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Appendix
Designing visualization systems based on cognitive design
principles is not a new methodology. Visualization researchers
have applied similar strategies in a variety of data domains.
As in our work, these researchers borrow results from the
perception and cognition community. In some cases they
conduct new user studies to identify the appropriate design
principles and to evaluate the effectiveness of the resulting
visual representations. Here we consider several notable examples of research that has followed this methodology.
In the domain of photography, books on photographic
techniques have outlined a wide variety of design principles
for creating good composition and effective lighting [13, 16].
These books explain that photographs are most pleasing
when the subject is placed according to geometric criteria such as centering, the rule of thirds, or fifths, and the
golden ratio. They describe how to position light sources to
emphasize shape and material properties of objects. Recent
techniques for automated photo cropping [18, 21] and image
relighting [1, 8] are based directly on such principles.
In domains where the design principles are not stated so
directly, one common approach is to identify the relevant
prior research in perception and cognition and then synthesize a set of design principles based on this earlier research.
While we used this strategy to develop our route map and
tourist map visualization systems, others have applied this
approach in different domains. For example, researchers
have applied research on human perception of shape from
image cues [11, 22] such as texture, shading and lighting
to develop new non-photorealistic rendering techniques that
emphasize the shape of a 3D object via texture [10], suggestive contours [7], or exaggerated shading [17]. The key
contribution in this style of research is to connect the relevant studies on perception and cognition of visual displays
with the algorithmic techniques for generating such displays.
Another approach to generating good visualizations is to
conduct studies comparing the effectiveness of two or more
visual representations for the same information. In the domain of information visualization for example, Bertin [2] developed the theoretical foundation for encoding data using
visual variables such as position, length, angle, color, and
shape. Subsequent human-subject experiments on graphical
perception have rigorously tested the effectiveness of these
variables [3]. For example, studies comparing bar charts

versus pie charts have generally found that the length judgments required in bar charts are faster and more accurate
than the angle judgments required in pie charts [4, 19, 20].
Other studies have investigated shape discrimination of scatter plot symbols [12, 23] and the tradeoff between the size
and resolution in time-series visualizations [9]. Based on
such experiments, Mackinlay [14] rank ordered the effectiveness of the visual variables (i.e. length is more effective than
angle for encoding quantitative data). His APT [14] and
ShowMe [15] systems for automatically designing effective
charts and graphs choose the appropriate visual encoding for
nominal, ordinal and quantitative data based on this rank
ordering. Ware [24] has collected many of these findings in
his textbook on Information Visualization.
Cole et al. [5, 6] have applied a similar approach to producing line drawings that best convey the shape of a 3D
object. They asked artists to manually draw lines to convey the shape of 3D objects and then analyzed how often
the artists drew similar sets of lines. Based on this analysis
they suggest algorithmic techniques for producing effective
line drawings [5]. More recently they have conducted an
evaluation checking how well people perceive shape from line
drawings, thereby closing the loop and validating the effectiveness of algorithmic line drawing techniques for conveying
shape [6]. The primary challenge in this style of work is to
develop experiments that will yield useful design principles
for creating effective visual representations.

1.

REFERENCES

[1] D. Akers, F. Losasso, J. Klingner, M. Agrawala,
J. Rick, and P. Hanrahan. Conveying shape and
features with image-based relighting. In Proceedings of
IEEE Visualization 03, pages 349–354, 2003.
[2] J. Bertin. Semiology of graphics. University of
Wisconsin Press, 1983. translated by W.J. Berg.
[3] W. Cleveland. Visualizing Data. Hobart Press, 1993.
[4] W. Cleveland and R. McGill. Graphical Perception:
Theory, Experimentation, and Application to the
Development of Graphical Methods. Journal of the
American Statistical Association, 79(387):531–554,
1984.
[5] F. Cole, A. Golovinskiy, A. Limpaecher, H. S. Barros,
A. Finkelstein, T. Funkhouser, and S. Rusinkiewicz.
Where do people draw lines? ACM Transactions on
Graphics (Proc. SIGGRAPH), 27(3), 2008.
[6] F. Cole, K. Sanik, D. DeCarlo, A. Finkelstein,
T. Funkhouser, S. Rusinkiewicz, and M. Singh. How
well do line drawings depict shape? In ACM

[7]

[8]

[9]

[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

Transactions on Graphics (Proc. SIGGRAPH),
volume 28, Aug. 2009.
D. DeCarlo, A. Finkelstein, S. Rusinkiewicz, and
A. Santella. Suggestive contours for conveying shape.
In Proceedings of SIGGRAPH 03, pages 848–855,
2003.
R. Fattal, M. Agrawala, and S. Rusinkiewicz.
Multiscale shape and detail enhancement from
multi-light image collections. ACM Transactions on
Graphics (TOG), 26(3):51:1–51:10, 2007.
J. Heer, N. Kong, and M. Agrawala. Sizing the
horizon: the effects of chart size and layering on the
graphical perception of time series visualizations. In
Proceedings of the 27th international conference on
Human factors in computing systems, pages
1303–1312. ACM New York, NY, USA, 2009.
V. Interrante, H. Fuchs, and S. Pizer. Conveying the
3D shape of smoothly curving transparent surfaces via
texture. Visualization and Computer Graphics, IEEE
Transactions on, 3(2):98–117, 1997.
J. Koenderink. What does the occluding contour tell
us about solid shape? Perception, 13(3):321–30, 1984.
S. Lewandowsky and I. Spence. Discriminating strata
in scatterplots. Journal of the American Statistical
Association, pages 682–688, 1989.
B. London and J. Upton. Photography.
Addison-Wesley, 1997.
J. Mackinlay. Automating the design of graphical
presentations of relational information. ACM
Transactions on Graphics, 5(2):110–141, 1986.
J. Mackinlay, P. Hanrahan, and C. Stolte. Show Me:
Automatic presentation for visual analysis. IEEE
Transactions on Visualization and Computer
Graphics, 13(6):1137–1144, 2007.
B. Peterson. Learning to See Creatively: Design, Color
and Composition in Photography. Amphoto Books,
2003.
S. Rusinkiewicz, M. Burns, and D. DeCarlo.
Exaggerated shading for depicting shape and detail.
ACM Transactions on Graphics (TOG),
25(3):1199–1205, 2006.
A. Santella, M. Agrawala, D. DeCarlo, D. Salesin, and
M. Cohen. Gaze-based interaction for semi-automatic
photo cropping. In CHI ’06: Proceedings of the
SIGCHI conference on Human Factors in computing
systems, pages 771–780, 2006.
D. Simkin and R. Hastie. An information-processing
analysis of graph perception. Journal of the American
Statistical Association, 82(398):454–465, 1987.
I. Spence and S. Lewandowsky. Displaying proportions
and percentages. Applied Cognitive Psychology, 5(1),
1991.
B. Suh, H. Ling, B. B. Bederson, and D. W. Jacobs.
Automatic thumbnail cropping and its effectiveness. In
UIST ’03: Proceedings of the 16th annual ACM
symposium on User interface software and technology,
pages 95–104, 2003.
J. Todd. The visual perception of 3D shape. TRENDS
in Cognitive Sciences, 8(3), 2004.
L. Tremmel. The Visual Separability of Plotting
Symbols in Scatterplots. Journal of Computational

and Graphical Statistics, pages 101–112, 1995.
[24] C. Ware. Information visualization: Perception for
design. Morgan Kaufmann, 2004.

