ,; ,! i,,'( t,;1:,,j-::,'. , l ;- : > 'i ", �� ''. \ 

(8) Y Is a � varllblt composed of two components: a fixed component,
a + bX, and a random error 'I-

i ·'",Jt ,··, • ,,,,:1,.:-,_':, •' ) • ,._, :. _' . t '. 

� condlUons under which thac wumptlons ibout residuals fall to be met occur. 
\'I'/-,•' 

when 
' • 

• the retrcsslon ory on X (or X't) It cwvlJlncar (so that condltJoc, 7 lbcwt It 
nol met) 
and 
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SPssX. Tht foltowlnQ paQes proYldc annotated output from these two pacbQcs, � we 

will dCJCribc In the next. sedlon. 

DcscrlpUon of Output 

Tht first assumption about errors Is that the residuals arc nonnally distrlbulcd. This 
assumption can be wwcd by tumlnlnQ Im residual scattnplot In �• UAS and the 
normal probability plot and sWistical analyses shown In �c 6.SAS; sfmilar plots and staUs-

" i"t ,: 

tics arc produced by SPSSI, as shown In Flpc 4.SPSSI, �c 5.SPSSI, and �c 

6.SPSSI. If residuals arc normally distrlbu1ed, the plw � (+'s) and the asterisks (-'s) wUl
,. ,-,, .;;' 

coincide In the SAS normal probabilfty plot (or the asterisks l*'s) and dots ( •'sl In the SPSSI
:X[,., ·� ,_ 

normal probablllt, plot). Also, a stallstJcal lest for normalH), Is provided In SAS In �c
,> ' • ,'.·,c.i 1,'. 

· &.sAS; In this case, W:NORMAL • 0.948682, p■.471. It should be noted that s�·· CON-
, '  ,,,I \ ' 

DESCRIP11VE procedure roullncl)' docs not provide a comparable stallstJcal lest. All of these
• I 

plots and tests from both SAS and SPSSI Indicate that the usumpUon about nonnally

distributed residuals has been mcl.

That residuals arc lndcpcndcnl of one another or errors wodatcd with one ob1trva• 
,,'' j J,?»ij)' . 

• ,, ,.�, 

tJon art not correlated with errors associated with any other obsmatlon Is tht MCOnd as- ,,. . 
sumplJon to be tat.cd. Tht Durbin-Watson D � shown In "-1n 3.SAS and Plf.art 

,' • 1 � /I 'l. '''. ,� I � ' 

3.SPSSI t,sts for nonlndcpcndcnct of errors whtn tht order of wa Is � . For this 
'., ,,.'"\ 

data Ml, tht Durbin-Watson D atat1stJc Is lrrclevanl Tht rttldua.l scatt,rplou In "-'1• ,4.SAS 

and F!Qurc 5.SPSSI show that tht residuals an lndcpcndcnt. 

Tht third awmptJon Is that rulduals an � distributed. Thia mtW that the 

errors an wnpled from the umt dlslrtbuUon and have constant variance, also known u 

homoKcdutJcff1. EumJnaUon of the rtsldual scatlcrplots In� 4.SAS and� 

5.SPSSI lndlcalts that the usumptJon of homosccdasUclt1 has been mcl 

51 



AssumpUon 4, that the nslduals have a l11Wl of zero, an be detennfncd by tumin-. 
' ' ,, ,, < ' , 

lr1Q �e 6.sAS or �e &SPSS'. For .this data set, the mean Is -7.UlE-10 (PtaJure 6.SAS), 
which Is considered mo for our purJ)OSU, or .000 {F"$Jre &.sPSSI). 

The correlaUon matrix •� the correlaUons betwml, all of the independent vari­
abla and the residual should be used to, assess assumption 5, that the residuals are uncorre-­
laled with the independcnl variables. ExamlnaUon of the correlation matrix for this� set, 
as found In �e 7.sAS or�• 7.SPSSI lndlcaw a correlallon betwmt each or the six 

'_j/ ' 

independent variables and the�� to mo.-� ' 

1bat the rt11resslon of Yon X Is linear, assumption 7, an be determined by creallnQ 
' '✓�:.i: , .. 

bivarlal, scatterplots for all predictors with the crtt,rion. One aample Is shown In FllP!re,,, ., 
. ! ¥ •• t,�", .• , .. ' ,,, ,, 

5.SAS and another In"-'" I.SPSS'; both show the rtlatlon betwml Y and X1. AU six pre-
• 

-� 1 '·. ,( ' ' } ,, 
f 

dlctors In this data set are Unw1y related to the criterion Y. 
,,,� � 

Flf,Jre 1.sAS and � 2.SPSSI show a check for multJcoUlnearlly. Low tolerance 
value and hWt condition number with WIit variance proportlonfor two or more variables 
may lndlcat� multJcoUlneartty. Variables Xs and Xe In this� set.may be multJcolllnear with

• • ... ·:, <U-t 
{\( 

ti 

previous 1fflna In the modeL
P1tP,lrc 2.sAS has two Indicts to check for outliers. A studentlzcd residual valu, In tx• 

:i ' ,' , l,1,·, ,;,., 

cw of •100 may lndlc:alt a univariate outJlcr (l'abachnldc a Fidell, 1989, p. 67). Also, a data 
' ' J � ., 

point with a Cook'• Distance value arwr UW\ 1.00 Is swpect.ecl of btlnti an ouUlcr. Cook's . , 
. ". ' '.' :J. 

Dlabnct lsdltcuued In depth In Tablchnlck i FldtU (1989), p.130, and Klclnbaum, Kup�1c,.1 

i Mulkr (1988), p. 201. Also not, that In FilP!N 3.SPSSl a similar wcwlst plot appears, as 
wcU u a lbllntland a hlstotlramof standardlacd residuals. 

Discussion 

Allhou(dl the output of the nQresSlon modules and related descriptive st&l1stJcs pro­
cedwu for SA, and SPSSl are quit, similar, there are a few dlffmnccs worth notm,. First, 
SPSS' Includes a hlstotram of standardized residuals to mak•the spoWnQ of oulllers some-
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,. . 1, 't:•,•ll , ,_ 

what easier, the prOQram aJso has a normal ·probability p(ot that Is a IIUJe wiff to rad than 
that provided In SAS. SPSSZ aJso provides swtdard mors for the skewness and kurtosis val­
ues for the variables analyzed In the CONDESCRJP'l'1VE module; these values are not printed 
In the SAS output. ,On the other hand, SAS pfOYldes a slaUstkal tat ol normality when re-

. ' �· 

quested through PROC UNWARIATE, as well as stem and leaf dlaQrams and boxplots of dis-
tributions, thrOUQh the wne PROC. It Is aJso wy to obbln Cook's D values thrOUQh SAS's 
PROC REG; It Is somewhat. more dlfflcult to Qet similar staUst.lcs from SPSSZ, reqwrlnQ'ttie 

·f• , '/\·'•.\ ', r�/1!'5"" ,.'.', ·:, \,:};)_.� 

use ol a RESIDUALS subcommand. In most other respeds, output Is comparable for the 
·" I •• '1'1·· 

data and rt11resslon analyses shown here. Por inonadvanced rt11rtsslon applicallons, It Is 
;,. .�•,'' '· ., .. ,-,f :_... , ' ""•.'.J1iti','f-,:,1 .. ,:··' 

solllftNl wftr to obbln levmQe (partiaJ ft1lrtsslon residual) plou for Qmcral linear h,-
,i: ;,' .�. "'. , i ·,;,°' . 

' , 1' _.,l \ 

potheses, used In uswlnll deQret of flt, nonflWnQ points, and multJcolllnwlt, (Sall, 1990) 
from SAS (via an option In PROC REG) than from SPSSZ, which pr<>duca "partiaJ ;.eulon 

' . / ' ,:,.' : \ ;: ,'',I
,:,

' 

plots" th� a PARTIALPL<Yr subcommand. It should be noted, howMr, that some 
. . . ·:.-,:;::; ',,,' anomalies recently have been detcdtd In SAS'• ft1ll'Wlon and GLM procedures for models 

.-y/, 1•.,,•, I < ;k/,,'� ;• ' 

uslnQ different types of Intercept tmns (se. Uyar i Erdem, 1990). Plnally, � It Is 
'. • : .• , .• � .. •fl/••:.,\: 

somewhat more dJfflcult to obtain several � staUstJcs from SPSSI, the paclcaQe sup: 
,.·•;�'J,f .' ,'•�'t;<J!_;-:� ,,, •.. '·,.. '·llf,·:, .. ' l,i.> \ ,'\I}•·· ....... � 

plements Its retiresslon module with an atwfvc and flalblc MANOVA procedurtthatal-
, 1 t ·t· L,;, ,' •':·�,,: , · ,-1 ,7'">1'{«i'-' I• 

lows one to wily build advanced retiresslon models. With lhcM idvantlQ«sanddlsldvanta,es 
•\' ,° ', ,,'.,,; /.:•• • • ,f /''.#.f '°• f' !( I ' ; 

In mind, It should be posslblt.for the reader to chooM which comput,r pack,Qe la mo,t ap. 
proprlate fo� apatUcular � 1n1lysk;",H 
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