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INTRODUCTION

How do we measure the effectiveness of visualizations? Clearly
any metric has to be based on perceptual models, since we are
measuring how a display is perceived and interpreted by a human
being. Can we build useful metrics to evaluate the value of image
content? Can we build metrics for user interaction that can feed
back into our visualization systems to improve their effectiveness?
Is it impossible to have real metrics for visualization? Are rules of
thumb all we have? Can better rules be developed for effective-
ness? We will consider imagery used both for photorealistic visu-
alization and scientific visualization. Metrics for static images and
dynamic displays will be discussed. The goal of this panel is to
promote discussion of research or development that is needed for
improving the measurement of visualization effectiveness. We also
hope to promote debate on whether general measurements are pos-
sible, or whether all visualization is case specific. '

STATEMENTS
Holly Rushmeier

In the book “Graphical Methods for Data Analysis” the authors
answer the question “why graphics?” with “Our eye-brain system
is the most sophisticated information processor ever developed,
and through graphical displays we can put this system to good use
to obtain deep insight into the structure of data.” This is what
those of us working in the field of visualization believe. However
many of us, myself as much or more than anyone, work with a
fairly rudimentary understanding of what our eye-brain system is
doing. We work with simple ideas such as brightness perception is
non-linear, slope discontinuities in luminance can cause Mach
bands, different spectral distributions of radiance can have the
same perceived color, motion and shadows help us perceive depth.
We rarely evaluate the value of the visualizations we produce even
in terms of these simple concepts.

The most obvious area where we can apply perceptual measures
to our results is in the area of realistic image synthesis. However,
relatively little has been done even in this area. There have been a
few attempts to have viewers compare real and synthetic imagery
— both by some formal testing and by informally presenting side
by side images. While the results of such tests offer reassurance
that the simulation methods can work, they give no way of quanti-
fying how well they will work on the next problem.

I was part of a group that worked on a project simulating a sim-
ple room under various lighting conditions, and comparing the
results to images of the physical room captured with a calibrated
camera.
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When we looked at the simulated and captured images for a
particular lighting set up, they looked relatively the same to us.
For example, our simulation of the room with incandescent wail
washers looked a lot more like the physical room with incandes-
cent wall washers than the physical room with flourescent down
lighting. A basic pixel by pixel RMS measure of the images didn’t
capture this sort of similarity. After some experimentation, we
found some metrics that crudely accounted for adaptation, per-
ceived brightness non-linearity and spatial frequency variations
that better measured our impression of the images. These metrics
suggested some new approaches to efficiently computing simulat-
ed images. ' { ‘

There is some potential for applying similar simple metrics to
other areas of visualization. For example, can we get a better per-
ception of the shape of an isosurface by incorporating perceptual
metrics in the selection of light position, surface finish, color and
level of surface decimation? Even if we can, are these issues at all
important relative to other factors in building a visualization?

Penny Rheingans

An awareness of the mechanisms and characteristics of human
visual perception can improve visualization effectiveness by guid-
ing the selection and enhancement of new and existing techniques.
Since the information contained in visualizations must pass
through the perceptual system, careful attention to the system’s
characteristics can greatly improve the effectiveness of visualiza-
tions. Perceptually-based visualization strives to avoid distortions
caused by perceptual anomalies, exploit cognitive and cultural
expectations, and accurately convey the features of the data dis-
played. A number of interesting questions arise: which characteris-
tics of vision are most relevant to the evaluation of visualizations?,
how can knowledge about vision be transformed into principles
for visualization?, when should perceptual principles be overrid-
den by application-specific concems?, and how can meaningful
assessments of adherence to principles be made?

Experimental validation of effectiveness is a critical step in the
development of new visualization systems and techniques. In the
early days of visualization, the benefit of a new visual representa-
tion, especially where no visual representation had been available
before, tended to be striking. While this is still sometimes true, the
advantages of recently developed techniques, even those which
offer significant advantages, are usually smaller and more subtle
than in the early days of the field. Formal evaluation of the effec-
tiveness of a visualization, through carefully controlled user stud-
ies, can substantiate claims made about the value of a new tech-
nique. Despite a growing awareness of the importance of objective
evaluation, formal user studies of visualization effectiveness
remain relatively rare. Unfortunately, performing good user studies
is time-consuming and requires substantial expertise in experiment
design and data analysis. How can we balance the importance of



experimental validation with the time, effort, and expertise
required? What should a visualization researcher thinking of per-
forming user studies know? And finally, what should the consumer
look for in a report of user study results?

Sam Uselton

The benefits of good metrics for the quality of visualizations are
many, with a large potential impact. But bad metrics are worse
than none at all. Quality is a slippery concept; it is hard to quanti-
fy. We teach children to distinguish whether a description is
“Qualitative OR Quantitative?” because the concepts seem mutu-
ally exclusive.

Most writing about what makes a good visualization (eg Tufte’s
books) are prescriptions for communicating known information.
These guidelines for expository visualization don’t generalize to
exploratory visualization. And recommending bar charts over pie
charts is answering the wrong question for a scientist exploring his
most recent forty-gigabyte simulation dataset.

L ,
Testing the performance of a specific population on a specific
task using specific visualizations can yield reliable information
about which visualization provides better performance of the task.
The tests are time consuming, and quite expensive, especially if
the population being tested is composed of highly trained profes-
sionals. Even then, these results don’t generalize across popula-
tions, tasks, visualization methods or even data sets. And
exploratory visualization means continually using new data!

My definjtion of a GOOD visualization metric is one that corre-
lates well with the effectiveness that would be measured if the
appropriate testing were done. Of course such metrics are hard to
create, design or discover and even harder to verify. 1 would be
happy to begin with metrics for comparing very similar visualiza-
tion images. This would allow me to decide how much the error
introduced by my shortcut for speed hurts the resulting image.

Visualization is a useful data exploration method because peo-
ple are good at finding visual patterns (sometimes even when there
are none in the data). Interactive control of visualization parame-
ters can lead to finding local optima rapidly. The metrics must
measure these visual patterns. Different metrics will be appropri-
ate for different applications because different kinds of visual pat-
terns are of interest.

Perceptual difference metrics are a good start, but just a start. If
two images are perceptually indistinguishable, then “we’re done”
- they have the same quality for whatever task. BUT, if they are
NOT perceptually indistinguishable, then visualization specific
metrics are needed.

However, metrics for visualization images should not be based
on automatically detected features. If the relevant features can be
automatically identified or extracted, if the data can be classified
automatically for a particular application purpose, then why is a
person looking at images?

Or maybe we should use image enhancement methods to make
imperceptible differences more noticeable?

In addition to my long list of things that don’t work for use as
visualization metrics, I will present suggestions of things that may
work.
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