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ABSTRACT One drawback of many of these interfaces is the large screen

space required for the graphical controls, which may reduce space
We use a haptically enhanced mixing board with a video projector available for the visualization. Another common drawback is the
as an interface to various data visualization tasks. We report resultsdif culty and time required to manipulate graphical parameter con-
of an expert review with four participants, qualitatively evaluating trols using mouse input. Although not dif cult, these actions must
the board for three different applications: dynamic queries (abstract take place frequently and ef ciently in order to maintain users' en-
task), parallel coordinates interface (multi-dimensional combinato- gagement.
rial search), and ExoVis (3D spatial navigation). Our investigation ~ We investigate how physical controls, speci cally an audio mix-
sought to determine the strengths of this physical input given its ca- ing board (an device that packs a large number of knobs and sliders
pability to facilitate bimanual interaction, constraint maintenance, in a fashion that is easily understood and well known to a large
tight coupling of input and output, and other features. Participants amount of people), can address the two challenges above and en-
generally had little dif culty with the mappings of parameters to hance the dynamic exploration process for visualization applica-
sliders. The graspable sliders apparently reduced the mental exertions. The results of our expert review indicate that the physical
tion needed to acquire control, allowing participants to attend more nature of mixing board controls enhances user engagement and in-
directly to understanding the visualization. Participants often des- teraction ef ciency. We also augment the physical controls with an
ignated speci c roles for each hand, but only rarely moved both overlaid digital display. This is achieved by using a projector cast-
hands simultaneously. ing dynamic labels and portions of the visualization output onto the
surface of the mixing board as shown in Figure 1. This allows a
large portion of the interface to be moved to the input device, pro-
viding a more direct mapping and freeing up screen space for other
parts of the application.
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1 INTRODUCTION

The exploration of data in medical, engineering, or commercial ap-
plications often requires the manipulation of many parameters be-
fore a desired result appears, or before insight, understandidg, an
assurance of the phenomenon represented by the data is gained.
Moreover, in many cases, the exploration process is more impor-
tant than the nal resulting images. Experimenting with a range of
display options and queries may provide insight not possible with
static images alone [17].

Interfaces to explore data through interactive manipulation of pa-
rameters have been designed for numerous applications. For exam-
ple, Tory et al. [26] and Jankun-Kelly et al. [12] developed vol-
ume rendering interfaces that allow users to explore and compare
parameters such as color and opacity transfer functions, viewing
angle, zoom, and rendering method. Similarly, Ahlberg et al. [1]
describe dynamic queries, a method to interactively explore multi-
dimensional abstract data by dragging query sliders that lter infor-

Figure 1: Physical setup: A Mac OS PowerPC with a 30-inch display
a Behringer BCF2000 mixing board, and a Canon Realis SX50 video
projector. The parallel coordinates application is running, with the
main window moved to the projector's display area.

mation based on each dimension. However, the mapping of parameters for data exploration to such
) a different interface can be quite challenging. Besides the techni-
%aé’é"l\cﬂs '”tlslrface, Clogfefegce 2007 cal issues of creating an AP!I that properly maps the functionality of
-30 May, Montréal, Canada the mixing board to easy-to-use keystrokes or GUI interactions (see
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