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ABSTRACT

SAS/GRAPH® contains an abundance of procedures and options that can be used to create any number of
types of graphical output. And if that is not enough, with the capabilities of the Annotate facility, the sky and
your imagination may be the only limits to your graphical creations.

The problem is that all of this power and flexibility may not result in output that conveys the intended
message. Graphical presentation of data, when done well can enlighten and inform, but when done poorly
can confuse or mislead.

Since effective communication should always be the goal of each graph and chart, this paper will present
effective techniques that can be incorporated into SAS/GRAPH programs and will discuss some techniques
to be avoided when creating graphical output. Application of these ideas will enable you to design useful and
informative presentations that maximize the level of information transfer and ensure that your pictures are
truly worth a thousand words.
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INTRODUCTION

In designing graphs, charts, or tables that facilitate effective communication, there are two questions that
need to be raised:

« What is the objective of the data display and what information is it to convey?

« What needs to appear on the output to support the objective and enable the viewer to draw the
correct conclusion(s)?

In the authors’ opinions, the graphical output that is used to answer these questions will possess the
characteristics of being simple, consistent, and straightforward. The importance of these characteristics will
be discussed as they apply to the three main components in a graph — the text, the symbols and lines, and
the colors, fonts and patterns — and the importance of these characteristics when creating multiple graphs.
What happens when these underlying principles are violated is presented in the section on creating
misleading output.

MANAGEMENT OF TEXT

Every graph should tell a story, so it is necessary to include enough information on the graph to tell that
story, but without bogging down the viewer with unnecessary details. Avoid the use of too much text — less is
more in this regard.

TITLES AND FOOTNOTES

Text may be added to the graphic output through the use of the TITLE, NOTE, and FOOTNOTE statements,
as well as through the use of the ANNOTATE facility. Since up to ten TITLE statements may be specified as
well as up to ten FOOTNOTE statements, much text can be added to the graph.

The use of large numbers of TITLE and FOOTNOTE statements is not recommended, since it is the graph
and NOT the text that should convey the information. Too much text can distract from the graph in a couple
of ways.

« Each title or footnote reduces the area available on the page for the graph itself. Large numbers of
title or footnote lines can also cause severe distortion in the vertical aspects of the graph. Each line
of text reduces the vertical area available for the graph output, while the horizontal area is
unaffected - unless the ANGLE=90 or ANGLE=-90 options are applied - resulting in an elongated
graph.



« If more than a few titles or footnotes are felt to be necessary for the observer to fully understand the
graphical output, then perhaps the way the data are being displayed needs to be rethought. Text on
the display should inform the viewer of something he needs to know about the graph, but it should
not be used to explain the output.

After all, if the picture is worth a thousand words then it shouldn't require a thousand words to explain it to
the observer.

TEXT SIZE

When multiple title lines are used, these should be displayed in descending level of specificity. So the most
general title will appear first, followed by more specific titles. If different font sizes are desired in the title
lines, these too should be ordered by descending size.

The graphics options HTITLE and HTEXT can be used to set the default size of the text. The use of these
GOPTIONS provide not only a consistent default text size, it may also reduce the number of times that the
HEIGHT= option is needed.

ANNOTATE

If text is desired on the graph itself, this can also be added using the ANNOTATE facility. One potential
problem with adding text to the graphic area is that there may be overlap of the text and data display itself.
Using this option to add text to a data display may add some real value to the interpretation of the data — or
may simply add noise and clutter to the output.

AXIS STATEMENT

The AXIS statement allows the user to define and control the appearance of labels, tick mark values, and
descriptions for the horizontal and vertical axes. By default, the label for the vertical axis is positioned
horizontally at the top of the axis, while the label for the horizontal axis is centered underneath the axis.

Through the use of the ROTATE and ANGLE options, labels, tick mark values, and text descriptions may be
rotated so that text is not displayed horizontally, but rather, vertically or on an angle. In general, although
angles up to about 55 degrees seem to work well, non-horizontal text is harder to read, so judicious use of
these options is advised.

Axis labels should be concise and if applicable, should include the units of the tick mark values. Tick mark
values and descriptions should be controlled using the ORDER and VALUE options so that enough are
present to define the axis values, but not so many that the axes are cluttered.

If the tick mark values are dates, use a date format that does not lead to ambiguity such as DATE9. The
DDMMYY. and MMDDYY. formats are more confusing since dates such as 02/10/2003 can be interpreted
as either 10 February 2003 or 02 October 2003. If all dates are from a given year, it may be better to specify
this in the axis label so that it is not necessary to repeat the year on each tick mark. Picture formats can be
very useful for specialized date/time presentations (Carpenter, 2004).

LEGEND STATEMENT

The LEGEND statement controls the location and appearance of a legend on the output. The LABEL and
VALUE options can be used to control the text that appears on the legend. If the LABEL option is not
specified, then the variable’s label or the variable name is used. The VALUE option can be used to control
the text description for each value of the variable that is being plotted. If this option is not used, then the text
defaults to the variable’s formatted value. In some data displays, a well thought out title along with the text
portion of the values may be descriptive enough that a legend label is not necessary.

The LEGEND statement is also used to control the location, size, color, and layout of the legend. Be sure to
reduce the legend to its necessary components and then structure it to complement the graph itself.



MANAGEMENT OF SYMBOLS AND LINES

The SYMBOL statement controls the appearance of plot symbols and plot lines in output produced by the
GPLOT procedure. If SYMBOL statements are not specified, default definitions are generated by cycling
through the default set of colors and plot symbols. Most of the time these defaults will not produce
acceptable output and it will be necessary to define SYMBOL statements.

If multiple SYMBOL statements are needed, it is best to use a unique combination of plotting symbols, line
types, and colors for each SYMBOL statement. This creates the situation of having a large amount of
variation between the different groups of data being displayed on the output.

SYMBOL SELECTION

As much as possible, choose symbol values that are distinctly different in shape and design. For instance,
use of "STAR” and “:”, or “%” and “&” on the same graph is not recommended, while "CIRCLE" and "DOT"
contrast well.

Special Plot Symbols
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Moving away from the default set of symbols by specifying a font with the FONT= option dramatically
increases the number of available symbols. The MARKER font for instance contains a number of useful
symbols. For users working with one of the Windows operating systems, any of the TrueType® fonts, such
as WingDings can also be used. A number of these symbols can be either empty or filled which adds
contrast without dramatically increasing the complexity of the graph. Remember the principle of simplicity —
it is easy to get carried away with too many silly symbols.

Selected Fonts

SIMPLEX ABCDabed
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TRIFPLEX ABCDEDbeod
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Specialty Fonts (Selected values)
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Font walues are selected using the abowve letters (shown in SIMPLEXU)

e.g.a 'C'in MARKER will show a A and o 'L'in CARTOG will show o T
MOTE: Since symbel sizes vary by font these volues do not line up vertically

LINE SELECTION

As with symbol selection — choose line styles that are quite different from each other. Although over 40 line
types can be specified using the LINE= option, only a few of these are truly different. Most of the line types
are a combination of long and short dashes. Under most circumstances the dashes are too long and may
look almost solid. The authors have found the following to be the most useful:

LINE=1 Produces a solid line

LINE=2 Produces a dashed line - Under some situations (plots with lots of twists and turns) the
dashes are too long

LINE=33 Short dashes (almost dots) - Under some device drivers this line type tends to fade and
may need to be widened using the WIDTH= option.
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MANAGEMENT OF COLORS, FONTS AND PATTERNS
Given the wide range of choices for colors, fonts, and patterns it becomes necessary to develop some
guidelines for their use.

COLOR

The use of color is recommended, but it is important to remember that much output is still produced (or
reproduced) in black and white. So even if the original output is to be produced in color, it is still a good idea
to create output than can still be meaningful in the absence of color. The use of gray scales is preferred
when the graphic is to be rendered in black and white.

While color can be added to just about every aspect of the output — in TITLE, FOOTNOTE, AXES, LEGEND,
and SYMBOL statements — caution is advised. Since the viewer’s attention should be drawn to the data
being graphed or displayed, it is best to reserve most color for use in this area of the graph.

If color is used in the titles and footnotes, all title lines should be of the same color. Likewise, multiple
footnotes should all be of the same color. The only exception to this rule might be in the production of a
series of graphs. If several title lines that do not change from graph to graph are used, it may be useful to
change the color of the title line that does uniquely identify each graph.

In the AXIS statements, different colors may be used for the axis lines, axis labels, and axis tick mark
values. Unless the use of different colors for each of these items truly adds additional information which aids
in the interpretation of the graph, a good rule of thumb is to stick to one color for all aspects of the axis.
Colors can also be used in the label, frame, and values description portion of the legend but this is probably
the portion of the graph where it is best to not use color since there may be color in the legend value potion.

SAS/GRAPH can generate millions of colors, however it should be obvious that there is little advantage to
using 'lots' of colors. The human eye can only distinguish amongst a few and subtle color variations can
often not be differentiated.

In adding color to the different groupings of data in the graph, it is best to choose a different color for each
data grouping and to stick with the primary (red, yellow, and blue) and secondary (orange, green, and
purple) colors. Secondary colors are created by combining any two primary colors. A complementary pair is



defined as a primary color and the secondary color that is the combination of the other two primary colors —
red and green, yellow and purple, blue and orange. Since complementary pairs provide the highest visual
contrast, colors should be chosen to maximize the number of complementary color pairs in the display. An
analogous color pair — a primary color paired with one of its secondary colors (red and purple, red and
orange, yellow and orange, yellow and green, blue and green, blue and purple) — provides a lower visual
contrast than complementary color pairs. If at all possible, assign colors in such a way so that data that are
closer together on the display use complementary colors. For data groupings that are further away from
each other, the higher contrast is less critical and analogous color pairs are acceptable. It is not advisable to
use more than six colors on a graph, since any other color added is nothing more than a tertiary color or hue
of a color already being displayed. Both Perry Watts and LeRoy Bessler have published extensively on the
topic of the use of colors with graphics.

Frimary and Secondary Colors
Prirnary
Secondary s Secondary
Prmary Prirmary
Secondary




An alternative to the use of color is that of gray scale. Itis possible to generate up to 256 shades of gray,
however as was mentioned earlier, the differences are too subtle to be useful. A macro (%PATTERN) found
in Carpenter (2004) will generate N maximally contrasting gray scales.

Pie diagram of slices showing gray scale
gray 45
gray SC gray 2E
gray 73 gray 17
gray BB gray E7
gray A2 gray DO
gray B9

FONTS

Like colors, different fonts may be specified for each aspect of the graph where text is displayed. One, or at
most two, fonts should be chosen and all text should utilize this font. Choose fonts that display characters
without a lot of embellishments (sans serif). Good choices are Swiss or Century. Poorer choices are Old
English, Brush, and Script.

Fonts may be either proportional or non-proportional. Most fonts in SAS/GRAPH are proportional, but can
be made to be non-proportional by adding the suffix 'U' to the name of the font. In a non-proportional font
the lower case letter 'i' will take up the same horizontal space as an upper case 'W'. These fonts (such as
SAS Monospace, Courier New, and SIMPLEXU) are useful for generating columns of numbers, but they can
waste space when used in titles, labels, or other text.

Always be careful to specify the font to be used. The FTEXT graphics option or the FONT= text option
should always be used in each TITLE, FOOTNOTE, SYMBOL, and PATTERN statement. When a specific
font has not been specified, SAS will be forced to pick one and it may pick what is known as a hardware
font. Many of the default hardware fonts tend to be non-proportional and tend to ignore or modify the sizing
(H=) options.

PATTERNS

Starting in V7 the default fill pattern became SOLID. In prior versions various combinations of cross-
hatching were used. While cross-hatching works well with pen plotters, this type of pattern has a number of
problems, some of which are described in the section below on techniques to avoid, and it is appropriate to
move away from the use of this type of pattern.

Since most patterns are now either solid or empty, color becomes more crucial to distinguish amongst the
patterns. Again consider the use of gray scales if the plot is to be reproduced or copied.



STANDARDIZATION AND CONSISTENCY IN CREATING MORE THAN ONE GRAPH

Often it is necessary to produce more than one graph for inclusion in a report or presentation of the data.
Within the report, different types of graphs may be produced for different types of data, but consistency
should be maintained in the elements that do not change from graph to graph.

If identical text appears on every graph, these lines should occupy the same position on every page and be
of the same size, color, and font on each page. Choosing one font style will also create consistent looking
output.

While axes and legends will not be identical on every graph since these are generally data driven, the
colors, fonts and text position of these items can be defined using global AXIS and LEGEND statements to
ensure consistency. In particular, for graphs which require a legend, the legend should be positioned in the
same place for all graphs.

One good way of ensuring consistency and standardization of graph size and text on the graph is through
the use of the GOPTIONS statement. The size of the output can be controlled using the HSIZE/VSIZE
options while the HPOS/VPOS options control the size of the text characters appearing on the plots. Default
fonts can be specified for text, titles, and by-lines using the FTEXT, FTITLE, and FBY options, default colors
using the CTEXT, CTITLE, and CBY options, and default character size using the HTEXT, HTITLE, and
HBY options. Any of these default values can be changed by reissuing a GOPTIONS statement in the
program or changing the option within another statement (such as a TITLE, NOTE, or FOOTNOTE
statement).

Creating a series of similar graphs on the same data presents a whole new set of problems. For instance, in
creating a series of plots on laboratory data, use of a BY line would seem to be an obvious choice to cycle
through all lab tests. Generally though, each lab test needs to be further broken down by treatment or dosing
group, so that one graph is produced for each lab test-treatment group combination. While the variables for
both lab test and treatment group can be used on the BY line statement, the graphs generated in this
fashion will, for the most part, not have consistent axes across treatment group graphs for the same lab test,
since SAS only uses the data in the current graph to determine the range of the axis values, as opposed to
all data within that laboratory test. Thus the outcome is usually unacceptable as it makes treatment group
comparisons more difficult to observe. A solution to this problem entails the use of macro code to determine
appropriate upper and lower values for each lab test, and to then use these values to generate global axes
statements that remain the same for each lab test, regardless of the treatment group.

Another common consistency problem can occur when generating plots using the GPLOT procedure and
using a third variable, such as a treatment or dose group, as a grouping variable. GPLOT automatically uses
the values of this variable in the LEGEND, but very often the designers of the plots will want particular
symbols, line types, and/or colors to be specified for the display of specific values of this variable. If the
program is subsequently run on a subset of the original data, some values of this discrete variable may be
absent in the subset. This can result in an inconsistent representation (symbol, line type, color) of a
particular value of the variable in a series of plots. The authors of this paper presented solutions to this
problem in Flavin and Carpenter (2004).

Starting in SAS 9, some procedures that support the generation of presentation quality graphics - especially
those in SAS/STAT® - will be able to take advantage of graphics styles. These styles are coordinated
through ODS and lend a consistency to the resulting graphs. Refer to Rodriguez (2004) for further details.



TECHNIQUES TO AVOID

A great deal has been written on what makes a good graph. The following examples are based on
Carpenter and Shipp (1995) and Carpenter (1994). Most of the following examples highlight things that are
for the most part just common sense. However, the problems that they represent appear in the literature
often enough to warrant inclusion in this paper.

The following lists in decreasing order of our ability to discriminate various graphical elements (Cleveland,

1984):

Length, direction, and angle
Area

Volume and curvature
Shading and color saturation

OOk WN PR

Position along a common scale
Position along nonaligned scales

As the numbers indicate, there is a gradation in how well we can interpret graphics which utilize the above
elements. The values of two points positioned using a common scale might be easy to compare, while the
same values would probably be more difficult to compare if color shading was used to distinguish them.

SAS/GRAPH can easily be used to produce graphics that ignore the failings of our minds.

STACKED HISTOGRAMS

Stacked bar charts are used to show
the values of two or more variables
(or categories) on each bar. Both
PROCs CHART and GCHART allow
the use of the SUBGROUP= option to
easily create this kind of graphic. The
problem with this type of chart is that
the stacked values are perceived as
being on a common scale, when
actually the scales are nonaligned.
Not only are they nonaligned, but only
the first set of vertical values have a
common base.

Because the stacked segments do not
have a common base it is difficult to
compare values such as the number

Stacked Histogram
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of Males in the 130mm category and the number of fish with Undetermined gender in the 150mm category.

PLOTS IN LAYERS

The PROC GPLOT equivalent to the
stacked values discussed in the
previous example uses the AREAS=
option in the PLOT statement. Unlike
the stacked histograms, the AREAS=
option is designed to plot two or more
variables that always take on
monotonically greater than values (i.e.
for any value of the horizontal variable
y1l < y2 < y3 etc.). While this provides
an aligned (vertically and horizontally)
scale, our eye perceives a non-
aligned scale. The plot shows two
curves with a constant vertical
difference, however the use of the
AREAS= option (aggravated by the

Layers Plot of an Inverse Function
Vertical Width |s Constant

choice of PATTERNS) makes it very difficult to see the constant difference. Our eye sees the horizontal
spacing as well, thereby totally hiding the constant difference.




BLOCK CHARTS

Block charts are created by using the
BLOCK statement in PROC
GCHART. SAS will create a series of
'‘pseudo’ three dimensional towers
with the height of each representing
the value of the selected variable.
When two classification variables are
selected, the towers are arranged like
a small city of skyscrapers.

In addition to being a problem of
nonaligned scales, our eye wants to
see a three-dimensional picture, and
will attempt to use perspective where
none has been added. Because our
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eye wants to see the tower in a back row as being farther away, this can cause a tower in the back row to
appear taller than one of equal height in the front row,. Notice that the parallel grid lines running from the
front to the back seem to diverge. This is an optical illusion, an artifact of the eye trying to put the graph into

perspective.

OPTICAL ILLUSION AND THE PATTERN STATEMENT

Some combinations of lines and
patterns just do not go well together. As
we design our graphic and choose our
fill patterns, we must guard against
occurrences of charts such as the one
shown here (this is another good reason
to use SOLID and EMPTY as your
pattern type).

In this chart, although the vertical bars
are parallel and equally spaced, they
appear to be leaning toward or away
from their neighbor.

PIE CHART
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The pie chart is one of the classical graphical alternatives to the histogram (bar chart). Within SAS, bar

charts and pie charts are created by the
same PROCedures. Pie charts are not
necessarily bad, but the programmer
(and wouldn't it be nice, the user of the
graphic) needs to be aware that our
minds can more accurately distinguish
the length of bars with a common scale
than we can the area of a circular
sector. Exploded pie charts
(EXPLODE= option in the PIE
statement) are even worse because
they trick the eye into seeing too much
area.

Frequency Comparison of
20mm and 160mm Size Groups
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It is for this reason that some readers may perceive the exploded section (160mm) in the lower right corner
to be larger than the 120mm section when in fact it is not.
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NONALIGNED AXES

The PLOT2 and BUBBLE2 statements Two Non —Aligned Axes

in PROC GPLOT allow the user to

specify a second vertical axis when 23 - - . o
overlaying two variables with a common 223 ] gi
horizontal axis. These two axes may or 2.0 E o
may not have values in common, 1.84 o o - & gf
however, our eye will tend to want to 167 6 o o c o e X
compare the magnitude of two values by | %% ° . c F ol
looking at their height above the 104 - F1
horizontal axis rather than by seeking oed CC 0 e
out their true values. L T T T,
The non-aligned axes in this example MONTH

make it difficult to compare

concentrations of ozone and carbon Dzone (03) - 0 Carben Menoxide (C0) — €

monoxide. In July (month=7) and September (month=9) it first appears that the O3 concentration is greater
since it is higher on the plot. A closer inspection, however, shows that this is not the case. Our eye has
been fooled by the non-aligned axes.

BUBBLE PLOTS ETC.
The BUBBLE and BUBBLE2 statements

in PROC GPLOT, and the SCATTER 1988 Air Quality Data
statement with the SIZE= option in Tempzmt;r? R_E‘m'ﬁ”jh'”tmfo‘ 03’t°”d NO3
PROC G3D produce symbols whose 7 yrnbol olor relates to Season
size represents the magnitude of AZU {(clun) LIV (spode)  SFO (heort)

another variable. Unfortunately, the
ability to compare areas is not very high
on the list of accurate graphical tasks,
consequently effective size comparison
is difficult. 1581

NO3
22 .81

At least with the BUBBLE and 120
BUBBLE?2 statements, comparisons are 424
made among symbols that have the

same shape. Ina PROC G3D
SCATTER pilot, different shapes can be used to add another dimension to the plot, but our eye does not
easily compare the volumes of a heart, spade, and star. The problem is compounded by the ‘pseudo’ three-
dimensional effect as was discussed above.

INCLUSION AND EXCLUSION CRITERIA

Avoid the use of 3-D effects and shadowing. While these may appear to make output look more
sophisticated, the reality is that they cause more confusion than enlightenment.

In clinical trials data, graphs are often produced on individual subject data or on data pooled by treatment
group. Individual subject plots can be useful for identifying subjects with extreme outlier values. If each
subject’s data are plotted on a separate graph, this can yield a large number of graphs. Conversely, if the
data for all subjects are presented on one plot, it may be impossible to distinguish one subject’s data from
another. Graphs displaying results grouped by treatment group most often present the information in the
most useful format.

Data that include extreme outlier values can cause problems in generating graphical output. If these values
are included and the user allows the procedure to internally determine axes scales, the output generated
may be unacceptable due to the non-outlier data becoming clumped in a small part of the graph. One
solution is to exclude extreme outliers from the graph, but to then list these excluded values somewhere on
the output. If it is important to include these on the graph, then creating a broken axis using the ANNOTATE
facility may be a possible solution.

There are many different procedures available in SAS/GRAPH for creating different types of output.
Sometimes there are several different types of displays that could potentially be used, so it is necessary to
assess the available choices. For instance a bar chart and a pie chart present two different ways of
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displaying the same information. When more than one option exists, it is often necessary to consider the
audience, the message to be conveyed, and where the output will be seen or presented.

Another consideration to weigh is whether or not a graphical display truly adds value to the data being
presented. As a general rule, a SAS/GRAPH program usually takes more development time to produce
acceptable output than the development of a program to generate summary statistics or tables. If resources
are an issue and the same conclusions can be easily drawn from tabular output, then perhaps a graphical
display is not necessatry.

CONCLUSION

Effective communication does not necessarily mean pretty. At the same time an effective graph or chart will
by necessity not be ugly. The ideas presented in this paper have hopefully presented some ideas to help the
reader differentiate between ‘effective’ and ‘pretty’ as well as the aspects of the elements that form an
attractive and effective graph or table.

Several of the papers listed in the references provide additional perspective on the general topics of best
graphical practices. One of the cited authors, LeRoy Bessler, has written a number of additional papers on
the topic.

The standards within companies, groups, and projects vary, however the principles outlined here will almost
always apply. There are times when graphs are meant to NOT present the information accurately or in a
way that can be completely understood. Assuming that is not the case, remember the story that the graph is
meant to tell and then boil the graph down to its essentials. What is the message and what is needed on the
graph to convey that message? It is not enough to be able to transfer what is being visualized into SAS
code. Always be aware that the choice of graphical elements in constructing the graph will determine how
those who look at the graph will interpret what they see.
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