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Abstract

The goal of this research is to improve the level of
understanding, ideas, and shared consensus in a dis-
cussion between the participants. For that purpose,
this research focuses on record editing during a dis-
cussion as a method to collaborate information. We
introduce a system which allows concurrent editing by
multiple users in a face-to-face discussion, and cre-
ated an environment where participants of the discus-
sion can also participate in the editing of the discus-
sion minutes. We implemented and tested a co-editing
minutes system named EGITool (Evolutional Group
Intelligence Tool) with several functions required Sor
the encouragement. As a result, it became apparent
that assigning the participants to discuss and co-edit
minutes at once can be a burden. Furthermore, aware-
ness functions required to encourage discussion con-
tribution are investigated.

1. Introduction

With the advancement of computer networks dur-
ing the recent years, the design of group communica-
tion has been changing. The two main reasons are as
follows. First, due to the downsizing of personal com-
puters, we are now able to use them as discussion tools
anywhere within our social life. We can take and use
them during any type of activity. This would not have
been possible if we had to use a fixed computer such as
a large desktop computer. Secondly, by the populariza-
tion of Wireless LAN devices using IEEE802.11a/b/g
and the price reduction of Wireless LAN access points
and Wireless cards, simple network construction in of-
fices and homes or even in public spaces are possible.
Considering these advancements, we design to support

collaborative activities in such ubiquitous computing
environments.

The goal of this research is to improve the under-
standing and consciousness of the participants dur-
ing a discussion. The main cause that restrains users
to participate during a discussion is the difference in
the level of understanding between the participants.
The second cause is the lack of background knowl-
edge on the topic discussed between the participants.
The third cause is the group’s organizational structure
makes specific participants refrain from speaking. As a
result, the discussion is carried out although some par-
ticipants may not be understanding the topic and mak-
ing those participants fade away from the discussion.

By the installation of text editing software that al-
lows multiple users to edit the text during a face-to-
face discussion, users will be able to participate in the
discussion by simply editing the text. In this paper, we
consider the method of co-editing and the functions re-
quired to encourage member’s contribution to the dis-
cussion.

2. Supporting Face-to-face Collaboration

We focus on face-to-face environments and aim
to support collaborative discussions in these environ-
ments.

2.1. Assumed Environment

This research improves a group discussion of sev-
eral participants in a face-to-face environment. There
are many types of cooperative working, but this re-
search focuses on an environment where all partici-
pants gather in a face-to-face situation. The meeting is
assumed to be an informal discussion, like a casual dis-
cussion at a research office. Each participant does not




have a fixed role, compared to that of a formal meet-
ing.

Our system does not assume users to use exist-
ing electronic conferencing system requiring specific
hardware to be installed, but use only each partic-
ipant’s laptop computer as their collaboration tool.
More and more digital devices are owned and carried
about, converged in the place where people come to-
gether such as office spaces or classrooms, and have a
casual meeting to share information in order to work
cooperatively[2]. This kind of meeting is often called
together without notice, even outside of a workspace.
We aim to support such informal discussions, not sorts
of lectures or negotiations. In the situations of negoti-
ation, the result is more important and the minutes of
the meeting should be a sort of final agreement. Thus
co-editing is not always useful in the cases. This re-
search will establish an environment which adapts the
current needs of discussions in ubiquitous computing
environments.

52. The Goal of This Research

From the background information discussed above,
in order to make group communication possible, there
is 2 need of an environment that allows multiple users
to collaborate with everybody, anytime, anywhere. A

. face-to-face discussion system with participants pos-
sessing a laptop computer with network attachability is
considered. Recent downsizing of personal computers
makes it possible for each individual to use a personal
computer at the site of a discussion to note memos of
the discussion. Therefore, the system discussed in this
research will become an important toel in the near fu-
ture.

We define “participation” as not only making re-
marks, but contributing to the group in any form dur-
ing the meeting, such as understanding the outline of
the discussion and supporting other members in mak-
ing remarks or understanding. In complicated discus-
sions, various factors disturb the remarks of the partic-
ipants, and it is hard to keep the balance of the remarks
from every participant. The main cause that restrains
users to participate during a discussion is the differ-
ence in the level of understanding between the par-
ticipants. The second cause is the lack of background
Kknowledge on the topic discussed between the partic-
ipants. The third cause is the group’s organizational
structure that makes specific participants refrain from
speaking.

As a result, the discussion advances even though
some participants may not be understanding the topic
and makes the participants fade away from the discus-
sion. The goal of this research is to improve the par-
ticipants’ level of understanding ideas, and encourage
their “participation” during a casual meeting.

3. Approach

This section describes the main approach to co-
editing minutes.

3.1. Information Sharing by Co-editing Min-
utes

In order to share information between participants
during a discussion, information must be able to be
shared and used immediately. The immediate use of
information during the interaction keeps participants
from falling behind and raises the efficiency of the dis-
cussion. The tool needed should take the role of a sec-
ondary media and hence does not interfere with the
real-time conversation.

To meet the requirement above, this research fo-
cuses on record editing during a discussion as a
method to collaborate information. Laptop com-
puters are used to edit the minutes. Unlike ordinary
minutes where there is a specific note taker, all the par-
ticipants except for the speaker, are asked to take
a role as the note taker to write down and orga-
nize the current topic.

Also in this research, the participants not only take
their own notes but write and organize the shared doc-
ument as a whole. In order to make this possible, we
prepared an environment that allows all the partici-
pants to browse and add information to the minutes.
Former conference minutes-editing methods keep the
note taker from participating in the conversation be-
cause the note taker had to focus on the note taking.
By making all the participants collaborate in taking the
minutes, they all have a equal chance to join the dis-
cussion.

3.2. Assistance by Co-editing Minutes

Taking notes of a discussion collaboratively not
only reduces the prolixity information but also has the
three advantages discussed below.

First, by making all the participants take part of
writing out the current topics and conclusions of the
discussion, it makes it easier for everybody to keep
up with the topic and level the bias of understanding
amongst them.

Secondly, a participant that could not understand
the details is able to look at the written information
in order to catch up and obtain the missed informa-
tion on the topic.

Thirdly, the speaker is able to see how well the note
taker understood the topic to check to see if there are
1no misunderstandings. If there are any misunderstand-
ings, the speaker can go back and edit or even go back
to the topic to refine the discussion. With these points,
this tool is able to assist the note taker.
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Figure 1. Face-to-face meeting based on
co-editing minutes

In order to implement these functions, we designed
and implemented a tool that allows collaborative edit-
ing of the minutes.

3.3. Discussion Model with Co-editing Min-
utes

The following are the procedures of a meeting us-
ing co-editing minutes proposed in this paper. Partic-
ipants get together for a meeting with their laptops
connected via wireless networks, and execute the text
editor designed for co-editing minutes. A text file is
created, shared and edited by every participant as the
records of the meeting. Someone except the speaker
notes a summary of the statement. Everybody can re-
vise the records in such ways as correcting the sum-
mary or adding any additional information like refer-
ences or URLs. By doing so, it is possible to prepare
materials for the next agenda without disturbing the
current discussion.

In this way, the participants can make full use of
the records of the discussion. Like in a case of using
a whiteboard, the participants can share ideas and or-
ganize them. However, unlike a whiteboard, when the
meeting is over, each user saves the records and takes
it with him/her. They can read the minutes over again
in order to go over the contents of the meeting, to con-
sider the topics and to refer materials. The discussion
model with the co-editing minutes system is shown in
fig.1.

3.4. Effect of This System

With this system, the topics below are to be re-
solved.

First, this system will enable the assembly of ver-
bose notes into a refined minutes. By reading the well
organized summary of the discussion, it allows the par-
ticipants to understand the topics easily. Minutes is
better than a whiteboard in a way that it is easier to un-
derstand information at a glance. Especially in a com-

plicated discussion where topics create new topics, and
end up with a broad range of topics, it is difficult to or-
ganize all the ideas using a whiteboard. The structur-
ized minutes of the topic is easier to understand and
easier to refer to later on.

Secondly, minutes made in text format is easier to
reuse, re-edit and review the content of the discus-
sion. It is also simple to distribute to others. Materi-
als prepared beforehand by the participant may also be
merged to the minutes as the discussion goes on dur-
ing the session and re-used as a written report.

Thirdly, former minutes making tools required a
specific record taker to concentrate on the minutes, re-
sulting in the record taker falling out of the discussion.
This tool allows all participants to edit the minutes,
and thus allowing all users to join the discussion.

Fourthly, collaboration of the minutes between par-
ticipants allows each user to become aware of others’
activities and fill the gap of understanding amongst
them.

4. Related Work

In this section, we review several works and con-
clude that designing specialized co-editing system is
needed to carry out the encouragement model with co-
editing minutes.

4.1. Shared Whiteboard

Many approaches mainly focus on support-
ing face-to-face meetings with electronic whiteboards.
wb[4] runs on X-Window environment and con-
sists of several workstations, and whiteboard applica-
tions. On the other hand, Tivoli[8] and Flatland[6] re-
quire whiteboard-like devices such as displays -and
screens. Tivoli is based on Liveboard, an elec-
tronic whiteboard device. Flatland detects some
context in face-to-face meetings, and has several func-
tions in addition to past researches. Also some prod-
ucts like NetMeeting by Microsoft Inc. have been
released.

WirelessDAN[9] proposes “Nomadic Collabora-
tion” which supports face-to-face meetings with lap-
tops connected via wireless networks, and offers
services and applications for the electronic white-
board.

Electronic whiteboards are useful when two or
more users write at the same time. However, the fol-
lowing problems arise when using them in meetings.
First, the memos written on the whiteboard may not
be summarized and be just gathered ideas from par-
ticipants. Therefore the contexts and conclusions of
the memos are not indicated clearly. Secondly, the
memos on the whiteboards are usually saved as pic-
ture files, hence hard to handle and divert into other



documents. In order to make good use of the re-
sults of a meeting, the described minutes is the best
material to keep and utilize the records of a meet-
ing. Thirdly, since memos on a whiteboard are liable
to become unorganized, it is hard to review the de-
tails of the discussion afterward.

4.2. Co-editing Tools

Application of general shared editors seems to be
suitable in face-to-face meetings. Most of the shared
editors aim to support asynchronous or distributed col-
laborative environments. An attempt to avoid the colli-
sion of editing operations was to give access control to
one specific user, and the user monopolizes the right to
edit the whole or partial text. Quilt[5] is designed for
collaborative writing in an asynchronous environment,
and the right to edit is based on the role assigned be-
tween the members in a group. PREP([7] also aims to
support asynchronous co-editing but does not assume
that each participant has a fixed role.

GROVE][3] allows multiple users to edit the text in
a distributed environment. GROVE consists of an out-
line editor and a function of voice communication. The
editor consists of three editing views: Private view,
Shared view and Public view. GROVE like PREP, does
not assume that each participant has a fixed role, and
exclusive access control is supported in the level of the
node. However, the user only sees the text appeared on
the screen, and the detailed status of the other users is
not provided.

Dourish indicates awareness in co-editing through
the research of ShrEdit[1]. He points out that usual
ways of presenting awareness information requires ex-
tra operation by the users and is troublesome for the
users. Only the recipient benefits from the system and
thus is not reciprocal. He also notices that whether
awareness information is appropriate or not depends
on the situation, so the way to present awareness infor-
mation should be considered. ShrEdit aims to smooth
co-editing a document with awareness information.
Our research and ShrEdit have some similar functions.
But ShrEdit’s system still lacks the function to en-
courage the member’s contribution. The difference in
the functions between our research and ShrEdit is also
mentioned in the next section.

Compared with the other researches of shared ed-
itor, we make a target to encourage every participant
to contribute to the meeting. Toward the goal, we in-
troduce the co-editing tool and it has to cover vari-
ous requirements such as exclusive access control and
awareness functions between users.

Text Editing Field

User List

“Gtatus Fleld Fiel

Figure 2. Screen image of co-editing tool

5. Design and Implementation of Co-
editing Tool

In order to achieve the encouragement of mem-
ber contribution in face-to-face meetings, we imple-
mented a co-editing minutes system and named it EGI-
Tool (Evolutional Group Intelligence Tool). This sec-
tion describes the detail of the design and implementa-
tion, and several functions required for the encourage-
ment.

5.1. Implementation Environment

The program can be run on Microsoft Windows
95 and after + Winsockl.l. It is text editing soft-
ware with a server-client function. Implementation
was done with Microsoft Visual C++ 6.0. The screen-
shot of the software is shown in fig.2. The upper-left
part, Text Editing Field, is the text editing field used to
type the minutes. Each user can scroll, read, write, al-
ternate and delete any part of the text independently. In
order to solve the problem of synchronization that oc-
curs when two or more users try to edit the same line at
the same time, exclusive access control is introduced.
The detail of the access control are described in 5.2.

On the right side, User List Field, the list of par-
ticipating users is shown. Status Field at the bottom
shows the status of the minutes and this system. The
Text Editing Fields of the clients are not synchronized
so that the minutes shown on each client are differ-
ent. This can cause the case of a user missing another
users’ editing operation. In order to solve the prob-
lem of missing and notify the behavior of a user to the



other users, several functions are introduced. The de-
tail of the functions are described in 5.3.

This system determines one of the laptops brought
by the users as a server, and the rest of them connect
to the server as clients. Every operation like moving
the cursor and editing the text is notified to the other
clients via the server. The server also detects the colli-
sion of editing lines.

5.2. Exclusive Access Control of Collabora-
tive Text Editing

To make simultaneous editing possible, exclusive
access control is needed. Past attempts solve this prob-
lem by giving access right to one specific user to edit
the whole orspecific part of the editing text. In ShrEdit
the user selects a certain range of the text. Another ap-
proach is changing the locked area dynamically when
a user tries to edit the area. However, these approaches

are not suitable for eéncouraging co-editing minutes. -

Any complicated, additional operations or difficulties
for obtaining the right to edit a block of the text can
be obstacles to co-editing. The locked area should be
minimized not to disturb the other users, and the ac-
cess right should be given to each user automatically
without any additional operation. Declaring the begin-
ning of a editing to the minutes to the other members
in the meeting often interrupts the discussion, and be-
comes an disturbance to the meeting.

This tool solved these problems by automatically
locking the line the cursor is placed by each user so
that the lock mechanism does not interfere with the
editing operation. When a user moves his/her cursor
and focuses on a certain line, the line is marked and
locked by the user. When a user attempts to lock the
line that is already locked by another user, he/she can
focus on the line but cannot edit the line. ShrEdit does
not show cursors of the other users on the window,
and in the case of the collision of editing lines ShrEdit
sounds a beep and shows a pop-up message. Our sys-
tem avoids the collision of editing operation by show-
ing every user’s cursor and no additional operation is
required. If a user does not move his/her cursor for
a long while, the lock of the line is canceled, assum-
ing the user may be thinking or speaking. In the case
of a user leaving the room while the meeting is car-
ried out, a user can switch his/her mode to the Read
Only Mode, which cancels the lock by the user and
only supports minutes browsing.

5.3. Awareness Function between Others

This tool implements a function needed to partic-
ipate in an active discussion. The awareness function
during a collaborative work in a distributed environ-
ment is required in order to allow a user to recognize

Figure 3. Experiment of EGiTool

the other users’ operation. This is also important in a
face-to-face environment as well.

In order to recognize the state of the other partici-
pants, the tool shows information of who is editing and
where the cursor is, by expressing each user in a sepa-
rate color. Also, in order to be aware of the erased text
and which user erased it, a record of the edited text can
be referred.

In User List Field, a user is marked as “the primary
logger” that is a dictator of the current discussion. It
is assumed that there is no particular user who edits
the minutes from the beginning to the end, the dicta-
tor changes as the speakers changes. When the dicta-
tor is eager to tell his/her ideas, he/she calls on the next
dictator for dictating his/her statement. This is aimed
to avoid collisions of dictations in the current discus-
sion. ShrEdit does not support the hand over of the dic-
tator, so the participants had to request the exchange
verbally. The marking does not affect any functions of
the exclusive access control, compared with the other
tools like Quilt.

6. Evaluation of the System

An evaluation of the system proposed in this paper
is explained in this section. Eight undergraduate stu-
dents and one graduate student were chosen as the ex-
perimental subjects. All of the students have and carry
their own laptops and make good use of them in their
daily study. Three groups of three members each are
formed for a discussion. A problem solving discussion
and a brain storming discussion topic were prepared
beforehand. Each group discussed each topic for 15
minutes using EGITool. A photo of the site of the ex-
periment is shown in fig.3. After the discussions, their
thoughts on using EGITool and the contribution of all
of the members including him/herself to the discus-
sions are asked by a questionnaire. Co-edited minutes,
logs of the system and the filled out questionnaire are
presented for the evaluation. Table 1 shows the out-
line of the experiment.

The co-edited minutes range from 5 lines to 31
lines, and the average of them is 18 lines. The peri-
ods of time that someone was using the co-editing sys-



Subjects 9 Persons
(6 male and 3 female)

Task 1 Simplifying the word

Problem Solving | “International disputes

(15 min.) between ethnic groups”
in order to teach the meaning
to children.

Task 2 This tool aims to support

Brain Storming | face-to-face meetings.

(15 min.) Please discuss the merits
and demerits when you try
to introduce this tool
to discussions.

Table 1. Design of Experiment

tem ranges from 6 minutes and 23 seconds to 10 min-
utes and 12 seconds, and the average of them is 9 min-
utes and 3 seconds.

Considering that 15 minutes were given for discus-
sion, the proposed system was not used enough. This
was probably caused by the difficulty of discussing the
topics and keeping the minutes in parallel. The paral-
lel tasks are required by everyone, so pauses were of-
ten made and it took more time to continue the discus-
sion. However, verifying and correcting the records of
the remarks during the meeting seemed to encourage
the understanding of the topics. ‘

It is not usual to discuss topics and edit minutes
in parallel. Therefore, for further evaluations, discus-
sions in the proposed style are needed to be held over
and over again, and users are required to get used to
the style and to make full use of it.

From the questionnaire, we evaluated if co-editing
minutes assist the comprehension ability of the discus-
sion. As a result, this tool was able to enhance the
understanding of the topic and refined the point un-
der discussion. The problem of adaptation to the tool
was minimal. However, the mechanism that checked
the other users’ state was much more necessary than
what was expected at the site of design. Also, partic-
ipants were overloaded when they had to discuss and
take notes at the same time. A mechanism to share the
direction of the discussion itself was needed in order
to solve the overload.

7. Conclusion and Future Work

The goal of this research is to improve the level
of understanding, ideas, and shared consensus in a
discussion between the participants. We introduced
software which allows concurrent editing by multiple
users in a face-to-face discussion, and created an envi-
ronment where participants of the discussion can also
participate in the editing of the discussion minutes.

However, the types of the task and the number of
subjects per a conference experiment still need more
consideration. As for future work, training users to co-
edit minutes and repetition of the experiment, quanti-
tative data, validation of the awareness mechanism in
detail, reconsideration of the record keeping method
and load balancing of the participants’ work is to be
solved.
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