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INVITED EXTENDED ABSTRACT

In science, engineering, business, and even art, innovaion
and discovery today seem to be predicated by peoples' ability
to understand complex data. Visudization is one way to
achieve data understanding and much of my research is
focused on learning how to use computer graphics to present
complex datato usersin such a way that the human visud and
cognitive systems can find meaning where auomated daa
mining techniques cannot. One lesson my cdleagues and |
have learned from the wusers of our tools is tha the interactive
visudizaions sysems we create foster collaboration. This
collaboration is repeatedly cited as one o the main benefits of
the tools we create, even, to our wurprise, when we have not
intended for the toolsto be used in a collaborative setting. This
insight about the way pegole use data visudizations has
inspired us to rethink the role o collaboration in data
undergandng. It dso points to an exciting opportunity to
combine research in daa visudization with research in
coll aborative technologies.

The type of collaboration that has been most beneficid in
our gpplications is expert-to-expert collabaraion. Sometimes
this takes the form of a team of scientists working together to
analyze medicd daa, as shown in Fgure 1. Although
immersive virtud redity (VR) enviromrmerts, such as this 4-
wall CAVE display, are often used in a single-user made, we
find that the most interesting discoveries hgopen in these
spaces when mutiple scientists work together. When two or
more people are immersed together in a large-<cde virtual
environment, they are presented with an opportunity for
discussion tha they would never have in therea world. Inthis
example, the sdentigs can shrink themselves to the size of a
blood cell and disuss a new design for a mechanical
replacement heart vave as they view patient-specific 3D
mode's of the human heart. This experience fosters a leve of
collaborative discussion (and perhgps even credivity) that is
difficult to achieve usng more traditiona desktop-based and/or
remote camputationa tools. Anessentid lessonfar deve opers
working with VR technologiesis, therefore, to place a premium
on supporting multi-user, cdlaboraive environments.
Unfortunately, this is something that is not done enough in VR
systems, largely because the technology makes multi-user
environments difficult to construct.

A similar style of collaborative work is dso passible in

Figurel. A Cave, 4-wall virtual redity display fadlities team science by
immersing scientists in their data.

Figure 2. When scientists talk about 3D datawith complex spatial
relaionships, they point andgestureasthey talk - communication is
not limited to theverbd channd.

smdler-scde data visualization systems Fgure 2 shows a
motivating scenario: two scientiss discuss the orientation of
fibersin tissue imaged with a new microscopy system. Again,
one of the reasonswhy these data are so difficult to understand
is tha they exist in 3D space, smething tha is difficult to
undergand when discussed over email or a videoconference.
As shown in the figure, when we tak about this type of data,
we naturally pick up the pen on our desk and begin to gesture



relative to the screen, "see the fiber that goes like this... and
then curves and comes out of the screen here..." The expert
communication that happens in these collaborative sessions is
not jus based on verbad communication but dso on 3D
gestures made relative to the data visudizations. In this tak,
I'll demonstrate some new user interf aceswe havedeveoped to
capture and respond to thistype of gesture - afirg step toward
the scientist's desktop of thefuture.

Beyond scientists collaborating with other scientigs, we
have dso explored new interactive visudization tods to help
scientists collaborate with artists and other visud experts that
can hdp design more fective visud strategies for depicting
scientific data. The datasets we are now working to visudize
ae timevarying and mutidimensiond. They are extremely
difficult to understand, and we do not yet know the best visual
language to present the data. We have found that traditionally
traned artists and illustrators have some of the most exciting,
creative new ideas for how we might depict these data.
However, there isa problem. The computing environments we
want to use for these visudizations involve the latest and
greatest technology, such as immersive VR ervironments that
are paticularly difficult to program, and most of these artists
do not know how to program. So, despite ther great insights
and ideas, artists praectical ability to design new daa
visudizaionsislimited.

Our solution is a suite of tools that make it possible for
artists to "sketch" new vigualization idess, in both 2D and 3D
visudizaion environments, right on top of the datasets.
Figures 3 and 4 shows two tools we have deveoped in this
style. In the talk, | will describe how these tools have brought
computer ientists, atists, and doman scientists together to
form collaborative teams around data visudization problems,
and how critique and other collaborative artistic traditions play
arolein these interdisciginary interactions.

Only a handful of the interactive visualization systems we
have created in my lab stated with a goal of supporting
collaboration, but nearly dl of them have ended with "fostering
collaboration” being cited as one of the main benefits of the
tool. To me, this points to a clear, important next step in our
research, and its my hope that the visualization community can
partner with the CTS community to do thiswork.
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Figure 3. A 2D system for artistic designof datavisualizations by "sketching
on top of data".

Fgure4. A 3D system that artists use to sketchideas for immersive data
visualizationsin virtual redity.
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