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!ABSTRACT 

The SAS output provided by REG 
procedure supplies a great deal of 
information in the form of summary statistics 
and estimates. Not only is this information 
difficult to communicate to non-statisticians 
it also can obscure important aspects of the 
data itself. This paper will demonstrate the 
importance of visualization methods 
(graphical statistics) in the interpretation and 
evaluation of linear regression models. 
Special emphasis will be place on methods 
which can reveal the unexpected or which 
can expose patterns in the data which may 
not be readily obtained from the standard 
regression output. 

!INTRODUCTION 

When a regression model, such as the simple 
linear regression model (see l.l), is selected 
for an application, one can usually not be 
certain in advance that the model is 
appropriate for that application. Any one, or 
several of the features of the model, such as 
linearity of the regression function or 
normality of the error teims, may not be 
appropriate for the particular data at hand. 
Hence, it is important to examine the aptness 
of the model before further analysis based on 
that model is undertaken. 

There are a number of simple graphical 
methods that examine the aptness of a 
model. The Scatter Plot, Normal Probability 
Plot, Residual Plot, and Partial Residual Plot 
will be discussed in this paper. 

These plots can easily be generated and 
analyzed using the SAS/STA'fTM software 
package and SAS Macro processing facility. 
The macro in Appendix A is used to obtain 
the information needed from the user as well 
as to call the macros that are used to 
generate the plots. 

I WHAT IS LINEAR REGRESSION? 

For the purposes of this paper linear 
regression attempts to find the line of best fit 
where the sum of the squares of the residuals 
are minimized. An intuitive way of 
expressing this is: 

observed values = Fit + Residual ( 1.1) 

When there is a linear relationship between 
two variables, then fit the regression line 
Y= ex + l3Xi to the data. The random 
variable ej = Yi - (ex + f3Xj ) is called 
residual. 

The assumptions usually associated with 
least squares regression includes the 
following: 

1) Normality of residuals 
2) Homogeneity of variance of residuals 
3) Independence of residuals 

!REGRESSION USING SAS 

The procedure in SAS that is used to fit the 
linear regression model is PROC REG. The 
assumptions above hold in this procedure. 

• General form ofPROC REG: 
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QUIT; 

• Description of selected statements: 

1) Tells SAS that you want to do 
regression on the data set selected. 

2) The MODEL statement specifies 
the model to be used. 

3) The RUN statement is required to 
~gmplete the SAS reg:ressien. 

ISC41TER PLOT&REGRESSION LINE 

General 

One of the first things that you should do 
whenever you perform a regression is to 
look at a graphical representation of your 
data and the fitted line. This plot helps to 
study the relation between the dependent 
variable Y and the independent variable X. 
The plot can be used to evaluate the 
following types of questions: 

• Is there a linear relation between the 
response variable and the independent 
variable? 

• Is simple linear regression model not 
appropriate? (i.e., it appears that a 
quadratic term is missing from the model). 

• Is there an outlying value? 
• Is the slope of the regression line is 

determined by one observation? 

The type of plot which is described here is 
composed of three main elements: the 
observed data, the fitted line, and confidence 
intervals for the mean responses. 

How to create in SAS 

!*•········ ... ········································! /*MACRO SCA1TER. This maao gcnontes multiple *I 
/*"Scatter Plot" where theY-axis is d.."'II!!d by dependent */ 
/*variable (Y) and X-axis is denoted by individual •t 
/*"independent variable (X). V.'hcn there is one */ 
!*independent variable (simple linear model) this macro *I 

!*in addition to the Scaacr Plot generales a regression •t 
!*line and 9S% confidence limils. •t 
~ ~ 

I* Prooedure: GPLOT • produccahipn:solution plot*/ 
/*Macro Variable: FILE· name ofdalasa */ 
I* COUNT· number of independent wriable"/ 
I* XV AR ·name of independenl variable */ 
I* YV AR ·name of depeaden& variable */ 
/*local Variable: I -loop COIIJll« •t 
:• X&l • individual independent wriable"/ 
I* Mise: SYMBOL· specifies linear regressiaa */ 
,. analysis wilh 95% oonfidcaoe ., 
t• limits and plot symbol ., , ...................................................... , 
UBNAMEUBREF "SAS- data-Lib,ary"; 
OPTIONS MSTORED SASMSTORE-L.IBREF: 
OPTION MLOGICAL MPRJNT SYMBOLGEN; 

%MACRO SCA1TER (FILE,COUNT,XV AR. YV AR)!STORE; 

o/oi.OCALI; 

%001•1 %TO&COUNT; 
%LOCAL X&!; 
%LET X&I=%SCANT(&XV AR,&l.' '); 

%END; 

%IF &COUNT= I o/oTIIEN 
%00; 

SYMBOL! C•DEFAULT I=RLCLM!lS L•l 
CI-GREEN V=STAR CV-GREEN; 

PROC GPLOT DATA=&FILE; 
PLOT &YVAR*&XVAR; 
TITLE "SCA1TER PLOT&: REGRESSION LINE"; 

RUN; 
%END; 

%ELSE 
%00 

1=1 %TO &COUNT; 
PROC GPLOT DATA•&:FILE; 

PLOT &YV AR*&&X&I; 
TITLE; 
TITLE "SCA1TER PLOT"; 

RUN; 
%END; 

%MEND SCA1TER; 

Output 
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Interpretation 

The plot above indicates that for OD versus 
ABSOR, there is an outlying value that 
affects the parameter estimates. The plot 
also indicates that all the data points but one 
fall within the 95% confidence interval. 

I THE NORMAL PROBABILITY PLOT 

228 

General 

The Normal Probability Plot (cumulative 
distribution of the residuals) is used to check 
the assumption of normality of the residuals. 
If the residuals are normally distributed, the 
plot should resemble a straight line. 
Conversely the normality of the residuals is 
suspect if the points deviate from a straight 
line. 
Note that Normal Probability Plot 
complementes the R-squared value 
(correlation coefficient) in the ANOVA 
table. 
One very common defect that often shows 
up on Normal Probability Plot is one residual 
that is very much larger than any of the 
others. Such residual may be due to an 
outlier. Note that the existence of the outlier 
is not detected by the R-squared value. 

How to create in SAS 

, ....................................................... , 
!"MACRO NORMAL- This macro generates a "Normal */ 
!""Probability Plot" where theY -axis is the residual and the •t 
I"X·axis is the expected values oflhe ordered residual */ 
/*(normal quantile). This plot also contains the regression •t 
!"line (fitted line). ., 
I" ~ 
I' Procedure: REO· tits linear regression model •t 
I" RANK· generaleS lhe expected value •t 
I' of residuals and ranks them •t 
I' OPLOT ·produces high resolution plot •t 
!'Macro Variable: FILE·namcofdataset •t 
I' COUNT - number of independent variable */ 
I' XV AR • name of dependent variable •t 
I* yV AR • name of independent variable 'I 
I' Mise: SYMBOL· ~es linear regression •t 
t• analysis wilh 95% confidence 'I 
I' limits and plot symbols •t 
!'••·················································· .. , 
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LIBNAMEUBREF"S4S- dt:lta-Libra,•: 
OPTIONS MSTORED SASMSTORE= UBREF: 
OPTION MLOOICAL MPRINT SYMBOLOEN; 

%MACRO NORMAL(FILE,COUNT,XV AR, VVAR)ISTORE; 

PROC REO DATA=&FILE; 
MODEL&VVAR=&XVAR; 
OUTPUT OUf=DEMOOliT P..PHAT R•RHAT; 

PROC RANK NORMAL-BLOM DATA•DEMOOtrr: 
VARRHAT; 

RANKS RESNORM; 
SYMBOLl INTERPOL•RL CI-GREEN 

V ALUE•DOT HEIOHT•l CV•RED; 
PROC OPLOT; 

PLOT RHAT*RESNORM; 
TITLE "NORMAL PROBABILITY PLOT"; 

RUN; 

o/oMEND NORMAL; 

Output 

Interpretation 

The plot above indicates that the residual 
falls approximately on a diagonal straight 
line. Hence the assumption of normality of 
the residuals is accepted. 
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I THE RESIDUAL PLOT 

General 

Residual plots are helpful to study whether 
the variance of the residuals are constant 
(homogenous). The plot is created by 
plotting residuals against the fitted values 
(predicted values). If the statistical model 
does a goOd JOb of pre<:hcting the observed 
values, then the residuals should be small 
and should be evenly distributed without 
evidence of patterns or trends. 

The assumption of homogeneity of 
variances should be questioned when: 

• The variance of the observations 
increases as the magnitude of the 
observation increases. 

• The data follow a non normal, skewed 
distribution. 

• Existence of an outlier. 

If heterogeneity of the variance is 
suspected, one of the ways of approching 
the nonconstant variance is to transform 
either the response Y, the independnt 
variable X or both. 

How to create in SAS 

l****•················································•t 
/'MACRO RESIDUAL- This macro generates a "Residual */ 
/*Plot" where lhe Y ·axis is lhe residual and lhc X-axis is lhe 0/ 

/*prcdic:led value (filled value). */ ,. ., 
t• Procedure: REG· rns linear regression model •t 
I* GPLOT • produces high resolution plot */ 
/*Macro Variable: FILE·namcofdataset */ 
I' COUNT· number of independent variable */ 
I* XV AR • name of dependent variable */ 
I* YV AR • name ofinclepcndent variable */ 
I* Mise: SYMBOL· specifies lhe plot symbols */ 

l****••·········· .. ·································•••t 
UBNAME UBREF "SA.S· data-Library": 
OM10NS MSTORED SASMSTORE= UBREF: 
OM10N MLOGICAL MPRJNT SYMBOLOEN; 

%MACRO RESIDUAL (FILE.COUNT .'(V AR. YV AR)ISTORE; 

PROC REG DATA-&FlLE; 
l!ODEL&YVAR=&XVAR; 
OUTPUT OUT=DEMOOUT P=PHAT R=RHAT; 

RUN; 

SYMBOLl V=STARCI-GREEN; 
PROC GPLOT DATA=DEMOOUT; 

PLOT RHAT*PHAT!VREf=O L VREF=2; 
TITLE "RESIDUAL PLOT"; 

RUN; 

%MEND RESIDUAL; 

Output 

Interpretation 

Using the same data as in the Normal 
Probability Plot, the plot above indicates that 
there is no apparent trends or pattern in the 
residuals. However, it indicates that there is 
one particular large residual, and it is toward 
the end of the values. 
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I THE PARTIAL RESIDUAL PLOT 
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General 

When the relation between Y and Xi is 
nonlinear, the Partial Residual Plot may 
show both the linear and nonlinear 
components of the relation controlling for 
the other predictors. This helps determine 
if a term of X2i or some other function of 
Xi needs to be included or omitted. In 
other words, a Partial Residual Plot shows 
graphically the nature of the functional 
relation in which a variable should be 
added to the regression model. 

How to create in SAS 

!*** ................................................ - ••• , 
/*MACRO PARTIAL- This macro g«<CffiiCS a "Partial •1 
/*Raiclual Plot" where lhe Y -axis is lhe residual of (YIXj) and •t 
l*lhe X-axis is lbe residual of G'CtiX;). The "t is lhe *I 
l*independeat variable under consicleration and Xl· are lbe •1 
l*nmaining independent variables. ., 
I* ., 
I* Procedure: REG • fits linear regression model *I 
I* GPLOT ·produces high resolulion plot •1 
i*M1«0 Variable: FILE • name of data set •1 
t• COUNT • number of independent variable •1 
t• XV AR • name of dependent variable */ 
t• YV AR • name ofindependenl variable */ 
/*Local Variable: I ·loop o:owuer •1 
I* J ·inner loop •t 
I* NEW ·temporary data file */ 
I* X&l • individual independem variable ., 
I* Mise: SYMBOL • specifies the plot symbols *I ,. ....................................................... , 
LIBNAMEUBREF '"SAS- data-LibrDry"; 
omoNS MSTORED SASMSTOREz UBREF: 
omON MLOGICAL MPRINT SYMBOLGEN; 

%MACRO PARTIAL (FILE. COUNT .A"VAR. YV AR)/STORE; 

%LOCAL I J NEW; 

%001=1 %TO&COUNT; 
%LOCAL X&!; 

%LET X&l-'Y.SCAN(&XV AR.&l,' '); 
%END; 

%001=1 %TO&COUNT; 
%LET NEW•; 

%DOJ•l %TO&COUNT; 
%IF &J "-&I %THEN %LET NEW • &NEW &&."<&J; 

%END; 

PROC REG DATA=&FILE; 
MODEL&YVAR=&NEW: 
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OUTPUT OUT=DEMOOUT P=PHAT R•RHAT: 
RUN: 

PROC REG DATA=DEMOOUT; 
~!ODEL &&X&l=&NEW; 
OUTPUT OUT=DEMOOUT2 P=PHAT2 R•RHAT2; 

RUN; 

SYMBOL! V=STARCI=GREEN; 
PROC GPLOT DATA•DEMOOUT2; 

PLOT RHAT*RHAT2!VREF-O LVREF=l; 
TITI.E "PARTIAL RESIDUAL PLOT"; 

RUN; 

%MEND PARTIAL; 

Output 

Interpretation 

Like the Residual Plot, using the same data 
as in the Normal Probability Plot, the plots 
above indicate that both X1 and X2 should 
be included in the regression model. 
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!SUMMARY 

In terms of interpretation and evaluation of 
linear regression, we would suggest looking 
at both statistical graphics and statistical 
analysis when dealing with checking the 
model assumptions. Graphical methods not 
only help to verifY whether the data meet the 
assumptions but it also lead one into taking 
the correct actton tf they do not. These plots 
are also useful for uncovering outlying data 
points. In summery: 

• The Scatter Plot is used to study the 
relation between the response variable 
and independent variables. 

• The Normal Probability Plot is used to 
check the assumption of normality . 

• The Residual Plot is used to check the 
assumption of homogeneity of variance. 

• The Partial Residual Plot is used to 
identifY the effect of a variable in the 
regression model. 
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APPENDIX A: Macro Visual 

!*****************************************! 
I* Boehringer Mannheim •1 
!• Research and Development •1 ,. ,. NAME: VJSUAL.SAS 

., 
t• TITLE: Data Analysis and Information Visualization •t 
t• SYSTEM: VMS environment *I 
t•SUBMACRO:SCA1TER,NORMAL.RESIDUAL,PARTIAL•t 
!•MAIN MACRO: VISUAL •1 
t• PROCEDURES: REG, RANK, GPLGr •t 
t• MJSC: SAS Version 6.03 •t 
t• AUTHOR: SIMIN KA VOOSSI *I 
/*****************************************/ 
UBNAMEUBREF ".US- data-L/bl'tlry'; 
OniONS MSTORED SASMSTORE=UBREF; 
OniON MLOOJCALMPRINT SYMBOLOEN; 

%macro visual; 

/*****************************************! 
t• Window INFO: This window colle<:ts information from •1 
l*lbe user lhat is Mcded to pMrate Scalier, Normal •1 
!•Probability, Residual, and Partial Residual plots. •t 

/*****************************************/ 

%window info 

#3 @4 "DATA ANALYSIS AND INFORMATION 
VJSU ALIZA TION: &sysday, &sysdate" 

liS @20 'Preaa' @16 'TAB' attr•higbligbt @30 'to move 
between fields.' 

#9 @10 'Enter the FILENAME containing your set:' +I file IS 
attr=higbligbt rcquired=ycs 

#II @10 'Enter the NUMBER of independent variables:' +I 
count l attr=highlight rcquircd=yes 

#13 @10 'Enter the names of INDEPENDENT variables:' 

IllS @ 10 xvar SO attr= highlight required= yes 

1117 @10 'Enter the name of your DEPENDENT variable:' +I 
yvar 10 aur=higbligbt rcquircd=yes 

#20 @17 'Press' @23 'RETURN' aur=undcdine @30 
'to prompt the next screen.'; , ................................................ , 

!•Window PROCESS: This window is to inform the user •t 
!•that the program is processing the submitted statements. •t 
I*************************************** I 
%window process 

#7 @8 'Standby -I am currently processing the 
submitted statements'; 

%display info; 
%display process noinput; 

Data Analysis and lnfonnation Visualization 

!*****************************************/ 
I* The DATA step begiDI cresting observatiaaa by rcsdiag •t 
/*an cxtemallile, aaaigaing a value to the variablca XV AR •t 
!•and YV AR, and holding the fde for further proceaaiag. •1 

/*********************..._... ..... I I 1**1 I 1/ 

data temp; 
in file "&file .. dat"; 
input &xvar &yvar; 

run; 

%scatter(temp,&count,&xvar,&yvar); 
%normal(temp,&count.&xvar,&yvar); 

%residual(temp,&couat,&xvar,&yvar); 
%partial(temp,&couat,&xvar,&yvar); 

%mend visual; 
%visual; 

quit; 
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