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workers should be able to choose 
either computers or desktops, and to 
switch between them freely. This 
choice should be independent of the 
other  member s '  choices. G r o u p  
members  should be able to use a 
variety of heterogeneous sets of tools 
(computer-based and manual  tools) 
in the shared workspace simultane- 
oust. We call such a space the "open 
shared workspace." Figure 1 illus- 
trates this concept. 

One impor tant  feature of  face- 
to-face collaborations is the role of  
the "shared drawing space" such as 
a white board.  Bly, Tang, Leifer 
and Minneman pointed out that it 
plays a very crucial r o l e - - n o t  only 
in storing information and convey- 
ing ideas, but also in developing 
ideas and mediat ing interaction, 
especially in design sessions [2, 23, 
24]. The  open shared workspace 
should incorporate  this shared 
drawing space concept and extend 
it by allowing the simultaneous use 
of  both computer  and manual  tools. 
The  shared workspace must sup- 
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port  direct interaction among co- 
workers by allowing any member  to 
directly point  to and draw on other  
members '  workspaces in real time. 

Curren t  groupware  has not ef- 
fectively suppor ted  this concept of  
openness in shared workspaces. 
TeamWorkStation (TWS) solves this 
problem for real-time distr ibuted 
collaboration. We chose video as the 
basic media of  TWS because it is the 
most powerful  media for fusing a 
variety of  traditionally incompatible 
visual media such as papers  and 
computer  files. 

The  TeamWorkStat ion is de- 
signed to establish an open shared 
workspace by fusing distr ibuted 
group  members '  workspaces, in- 
cluding both computers  and desk- 
tops. We identify the role of  open 
shared workspace in the suppor t  of  
a broad range of  dynamic collabo- 
ration activities that cannot be sup- 
por ted  consistently by existing task- 
specific highly s tructured group-  
ware. 

Seams and Design Approaches 
The  new shared workspace is re- 
quired to be "open," in the sense 
that no new piece of  technology 
should block the potential use of  
already existing tools and methods. 
A new piece of  technology inevita- 
bly introduces with it the burden  of  
learning. It is also often coupled 
with the introduct ion of  seams and 
discontinuities from the old work 
practices. The  world is filled with 
many seams. The  current  variety of  
application programs running  on 
the same or  different  platforms 
creates seams of  incompatible data 
formats and inconsistent human-  
computer  interfaces. These  seams 
increase the users' cognitive load. 

Figure 2 illustrates a view of  the 
major  seams in current  computer  
and comnmnicat ion-suppor ted  
work environments.  Some seams 
are easy to overcome, some are 
more difficult. For example,  the 
seam between computer - suppor ted  
work A (e.g., word processing) and 
the work suppor ted  by tradit ional  
desktop stationery B (e.g., writing 
with pen on a paper)  is not easy to 

overcome because of  the necessity 
of  media conversion using special 
equipment  such as image scanners, 
optical character  readers,  or print-  
ers. 

The  gap between computer-  
suppor t  A and telecommunication 
suppor t  C is also difficult to over- 
come because of  the differences in 
time characteristics (store and read 
vs. real time), media  (text and 
graphics vs. live video and sound), 
and the suppor t  technologies (com- 
puter  and LAN vs. te lephone and 
PBX). 

Two major  approaches,  com- 
puter-based and video-based, have 
been proposed  to realize real time 
shared workspaces for distr ibuted 
groups.  Figure 3 illustrates these 
previous approaches  and the fusion 
approach of  TWS. 

Computer-Based Approaches 
Computer-based approaches try to 
br idge A to C by enhancing com- 
puter  programs so that data and 
programs can be used by a group in 
real-time collaboration. 

Compute r  sharing (Figure 3 (a)), 
and the shared window system (Fig- 
ure  3 (b)) allow users to execute ex- 
isting single-user applications in a 
shared display or  shared window. 
The re  is no need to modify existing 
single-user application programs 
for g roup  use. All the users must 
use the same shared application 
programs,  however, and usually 
only one user can control the 
shared application p rogram or  
computer  at a time. 

Another  approach  is to imple- 
ment  new collaboration-aware 2 
mult iuser  application programs for 
part icular  tasks (e.g., g roup  editing) 
(Figure 3 (c)). In this type of  system, 
multiple users can control the edit- 
ing cursors independent ly ,  and an 
access control mechanism for 
smaller grain size objects (e.g., 
words on a screen) can be provided.  
Significant p rogramming  effort  is 

~Mark Stefik made  this s ta tement  in the video 
that  in t roduced  Colab project  of  Xerox PARC 
[7]. 

eThe word  "col laborat ion-aware" was coined 
by Lauwers  and  Lantz [15]. 
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needed, however, to write new 
multiuser application programs. 
Discontinuity with existing single- 
user applications, and response de- 
lays caused by updating the collabo- 
rators' shared views can also be 
problems. 

All three of  these computer- 
based approaches can handle only 
information stored in computers of  
a specific architecture. These ap- 
proaches suffer from a lack of  flexi- 
bility in that information outside 
the computers cannot be utilized. 
Users are still stuck with a rather 
large seam between the computer  
(A) and the actual desktop (B). 

Video-Based Approaches 
The second type of  approach uti- 
lizes video communication technol- 
ogy that belongs to area C in Figure 
2. 

The  computer-controlled video 
environment, "Media Space" [10, 
21] pioneered the use of  video tech- 
nology for the support  of  remote 
collaborations. 3 Media Space made 
video available as a work media, 
and the video was used to see co- 
workers' faces and drawing images 
(Figure 3 (d)). Recent development 
of  computer-controlled video envi- 
ronments include CRUISER [19], 
I I IF  [3], and CAVECAT [17]. In 
these systems, since each member's 
workspace images are spatially sep- 
arated in multiple screens or win- 
dows on a screen, direct pointing 
and drawing over coworker's work- 
space image is hard to achieve. 

Tang and  Minneman showed a 
new way to design shared drawing 
space in their "VideoDraw" [24] by 
allowing users to draw directly over 
the image of  coworker's drawing 
surface (Figure 3 (e)). VideoDraw 
allows users to draw on a shared 
surface simultaneously, and convey 

g l G U R E  4 

Translucent overlay process ,n 
remote teaching of calligraphy 

3Our work was motivated by their Office De- 
sign Project [26] that utilized Media Space for 
collaborative building design by geographi- 
cally distributed architects. 

hand gestures without any time 
delay. VideoDraw, however, re- 
stricted the targets to be shared to 
the images (e.g., hand-drawn im- 
ages and hand gestures) on a spe- 
cial transparent sheet attached to 
the surface of  a TV monitor. No 
papers or printed materials can be 
used in the collaborative session. 

These video-based approaches 
successfully mediate dynamic inter- 
actions, and a group can share in- 
formation on physical desktops (B) 
if the system provides cameras to 
capture desktop surface images. 
However, they suffer from a lack of  
flexibility in that information 
stored in computers (A) cannot be 
utilized directly. Although these 
video-based systems can be used in 
conjunction with a shared com- 
puter application described in Fig- 
ure 3 (a)-(c), video and computer  
are not integrated. Users still en- 
counter a large seam between the 
video communication technologies 
(C) and computer  technologies (A). 

Fusion Approach of 
TeamWorkStation 
TWS is designed to bridge gaps 
between personal computer  (A), 
desktop (B) and telecommunication 
(C) as marked in Figure 2 and so 
realize the open shared workspace. 
The  goal of  TWS design is to pro- 
vide distributed users with a real- 
time open shared workspace which 
every member can see, point to, 
and draw on simultaneously by using 
heterogeneous personal tools. 

In order  to satisfy the require- 
ments of  open shared workspace, 
the author devised the key TWS 
design idea, translucent overlay of  
individual workspace images 4 as il- 
lustrated in Figure 3 (f). This tech- 
nique consists of  superimposing 
two or more translucent live-video 
images of  computer  screens or 
physical desktop surfaces. The 
overlay function created with this 
video synthesis technique allows 
users to combine individual work- 
spaces, and to point to and draw on 
the overlaid images simultaneously. 

4VideoDraw [24] led lshii to come up with the 
translucent overlay idea, 

Therefore,  the entire task space is 
open to other members. 

Figure 4 illustrates an overlay 
process in the remote teaching of  
calligraphy. The student uses Mac- 
Calligraphy TM (a calligraphy simula- 
tion program), while the teacher 
uses actual brush, ink and paper. 

Figure 5 (a) shows the appear- 
ance of  the TWS prototype. The  
individual screen and the shared 
screen are contiguous in video 
memory. Two CCD video cameras 
are provided at each workstation: 
one for capturing live images of  the 
member,  and the other for captur- 
ing the desktop surface images and 
hand gestures. For ease of  use, the 
camera capturing the desktop 
image is mounted on a flexible desk 
lamp. 

Figure 5 (b) shows an example of  
a shared screen image. Two users 
are discussing the system architec- 
ture by using a draw-editor, a 
hand-written diagram, pens, and 
hand gestures simultaneously. Face 
images can be displayed in windows 
on the shared screen. A speaker 
phone is used for hand-free face- 
to-face conversations in conjunc- 
tion with these face windows. 

Translucent overlay is a very sim- 
ple, intuitive, yet powerful concept 
because it has much more flexibility 
than the existing task and window- 
system specific groupware ap- 
proaches. Overlaid video images 
provide users with rich semantics 
that they can easily interpret. We 
find that users can differentiate up 
to three overlaid video images with- 
out much difficulty. One drawback 
of  this overlay approach is that the 
results of  collaboration cannot be 
shared directly. Another  drawback 
is that the quality of  overlaid video 
images is not as sharp as most com- 
puter displays. These problems are 
discussed in the following section. 

Shared workspace is taken by 
many computer  people to mean 
data sharing. 5 We think, however, it 
is not necessary that all outcomes of  
the work-in-progress be directly 
"manipulatable" by all the partici- 
pants. Psychological studies on col- 
laboration highlight the important 
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aspect of the shared task space. A 
detailed study of two-person joint  
problem solving indicates that the 
natural  form of constructive collab- 
oration is a type of role division: One 
member performs the complete 
task while the other monitors the 
progress [18]. The  monitor does 
not get engaged directly in the 
work being done by the performer 
of the task. They work on different 
layers: The performer on the first 
layer, and the monitor on one layer 
above. It is important  that the mon- 
itor and the performer share the 
entire visual space, open to both 
perspectives. These observations 
support  the overlay approach to 
create real-time shared workspaces. 

Cognitive Seamlessness AChieved 
in TeamworkStation 
TWS was designed to bridge the 
gaps between personal computer  
(A), desktop (B) and telecommuni- 
cation (C) in Figure 2. Through  the 
experimental use of TWS described 
next, however, we found Figure 2 
shows just  a superficial view of 
seams and TWS functions. We real- 
ized that the essence of TWS ap- 
proach is not the functional seam- 
lessness but the cognitive seamlessness 
that is achieved in the following two 
points. 

(1) Since TWS allows users to keep 
using their favorite individual 
tools (in whatever form) while 
collaborating in a desktop 
shared workspace, there is no 
need to master the usage of new 
sophisticated groupware. 

(2) Because TWS's multiscreen 
architecture allows users to 
move any application program 
window between the individual 
and shared screens just  by 
dragging the mouse, it is easy to 
bring the data and tools in each 
personal computer to the 
shared workspace. The infor- 
mation on paper and books can 
also be easily shared just  by 

: IGURE 5 
Appearance of TeamWorkStatlon 
and shared screen example 

bringing them under  the CCD 
camera attached to the desk 
lamp. 

Arch i tec tu re  o f  
T e a m W o r k S t a t i o n  
TWS is designed to provide small 
work groups (2-4  members) with 
the new media of dynamic interac- 
tion. TWS provides users with a 
shared screen as the open shared 
workspace, and live video and 
audio communication links for 
face-to-face conversation. 

The present TWS prototype is 
based on Macintosh TM computers. 
The computer  screens, individual 
and shared, are contiguous in video 
memory as shown in Figure 6. 
Therefore,  just  by moving the win- 
dow of any application program 
from the individual to shared 
screen, a user can transmit the ap- 
plication's window to all partici- 
pants for remote collaboration. The 
shared screen of TWS is a strict 
implementation of the What You 
See is What I See (WYSIWIS) de- 
sign principle [20]. The  combina- 
tion of individual and shared 
screen, however, relaxes the space 
constraints of WYSIWIS. 

The system architecture of the 
TWS prototype is illustrated in Fig- 
ure 7. In order to connect distrib- 
uted workstations, a video network 
(NTSC and RGB) and an input  
device network were developed, 
and integrated with an existing data 
network (LocalTalk TM network) and 
a voice (telephone) network. In the 
future, we will integrate these four 
networks into a multimedia LAN 
and B-ISDN that are being devel- 
oped by NTT. 

The  video network is controlled 
by a video server that is based on 
a computer-controllable video 
switcher and video effector. The  
video server gathers, processes and 
distributes the shared computer 
screen images, desktop images, and 
face images. Overlay of video im- 
ages is done by the video server. 
The results of overlaying are redis- 
tributed to the shared screens via 
the video network. The  basic archi- 
tecture of this video network is sim- 

ilar to that of EuroPARC's I I IF  6 
(Integrated Interactive Intermedia 
Facility) [3] except for the overlay 
functions of TWS's video server. 

Modes in TWS 
In addition to the overlay mode, 
this video network also provides 
users with two other modes: tele- 
screen and tele-desk modes. These 
modes are for the nonoverlaid re- 
mote display of individual screens 
and desktops respectively. These 
modes are designed to show just  the 
information within a computer or 
on a desktop to remote users in a 
loosely coupled collaboration. 

Another  mode is computer- 
sharing (Figure 3 (a)), for tightly 
coupled collaborations such as co- 
editing. The  input  device network 
was implemented for the com- 
puter-sharing mode. The  com- 
puter-sharing mode allows collabo- 
rators to operate one computer  by 
connecting their keyboards and 
mice to the computer whose screen 
is shared. The computer-sharing 
approach was taken by Capture Lab 
for the support  of face-to-face 
meetings [9, 16]. The  same func- 
tion has been implemented in soft- 
ware such as Timbuktu  TM [5]. The  
software solution, however, creates 
greater response delays. In this 
computer-sharing mode, TWS pro- 
vides no special software or hard- 
ware embedded-protocol for floor 
control, but relies on the informal 
social protocol agreed to by the col- 
laborators via the face-to-face com- 
munication links. 

TWS is designed to allow users to 

5professor J. Nievergeh commented on TWS 
that the vast majority of the literature on col- 
laboration uses the term "shared workspace" 
to designate shared data, in the sense that the 
actions of all participants affect the single logi- 
cal version of the data. Instead of "shared 
workspace," he proposed to use the term 
"shared visual space" to explain the essence of 
TWS. The authors acknowledge his thought- 
provoking comment. 

61n the invited lecture of IFIP WG8.4 confer- 
ence at Crete in September 1990, Bill Buxton 
talked about his design principle: Let's do 
smart things with stupid technology today, 
rather than wait and do stupid things with 
smart technology tomorrow." Both IIIF [3] 
and TWS share the same principle. The au- 
thors believe this principle is essential in pur- 
suing new groupware technologies. 
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choose ~the most suitable mode and 
move firom one mode to another 
according to task contents and roles 
played by the coworkers. For exam- 
ple, suppose user A starts to explain 
his or her plan by showing a dia- 
gram to user B using the tele-screen 
mode. (If his or her diagram was 
written or printed on paper, the 
tele-desk mode would be used in- 

stead of the tele-screen mode.) If  B 
wants to point to or mark a part of 
the diagram to ask a question, the 
users can move to the screen-over- 
lay or screen-and-desk-overlay 
mode and user B can point to the 
part of A's diagram by B's own 
pointer (mouse or pencil). If  B felt 
it was necessary to directly change a 
part of the diagram, and if A 

agreed, they could move to the 
computer-sharing mode. 

Since the pattern of collaboration 
changes dynamically, TWS's flexi- 
bility in shuttling between these col- 
laboration modes is important  in 
support ing the dynamic collabora- 
tion process. The  tele-screen and 
tele-desk modes, however, were sel- 
dom used in the experimental  ses- 
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sions described next, because the 
overlay mode is more flexible and 
includes tele-desk and tele-screen 
functions. The  overlay mode was 
used as the default  mode in most 
collaborative sessions, and some- 
times users moved to the computer-  
sharing mode when they needed to 
edit  the same document  or data 
stored in a computer .  

Use of Heterogeneous Computers 
Although the TWS prototype uses 
Macintosh workstations, heteroge- 
neous computers  can also be used 
since overlaying is done at a stan- 
dard  video signal level. Indeed,  
screen-overlay and tele-screen 
functions have been successfully 
implemented  between an NEC PC- 
9800 TM series computer  running  
MS-DOS TM and the Macintosh com- 
puters. 

: I G U R E  6 

Contiguous multiple screens for 
smooth transition 
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System architecture of Team- 
WorkStation prototype 

Experimental Use of 
TeamWorkStation 
Since July 1989, TWS has been 
used by one of  the authors,  Ishii, 
and two of  his colleagues in N T T  
for daily work including refining 
the design of  TWS itself. 

Design Session 
The  major TWS usage has been 
discussion about the system archi- 
tecture design. When Ishii and his 
colleague Arita redesigned and 
rebuil t  the TWS prototype in July 
1990, they used TWS to discuss the 
new architecture of  video network 
for a total of  approximate ly  10 
hours. The  photograph  in Figure 5 
(b) shows a typical shared screen 
image in our  design session. The  
regular  tools in our  design sessions 
were drawing editors, an outline 
editor,  a graphic computer ,  7 and 
pen and paper .  

Comments  on the base d iagram 
were exchanged mainly by using 
voice with pointing and marking by 
hand in the overlay mode. The  ca- 
pability of  this direct hand point ing 
to the coworker 's  d iagram gave us a 
s trong sense of  sharing common 
task space. We found the hand was 
p re fe r red  to the mouse as a means 
of  point ing and marking because 
hand gestures are much more ex- 
pressive, and because hand mark- 
ing is generally quicker. Even in the 
situation in which a user presents a 
d iagram made and stored in the 
computer ,  the user often overlaid 
his or  her  desktop over his com- 
puter  screen image for explaining 
the points of  the d iagram by finger 
point ing and pen marking (Figure 
5 (b) is an example of  this situation). 

While using TWS, we noted that 
the face-to-face conversation link 
played an impor tant  role in the in- 
formal control of  group interac- 
tion, especially for the coordinat ion 
of  the use of  this limited workspace 
on the shared screen. 

Also, we rarely used the com- 
puter-shar ing mode. Most of  our  
comments  and discussion on dia- 

7"Graphic computer" is a painting tablet 
which generates the NTSC video output. 

grams were pe r fo rmed  in the 
overlay-mode. We seldom felt the 
necessity of  edit ing the other 's  dia- 
grams directly. I f  a d iagram had to 
be changed,  the originator  would 
usually change it according to the 
comments made by the other. 
Thus,  most of  our  collaboration was 
in the role-division mode,  as ob- 
served and explicated in Miyake's 
jo in t  problem-solving study [18]. 
On a few occasions we had to divide 
the entire task into subtasks and 
each had to be taken care of  sepa- 
rately and in parallel. We used the 
computer -shar ing  mode only for 
such subtask-division modes. 

One reason for this preference 
for role-division appears  to come 
from the respect paid to the owner- 
ship of  the diagrams. When a dia- 
gram is drawn, the artist owns it. 
When one person draws a d iagram 
and someone else changes it, even 
with permission, that is a challenge 
to ownership.  This is a very natural  
feeling, even in a close collaborative 
session. Th rough  these design ex- 
periences, we recognized that the 
shared workspace does not always 
require the "direct data sharing and 
editing" function. The  overlay solu- 
tion provides us with a more com- 
fortable environment ,  because the 
overlaid layers keep the person's  
own layer of  work intact in the role- 
division mode.  

Remote Teaching of Calligraphy 
One of  the impor tant  features of  
TWS is that all the collaborators can 
share not only the results of  drawing 
or  marking in the shared work- 
space, but  also the dynamic process 
of  drawing and pointing. One ap- 
plication that demonstrates  the 
importance of  process sharing is 
the teaching of  calligraphy. The  
photograph  in Figure 4 shows a 
snapshot of  a call igraphy-teaching 
session we conducted using TWS, 
in which the s tudent  used MacCal- 
l igraphy TM and the teacher used an 
actual brush, ink and paper .  

In these sessions, the student  
first uses MacCalligraphy (or a 
brush with black ink) to generate  a 
Chinese character  on the shared 
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d y n a m i c  p r o c e s s  o f  d r a w i n g  a n d  p o i n t i n g .  

screen (or a sheet of  paper  on his or  
her  desktop). The  instructor 
watches the student 's real-time 
strokes via the shared screen and 
makes necessary comments by 
using a brush with red ink on the 
paper  on his desktop. Here  the 
real-time nature  of  the collabora- 
tion is extremely important .  The  
instructor can make comments di- 
rectly over the student 's strokes 
when the s tudent  deviates from the 
suggested forms, and the student  
gains the immediate feedback of  
the teacher (e.g., correct use of  the 
wrist). 

We also conducted other  calligra- 
phy sessions where both teacher 
and s tudent  used actual brushes on 
their  physical desktops to evaluate 
the usability of  TWS in teaching. 
Through  these call igraphy experi-  
ments, we realized that the overlaid 
live video images of  dynamic and 
three-dimensional  gestures play a 
very impor tant  role in the teaching 
process. 

We expect that TWS will be far 
super ior  to ord inary  telephone or  
FAX communication systems for 
the sharing of  process-oriented knowl- 
edge or skill between remote experts  
and trainees. The  fusion of  live 
video images of  each workspace in 
combination with voice and face 
communicat ion is expected to en- 
hance the quality and efficiency of  
remote consulting and training. 

Problems of Overlay Approach 
Through  the exper imental  use of  
the overlay mode in TWS, we also 

= I G U R E  8 

Experiment of remote teaching of 
machine operation with and with- 
out overlay 

found the following problems of  
the overlay approach,  based on the 
video synthesis technique. 

• The  results of  collaboration can- 
not be shared directly. Since indi- 
vidual workspaces are overlaid as 
video images, the marks and the 
marked documents  occupy dif- 
ferent  layers in the shared 
screens. They are actually stored 
separately in different  places in 
different  media (in computer  
files or  on paper).  We mainly 
used a video pr in ter  (to hard-  
copy), a video digitizer (to store in 
a computer  file) and a video tape 
recorder  (to record the results 
and the process of  real-time col- 
laboration). In cases where both 
the marks and marked docu- 
ments were recorded in Macin- 
tosh computer  files, we used 
email to exchange work results. 

• The  quality of  overlaid video 
images is nei ther  sharp nor  stable 
enough to suppor t  sharing de- 
tailed documents.  In particular,  
the flicker of  thin horizontal lines 
that comes from "interlacing" is a 
problem. Al though we tried to 
eliminate all thin lines with high 
contrast  in the documents,  the 
rel ief  is slight. When we needed 
to discuss such detailed docu- 
ments, we often distr ibuted cop- 
ies of  the documents  by email or  
Fax in advance. 

• Indirect  drawing and point ing on 
the desktop by hand needs time 
and effort  to get used to. (This is 
similar to the learning process 
needed for indirect  point ing de- 
vices such as a mouse or tablet.) 
Since the desktop images cap- 
tured by CCD camera are dis- 
played on a shared screen after  
the image overlay operat ion,  

users must learn to control their  
pencil or  f inger following the 
feedback from the screen. In con- 
trast, VideoDraw [24] allows 
users to draw directly on the 
screen at the cost of  less flexibility 
(unavailability of  papers).  
Th rough  the use of  TWS in de- 
sign sessions, we found that the 
advantages of  using papers  and 
books outweighed the disadvan- 
tage o f  indirect  drawing. 

• Especially when more than three 
users are coworking, identifying 
the owners of  objects (such as 
cursor, draw object, window, 
marks on paper)  on an overlaid 
screen is difficult. The  use of  a 
different  color for each user's 
objects improves this problem 
slightly. To identify the objects, a 
user can also dim his/her video 
signal electrically, or  move the 
CCD camera a little. 

• Since overlaid screen images are 
completely independen t  of  each 
other,  scrolling or  moving a doc- 
ument  in one layer breaks the 
spatial relationships with the 
marks made on other  layers. 
Users must pay some attention to 
retain the consistency of  spatial 
relations among layers. 

Evaluation of Overlay in 
Remote Teaching of Machine 
Operation 
The  key design idea of  TWS is the 
overlay of  individual workspace 
images. In  o rde r  to clarify the ef- 
fects o f  overlay quantitatively, we 
conducted an exper iment  using the 
remote teaching of  machine opera-  
tion with and without overlay. 

The Experiment 
Task: Using a digital video effector, 
instructors, whose behavior was 
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also the object of  our  observation, 
were to teach students how to 
achieve two desired results by com- 
bining two input  video images into 
one, in two different  layouts, Task 1 
and Task 2. The  difficulty of  the 
tasks was set to be equal, by equat- 
ing the number  of  steps required to 
achieve the outcomes. 

Subjects: Two subjects, who were 
knowledgeable in the use of  the 
video effector, served as instruc- 
tors. Each instructor taught  four  
students, two women and two men, 
who were all novices. The re  were 
thus eight students in all. They 
were recrui ted f rom adjacent  labs 
for cooperative help, but  none of  
them knew the exper iment ' s  objec- 
tives in advance. 

Design: Each s tudent  was to carry 
out first Task 1 and then Task 2, 
one in the overlay mode and the 
o ther  in the tele-desk mode.  To 
counter-balance the practice effect, 

I ~ 1 : 1  = [-. ]II 

Results of experiment: Elapsed 
time for task completion In over- 
lay and tele-desk modes by each 
pair 

half  the subjects started with the 
overlay mode, while the other  half  
started with the tele-desk mode.  
Figure 8 shows the snapshots and 
schematic diagrams of  this experi-  
ment  in overlay and tele-desk 
modes. After  the tasks, both the 
instructors and the students were 
briefly interviewed, individually, 
about what they liked and disliked 
about  the tasks and the task envi- 
ronment .  

Results: For each task, the task- 
complet ion time was measured 
from the end of  the explanat ion of  
the objective layout until the mo- 
ment  the instructor declared the 
expected outcome was obtained. 
The  overall results are shown in 
Figure 9. Every s tudent  completed 
the task in the overlay mode faster 
than in the tele-desk mode,  regard-  
less of  the order .  The  time differ-  
ence was statistically significant (F 
(1,5) = 58.40, p < . 0 1 ) .  F values 
were calculated from the 2 X 2 X 2 
analysis of  variance (mode differ- 
ence as a within-subject variable, 
while instructor and mode-o rde r  
type differences as between-subject 
variables). No other  major effects, 
or  interactions, were found to be 

statistically significant, al though the 
instructor difference was almost 
statistically significant (F (1 ,5)=  
15.57, p =  .01). This difference 
appears  to have come from the dif- 
ferent  teaching styles of  the two. 
One, who spent  more  time teach- 
ing, tended to explain why some 
action would work, while the other  
limited himself  to issuing proce- 
dures.  

In the post-task interview, the 
students generally p re fe r red  the 
overlay mode to the tele-desk 
mode.  They  commented  that see- 
ing the teacher 's  hand  actually 
move over the effector made it eas- 
ier for them to follow. Two students 
commented  that things (such as 
switches, buttons, images in a small 
monitor)  had been difficult to see in 
the overlay mode.  

Both of  the instructors spontane- 
ously commented  quite favorably 
about the overlay mode.  They  often 
stated that  the direct  pointing, 
which was only possible in the over- 
lay mode,  had greatly relieved them 
of  the extraneous  bu rden  of  ei ther  
verbalizing the locations of  the but- 
tons or  pull ing out  the manual  to 
indirectly point  to the locations on 
the drawings. In  the post-task inter- 
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view, they both said they felt they 
had talked much less in the overlay 
mode. In fact, however, the actual 
numbers  of units uttered in the two 
modes are roughly the same (on the 
average, 68.3 utterance units per 
minute for the overlay mode; 52.7 
units for the tele-desk mode). This 
implies the relief felt by the instruc- 
tors was not from less actual verbal 
"work"; it might have come from 
the ease of superimposing instruc- 
tors' "monitoring" view onto the 
actual "task-doing" view of the stu- 
dent. The  time efficiency and the 
teaching ease realized by the over- 
lay mode are two good indicators of 
the gains that can be achieved in 
seam-reduced collaboration envi- 
romnents.  

Conclusion 
TWS is a novel collaboration media 
that approaches seamless CSCW. It 
effectively integrates two kinds of 
individual workspaces: computers 
and desktops and provides distrib- 
uted users with an open shared work- 
space. Its key design idea is the 
translucent overlay of individual 
workspace images. Because each 
coworker can continue to use his/ 
her favorite application programs 
or desktop tools, there is only a 
minor cognitive seam between indi- 
vidual and shared workspaces. 
Using translucent video overlay 
functions, real-time information 
such as hand gestures and hand- 
written comments can be shared 
between coworkers as well as infor- 
mation contained in printed mate- 
rials and computer  files. 

TWS was not intended to replace 
existing groupware approaches. 
Rather, we designed TWS in order 
to support  a broader range of dy- 
namic collaboration activities that 
range over several seams and can- 
not be supported consistently by 
existing task-specific structured 
groupware. 

TWS will be tested with a larger 
variety of tasks and users to investi- 
gate the dynamic nature of collabo- 
ration, and to enhance computer 
support by further reducing the 
seams. We expect that progress in 

B-ISDN and multimedia LAN tech- 
nology will enhance the attractive- 
ness of the TWS approach to real- 
ize the truly open shared 
workspace. 

Acknowledgments 
The authors thank Kazuho Arita, 
Minoru Kobayashi, and Masaaki 
Ohkubo at N T T  for their contribu- 
tions to building and testing the 
prototype of TWS. Thanks are also 
due to John  Tang, Jonathan 
Grudin,  Sara Bly, Keith Lantz, 
Marilyn Mantei, Saul Greenberg, 
Ellen Francik and Morton Kyng for 
insightful discussions and com- 
ments on this article. 

Ishii also thanks Takahiko 
Kamae, Takaya Endo, and Gen 
Suzuki of N T T  Human  Interface 
Laboratories for their encourage- 
ment. [ ]  

References 
1. Ahuja, S.R., Ensor, J.R. and Lucco, 

S.E. A comparison of application- 
sharing mechanisms in real-time 
desktop conferencing systems. In 
Proceedings of COIS '90 (Apr. 1990), 
pp. 238-248. 

2. Bly, S.A. A use of drawing surfaces 
in different collaborative settings. 
In Proceedings of CSCW '88 (Port- 
land, Ore., 1988), pp. 250-256. 

3. Buxton, B. and Moran, T. 
EuroPARC's integrated interactive 
intermedia facility (IIIF): Early 
experiences. In Proceedings of IFIP 
WG8.4 Conference on Multi-User In- 
terfaces and Applications (Crete, Sept. 
1990), pp. 11-34. 

4. Ellis, C.A., Gibbs, S.J. and Rein, 
G.L. Groupware: Some issues and 
experiences. Commun. ACM 34, 1 
(Jan. 1991), 38-58. 

5. Farallon Computing Inc. Timbuktu 
User's Guide, 1988. 

6. Foster, G. and Stefik, M. Cognoter, 
theory and practice of a collabora- 
tive tool. In Proceedings of CSCW '86 
(Austin, 1986), pp. 7-15. 

7. Foster, G. and Tatar, D. Experi- 
ments in computer support for 
teamwork--Colab (Video), Xerox 
PARC, 1988. 

8. Grudin, J. Why CSCW applications 
fail: Problems in the design and 
evaluation of organizational inter- 
faces. In Proceedings of CSCW '88 
(Portland, Ore., 1988), pp. 85-93. 

9. Halonen, D., Horton, M., Kass, R. 
and Scott, P. Shared hardware: A 
novel technology for computer sup- 
port of face to face meetings. In 
Proceedings of COIS '90 (Apr. 1990), 
pp. 163-168. 

10. Harrison, S., Minneman, S., Stults, 
B. and Weber, K. Video: A design 
medium. SIGCHI Bulletin, Jan. 
1990, pp. 86-90. 

11. Ishii, H. TeamWorkStation: To- 
wards a seamless shared workspace. 
In Proceedings of CSCW '90 (Los 
Angeles, Oct. 1990), pp. 13-26. 

12. Ishii, H. and Ohkubo, M. Design of 
TeamWorkStation: A real-time 
shared workspace fusing desktops 
and computer screens. In Proceed- 
ings of 1FIP WG8.4 Conference on 
Multi-User Interfaces and Applications 
(Crete, Sept. 1990), pp. 131-142. 

13. Lantz, K.A. An experiment in inte- 
grated multimedia conferencing. In 
Proceedings of CSCW '86 (Austin, 
1986), pp. 267-275. 

14. Lauwers, J.C., Joseph, T.A., Lantz, 
K.A. and Romanow, A.L. Repli- 
cated architectures for shared win- 
dow systems: A Critique. In Proceed- 
ings of COIS '90 (Apr. 1990), pp. 
249-260. 

15. Lauwers, J.C. and Lantz, K.A. Col- 
laboration awareness in support of 
collaboration transparency: Re- 
quirements for the next generation 
of shared window systems. In Pro- 
ceedings of CHl "90 (Apr. 1990), pp. 
303-311. 

16. Mantel, M. Capturing the capture 
concepts: A case study in the design 
of computer-supported meeting 
environments. In Proceedings of 
CSCW '88 (Portland, Ore., 1988), 
pp. 257-270. 

17. Mantel, M., Baecker, R., Sellen, A., 
Buxton, W. and Milligan, T. Expe- 
riences in the use of a media space. 
In Proceedings of CHl '91 (New Orle- 
ans, May 1991), pp. 203-208. 

18. Miyake, N. Constructive interaction 
and the iterative process of under- 
standing. Cog. Sci. 10, 2 (1986), 151- 
177. 

19. Root, R.W. Design of a multi-media 
vehicle for social browsing. In Pro- 
ceedings of CSCW '88 (Portland, 
Ore., Sept. 1988), pp. 25-38. 

20. Stefik, M., Bobrow, D.G., Lanning, 
S., Tatar, D. and Foster, G. 
WYSIWIS revised: Early experi- 
ences with multi-user interfaces. In 
Proceedings of CSCW '86 (Austin, 
1986), pp. 276-290. 

COMMUNICATIONS OF THE ACM/December 1991/Vol.34, No.12 49 



CSCW 

21. 

22. 

23. 

24. 

TOWARD AN OPEN 
SHARED WORKSPACE 

Stults, R. Experimental Uses of 
Video to Support  Design Activities. 
Xerox Palo Alto Research Center, 
1988. 

Suzuki, T., Taniguchi, H. and 
Takada, H. A real-time electronic 
conferencing system based on dis- 
tributed UNIX. USENIX Conference 
(1986), pp. 189-199. 

Tang, J.C. and Leifer, L.J. A frame- 
work for unders tanding the work- 
space activity of design teams. In 
Proceedings of CSCW '88 (Portland, 
Ore., Sept. 1988), pp. 244-249. 

Tang, J.C. and Minneman, S.L. 
VideoDraw: A video interface for 
collaborative drawing. In Proceed- 
ings of CHI '90 (Seattle, Apr. 1990), 
pp. 313-320. 

25. Tang, J.C. and Minneman, S.L. 

VideoWhiteboard: Video shadows 
to support  remote collaboration. In 
Proceedings of CH1 '91 (New Orle- 
ans, May 1991), pp. 315-322. 

26. Weber, K. and Minneman, S. The  
office design project (Video). Xerox 
PARC, 1987. 

Categories and Subject Descriptors: 
H.4.3 [Information Systems Applica- 
tions]: Communications Applications--  
computer conferencing and teleconferencing; 
H.5.1 [Information Interfaces and Pre- 
sentation]: Multimedia Information 
Systems--video; H.5.3 [Information 
Interfaces and Presentation]: Group 
and Organization Interfaces--evalua- 
tion~methodology, synchronous interaction 

Additional Key Words and Phrases: 
CSCW, desktop multimedia conference, 
real-time collaboration, shared work- 
space 

Make Your Best Work Look Its Best! 

Name Definition 

Gamma F(z) = tZ- le  - t  dt 

1 . i= e - i=)  Sine sin(x) = ~-~(e -- 

Zeta 

oo 

~ ( s ) = ~ k  -s ( ~ a >  1) 
k=l 

PCTEX 
Typesetting Software 

For professional publishing and the  power  to produce  high-quality technical  
documents ,  scientific notation, mathematical  formulas, and tables, rely on PCTEX 
to make your work look its best. The next step beyond standard desktop 
publishing, PCTEX is the  difference be tween  average and  expert. You'll get 
professional typesetting at  amateur  prices. And with our n e w  PC TtX Systems,  you 
get everything you need, with no extra costs. 

The P C T ~  System for Laser Printers includes: 
• PCTEX and PCTEX/386, Version 3.1 
• Our screen prev!ewer and laser printer drivers 
• ,AA,4,.~-TEX and k~TEX Macro Packages 
• Free Technical Support 

PERSONAL 

INC 
For a free catalog and demo disk, call 415/388-8853. See the best for yourself! 
Personal TE X, Inc. • 12 Madrona Ave. • Mill Valley, CA • Fax: 415/388-8865 

Circle #70 on Reader Service Card 

About the Authors: 

HIROSHI  ISHl l  is a senior research 
engineer of NTT Human Interface 
Laboratories in Japan. His research in- 
terests focus on shared workspace de- 
sign for real-time and asynchronous col- 
laboration, structured groupware 
design based on the human communi- 
cation model, and the role of CSCW 
technologies in cross-cultural communi- 
cation. Author's Present Address: NTT 
Human Interface Laboratories, 1-2356 
Take, Yokosuka-Shi, Kanagawa, 238-03 
Japan;  tel: +81-468-59-3522; fax: +81- 
468-59-2332; ishii@ntthif.ntt.jp 

NAOMI MIYAKE is a professor of cog- 
nitive psychology, School of Computer  
and Cognitive Sciences, Chukyo Uni- 
versity, Toyota, Japan.  Her  research in- 
terests are on constructive interaction, 
joint  problem solving, application of 
technology for instruction, and socially 
distributed cognition. Author's Present 
Address: School of Computer  and Cog- 
nitive Sciences, Chukyo University, 101 
Tokodate, Kaizu-cho, Toyota-shi, Aichi, 
470-03 Japan;  tel: +81-565-45-0971 
ext. 658; fax: +81-565-46-1299; 
nmiyake@tansei.cc.u-tokyo.ac.jp 

MacCalligraphy is the trademark of Enzan 
Hoshigumi Co., Japan. 

Macintosh and LocalTalk are the trademarks 
of Apple Computer, Inc. 

Timbuktu is the trademark of Farallon Com- 
puter, Inc. 

This article is a follow-up to the paper [11] 
presented at CSCW '90 in October 1990. 
Some of the technical descriptions and figures 
in the article, [12] published in the Proceed- 
ings of IFIP WG8.4 Conference on Multi-User 
Interfaces and Applications, were revised and 
included in this article with the permission of 
1FIP. Naomi Miyake participated in the ex- 
perimental and observational phase of this 
research. 

Permission to copy without fee all or part of 
this material is granted provided that the 
copies are not made or distributed for direct 
commercial advantage, the ACM copyright 
notice and the title of the publication and its 
date appear, and notice is given that copying 
is by permission of the Association for 
Computing Machinery. To copy otherwise, or 
to republish, requires a fee and/or specific 
permission. 

© ACM 0002-0782/91/1200-036 $1.50 

SO December 1991/Vol.34, No.12/COMMUNIGATIONS OF THE ACM 


