














visual lexical information from Virtual Shadows are used together
in synchronous distributed 3D workspaces, overall awareness can
be enhanced. The accuracy in task completion was highest in the
ATS condition (Figure 13 and 14). On the other hand, the task
completion time was varied in the ATS conditions (Figure 11 and
12). More active communication was observed for the editing
task when the difficulty of the tasks increased for the ATS setting,
which indicates that workspaces supported by Virtual Shadows
and a Sync-turntable triggers more active collaboration.

Sync-turntables and Virtual Shadows enhanced the sense
of tangibility by providing physical cues of the other participant’s
actions, thus promoting collaboration. The participants reported
that full appreciation of the tangibility of the 3D model was limited
(4.7/7.0 points), but gave positive feedback for the way that it
enables users to handle the model in a more real environment
compared to a 2D desktop environment. In the interview after the
experiment, the users mentioned that the synchronized physical
movement of the Sync-turntable gave them a strong impression
that the model was being shared with the other participants. They
also added that the additional locating and pointing information
available through Virtual Shadows was useful in sharing each
other’s work.

The results of the experiment clearly show that pointing
during normal tasks took the shortest amount of time in an
environment using both Sync-turntables and Virtual Shadows. In
the same environment, the editing task took longer but showed
increased accuracy. There was also user feedback that the simple
rotating interface of the Sync-turntable was more convenient and
intuitive for reviewing a model while rotating it, compared to
the existing desktop based modeling tools where one has to use
buttons and a mouse in a complex manner to do the same task.
It was also mentioned that this collaboration environment solved
the difficulty and troubles of navigating windows in desktop
environments when chatting and using a modeling tool at the
same time in tele-collaboration.

It was observed that participants had a tendency to sit in
the same location at their respective tables to share the same view.
As can be seen in Figure 15, the Virtual Shadow stretched out
from where the users were sitting as they gradually got closer to
the same location. This was different from our initial expectation
that the participants would sit around the round table, as in a co-
located meeting. This suggests that the distributed collaboration
environment can be reconstructed in a new way that is different
from a co-located situation.

Areas of improvement for the proposed techniques were
also revealed from the study. For instance, the participants tried to
use Virtual Shadows to point at a specific location on the model,
but because the shadows only provide 2-D information, they were
limited in pointing out vertical locations. After the experiment, in
the interview the participants mentioned the need for an additional
interface tool for this, such as a shared virtual 3D pointer. The
common technical and user interface problems caused by the new
3D pointers may arise, however. The main technical problems of
other virtual reality representations include issues of tracking the
human body, realistic real-time display, registration of the real
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Figure 15. Two participants discussing the model in the same
absolute location.

video display with a 3D pointer, and occlusion. The solutions of
these technical problems need to be carefully considered. Another
problem pointed out was that when multiple users were trying to
control the turntable, there was a conflict for authority of control.
To resolve this problem, it is necessary to provide information as
to which of the participants is in control of the turntable at a given
moment.

The sense of volume of the 3D model could be felt through
augmented reality, and the virtual model could be controlled
with the turntable. Despite this, limits in the interface still exist
because it was not possible to control the model directly. For
instance, participants looking at the augmented view reported that
they sometimes experienced confusion as to whether the other
participants were looking at the same side. This is probably due
the wearing of an HMD and looking at a 3D model, which does
not provide a very realistic scene and makes users feel that they
are looking at a screen of a program. It is possible to know the
position of the other participant with Virtual Shadows, but this
is not possible unless the user puts his or her hand on the table
to provide a marker of their location at the other participant’s
workspace. This could be considered as an alternative way to solve
this problem while optimizing tracking and visual representation
in the augmented reality setting.
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Conclusion

This study investigates a way of supporting geographically
distributed designers, or experts of other professions in need of
collaboration with designers, to collaborate more effectively.
Requirements for a collaborative 3D workspace were arrived at
based on a literature research in related areas and by conducting
an observational study on design collaboration behavior. A
collaborative 3D workspace and interaction techniques were
developed for enabling designers to collaborate smoothly using
nonverbal communication methods, and to let them be aware of
each other’s presence while working on a 3D model. Increasing
tangibility and physical control in 3D tele-collaboration
environments was the main focus. These interaction methods
were tested for their effect on design collaboration, especially
for tasks related to design review. The results indicate that the
interaction techniques enriched synchronous distributed product
design reviews.

With using augmented reality technology, it was made
possible to control a virtual 3D model in a 3D space. Through the
use of a Sync-turntable, a more intuitive and physical control of
the virtual model became possible. The simultaneous usage of the
Sync-turntables and Virtual Shadows was proposed as a method
of increasing awareness of a remote user’s presence. It is expected
that the proposed interaction techniques and workspace can
facilitate smooth collaboration between professionals (designer-
designer, designer-engineer, designer-modeler, etc) who use 3D
models.

For a more natural collaboration in a synchronous
distributed shared 3D workspace, further research on workspace
awareness and shared control scheme should be conducted. An
efficient tracking method for users of the shared object in 3D
space is required to improve the system. The user testing took
place in a laboratory with a small number of teams as the aim
of this study was to examine the general impact of the proposed
concept. Further exploration should be done to accurately measure
the impact of the interaction techniques and to investigate more
specific issues of the interaction techniques, such as the impact of
time delay and sense of tangibility.
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