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Fig. 12. ClearBoard-1 used for solving the river-crossing problem.

river their partner is gazing at and that this information seems to help them
understand and guide the partner.

We believe that the concept of gaze awareness is more general and thus a
more important concept than eye contact. Gaze awareness lets viewers know
what their partners are looking at, whether it be someone’s face or anything
else in the shared workspace. You can tell when your partner is looking at
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you, and when your partner looks at an object in the shared workspace, you
can see what the object is. Eye contact is a special case of gaze awareness.
We think that providing gaze awareness will be an important goal of the
next generation of shared-drawing tools. It cannot be easily obtained in
conventional meeting environments; only CSCW technology can provide it.
ClearBoard enables distributed users to establish gaze awareness.

8.3 Backgammon Instruction and Gaze Pattern

More extensive experiments were carried out by videotaping backgammon
instruction sessions on a modified game board using ClearBoard-0, Clear-
Board-1, and an ordinary table top as a control. The backgammon positions
were laid out in a square as shown in the photographs from a ClearBoard-0
session in Figure 13. By confining the instructional activity to the periphery,
we could differentiate patterns of visual attention to the workspace and to the
partner, as seen in Figure 13. The backgammon game succeeded in engaging
the subjects and motivated them to focus on the task. We observed complex
uses of gaze awareness. For example, in the left picture of Figure 13, the
instructor continues to point to a position on the display while monitoring the
gaze of the student. This enables him to verify that the student is looking at
the correct position.

In one experiment a teacher instructed a student in different backgammon
tactics in three settings: ClearBoard-0, ClearBoard-1, and with a table.
Neither the teacher, a backgammon expert, nor the student were involved in
the research effort. Each session took about 20 minutes, with the first half
mainly being used for teaching rules and tactics and the latter half spent
playing a game using the knowledge acquired by the student. In the game-
playing phase, both teacher and student were often absorbed in the game and
rarely looked at each other’s faces in any of the settings. In the teaching
phase, however, we found a big difference in the patterns of focus shifting.

We observed the patterns of gaze, gesture, and speaking in each of the
three teaching phases, and we found that there was considerably more
shifting of focus between shared workspace and interpersonal space in Clear-
Board-0 and ClearBoard-1 settings than when using the table. Figure 14
shows a coded transcript of the patterns of conversation, gesture, and gaze in
sample 140-second segments in each setting. The experiment was designed to
minimize random eye contact, and in finding that the pattern of eye contact
varied markedly with the task, we are confident that it did not result from
random glances.

In this experimental setting, the participants showed a greater incidence of
eye contact and focus shift between shared workspace and interpersonal
space with the ClearBoard technologies. There is a decrease with ClearBoard-
1, perhaps because the partner’s face is less clear than with ClearBoard-0,
but the incidence is still considerably greater than the tabletop, where the
separation of workspace and interpersonal space is greater. Of course, results
from a single pair of subjects are more suggestive than definitive. Although
the value of monitoring a partner’s gaze direction seems clear, the uses of eye
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Fig. 13. Gaze awareness in backgammon nstruction with ClearBoard-0.

contacts in such settings are matters for further research. Nevertheless, this
and other trials with ClearBoard have been very encouraging.

9. FUTURE WORK

We have described the designs and experiments of the shared-drawing media
ClearBoard-1 and ClearBoard-2, which seamlessly integrate shared work-
space and interpersonal space. Many interesting technical and behavioral
issues remain to be investigated.
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Fig. 13. Continued.

9.1 Multiuser and Muitipoint ClearBoard

One interesting design question is how to extend the ClearBoard concept to
support multiple users and multiple points. Although we originally designed
ClearBoard-2 for a pair of users, often two or three users gathered in front of
a terminal and worked together with remote users. The larger screen size of
ClearBoard-2 allows multiple users to join a ClearBoard-2 session comfort-
ably. We think the use of wall-size screens will make ClearBoard-2 a practical
multiuser medium with which to connect two distributed meeting rooms.
ClearBoard-2 extensions will support the simultaneous use of multiple elec-
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Fig. 14. Time chart of gaze, gesture, and speaking patterns in backgammon-teaching phase

tronic pens at each terminal for this purpose. TeamPaint software will also be
extended to support multiple inputs that correspond to multiple pens at each

computer.

How to extend ClearBoard to connect three or more points is a more
challenging question. Severe technical and usability limitations prohibit us
from overlaying many more video images. The metaphor of ClearBoard is to
connect two distributed spaces through a virtual glass board; to support three
or more points seems to require a major change in the metaphor itself. In
multiuser and multipoint situations, it is more difficult to know who is
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watching whom, and eye contact confusion is a potential problem. Hydra,
designed by Buxton, provides an ingenious solution to this multiuser gaze
problem in multipoint video conferencing, although it does not provide a
shared workspace [Buxton 1992]. We are exploring ways to extend the
ClearBoard metaphor seamlessly to support multiple users at more than two
points without losing its simplicity and the virtue of gaze awareness.

9.2 New Display Technology

Implementation of the ClearBoard prototypes convinced us that the invention
of new display technologies is critical for the wide acceptance of the Clear-
Board concept. For example, the multiuser ClearBoard-2 indicates the need
for wall-size flat display technology with the following functions:

(1) to display the overlaid image of computer screen and the video at very
high resolution and with enough brightness for ordinary office environ-
ments;

(2) to input concurrent gestures of drawing and pointing at display surfaces
with multiple electronic pens; and

(3) to capture a bright video image of users in front of the display surface.

To implement the prototypes described in this article, we used a variety of
commercially available components, such as half-silvered mirrors, polarizing
films, transparent digitizer sheets, video overlay boards, video projectors, and
video cameras. We manually integrated them into a system based on the new
architecture we had invented. However, the limitation of this approach is
apparent. We feel it is necessary to start from the electronic engineering
design of a new device that satisfies the display requirements just described.

Bitmap displays played a crucial role in the development of GUI (Graphical
User Interface); head-mounted displays did the same for VR (Virtual Reality).
We expect ClearBoard to provide a new goal for display technologies that may
change our concept of a wall from being a passive partition to being a
dynamic collaboration medium.

9.3 Interpersonal Distance

Interpersonal distance is an interesting issue in the ClearBoard design.
Edward T. Hall studied interpersonal distance and developed the categories
of intimate distance (0—18 inches or 0-46 cm), personal distance (1.5-4 feet,
46-122 cm), social distance (4-12 feet, 1.22-3.66 m), and public distance
(more than 12 feet, 3.66 m) [Hall 1966].

ClearBoard creates the impression of participants standing about one
meter apart, because both sit (or stand) close enough to the screen to draw
directly on its surface. This virtual distance belongs to the personal distance
in Hall’s classification. When people use ClearBoard with close friends or
colleagues, this distance seems appropriate. However, for a formal meeting
with a person of much higher rank, this virtual interpersonal distance might
seem too small, and the participants might be uncomfortable. Therefore, we
would like the media to provide users with some control over the virtual
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interpersonal distance. We are planning to provide an option of indirect
drawing using a wireless tablet or pen-based personal computer for that
purpose.

9.4 Studies of Visual Behavior

Interpersonal distance is an example of a behavioral issue that can be
explored using ClearBoard technology and that will be important in govern-
ing how it is received and used. We have noted that awareness of gaze
direction is potentially very important. This has clear uses in identifying the
context for spoken remarks and gestures. More ambiguous is the role of direct
eye contact. ClearBoard makes eye contact easy to establish and may even
make it more difficult to avoid. It has been shown that the use of eye contact
varies with the culture (for example, Argyle [1975]); these are issues for
further exploration in ClearBoard settings.

Another important behavioral issue is that of visual attention in the
context of overlaid images. For example, it has been shown that while people
can selectively attend to one of two overlaid visual images, they may have
trouble monitoring two unrelated images even when they try to do so [Neisser
and Becklen 1975]. ClearBoard presents two images in the context of an
overarching task; how that will affect behavior remains to be explored. Depth
is another variable to be considered. In ClearBoard-0, the shared workspace
and the partner were at different focal planes. The subsequent ClearBoard
prototypes place both images on the same focal plane.”

We are planning to study visual behavior further in the context of overlaid
images. Existing work on the roles of visual attention and eye contact
indicate the need for further research into the effects of facilitated eye contact
and gaze awareness provided by these technologies.

10. CONCLUSION

We have described the design of the novel collaboration media ClearBoard-1
and ClearBoard-2. These media seamlessly integrate a shared workspace and
interpersonal space, and transitions of focus between the spaces are smooth.
ClearBoard is based on the metaphor of talking through and drawing on a
transparent glass window, while providing a common right-left orientation.
Our studies suggest that ClearBoard realizes gaze awareness, which in-
cludes eye contact and monitoring the partner’s direction of gaze. Gaze
awareness may be crucial to the next generation of collaboration media and is
a potentially useful capability that CSCW technology can greatly enhance.
ClearBoard offers a means to further explore the role of eye contact and gaze
awareness in collaborative work, by making them possible in new situations

" Kobayashi and Ishii [1992] are developing a new display technology called “DispLayers” that
can place multiple video images on different focal planes using multiple liquid crystal screens’ A
user can see the composite of all video images at different distances We plan to use the
DispLayers technology to place the drawing image and the partner’s image on different focal
planes and to study the effect of selective attention in a ClearBoard environment.
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that are amenable to study. The use of gaze awareness is reported by
athletes, teachers, and others, who may position themselves to take advan-
tage of it. How extensive its use is and when eye contact might be disruptive
are topics for exploration. Our observation that eye contact occurred more
often in instruction than in competing suggests that there will be differences
and also suggests that ClearBoard users can avoid eye contact when it is not
needed. Our users did not report disruptive eye contact, but in some situa-
tions it could be an issue.

We see the evolution from ClearBoard-1 to ClearBoard-2 as being very
important. Computer and video communication technologies have, until now,
evolved independently. Although they have been loosely coupled using arbi-
trary multiwindow interfaces in many desktop multimedia conferencing sys-
tems, they have never been integrated seamlessly from the users’ cognitive
point of view. We feel ClearBoard-2 is the first system that fully succeeds in
naturally integrating the technology of computer-based groupware with that
of video conferencing. We expect that the seamless integration of computer
and video communication technologies will realize the next generation of
collaboration media.

Moreover, ClearBoard-2 can be seen as one instance of the paradigm shift
from traditional HCI (Human-Computer Interaction) to HHI (Human-Human
Interaction mediated by computers). We are interacting not with computers,
but through computers. ClearBoard design is not only “beyond being there”
[Hollan and Stornetta 1992] but also a step beyond the traditional desktop
metaphor based on a multiwindow interface. We expect ClearBoard to be
useful both as a collaboration medium and as a vehicle to investigate the
nature of dynamic human interaction.
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