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INTRODUCTION

The evolution of computational science over the last decade has
resulted in a dramatic increase in raw problem solving capabili-
ties. This growth has given rise to advances in scientific and en-
gineering simulations that have put a high demand on tools for
high-performance large-scale data exploration and analysis. These
simulations have the potential to generate large amounts of data.
Humans, however are relatively poor at gaining insight from raw
numerical data, and as a result, have used visualization as a tool
for understanding, interpreting and exploring data of all types and
sizes. Allowing for efficient visual explorations of data, however,
requires that the ratio of knowledge gained versus the cost of the vi-
sualization be maximized. This, in turn, mandates the integration of
principles from human perception. Understanding perception as it
relates to visualization requires that we understand not only the bi-
ology of the human visual system, but principles from vision theory,
and perceptual psychology as well. This panel is the result of bring-
ing together practioners and researchers from a broad spectrum of
interests relating to the ability to maximize the amount of informa-
tion that is effectively perceived from a given visualization. Posi-
tion statements will be given by researchers interested in perceptual
psychology and the perception of natural images, integrating art and
design principles, non-photorealistic rendering techniques, and the
use of global illumination methods to provide benefical perceptual
cues.
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POSITION STATEMENTS

Bill Geisler

Vision is the process of deriving information about the environment
from light that is either emitted, reflected or transmitted by the ma-
terials in the environment. Emitted and reflected light is an excel-
lent source of information about the environment. For example,
it provides detailed information about the shape, solidity, material
composition, distance, and motion of objects. However, extracting
this information from the light reaching a vision system is an ex-
traordinarily difficult problem. Most vision systems must draw all
of their inferences about the environment from just one or a couple
of two-dimensional images formed by an optical system.

The human visual system is exceptionally complex. Although
substantial progress has been made in understanding our vision, the

science is still in its infancy. The complexity of the visual system
and our incomplete understanding of its operation inhibit our abil-
ity to develop effective visualizations of complex multi-variate and
multi-dimensional data.

David Laidlaw

Perceptual psychologists and visual designers both study how peo-
ple understand what they see. Perceptual psychologists study with
the goal of understanding the visual system. The knowledge that
they have gathered tells visualization developers a lot about how
to make effective tools. Visual designers study with the goal of
learning how to make effective visual displays. In many ways, this
is more directly applicable to visualization developers because the
goals of the designers and the developers are more similar.

I’ll talk about several projects where the visualization lab at
Brown has been collaborating with visual designers. In some con-
texts we have found that visual designers can replace user stud-
ies in evaluating visualization methods – and visual designers are
both faster and more informative. We have also tried to include vi-
sual design experts directly in the visualization tool development
process. Unfortunately, this has been a somewhat frustrating pro-
cess, primarily because tools are not available to let designers work,
particularly for large-scale exploratory visualization tools. I’ll talk
about some of the limitations that we have found.

David Ebert

The overriding goal of visualization is the effective transmission
of relevant information to the user through their visual perception
system. Therefore, we are developing perceptually-motivated tech-
niques to increase the effectiveness of volume visualization for
large multivariate datasets. Since the human visual system has
evolved over centuries to understand our three-dimensional world
based on interaction of light with physical objects, utilizing ad-
vanced three-dimensional illumination, shading, shadowing, and
scattering techniques can help improve three-dimensional percep-
tion of datasets. I’ll describe the work we have been doing for
more than ten years in advanced volume rendering methods based
on physics-based illumination, scattering, and translucency.

Unfortunately, even with advanced volume rendering tech-
niques, users can still be overwhelmed by the complexity and mas-
sive amount of data displayed in a visualization. Therefore, we have
also been adapting techniques from technical and medical illustra-
tion into our visualization work. Effective illustrations are tremen-
dously successful at concisely representing the essential informa-
tion that the user needs to gain from the illustration, providing just
enough contextual information, and focusing the user’s attention on
the most significant portion of the image. I’ll describe our work in
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volume illustration that adapts and extends many traditional illus-
tration and artistic techniques to make more effective visualizations
of complex data. Through the use of various illustration techniques,
varying amounts of rendering detail, combinations of illumination
techniques, and volume highlighting, volume illustrations can be
produced that are most appropriate for the task at hand.

Kelly Gaither

The role of global illumination techniques in visualizing scientific
data is a topic of debate in the visualization community. Broadly
speaking, the community is divided into two groups. The first group
is composed of those that consider global illumination techniques
unnecessary, computationally expensive, and in some cases a de-
tractor from the underlying information present in the data. The
second group is composed of those that consider global illumina-
tion a viable method for leveraging beneficial perceptual cues in
the pursuit of increased insight into the data.

With the increase in capability of modern graphics hardware, it
is now conceivable that global illumination techniques will run at
interactive frame rates in the not too distant future. This opens the
door for visualization practitioners and developers to explore new
visualization methods that offer additional perceptual cues achiev-
able only with global illumination.

We have been conducting research to examine the advantages
and disadvantages of using global illumination techniques for data
visualization, and to identify the beneficial perceptual cues unique
to these methods. I will discuss our preliminary findings and the re-
sulting implications with respect to using global illumination meth-
ods in visualization.
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