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With the sophistication of current personal computer software languages, most 

graphic packages offer many bells and whistles which include a variety of bitmap 

images and options to make the graph more flashy. Taken to the extreme, this 
can produce what Edward Tufte has termed "chartjunk" (1)_ In an attempt to 

provide guidelines for constructing data graphs, statisticians and psychologists 

have conducted experimental designs to see which visual decoding tasks are 
easier than others for the viewer to understand the data patterning in the graph. 

This paper will present one visual decoding hierarchy and will use SAS/GRAPH* 

program code to illustrate these concepts. Barchart design will also be 

addressed, as will the use of color as an enhancement tool in two and three­

dimensional bar charts. The resulting graphs will not "knock off socks", but will 

provide the viewer with a reasonably, clear display of the data. 

William Cleveland has conducted statistical experimental designs to ascertain 

which visual decoding tasks are easier for the viewer to evaluate with fewer 

errors. His research has resulted in this visual decoding hierarchy <2) : 

(1) Position Along A Common Scale 
(2) Position Along Identical, Nonaligned Scales 
(3) Length 
(4) Angle - Slope 
(5) Area 
(6)Volume 
(7) Color Hue, Color Saturation, and Density 

This hierarchy can be used in graphic design. For example, stacked bar graphs 

are difficult to visually decode because they involve length judgments as 

opposed to position judgments. Comparing Figure 1 to Figure 2, we can see 

that it is much easier to see that (Midwest 13 to <16% BA) is bigger than 

(Midwest 0 to <13% BA) from Figure 2. 
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Figure 1 
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Figure 2 

Another poor choice of graph design is the use of pie charts to compare the size 
of the various pie slices in contrast to using a bar chart to compare the length of 
the bars. As seen in Figure 3 and Figure 4_ below, pie charts are difficult to 
visually decode because they involve angle judgments as opposed to position 
judgments. 
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Figure 3 
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Optimally designed bar charts can be created using SAS/GRAPH* with the 
following properties: (1) Use HBAR instead of VBAR for better individual bar 
labelling, (2) use DESCENDING option for non-ordered data, (3) use 
ANNOTATE data sets to label bar values, and (4) use color for emphasis of a 
subset of the bars. Figure 5 was created from a SAS program which uses all 
four of these concepts. Highlights of the code will be printed following the 
figure. 

Poaition Aloq A. Common Scale in DeacendiJll' Order 
(!Terqe Expenditure Ill $211190.99 ) 

• this is statecol.sa; 
data statas; 
infile "may20.cllt' ; 

• -IIFIILI ...... -· ------· -...... ----IEJI'I ----------.... -..... --..,._ --------........ -------------· AWl .. -1111-M ...... ... .... -- • -
Figure 6 

input 11 ... 1-2 .... ,.. s 30 regions 2S-29 pop <18-56 
12 tl3 pctcoll59-63 edax_ ... 68-71 ... tiS; 
name=fiplltale(lllllle); 
... 
if O<pctc:dl<13 th«< col=1; 
.... il13<oop:tcoll<16 th«< CO(Ia:2; 
.... if 1 &coop:tcoll<19 th«< coiP3; 
.... if pctc:oll>•19 th«< c:oll-4; 

run; 

:Itt& 
:Itt& --2111 ----••• laJ 

181 -2117 = Ul7 
2217 
2271. --1111 -Ill& --It· 21t& u• 

87& -211'1 -= ·­t•7 ••• ·­letl .... ·-1711 ,,. 
tilt ·­. .. ·-- -
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This data step computes the mean expenditure and saves it to a macro variable 
so it can be passed to a title statement in the GCHART procedure: 
clalam.n; 
set .... encFeaf; 

• compule the- llld sbn it to. -variable; 
n+1; 
sum+edax_sal; 
if IIDf 111m do; __ ..._,..,..,; 
oulput11*11; 
end; 
1\1'1; 

clala nul . 
set-; 8\'8_..,__ .... 100; __ ... i:t(-_181); __ ...__ulf100; 
,__.,e•tGII1p!8U('TII-_181); call .. ('..,_,.,._ __ ); 

1\1'1; 

This next data step creates a 2-valued variable, xcol, which will be used to 
highlight the bars with red for lA, MN, WI, or IL.: 

data b; 
set lltltM; 
name .. •lbalr(-.,1,2); 
if ~lA" ar __..MN" 
ar 118111P"Wr ar __.,,L • "*' liCOI=1; 
ellexcol=2; 

This data step creates the annotate data set which will place the expenditure 
value at the end of the bar for each state: 

data~ 
length funetian eolor S 8 TEXT S 6 styta S 7; 
R11a1n fUnclian 'LABEL' 
poailion '6' Bile 1.35 styla 'slmplat' 
when'A' 
xsys "Z ysye "Z eolor 'BLACK'; 

setb; 
x=.; 
y=edex ... 
MIDPNTaSTATE; 
lelcP' 1~ec~e~t.aal)lr ·; 

oulput; 
run; 
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This is the GCHART procedure. Note that the pattern statements apply to the 
xcol variable, the annotate data set was incorporated with 
"ANNOTATE=ANNOX", and the &salmean macro variable was used in the 
title3 statement: 

goptionl rota.. landacape c:levica=\<ga; 
goptionl vpoaa100 hpDP1 00 fteld=eimplelc htelcl=1; 
goptionl c:bac:Pwhlle calcn=(black); 
aill1 rninaPIIIll• ~fqjmplax h-1.25); 
IICie2 n•-•• rOI"CieP:1500 ID 50110 11r '2!Kf'/lenglh=50 pet 
llbelo:(h=1.5); 
pattem1 c-reel-; 
plltem2 coobllck -; 
pniC gchllt clltll-b; 
hbllr811111f----._SII ~ pallllrnidqubgn 
DISCRETE~~ daacMdirtg nolegeltd ANNOTATE•ANNOX l"vrer-_.,., rna ·, axie1 raxis=llxill2 spaceaO noalabii1CIZ8RIB; 

tille1 h-1; 
t1t1e2 11-3 Mriplex 'Polition Along A Common Scale in Descandlng Ordel'; 
tille31P2.5 faoarnplei"(Awrage Expendilure Is &salnan)"; 
foalnale1 h-1; 
formal CCIII coH. xcolliCOift. slate lltalalt.; 
run; 

Three-dimensional graphs can be made easier to comprehend by using color 
and bar labeling. In PROC G3D, selective bar coloring is built into the 
procedure and one can build an annotate data set to label the "bars". In Figure 
6 below, the pillar shape has been used for the bars, magenta has been used to 
denote midwestern states, and 2-letter state abbreviations have been used to 
label each pillar. Note that Alaska and D.C. were excluded to allow the 
variation in states to be displayed. 

264 Data Analysis and Information Visualization Proceedings of MWSUG '93 



~ Cellar 1D Add Bupo, 1 In S-D ~ ....... ----­~--~ 

Figure 6 

The SAS program code for Figure 6 follows: 

*lhill • g3dstlt1.-; 
data states; 
lnfile 'may20.clat' ; 
Input Itt .... 1-2 ... - s 30 Algian s 23-29 pop o48oS6 
1213 pcapinc 10.14 pc:tcoii5Q.63 edex_sal68-711114tl5; 

Note that the color magenta in this annotate data step refers to the 2-letter state 
abbreviations above each pillar for Midwestem states: 

data annox; 
length function color S 8 TEXT S 5; 
llllllin function 'LABEL' 
poaillan "Z slzle 1.5 
when'A' 
lalya "Z ysy8 "Z zaya "Z; 
setb; 
if regiclrP"Midwa then colar-'magenta'; 
ellle calar>o'black'; 

FJ)Cicoll; 
x-pcapinc; 
z=edex_lll; 
texl=campea(-); 
cUput; 
run; 
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In this data step, a variable named COLORVAL is created which will be used in 
the color = option in the scatter statement. The where statement eliminates 
Alaska and DC in the PROC G3D statement. The anno=annox option uses the 
state abbreviations above each pillar: 

datllb;setb; 
if liCCII=1 then cab vala'lliiiiJ8t1bl'; 
run; 
gcllltiaN 1 41111 landecape devic:e o~g~~; 
gcllltiaN vpap100 hpaP100 fta=aimpllx htext=2; 
gcllltiaN c:bacll-wliiB calarP(black); 
pllli8m1-lillyil41-; 
paltem2 c-bllck ~ 
prac g3d daiPb •anwno-..v"lwllll;lllll: 
where rane ne 'At( IIIII-ne 'DC~ 
--pctcoll*pcapinctoeclex_~ calor=Cdolv.l 
grid; 
format call call. XIXIIliCOIIl pet_ ed8K 3.2; 
tille1 f=lwilah-3 
'Using Color to Add Emphasis in ~D Gnlphs'; 
tit1e2 f=triplax h=2 'Magenta States A~t~ Fram The MldWeet'; 
tllle3 f=triplex h=2 '(Aiaaka and D.C. Excluded)'; 
nm; 

Because of the complexity of 3-dimensional graphs, color can often be used as a 
clarifier and also can provide a 4th dimension to the graph. This is easily 
accomplished with SAS' data step capabilities coupled with annotate data sets 
and the G30 procedure. 

* SAS,SAS/GRAPH are trademarks or registered trademarks of SAS Institute, 
Inc. in the USA and other countries. 
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