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DISCUSSION

The notion of passively observing a natural user dialog
in the real world has guided us throughout the design of
our user interface. Our goal is an interface which is so
obvious, the user will scarcely be aware that any explicit
interface exists. We believe a system based on passive
observation can come close to achieving this goal.

Interface props provide an excellent mechanism for
observing users. If a surgeon wants to describe a cutting
plane to another person, the surgeon uses real objects to
gesturally indicate the plane’s location. Giving the sur-
geon specially instrumented props to express this idea
allows our system to observe the dialog while also help-
ing the surgeon to reason about the task.

Although the present interface props are specialized for
neurosurgery, this does not preclude the addition of
generic tools. Specialized props can be used for com-
mon tasks, whereas a generic prop whose graphical rep-
resentation changes depending on the current mode
could be employed for less common tasks. However, we
encourage designers to use specialized props whenever
appropriate. Although using application-specific props
may limit generality, the haptic feedback from a physi-
cal tool provokes a visceral and enthusiastic response
from users which should not be underestimated.

We have described several benefits that naturally follow
from using passive real-world interface props:
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Familiarity: Manipulating real-world objects is a
familiar task and exploits existing user skills.
Direct Actions: The user’s actions correspond
directly to the user’s task.
Obvious Use: The appearance of a prop indicates its
use; no ambiguous icons or widgets are needed.
Palpability: Users are immediately and continuously
aware of the physical existence of each prop.
No Tool Moding: The obvious use and palpability of
a prop make the user instantly aware of which took
are being used. Behaviors do not have to be
“selected” because one input device is not being
overloaded for widely varying tasks.
Feedback: Props provide real-world visual, tactile,
and kinesthetic feedback.
Two-handed Interaction: Users will naturally use
both hands to manipulate real objects. This also
allows users to specify actions in terms of high-level
chunks that single props cannot as easily express.
Pragmatic: Designers can provide familiar tools
with physical constraints appropriate to the user’s
tasks, rather than constructing an interface which is
limited by the unfamiliar physical packaging of the
underlying tracker technology.
New Tool Uses: Users will apply tools which exist in
the real world m unforeseen and creative ways.

Neurosurgical planning is an ideal application for props
because neurosurgeons work and think in terms of real
objects in real space.Neurosurgeons can understand and
use the interface we have described without difficulty

and without training. We believe that no other medical
imaging system, particularly those based on traditional
input devices, can make this claim.

Figure 7: A Neurosurgeon Specifying a Cutting-Plane.

FUTURE WORK

One limitation of the props-based approach is that the
user cannot easily express constrained motions. One
solution is to provide additional explicit controls, such
as an analog slider which moves the on-screen cutting
plane along its normal. Alternatively, the system might
“notice” when the user is making minute adjustments
and switch into a “fine adjust” motion phase.

We currently assume the user’s head is fixed in space,
but other researchers [19] [32] have demonstrated that
head tracking can be helpful. We plan to experiment
with this capability in the near future.

Our 3D display space appears to be inside the monitor,
but the props are held in a space outside the monitor.
One could build a work station (similar to Schmandt’s
[26]) which unifies the work and display spaces. The
system would project the graphics onto an opaque mir-
ror, behind which the user holds the props. The images
appear to be behind the mirror, and the props are behind
the mirror, so the work and display spaces correspond.
Since only computer-generated graphics are seen, cor-
rect occlusion cues can be maintained. Ideally, this set-
up would allow the user’s kinesthetic and visual percep-
tions of the objects to agree completely.
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