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Abstract 

Graphical presentations can be very effective in communi- 
cating large datasets and patterns, trends and relationships 
in them. Charts and graphs used in reporting data usually 
tend to highlight certain aspects and suppress others. In fact, 
a recent study of several hundred annual reports found that 
more than 30% of charts in these reports were designed to 
facilitate inferences favorable to the companies while hin- 
dering others. Unfortunately, many of the techniques used 
to achieve these effects may not be obvious to the average 
user. One solution to this problem is to make design choices 
explicit to the user. This paper presents a data analysis in- 
terface that educates users by enabling them to explore the 
visualization space and modifying chart design parameters. 
This interface is based on an analysis of a corpus of charts 
and graphs and uses knowledge about a variety of techniques 
for emphasizing specific trends and/or values shown in 2-D 
charts and graphs. 

Introduction 
Graphical presentations can be an effective means of suc- 
cinctly communicating information about multiple, di- 
verse data attributes and their inter-relationships. Thus, 
it should come as no surprise that more than eighty per- 
cent of all business reports contain graphs, charts or some 
other form of information graphics (Beattie & Jones 1994; 
Schmid 1983). However, what is surprising is that a recent 
study (Beattie & Jones 1994) of the financial reports of 240 
companies in Britain-randomly selected from amongst the 
500 largest companies-found that almost a third of these 
reports contained graphs or charts that suffered from mea- 
surement distortion (Tufte 1983), i.e., they deliberately vio- 
lated the principle that the representation of data values, as 
physically measured on the graph’s surface, should be di- 
rectly proportional to the numerical values being presented. 
Furthermore, three times as many companies manipulated 
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perceptual factors to present an exaggerated favorable im- 
pression as the ones that did n0t.l 

Quite clearly, reports generated by organizations with 
a stake in highlighting specific aspects or skewing certain 
perceptions make it difficult for users to (literally) get the 
full picture. A typical chart discussed by Beattie and Jones 
(1994) was found to contain a combination of techniques 
that make quick, visual interpretations difficult, if not im- 
possible: positionally ambiguous 3-D bars, origin displace- 
ments that magnified differences, the use of different colors 
without any underlying domain mappings, etc. Unfortu- 
nately, evidence suggests that only a small fraction of the 
general population is graphically expert, and few people re- 
alize the number of decisions implicit in the design of a 
graphic presentation (Shah 1995). Since each design deci- 
sion can influence user perception in a variety of ways, it is 
essential that as datasets grow in size and complexity that 
users understand and explore the implications of the various 
parameters involved in the visualization of these datasets. 

This paper presents a library of techniques that can be 
used in designing information graphics to either highlight 
(or downplay) aspects of the dataset. These techniques 
were culled from an analysis of several thousand charts in 
newspapers, magazines and business/governmental reports. 
One possible categorization of these techniques is presented 
in this paper. We discuss some of these techniques, using 
examples to illustrate the points. We describe our imple- 
mentation and discuss its utility in helping users understand 
presentations in general and chart designs in particular. Fi- 
nally, we conclude with a discussion of future areas of re- 
search. 

There are a number of systems that can design com- 
plex, effective and novel graphic presentations, but this pa- 
per discusses only 2-D charts and graphs. Systems like 

‘Among companies that did not have positive results to report, 
a number of them used the converse tactic of presenting informa- 
tion in a fashion that made it more difficult to compare perfor- 
mance across years or with other companies. 

AUTOMATED REASONING AND THE USER INTERFACE 57 

From: AAAI-97 Proceedings. Copyright © 1997, AAAI (www.aaai.org). All rights reserved. 



Figure 1: Domains in the same chart are easier to compare. 

SAGE (Roth et al. 1994) can automatically design chart 
based presentations, but all of them are based, in part, on 
the principle of certain licensed mappings between data 
types (coordinates, nominals, etc) and graphical attributes 
(position, lexical items, etc).2 While some of these sys- 
tems do reason about certain aspects of the presentation, 
e.g., ordering items along an axis in lexical (or otherwise 
sorted) order in the case of certain nominal or quantitative 
types, none of these systems makes such design decisions 
explicit. Furthermore, none of these systems (as yet) allow 
the user to reason about, and explore, the gamut of ways in 
which graphical rhetorical devices such as visual prompts 
(and combinations of these) could be used to facilitate cer- 
tain inferences and suppress others in the case of charts and 
graphs.3 

To find a set of techniques that can be used to emphasize 
certain inferences, we analyzed a large number of charts 
in a variety of reports, books and periodicals. The charts 
in our corpus used a combination of several techniques to 
convey their preferred message; these could be categorized 
into two distinct classes: 

o data set partitioning: if the point to be made required 
comparisons within smaller subsets of the domains to be 
visualized, partitioning the data-set displayed into sepa- 
rate groupings, clusters or regions was a commonly used 
technique. Consider the charts shown in Figure 1.4 The 
charts allow the user to lookup and compare growths 
in the four countries between 1990 and 1993. How- 
ever, the allocation of countries to the charts suggests 
specific groupings, or pair-wise comparisons between 
Japan/Brazil and China/USA. If the dataset had been par- 
titioned differently (e.g., Japan/USA and Brazil/China), 

2For a detailed discussion on the issues in designing graphic 
presentations and problems arising from violating these mapping 
rules, see (Bertin 1983; Kosslyn 1989; 1994; Shah 1995). 

3Marks and his colleagues have also looked at graphical impli- 
catures in the context of network diagrams (Marks & Reiter 1990). 

*Chart source: (Kosslyn 1994), p. 57. 
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Figure 2: Labels can highlight values or specific points. 

the comparisons suggested would be different. 

8 visual prompts: graphical annotations were often used 
to highlight specific points. 

Both types of techniques are often used together to 
achieve complex effects. Visual prompts or annotations are 
frequently used as rhetorical devices and include, among 
others: changes in color, fonts, background, orientation, lo- 
cation, as well as the use of pointing devices such as ar- 
rows. A combination of these rhetorical devices within a 
single presentation can be used with great effect to convey 
a desired perspective. This section describes some of the 
prompting techniques and their effects. These techniques 
are then categorized on the basis of their integration with 
the original graphic design: 

e planned as part of original design: this set of tech- 
niques includes those that can be used only if planned 
as part of the original presentation (e.g., a modification 
to an axis origin) 

e usable as a post-design overlay: this set includes those 
techniques and annotations that can be designed as part 
of an overlay of the original picture. 

Note that this is just one possible classification. Another, 
and possibly more useful one, would be one that catego- 
rized these prompts in terms of the communicative goals 
that they help achieve: magnifying small differences, fa- 
cilitating specific comparisons (differences, ratios, progres- 
sions, etc), highlighting trends and specific subsets, sup- 
pressing specific data readings, etc. For lack of space, we 
will not discuss some of the issues that arise in determining 
that categorization. 5 Our goal here was to build a frame- 
work that allowed users to familiarize themselves with the 
more lower-level design parameters. 

‘Kerpedjiev et al (1997) discuss some mappings between com- 
municative goals and graphical techniques in a related project. 
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Figure 3: Arrows and trend lines highlight values/patterns. 

Using Labels as Visual Prompts 
Studies have shown that labelling points in a chart can be 
both an effective way of drawing attention to that point, as 
well as communicating the exact value of that point (Cul- 
bertson & Powers 1959). Consider the charts shown in Fig- 
ure 2.6 The one on the left uses labels to show values cor- 
responding to 1985 and 1990. The implicit assumption in 
this case is that these values are important for some reason. 
The chart on the right in Figure 2 shows a case where the 
labels serve a slightly different purpose: not only do they 
help identify the countries the lines represent, but they also 
draw attention to the point where the difference between the 
two trends is maximal. 

Using Arrows or Other Pointing Devices 
Arrows, and other similar pointing devices, strongly attract 
attention (Bertin 1983) and can used to: 

e draw attention to specific points in a line or an axis. This 
is illustrated in Figure 3,7 where the arrow is used to 
highlight an important limit value along the Y axis. A 
secondary goal achieved by using such devices is to im- 
ply that the values/objects pointed to are important or 
critical in some way. 

o indicate graphemes or objects being referred to: by se- 
lectively pointing to some objects, attention is drawn to 
those objects relative to the other objects in the graphic. 

Using Lines as Visual Prompts 
Studies suggest that people believe that lines imposed on 
scatter-plots show underlying trends in the data (Kosslyn 
1994). Clearly, such “trend” lines should not be presented 
in a chart/graph unless such a trend actually exists in the 
data. The second chart in Figure 3 shows how a line in- 
serted in a scatter-plot without an actual trend can some- 
times lead to incorrect implicatures about the existence of a 

“Chart sources: (Kosslyn 1994), p. 151, and The Economist, 8 Chart source: United Nations Energy Statistics Yearbook 
13th April 1991, p. 47. (1985 figures). 

7Chart source: (Kosslyn 1994), p. 211. ‘Chart source: (Kosslyn 1994), p. 210. 
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Figure 4: Origin changes facilitate specific inferences. 

trend. Line segments are also often used to connect points 
together, as is done in graphs. Depending on how the seg- 
ments connecting any two points are drawn, the graph can 
change its overall appearance significantly even without 
any changes in data. 

Another way in which lines can be used to influence per- 
ception of various values is by generating a reference line. 
Consider, for instance, the first chart in Figure 4.8 It shows 
energy consumption for four countries. The flat line dis- 
places the origin and draws attention to the portions above 
it. Both visual comparisons as well as perceptual ratio cal- 
culations for the absolute lengths of the bars are hindered by 
the line. Reference lines inserted in charts can serve many 
different goals; in general, they are used for comparison 
with some predetermined level. 

Varying The Axes 
Axis modification is often exploited by writers to convey 
a specific impression: almost 70% of the charts studied 
in (Beattie & Jones 1994) that suffered from presentation 
biasing involved the use of axis modification in some way. 
This is particularly insidious, since studies suggest that peo- 
ple tend to overlook changes in the axes more than changes 
in other factors (such as color or shape of graphical objects 
in the chart) (Tufte 1983). 

There are at least four ways that a presentation can be 
changed by modifying the axis design: 

0 by changing the origin or by having a discontinuous or 
truncated axis. Consider the second chart in Figure 4.g 
By truncating the Y axis, the relative difference between 
the USA and the USSR is magnified and visual compu- 
tation of ratios is no longer possible. Beattie and Jones 
(1994) found some companies using this technique to 
seemingly magnify earnings by factors of as much as 
700% compared to their previous year. 
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e by changing the scales of the axes. 

e by changing the range shown; e.g., increasing the range 
displayed can make scatter-plots appear highly corre- 
lated (Cleveland, Diaconis, & McGill 1982). 

8 by changing the items’ order of presentation. 

Other Visual Rhetorical Strategies 
Among other, less frequently used visual rhetorical strate- 
gies are the use of color and saturation, line thick- 
ness, physical separation or positional prominence, zoom- 
ing/magnification and the use of titles and/or captions to ac- 
company the charts. Taken together, this set of techniques 
accounted for about 30% of the biasing techniques seen in 
our corpus. 

It should be noted that our emphasis in this work was 
not as much on valid or invalid mapping techniques (for 
instance, whether the length attribute can be used to map 
coordinate data types-it should not), but on explicating the 
fact that the various design choices from the set of valid 
mappings are not equal: certain design choices tend to fa- 
cilitate/suppress certain types of inferences. For instance, 
color is commonly used to differentiate nominal types. 
However, coloring a selected subset distinctively from the 
others tends to distinguish the selected objects and attract 
additional attention to them. Color can also be used more 
subtly: chromostereopsis is a physiological phenomenon 
that causes warm colors (such as red or orange) to appear 
closer than cooler colors (such as green, blue or black).lO 
This fact is often exploited by designers to foreground cer- 
tain domains. A chart, for instance,” with two lines in it, 
one black and the other red, does not convey both trends 
equally effectively: users tend to perceive the red line as 
being “in front of” the black line and give it more promi- 
nence. 

Other techniques less frequently seen in our study were 
the use of positional prominence or physical separation, 
zooming/magnification, using iconic graphemes (as is done 
in isotypes), etc. For lack of space, these techniques and 
their effectiveness are not further discussed here. However 
we list all the ones we found and attempt to categorize them 
in the following section. 

A Categorization of Focusing Techniques 
The set of techniques we came up with based on the analy- 
sis of charts in our corpus is shown in Figure 5. As can be 
seen, there are two major classes of strategies for facilitat- 
ing certain user inferences, and we have concentrated on us- 

loIt is hypothesized to be a consequence of the fact that the lens 
of the eye refracts different wavelengths of light differently (Allen 
& Rubin 1981; Travis 1991). 

“This chart can be found in “Development of moral judgment: 
A longitudinal study of males and females” by C. Holstein, 1976, 
Child Development, ~0147, pp. 5 1-61. 

ing visual prompts. These are further subdivided into those 
that need to be planned for as part of the original presenta- 
tion and those that can be generated as part of an overlay 
after the charts have been designed. The overlays are then 
further divided into those that require significant amounts 
of coordination with the presentation (and therefore, extra 
planning) and those that do not. 

As mentioned earlier, these techniques could also have 
been classified under alternative (and depending on one’s 
goals, more useful) categorizations. For instance, if one’s 
goal were to design an automatic presentation system, one 
could categorize these techniques in terms of the commu- 
nicative goals that they can help achieve. The problem with 
that approach lies in the fact that most of these techniques 
can achieve several different communicative goals, and 
evaluating the effectiveness of either specific techniques (or 
combinations of these) for specific goals can be highly con- 
text dependent. Since we did not wish to try and character- 
ize the degree of effectiveness of a particular technique for 
a goal such as contrast, we did not attempt to develop 
such a classification. Furthermore, since most of these tech- 
niques are used in combination with other techniques, it is 
difficult to reason about the relative effects of each of these 
techniques on a picture. 

We have implemented these techniques as part of a small, 
experimental framework implemented in JAVA.~~ The 
presentation design constraints were specified in a con- 
straint satisfaction system based on SCREAMER (Siskind 
& McAllester 1993), but could also have been specified 
declaratively in a system such as the Functional Unification 
Formalism (FUF) (Elhadad 1992).13 FUF is a freely avail- 
able, widely used Lisp implementation of a constraint based 
unifier that takes as input a grammar and a partial specifica- 
tion to generate a fully specified form. Unlike a traditional 
grammar, however, our system collects all possible valid 
realizations of the (partial) input specifications. Input to the 
system consists of a data set, and the associated data charac- 
terization. In response, the system generates a visualization 
that satisfies the characterization constraints. Furthermore, 
the system generates a set of all the alternative choicespos- 
sible for all of the design decisions that were involved in the 
design of the picture. The unused choices are used to gen- 
erate an interface that can be used to explore the space of 
other possible perspectives on the data set. This is the cru- 
cial point, because our goal was to design a system that can 
generate the list of decisions, along with other valid alter- 
natives, used in designing the presentation in a form that 
can be used to explore the space of other designs as well. 

“URL: http : // www.jprc.com/userslmittal/. 
13This is in fact the approach taken in the AUTOBRIEF sys- 

tem (Kerpedjiev et al. 1997). 
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Figure 5: A possible categorization of techniques to focus attention in informational graphics. 

Most first-time users, for instance, are unaware of the fact 
that even simple presentations consisting of a single chart 
with only a single type of a mark (used to visualize the rela- 
tionship between two domains) requires over twenty design 
decisions to be made before it can be rendered on the screen 
(there are over six decisions just pertaining to the X-axis: 
x-origin, x-range, x-delta, x-domain, x-truncated?, x-scale, 
and a number of others pertaining to the framework as well 
as the grapheme used to present the points). The system 
generates an interface with radio button menus (for discrete 
choices) and sliders (for continuous parameters, such as the 
choice for a numeric axis delta value) to allow the user to 
explicitly identify the choices used and modify them to see 
their implications. This framework makes it clear to the 
user that even a seemingly trivial presentation can have a 
large number of design decisions implicit in the visualiza- 
tion, many of which can have significant effects on which 
trends, patterns or clusters in the data set are visible, high- 
lighted or inferred by the users. 

Discussion 
It is difficult to validate claims or compare systems with- 
out a systematic evaluation. In our case, one possible eval- 
uation would be to conduct user studies and see if over 
time, system users became graphically more sophisticated 
as compared to a control group exposed to the same set 
of graphical presentations but without the benefit of this 
system. Unfortunately, we did not possess the resources 
needed to conduct such a study. 

Instead, we decided to initially focus on using the set of 

techniques culled from our analysis in building a more ex- 
plicit or transparent visualization system and help users bet- 
ter understand charts. Using information about these tech- 
niques and their applicability conditions, we were able to 
construct a system capable of displaying the various design 
decisions that go into chart design. In informal surveys, we 
found that users were taken aback to find that even suppos- 
edly simple presentations required tens of design decisions 
that potentially affected their perception of the presentation. 
We also used this system to generate visualizations from 
different perspectives by varying the parameters in the in- 
terface (e.g., look at a data set about house sales from the 
perspective of the buyer, the seller, the real estate agent, 
etc.). We found that having an interface that allows the user 
to interactively pick various design parameters can some- 
times be a very useful data navigation and analysis tool, 
because instead of randomly testing various parameters to 
see if they generate valid visualizations and then trying to 
find interesting patterns, this system allows users to see the 
space of possible design choices and pick extreme values. 

We also used the system to generate some of the “classic” 
alternative presentations discussed in (Huff & Geis 1954; 
Kosslyn 1994). One of these examples is shown in Fig- 
ure 6:14 it shows a data set from two different perspec- 
tives, which are conveyed by the titles of the original charts: 
“Govt. payrolls up. I” for the first one, and “Govt. payrolls 
stable.” for the second one. Other than the titles (which 
are not generated by the system), the system can be used to 

14Chart source: a 1938 editorial in the periodical Dun’s Review 
discussed in (Huff & Geis 1954), p. 65. 
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GOVT. PAYROLLS UP! GOVT. PAYROLLS STABLE. 

Figure 6: An example of the same data set visualized using different chart design parameters. 

set design parameters that will generate the two charts ap- 
propriately. While the complete set of design parameters is 
quite large, some of the ones in which the two charts differ 
are shown in Figure 7. 

We are not making any claims about completeness re- 
garding the techniques presented here; we believe that the 
current set (as presented in Figure 5) is capable of covering 
a significant fraction of the variations possible. It is likely 
to grow as we come across more data. It can be used as 
a starting point for researchers interested in graph compre- 
hension, perceptual complexity and communicative impli- 
catures. We believe this is an interesting area of research 
because (unlike natural language or graphics in general), 
even though charts are so widely used in presenting data, 
there are only a small number of variations that designers 
can avail of, which makes the set of techniques amenable to 
analysis and computational implementation. 

This paper presents a set of techniques that are often used to 
facilitate specific inferences in 2-D charts or graphs. This 
set of techniques was generated by scanning a large num- 
ber of charts and graphs in a variety of documents, articles 
and reports. Our goal was to design an interface that made 
explicit to the reader the various decisions that are neces- 

sary in the design of a chart/graph. Our application was 
motivated by the finding that almost 30% of charts and pre- 
sentations in financial reports are biased in ways that are 
not obvious to average users. This work differs from most 
previous computational approaches to charts/graph design 
in that the goal here was to make all decisions explicit and 
modifiable by the user; thus, it differs from interfaces such 
as SAGEBRUSH (Roth et al. 1994) in allowing the user 
to examine and modify very low level details in the design 
process. Our informal evaluation suggests that this may be 
an effective approach at making users aware of the numer- 
ous design parameters. 

Future work may include extending this interface to in- 
corporate results from graph comprehension (Shah 1995) 
in designing a plan based graphic designer capable of rea- 
soning about goals and effects and using a combination 
of these techniques to generate sequences of charts and 
graphs that convey the desired inference. The AUTO- 
BRIEF project is investigating the goal representations and 
planning processes necessary to generate coherent, effec- 
tive multi-media documents integrating both graphics and 
text (Kerpedjiev et al. 1997). 
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Figure 7: Some design parameters for Figure 6. 
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