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1 Introduction

Effective visualization of large particle datasets requires communi-
cation of the three-dimensional structure and spatial organization of
the particles as a simulation progresses. Typical visualization sys-
tems employ local illumination models when rendering such data.
These models rely solely on local information and may not capture
other illumination effects that can aid attempts to comprehend the
spatial characteristics of complex particle datasets.

We submit that advanced illumination models, for exam-
ple, ambient occlusion or global illumination, help viewers
better understand complex spatial relationships and three-
dimensional structure within these datasets. Advanced illumi-
nation models are less susceptible to the ambiguities and conflicts
that arise in certain regions of complex datasets under local models.
To illustrate, Figure 1 compares visualizations of a typical dataset
rendered using local and global illumination models.

We propose an experimental design targeting an increased under-
standing of the perceptual cues provided by advanced illumination
models in the context of particle visualization. We believe that ex-
ecution of the proposed experiment will contribute in several ways.
First, it will provide specific evidence regarding the use of advanced
illumination models in particle visualization. Second, validation of
our hypothesis will provide impetus for additional research into ef-
ficient methods that leverage these models. Finally, the study will
further promote the necessity of fully considering perceptual issues
in the scientific visualization process.

2 Experimental Design

The proposed study consists of a shape matching task in which
participants choose from among a set of images the one that most
closely matches a physical particle model. An important assump-
tion motivating the design is that participants are more readily able
to comprehend the spatial characteristics of physical objects than
of those depicted in computer generated images. We believe this
assumption to be reasonable because, in the physical world, all of
the known and unknown perceptual cues are potentially available
for participants to use in making observations of an object’s shape
and structure.

Hypothesis. Advanced illumination models such as ambient
occlusion and global illumination positively and significantly
impact viewers’ understanding of complex three-dimensional
structure and spatial organization within particle datasets.

Figure 1: Visualizations of a typical particle dataset. The size and
depth of the crack in this dataset are difficult to judge under a local
illumination model (left), but these features become more clear with
global illumination (right).

Procedure. Participants are given a physical particle model and a
set of images, all of which have been rendered using the same illu-
mination model. In each set, one image corresponds to the physi-
cal model, while the others depict similar, but not identical, parti-
cle configurations. The participant’s task is to choose from among
these images the one that most closely matches the physical model.
The correctness of the choice is recorded. This process is then re-
peated for several views of each physical model under each illumi-
nation model.

Participants are naive to the purpose and hypothesis of the experi-
ment. They are given as much time as required to study the physical
model and complete the matching task.

Data Analysis. One-way analysis of variance will be used to reject
the null hypothesis, and the Bonferroni post test will be used to
compare the group means with each other. Rejection of the the null
hypothesis will point to a statistically significant difference in task
performance between at least two of the illumination models. The
post test will reveal differences in task performance between each
pair of illumination models.

Expected Results. We expect that performance in the matching task
will be more accurate when the images are rendered using an ad-
vanced illumination model. We also believe that ambient occlusion
will lead to greater accuracy than will global illumination.

Potential Problems. Though we have attempted to account for chal-
lenges by carefully considering the constraints, several issues may
yet arise: First, our assumption regarding participants’ comprehen-
sion of the physical particle models may pose a problem. A pilot
study in which participants are asked to identify specific features
of each model could be used to demonstrate that this assumption
is reasonable. Second, capturing the structural characteristics of
complex simulations in simple physical models may also be prob-
lematic. Great care must be taken to construct models that convey
the subtle details typical of these datasets. This constraint must be
balanced against the task of actually assembling the models. Third,
the rendered images should minimize the utility of other cues that
could be used during the matching task. The impact of this issue
can be minimized by testing several sets of images in which the
viewpoint and other rendering parameters vary.
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