
Information Visualization 

Hacros, Annotate and BAS Graph the Basy Way 

Michael Keohan, E-Z Solutions, Inc., E. Hanover, NJ 

Abstract 

Analyzing mUlti-center clinical trials data can 
require combining a variety of statistics onto one 
graph. For example, a piot of the mean percent 
change from baseline by treatment is more 
meaningful if the standard error of the mean 
(SEM) and N are included on the plot. This 
paper demonstrates how to design code to make 
this process easy. Using the annotate facility, 
passing GLM statistics to SAS graph and writing 
generic code to be used across several anaiysis 
variables are some of the topics discussed. 

Assumptions 

You have a series of SAS data sets which 
contain clinical trials information. For illustration 
purposes, let us assume the data sets which you 
are gOing to process have the variables: visit, 
center, trt and avar (analysis variable measured 
in % change from baseline). 

The data sets can contain analysis variables 
ranging from lab tests to a primary efficacy 
variable, which are measured as percent change 
from baseline. Also, there are two studies which 
will require similar graphics output; the only 
difference is one study has 3 treatment groups 
and the second study has four treatment groups. 
The objective is to generate a plot of mean 
percent change from baseline by treatment. 

Program I 
We will use proc univariate OUT = to generate the 
N and MEAN statistics to UNIOUT; 

proc univariate data=effdat noprint; 
by visit trt; 
var uvar; 
output out=unlout n=n mean=mn; 

proc print dala=unlout noobs; 
tille ·data from uniout"; 
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Print '1 

data from uniout 

OBS VISIT TRT 
1 .2.0 1 
2 2.0 2 
3 2.0 3 
4 3.0 4 
5 3.0 1 
6 3.0 2 

N MN 
68 0.071" 
68 0.88175 
62 -0.40878 
72 0.08341 
60 -0.10165 
50 2.09189 

At this point we are ready to generate plot '1. 
First we need to specify the gsasfile name. The 
gsasfile reference name tells SAS to send all 
graphics output to the specified file name. 

filename gsaslile ·plot1 1j60Ops a·; 

Next the goptions are coded to specify horizontal 
size, horizontal origin position and text fonts. The 
unit of measurement (GUN IT) is set to PCT 
which means that all height measurements will 
(from axis, title, footnote, legend, symbol 
statements) be a percentage of the graphics . 
area. 

The append gsfmode will append one graph after 
the next to the gsasfile reference. The 
orientation is set to portrait, as well as, the 
automatic paper feed for a HP laserjet printer. 

goptions hsize=6.75 in horigin=1.25In ftext=simplex gunil=pct 
gsfmode=append rotate=portrait autofeed colors=(black red 
green) device=lj600ps; 

Title statements are set similar to non-graphics 
PROCs except the height (h=) and justification 
0=) can be assigned. Please notice fora text 
string the justification which directly precedes WIll 
be applied (and the DEFAULT is CENTER). 

title1 ; 
title2 h=1.5 j=lelt 'Study Name' j=right ·(&sysdate)·; 
title3 h=1.5 ·Mean of Percent Change from Baseline·; 

Now, let us focus on generating a plot of the 
mean of avar by treatment group for each visit. 



Axis statements are used to define where the 
different variable information wiu be captured. 
For our purposes. the avar will be the vertical 
axis and the visits (or months) will go across the 
bottom of the page. 
axis1 e=black value=(h-l.S) minor=none label=(h=1.4 a=9O 
r=O 'MEAN OF % CHANGE") lenglh=5.B in; 
axis2 <:=black minor=none major=(n=4) ordar=(2,3,4,5,S.S) 
valua-(h=I.S '6' '12' '18' '24' 'ENDPOINT 24' label=(h=1.S 
'MONTH') Iangth=5.2 in; 

We have now labeled the axis and defined the 
length (in inches). color, and value ranges. We 
still need to define the particular symbols to be 
used and how the data points will be displayed. 
This is accomplished by using the symbol 
statement as follows: 

symbol1 h=I.S <:=blue isjoin value=triangla; 
symbol2 h=I.S e=graan i"join value=Sq\IaI'B; 
symbolS h=1.S e=rad i=join value=dot; 
symbol4 II=I.S <:=black i .. join valua=star; 

Notice we have set the height. color, interpolation 
option and the actual symbol value. The 
interpolation option (I=join) tells SAS to draw a 
straight line from one data point to the neld. 

By using a legend statement. we can specify how 
we want our legend to appear. This statement 
would look as follows: 

legendl aCfDSS004 position=(top outsida canter) frame 
mod8=raserva labal=non sl\apa:symbol(s,2) value.(h=1.5 
1=1) offset=(2.0) cborder=black; 

This is specifying to put the legend outside the 
plot area. up top in the center. The four symbols 
will go across. the legend text will be surrounded 
by a frame, without a label. The 
SHAPE=(width,height) will determine the 
characteristics of particular symbol segments 
which appear in the legend. Similarly, the 
VALUE=(H= , J=) defines the appearance of the 
text ofthe legend entry. The MODE= RESERVE 
tells SAS (in conjunction with the position) to 
reserve a certain procedure output area 
specifically for the legend only. In this case. this 
reserved area will be above the plotting area. 

Here is the statement which generates the plot: 

proc gplot; 
plot n'visit=trt I frama vaxis=axisl haxis=axis2 
legend=lagandl ; 
label visit,,'MONTH' trt,.'TREATMENT GROUP~ 
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A frame has been requested. And a legend, 
vertical and horizontal axis have been aSSigned. 
These statements yield 

Plot #1 
studr-
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Program II 

The second program example Is additional lines 
of code intended to be added to the Program I 
example (GPLOT. AXIS statements are being 
replaced). 

We would now like to add the additional statistics 
SEM and N. These statistics can be derived 
from the GLM procedure. Proc glm will be run 
using the OUTSTAT= to capture the SS (Type III 
Sum of Squares) and OF (Degrees of Freedom) 
Into GLMOUT. Note: the SS and OF statistics 
will change if the GLM model statement is 
changed. 

prac glm data=effdat outstat=glmout order=dats naprint; 
by visit; 
class trt center; 
modal uvar=trt canter trt'canter I $$3; 
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proc print datasglmout: 
IitIe "raw data from glm': 

Print #2 
raw data from glm 

OBS VISIT _NAME- _50URCE-

1 2.0 PCTCHNG ERROR 
2 2.0 PCTCHNG TRT 
3 2.0 PCTCHNG CENTER 
4 2.0 PCTCHNG TRT*CENTER 
g 3.0 PCTCHNG ERROR 

3.0 PCTCHNO TRT 
7 3.0 PCTCHNG CENTER, 
8 3.0 PCTCHNO TRT*CENTER 
9 4.0 PCTCHNG ERROR 

10 4.0 PCTCHNG TRT 
11 4.0 PCTCHNG CENTER 
12 4.0 PCTCHNG TRT*CENTER 
13 5.0 PCTCHNG ERROR 
14 5.0 PCTCHNG TRT 
15 5.0 PCTCHNG CENTER 
16 5.0 PCTCHNt,; TRT*CENTER 
17 5.5 PCTCHNG ERROR 
18 5.5 PCTCHNG TRT 
19 5.5 PCTCHNG CENTER 
20 5.5 PCTCHNG TRT*CENTER 

The error observations will be selected out and 
merged with the univariate statistics. The SEM is 
calculated, as well as, a shift being added to the 
visit variable thus creating an offset on the graph. 

data gImout; 
utglmout; 
by vIeiI; 
kHp visit mae IS elf; 
If __ 1IIII_a'ERROR': 
_.as/eII; 

data plotdat: 
merge uniout glmout: 
by vIeiI; 

sam = sqrt(msaIn): 
/llllUllP8r • mn + .em; 
mnIower = mn • sam: 

if visit ne 5.5 Ihen do; 
If Irta2 !hen vilbvisit+.2: 
if rn.3 !hen vi8itavisit+.4: 
if b1a4 Ihen visitavisit+.6: 

end; 
el .. if visit ne 5.5 !hen do; 

viall. 6: 
if trtoo2 IhtIn visil-visit-.6: 
if trta3 !hen visil-visit-.4: 
if b1a4 IhtIn visitavisit-.2; 

end; 
IOrmat Irt Irtmenl.: 

The plotdat data set can now be used to 
generate an annotate data set which will contain 
the SEM lines and the corresponding N text 
values. First. we will create a SEMUNES data 

_TYPE- OF 5S F PROS 

ERROR 213 3403.99 
0: 14794 0:93093 5S3 3 7.09 

55! 15 . 213.20 0.88937 0.57685 
5S3 38 558.80 0.92017 0.60717 
ERROR 172 2958.75 

0: 14683 SS3 3 93.50 1.81180 
5S! 14 380.16 1.57857 0,08940 
SS3 34 602.42 1.03000 0.43220 
ERROR 117 2541.71 

0:61465 0:60684 S53 3 40.06 
S53 13 401.30 1.42098 0.15981 
553 30 399.54 0.61305 0.93877 
ERROR 50 884.59 

0:22662 0:87744 5S3 3 12.03 
553 9 219.82 1.38052 0.22213 
5S3 . 13 278.04 1.20890 0.30110 
ERROR 239 5856.41 

0: 19995 0:89635 5S3 
553 
5S3 

3 14.70 
15 337.06 0.91704 0.54578 
40 1067.08 1.08869 0.34020 

set which contain the commands to annotate the 
Standard Error of the Mean lines. 

data ISmIines: 
Mtplotdat: 
IengIh funaIIon color S 8: 
reIIIn color 'BLACK' when 'A' xsya ysya '2'; 

if cIaO !hen do: 
y .mn; 
mnupper to mn: 
mnIoWer • mn: 

end: 

tunc:Iion • 'MOVE'; x • visit" 10: y • mnupper; output; 
. function • 'DRAW'; x • vIsit+.10: y • mnupper; line • 1: 

output; 
IuncIIon • 'MOVE': x • viIiI; y • mnupper; output; 
IunctIon • 'DRAW'; x • vi8it: Y • mnIower; liM • 1: output; 
1uncIIon. 'MOVE': x • vIsit-.l0: y • mnlower; output; 
function • 'DRAW'; x. vIsit+.10: y • mnlower; line • '1; output; 

Notice that each observation in the PLOTDAT 
data set will generate six observations in the 
SEMUNES annotate data set (see Print #3). 
AddItionally, the graphics "pOinte" is first moved 
to a defined location where the line wUI start from. 
Subsequently, the next ·ORAW command 
(function='ORAW) spec:lfies the type of Une to 
draw (IIn&=1), and to what location the line wiD be 
drawn to. 

Next, the NTEXT dsn will be created to display 
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on the graph the number of observations which contributed to the SEM calculation. 

data ntext: 
set plotdat: 
length function color $ 8: 

if df=O then do: 
y =mn: 
mnupper = mn: 
mnlower = mn: 

end: 

when = 'A'; 
xsys = '2'; 
ysys ='21: 
size - .6; 
position = '5'; 
cofor = 'BLACK': 
y • mnlower - .10: 
function = 'LABEL': 
x =vlsit 
text = put(n,2.): 
output: 

'CONCATENATE TEXT AND LINES DSN'S ': 
data annotate; 

set ntext sernlines: 
ifnglO; 

proc print data=ennotate; 
var visit trt mnupper mnlower x y function color text: 
where tit in(2); 
titlelannotate~ 

We are changing our axis statements by adding the order specification to our vertical axis. This is needed 
to allow the SEM lines to appropriately fit on the graph. SAS will scale for the data from PLOTDAT but cut 
off any data points which are outside the relative plotting area. 

axisl c=black on:ler=(-1.5 to 3.0 by .5) value=(h::1.5) minor=nonelabel=(hs1.4 a=9O r=O 'MEAN OF % CHANGE")length=5.8 in; 
axis2 c=black minor=none major=(n=4) order=(2,3,4,5,6) value=(h::l.5 '6' '12' '18' '24' 'ENDPOINT 24' label=(h=1.5 'MONTH') 
length::5.2 in; 

If you compare the AXlS2 statements the ORDER= portion have a fifth value of 5.5 and 6. After reviewing 
Plots #1 and #2, the hash marks on the horizontal axis are spaced equally. The spacing does not depend 
on the values, when the above notation is used. 

Here is the corresponding titles and GPLOT statements: 

titlel; 
titIe2 h=1.5j_left 'Study Name' j=right '(&sysdate)': ' 
title3 h:1.5 'N and Mean (' 11::1.5 font=math 'G' h=1.5 font::simplex 'SEM) of Percent Change from Baseline': 

proc gpJot data.p/otdat; 
plot mn'visit=trt Ilvrefs2 vreI=O annotate=annotate frame vaxis=axis1 

haxis=axis2 legend=legend1: 
label 

visit = 'MONTH' 
tit = 'TREATMENT GROUP' 

run; 
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Print .3 annotate 

OBS VISIT TRT MNUPPER MNLOWER X Y FUNCTION COLOR TEXT 

6 2.1 MID 1.36653 0.39696 2.1 0.27696 LABEL BLACK 68 
7 3.1 MID 2.61844 1.50534 3.1 1.38534 LABEL BLACK 50 
8 4.1 MID 0.63418 -0.91945 4.1 -1.03945 LABEL BLACK 56 
9 5.1 MID 2.33438 0.08609 5.1 -0.03391 LABEL BLACK 14 

10 5.8 MID 2.08306 0.91630 5.8 0.79630 LABEL BLACK 72 
51 2.1 MID 1.36653 0.39696 2.0 1.36653 MOVE green 
52 2.1 MID 1.36653 0.39696 2.2 1.36653 DRAW green 
53 2.1 MID 1.36653 0.39696 2.1 1.36653 MOVE green 
54 2.1 MID 1.36653 0.39696 2.1 0.39696 DRAW green 
55 2.1 MID "1.36653 0.39696 2.0 0.39696 MOVE green 
56 2.1 MID 1.36653 0.39696 2.2 0.39696 DRAW green 
57 3.1 MID 2.67844 1.50534 3.0 2.61844 MOVE green" 
58 3.1 MID 2.67844 1.50534 3.2 2.61844 DRAW green 
59 3.1 MID 2.67844 1.50534 3.1 2.67844 MOVE green 
60 3.1 MID 2.67844 1.50534 3.1 1.50534 DRAW green 
61 3.1 MID 2.67844 1.50534 3.0 1.50534 MOVE green 
62 3.1 MID 2.678414 1.505314 3.2 1.50534 DRAW green 
63 4.1 MID 0.63418 -0.91945 4.0 0.63418 MOVE green 
64 4.1 MID 0.63418 -0.91945 4.2 0.63418 DRAW green 
65 4.1 MID 0.63418 -0.91945 4.1 0.63418 MOVE green 
66 4.1 MID 0.63418 -0.91945 4.1 -0.91945 DRAW green 
67 4.1 MID 0.63418 -0.91945 4.0 -0.91945 MOVE green 
68 4.1 MID 0.63418 -0.91945 4.2 -0.91945 DRAW green 
69 5.1 MID 2.33438 0.08609 5.0 2.33438 MOVE green 
70 5.1 MID 2.33438 0.08609 5.2 2.33438 DRAW green 
71 5.1 MID 2.33438 0.08609 5.1 2.33438 MOVE green 
72 5.1 MID 2.33438 0.08609 5.1 0.08609 DRAW green 
73 5.1 MID 2.33438 0.08609 5.0 0.08609 MOVE green 
74 5.1 MID 2.33438 0.08609 5.2 0.OB609 DRAW green 
75 5.8 MID 2.08306 0.91630 5.7 2.08306 MOVE green 
16 5.8 MID 2.08306 0.91630 5.9 2.08306 DRAW green 
77 5.8 MID 2.08306 0.91630 5.8 2.08306 MOVE green 
78 5.8 MID 2.08306 0.91630· 5.8 0.91630 DRAW green 
79 5.8 MID 2.08306 0.91630 5.7 0.91630 MOVE green 
80 5.8 MID 2.08306 0.91630 5.9 0.91630 DRAW green 

SIvOr _ (1asEP99) 
N __ (. SOl) 01 Pen:ent CIIonge ,,.,... ....... 

Plot #2 EElilMIO -- -ptACEBO I 

loO 
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/ 0 
1.5 / -L. 

! 1.0 T/ 
r • 

1$ 

! .. 
0.0 

-0.5 

-1.0 62 36 

-1.5 

6 12 11 24 ENDPOINT 2. 
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Another difference to observe between Plot 1 and 
Plot 2 are how the foillaatted values appear in the 
second legend. This is because the SAS Graph 
(like most SAS output procedures), will apply 
formats to its output. If you review Program II 
you will find a format trtment attached to the TRT 
variable. This format looks like: 

proc format; 
value trtment 
1 = 'LOW' 
2= 'MID' 
3= 'HIGH' 
4 = 'PLACEBO'; 

Macro Design 

The SAS MACRO facility enables several lines of 
code to be surrounded by macro and mend 
statements (%macro example, %mend example) 
and subsequently be executed by just referencing 
the macro by name (%example). Additionally, 
certain predefined parameters can be varied at 
invocation thus eliminating the need to repeat the 
same lines of code over and over. When 
designing macros, a programmer must decide 
what might possibly change from one execution 
to the next. and then define these changes as 
parameters (or macro variables). These types of 
parameters can be setup as macro variables 
within the macro (either as a local or global 
definition) or outside the macro definition (with a 
%Iet or call symput). A Ioca1 macro variable can 
only be referenced at or below the "level" (or 
macro) it is defined in. 

Program III 

This program is similar to program II except it will 
be designed as a macro (SEMPLOT) to allow the 
code to be re-executed for different analysis 
variables. 

First, the program name, printer device and 
number of treatments are defined using the %Iet 
approach. 

%Iet pgm=ezplot; 
%Iet pdev=lj600pSj • Laser Jet printer *; 
%Iet ntrt=4; 

Next, we define the standard options and 
graphics options: 
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filename gsasftle "&pgm &pdev A"; 

* GRAPHICS OPTIONS; 
goptions hslze=6.75 in horigin=1.25 fteXl=simplex 
gunit=pct gsfmode=append rotate=portrait 
autofeed color8=(black red green blue); 

• SYSTEM OPTIONS; 
options nofmterr nodate number 18=132 p8=60 
mprlnt fmtsearch=(stored.fmts library); 

The input data set (datin), analysis variable 
(avar), title (title), plot number (num) and visit 
range (visrange) are defined as keyword 
parameters to the SEMPLOT macro. 

Clinical trials data can be collected at various 
viSits and it is sometime necessary to run only 
specific visits. Therefore, the visit range selection 
is implemented. I have defined the default to 
include all viSits by setting 
VISRANGE=%str(2,3,4,5,6) in the macro 
definition. 

If you review the program you will notice the 
macro variables references are preceded with an 
ampersand (&). This will symbolically substitute 
the values for these variable which are aSsigned 
when the macro is called. The keyword 
parameter will default the values assigned In the 
macro statement, if they are not referenced in the 
macro call. Furthermore, the order the keyword 
parameters appear (in the macro invocation) 
does not matter. 

%macro semplot(datin=,avar-,litle=, 
visrange=%str(2,3,4,5,6),num=); 

, CALCULATE N AND MEAN; 
proc univariate data=&datin noprint; 

where visit in(&visrange); 
by visit trt; 
var laver; 
output OUl=UnioUi n=n mean-mn; 

, CALCULATE MSE BY GLM; 
proc glm data=&datin outstal=glmoUi ordar=data noprint; 

where visit in(&visrange); 
by visit; 
class trt center; 
model &avar = trt center trt'center I ss3; 

data glmout; 
set glmout; 
by visit; 
keep visit mse ss elf; 

SESUG '95 Proceedings 



Information Visualization 

if _SOUrc8_ = 'ERROR'; 
mse = ssldf; 

• CREATE DSN TO PLOT; 
data plotdat; 

merge unlout glmout; 
by visit; 

• CALCULATE SEM AND UPPER AND LOWER ERROR 
VALUES; 

sem .. sqrt(mseIn); 
mnupper = ml1+sem; 
mnlower = mll-sern; 

• CREATE OFFSET BY VISIT FOR TREATMENT GROUPS; 
if visit ne 5.5 then do; 

if trt = 2 then visit = visit + • I; 
if trt = 3 then visil = visit + .2; 
if trt = 4 Ihen visit = visit + .3; 

end; 
else if visit .. 5.5 then do; 

visit=6; 
If trt = 1 then visit = visit - .3; 
If trt .. 2 then visll • visit - .2; 
it trt = 3 then visit .. visit - .1; 

end; 
format trt trtmBnt.; 

proc sort data=plotdat;by trt visit; 

• CREATE THE SEM LINES; 
data .emJines; 
.et plotdat; 
length function color $ 8; 
",lain color 'BLACK' when 'A' xsy. ysys '2~ 

funclion .. 'MOVE'; x .. visit-.IO; Y = mnupper; output; 
funclion = 'DRAW~ x .. visit+.l0; y = mnupper; 6ne = I; 

output; 
function .. 'MOVE'; x = visit; Y = mnupper; output; 
function = 'DRAW'; x = visit; y = mnlower; line = 1; output; 
function = 'MOVE~ x • visit-.l0; y = mnlower; line = I; 

output; 
function = 'DRAW~ x = visit+.IO; y = mnlower; line = I; 

output; 

data semlines; 
set semlines end=eof; 
retain min 9999 max -9999; 
if trt=1 then coIor='blue'; 
If trt=2 then color-'green'; 
if trt-3 then coIor='niCl'; 
if trt=4 then color='black'; 

• IF TREATMENT GROUP HAS ONLY ONE OBS '; 
if df::O then do; 

y = mn; 
mnupper = mn; 
mnlower .. mn; 

end; 

• SEARCH FOR MIN AND MAX VALUES FOR SCALING'; 
max = max(max.mnupper); 
min = min(min,mnlower); 
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• CALCULATE RANGE I INCREMENT; 
if eol then do; 

incr=round«max-min)110,.01); 
if 0 Ie incr Ie .25 then incm=.2S;else 
if .25 It incr 1\ .50 then incm=.5;elsa 
if .so It incr 1110 then incrn=round(incr,I.);elS8 
if 10 It incr It 100 then incm=round(incr,IO.);alse 
if 100 It incr It 1000 then incrn-round(incr,IOO.); 

call symput('incr' ,compress(incm»; 
call symput('taxtcfit',round«max-minV30,.OI»; 
call symput('vmax' ,round(incm+max,lncm»; 
call symput('vmin' ,round( -incrn+min,incm»; 

and; 
run; 

• CREATE TEXT FOR N'S; 
data ntext; 

sel plotdat; 
langth function color $ 8; 

• IF TREATMENT GROUP HAS ONLY ONE OBS *; 
if df=O Ihan do; 

y emn: 
mnuppar = mn; 
mnlowar = mn; 

end; 

when ='AI; 
xsys = '2~ 
ysys • '2~ 
size = .6; 
position = '5'; 
color • 'BLACK'; 
y .. mnlower - &textcflf; 
function .. 'LABEL ~ x • visit; text = pul(n,2.); 
output; 

* CONCATENATE TEXT AND LINES DSN'S; 
data annotate; 

set ntext semlines; 
ifngtO; 

titlel; 
title2 h=I.5 j=left 'Study Name' 

justly = righl'(&sysdale)'; 
tit1e3 h=1.5 j=left 'Study Protocol#"; 
title4 h=I.S 'F"lgure anum (&pgm)'; 
titleS h=1.5 ·&title·; 
tlde6 h=l.5 'N and Mean (' h=1.5 fonl=math 'G' 

h.l.5 font-simplex • SEM) of &avar"; 

axisl e=black order=( &vmin to &vmax by &incr) value=(h=1.5) 
minor=none 

1abeI=(h=f.4 a=9O r::O 'MEAN OF %upcase(&avar)') 
Iength=5.6 in; 
axis2 e=black minor=none major-(n=4) offset=(4) 

order=(2,3,4,5,6) valu8=(h=1.5 'S"I2! 'IS' '24"ENDPOINT 
24') 

Iabel=(h=1.5 j_nter 'MONTH,) 1eng1h=S.2 in; 

symboll h=I.5 e=bIue i=join value=trierlgle 1=; 
symbol%eval(&ntrt-2) h=I.5 c=green i=join value=squere I=; 
symbol%aval(&ntrt-l) h=1.5 e=red i=join valu8=dot 1=; 
symbol&ntrt h=I.5 e=black i=join value=Star f=: 



legend1 across=&ntrt position=(top outside center) frame mode=reserve 
labat=none shapewsymbol(U) valua-(h=1.5 1=1) offseta(2.0) 
cborder=black; 

proc gplol data=plotdat; 
plot mn·visit=trt Ilvref=2 vref=O annotate=annotate frame 

vaxiS=aXisl haxis=axis2 legend=legend1; 
label 

visit = 'MONTH' 
trt = 'TREATMENT GROUP~ 

run; 
tille; 
%mend semplot; 

%semplot(datin=datin,avar=avar,num=1, tltle=Macro Example of SEM lines); 

Information Visualization 

Program III is Identical to program \I (except for the macro variable references) until the second SEMLINES 
data step. In this step, there are "data-driven" parameters which are calculated. These parameters (incr, 
textdif, vmax, vmin) assign the appropriate y axis scaling (maximum and minimum values) and the 
corresponding increment values. These are needed to fully automate the creation of the Mean +/-SEM plot. 
This algorithm seems to work for most cases. 

Conclusion 

As we have seen, passing statistics to SAS GRAPH is straight toward. The annotate facility can be utilized 
to make statistics more meaningful. Finally, SAS MACROS can reduce programming time substantially, 
if they are designed properly. 
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