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ABSTRACT

Knowledge of the actions of other users is essential to the
design of an effective collaborative authoring system. The
reasons for this are rooted in the concept of awareness of
individual and group activities. This research presents
CAWS, a collaborative authoring system that builds upon
several areas of research including studies of co-authoring
practices, studies supporting awareness in collaborative
environment, systems supporting collaborative authoring
activities and wikis. An example usage scenario is de-
scribed, highlighting the way that CAWS can facilitate col-
laboration by supporting users’ editing awareness, users’
status awareness, users’ actions awareness, users’ roles and
responsibilities awareness, users’ annotation awareness and
awareness of document deadlines. The features of the tool
are described, specifically how they relate to the theoretical
principles of awareness on which it is based.

ACM Classification: H.5.3 [Group and Organization Inter-
faces]: Asynchronous interaction, Collaborative computing
Computer Supported Cooperative Work, Web-based inter-
action. H.5.2 [Participant Interfaces]: Participant-centered
design. H5.2 [Information interfaces and presentation]:
User Interfaces. - Graphical user interfaces.

General terms: Design, Human Factors

Keywords: Asynchronous/synchronous communication,
computer supported collaborative work, awareness, co-
authoring, wiki, CAWS.

INTRODUCTION

Developers of collaborative authoring tools design their
systems in different ways, as different systems are tailored
to different problems. However, when designing a collabo-
rative system, there are several aspects of collaboration that
must be taken into account. Users collaborate on numerous
tasks, which require different levels of information. When
collaborating in collocated environments, users are implic-
itly aware of the events that are taking place in the world
around them. However, when collaboration takes place
either partly or completely in an online environment, this
information can be lost if the environment does not attempt
to reproduce it.

This article describes a new co-authoring tool called
CAWS' (Co-Authoring wiki based system) which differs
from previous work on co-authoring tool in three ways:

1. It integrates and expands upon a variety of observa-
tions and previous models of co-authoring practices,
awareness, collaborative authoring systems and wikis.

2. It is intended to assist the document development
process for real-time collocated and distributed groups
at all stages from planning to writing and styling the
document.

3. It attempts to support the personal, informal, group and
workspace awareness of its users.

RELATED WORK

CAWS builds upon several areas of research including
studies of co-authoring practices, studies supporting aware-
ness in collaborative environment, systems supporting col-
laborative authoring activities and wikis.

Co-authoring practices

There have been numerous studies of collaborative author-
ing practices, which have outlined problems as well as pos-
sible writing strategies and group dynamics. The outcome
of field studies previously undertaken as part of this re-
search [17] backed previous research studies in collabora-
tive authoring practices [21, 24, 27, 26] as well as identify-
ing co-authoring practices when writing on the web. These
studies provided background knowledge of how users ap-
proach a collaborative authoring activity and their positive
and negative reactions when collaboratively authoring a
document. Most importantly, the research highlighted the
key problems encountered with available technologies. The
field studies also highlighted users’ concerns when writing
in a web-based system [17].

Collaborative authoring practices vary from group to group
as different people approach the problem differently. Inter-
views with successful collaborative writers indicate [13]
that both asynchronous (working on different document
sections or working on the same document at different
times) and synchronous (meetings, or joint editing ses-
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sions) collaboration are used. Coordination (eg. partitioning
tasks into subtasks, assigning people to tasks, dependencies
between tasks) is crucial to the group activity [13]. Coordi-
nation needs to be dynamic as the changes that an author
makes on a section might have repercussions in another
section, changing the initial plan.

Noél and Robert [21] categorize the positive and negative
aspects of collaborative authoring from 41 respondents to
their studies. They identify the positive outcomes to col-
laborative writing as “obtaining a better product” and the
negative outcomes as “making the task more difficulf’. It
was found that co-authors encounter problems stemming
from: reconciliation of different writing styles, delays in
producing the document, difficulties in following sched-
ules, unequal division of work, difficulties in coordination,
and management of authors’ emotions. Group or social
issues can also cause problems, including difficulties in
communication, conflicts between members, and problems
in conciliating members’ abilities.

These problems have been outlined by Weng and Gennari
[27] as well as the survey previously undertaken for the
purpose of this research [17]. The field study also high-
lighted that problems arise when co-authors are not aware
of other users’ actions, movements, status and points of
view on contentious issues. These are the kinds of aware-
ness present when co-authors work on a project in the same
location.

Awareness in groupware

Within a collaborative process, awareness of individual and
group activities is always required to coordinate those ac-
tivities [8]. There has been significant research in the
CSCW field into the role of awareness in groupware sys-
tems. Dourish and Bellotti [8] define awareness as “under-
standing of the activities of others, which provides a con-
text for your own activity”. Gutwin and Greenberg [11]
examine workspace awareness as a combination of the
types of awareness that are present in daily life [10], but
within an online system as “the up-to-the-moment under-
standing of another person’s interaction with a shared
workspace”. This includes knowledge about what others
are working on, what they are doing and their future plans
(personal, social, group and informal awareness).

Awareness of participants’ activities with respect to a col-
laborative context is therefore a critical issue for collabora-
tive authoring systems [8]. Awareness can take several
forms and can affect the group members as individuals or
as a group. Figure 1 represents a summary of the types of
awareness that have been categorized by different research-
ers in the HCI and CSCW fields [5, 8, 10, 11, 19].

Existing CSCW systems vary in the methods they use to
support awareness: informational [2] and role restrictive
[8]. In the informational method, explicit facilities are pro-
vided through which collaborators inform each other of
their activities [8]. Informational methods update users on
what has happened since their last visit, but rely on use of
the system to discover changes [2]. Role restrictive meth-
ods arise from explicit support for roles in collaborative
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Figure 1 - Type of Awareness: Figure showing different
types of awareness identified in research.

systems; a role describes an individual’s relationship to the
shared work objects and to other participants [8]. Types of
awareness can be synchronous and asynchronous; synchro-
nous when authors are working together in real time, asyn-
chronous when not working together in real time.

Personal Awareness refers to information that users main-
tain about themselves and their roles in the group. It can be
synchronous (eg. current whereabouts within the system) or
asynchronous (eg. where the user has been within the sys-
tem) [10, 19]. Social awareness refers to information that
users maintain about others in social or conversational con-
texts: for example, whether a person is paying attention,
their emotional state or level of interest. This kind of
awareness can be asynchronous (eg. knowledge that a part-
ner has replied to a comment), or synchronous (eg. actively
paying attention to or replying to the queries of other users)
[10]. Informal awareness involves knowledge of who is
present and what they doing: the kind of awareness implic-
itly present in an office context [10]. Moran et al [20] refer
to it as informational awareness. Group awareness gives
an overview of other users’ roles, activities, movements
and status in the process. It includes people’s roles and re-
sponsibilities, their positions on issues, current status, and
group processes [5, 8, 10]. Workspace awareness con-
cerns user presence in the workspace and what users are
currently doing: up-to-the-minute knowledge about other
people’s interactions with the shared workspace. In face-to-
face activities, workspace awareness is naturally present.
Workspace awareness combines the types of awareness that
people maintain when working in a group [10] [11].

Collaborative authoring systems

Several systems have explored collaborative interfaces that
allow multiple users to write collaboratively in a group. For
example, tools which replicate the appearance of and/or use
Microsoft Word such as CoWord [25] and TellTable [1]
present enhanced features over the traditional word proces-
sor. CoWord, for example, provides version control, un-
constrained collaborative editing and concurrent editing
and commenting in the same document. Similarly, Telltable
tracks participants’ current and past activity (through the
OpenOffice.org “track changes” feature), and allows par-
ticipants can track who is editing the document at any time.



Collaborative web-based editors which support synchro-
nous writing exist, such as Gobby [6], MoonEdit [7] and
SubEthaEdit [23] which use a synchronous shared editor
in which users are assigned colors once they log in. The
Bloki[28] and ProjectForum [4] systems are designed
around the wiki concept [16] and present enhancements
upon previous wiki implementations by incorporating a
blog and a locking system to the document while editing
(allowing each user to know who is editing the document).
In the case of Bloki, the ability to see participants’ where-
abouts in the system are shown, with a ‘recent changes’
feature that allows the last changes to be seen at a glance.

BSCW [22] (Basic Support for Cooperative Work), Goo-
gle Docs & Spreadsheets [9] and Workshare Profes-
sional [3] take a different approach to collaborative author-
ing by creating new systems. BSCW enables collaboration
through shared objects such as document URLSs, notes and
calendars. Google Docs & Spreadsheets is semi-
synchronous (as it refreshes the screen every two minutes).
Workshare Professional is a commercial tool used to share
documents and to verify, secure and audit changes. It can
compare two documents and identify changes.

Many collaborative authoring systems have been imple-
mented since the 90s. However, none are in widespread use
[14]. In order to develop a tool, which addresses common
co-authoring problems, a deeper understanding of why
available tools are not used is necessary, with particular
reference to why users might not want to use them. Re-
search has outlined [14] that a major reason for this phe-
nomenon is a gap between theoretical assumptions and
reality that is larger than researchers thought. It has also
been noted [25] that users tend to choose tools that appear
familiar to them. These tools were chosen for comparison
to CAWS as they represent a set of tools, which improve
upon previous implementations and present different inno-
vative designs, either in the form of technological advances
or findings from user studies.

Unlike these systems for collaborative authoring activities,
CAWS focuses on supporting collaboration during the en-
tire process synchronously and asynchronously, providing
users with information about other users’ whereabouts
while logged in, users’ actions taken in the workspace and
users’ roles and responsibilities, in addition to a centralized
system for formatting the document and a bibliography
system. These features are implemented in a way based on
the wiki concept, which gives an established way of writing
on the Web.

Wikis

Wikis have achieved widespread success since the concept
was created in 1995 by Ward Cunningham [16]. Applied in
multiple application domains, a variety of wiki engines
have been developed [21]. Much research has been con-
ducted into the use of wikis for collaborative writing.
Wikipedia [22] is the most prominent example of the use of
wikis for collaborative writing, consisting of a web-based
encyclopaedia that anyone can edit. However, the Me-
diaWiki software used for Wikipedia presents numerous

limitations when awareness in collaboration is considered
[15]. This arises from the fact that its design goals differ
from traditional collaborative authoring tasks; it is not seek-
ing to produce professionally structured papers. Research
has investigated providing users with the ability to deter-
mine the structure and appearance of wiki pages, as well as
supporting editing of structured wiki pages to improve
effective collaboration [12].

CAWS: CO-AUTHORING WIKI BASED SYSTEM

Example scenario

A group of people residing in different parts of the world
wish to work together to write a journal article on a com-
mon topic. Part of the group resides in Europe, while the
other in the USA. Of the members, John and Mary reside in
England, Sally and Chris in Scotland, Zoe in Belgium,
George in California, and Stuart in Florida. They face not
only dislocation in their geographical location but also in
time zones. As a result, there are only few hours a day in
which they all be awake. They decide to use CAWS as a
shared environment in which they can collaborate on the
document.

John logs into CAWS and selects “create new document”
which he calls “journal article”. Next he invites the other
users by entering their email addresses. The other users join
the document after receiving the emails.

John logs in to CAWS and selects the document “journal
article”, which shows the ‘front page’ of this document. As
the creator of the document, he has control over the rights
granted to other group members. The ‘front page’ displays
the user status and the activity log. From the user status
box he realizes that he is not the only group member cur-
rently online. Mary, Sally, Zoe and George are also online.
Zoe and Sally are using the ‘Editor’ section of the system.
Zoe is restructuring the document while Sally is editing the
Introduction to the document. Mary is in the ‘Blog’ part of
the system and is replying to a blog post called “part 1”
previously created. George is in the ‘style’ part of the sys-
tem and is customizing the style of the document. The user
status box also shows that Chris and Stuart were online
three and six hours before John logged in. From the activity
log, John sees that Chris wrote a blog post called “part 17
and that Stuart replied to it and wrote an initial introduction
to the document.

John starts to plan the activity by using the “planner” fea-
ture to assign roles and responsibilities. Zoe realizes that
John is using the planner from the user status box shown in
the editor. John assigns group members to sections. The
other group members can insert their estimates for the time
that it will take to finish their sections. Estimates can only
be set by the user assigned the task. Development of the
document can now begin.

Sally logs into CAWS to start working on the section as-
signed to her. She realizes that Zoe and John are also online
and working on their individual sections. Sally’s section is
closely related to what John is writing so before she con-
tinues, she examines John’s section to see what he is writ-
ing (she can view his changes in real time). Sally then goes
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to work on her own. While writing, she notices the other
users finish and log out. After finishing her own work, she
saves her changes and updates her remaining hours in the
planner, before logging out.

Several hours later, George logs in. It is immediately ap-
parent that nobody else is online from looking at the user
status box. The activity log highlights the changes made to
the document by the other users. He goes to the editor to
continue to working on his section of the document.
George takes a one hour lunch break, and after returning,

realizes that Stuart has logged in. He finishes his changes
and saves them. Before logging out, he returns to the
document ‘front page’ and the activity log highlights that
Stuart has replied to a comment that he previously added to
Sally’s section. After reading the comment, he updates his
hours remaining and logs out.

CAWS’ awareness mechanisms inform the group members
of what happening in the document, both while they are
logged in, and also what has happened while they were
logged out. The planning system allows progress within
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the document to be tracked and warning of upcoming dead-
lines.

After several weeks, John examines the document summary
and realizes that there is a section of the document in which
users have conflicting views. He also realizes that one sec-
tion is behind schedule as the planner highlights the section
in red. John creates a discussion in order to understand the
different group members’ viewpoints on the controversy.
John then asks the group members responsible for the de-
layed section the reason for the delay. Sally, the editor and
second author, answers that she has encountered a problem
and asks to extend the deadline. As the administrator, John
changes the schedules. The document is finished in time for
the deadline.

Design Goals: Visualizing Awareness

The aims behind CAWS were guided by the findings of
past research in collaborative authoring practices and cur-
rent collaborative authoring systems, in addition to a survey
on collaborative authoring practices study [17]. Based on
this, this research hypothesized that an effective interface
for collaborative authoring should support awareness of
participants and group activities.

Facilitating users’ awareness is crucial to effective collabo-
rative activities. Awareness of users’ activities, where-
abouts, roles and the motivations behinds their actions is
supported in different ways in order to provide an overall
view of the collaborative activity.

History of users’ actions

One of the awareness mechanisms in CAWS is to maintain
a history of users’ actions. Each time a user performs an
action within the system, the event is added to an “activity
log”, which is displayed on the ‘front page’ of the docu-
ment (Figure 2). The group member’s screen name is dis-
played along with the event. The events shown in the ac-
tivity log include notifications of changes to the document
itself, replies to comments, and changes to the document
style. Events are displayed in chronological order, but re-
lated events are grouped together - for example, if two us-
ers both make changes to the same section, the activity log
might display “George and John edited Introduction”.

The purpose of this is to provide information on the order
in which events occurred, interactions between users, and
also the interactions between the users and the system.

Events are highlighted if they occurred since the last time
the user viewed the activity log. This provides the user with
an effective means of identifying recent changes to the
document, minimizing duplication of effort. Users joining
the collaborative activity while it is in progress can view
previous interactions between and the actions taken by
other group members and gain a better understanding of the
history of the document

A history of users’ actions is provided for several reasons.
Firstly, it provides notification of activity during the devel-
opment of the document. It provides an effective means of
monitoring all users’ actions since the start of the collabo-

rative activity, which is a concern when operating in an
academic environment [18].

Users’ Whereabouts

Another awareness mechanism tracks users’ whereabouts
in the tool. As a user navigates through the system, their
movements and actions are logged. This is used on the
‘front page’ of the document (Figure 2), to show the current
status of all users. Each group member’s screen name is
shown, along with their time of log in, status (set either
manually by the user or automatically by the system) and
up-to-date information about their location within the sys-
tem. This information has the potential to provide clear
and up-to-date information about other users’ movements
and the activities they are currently engaged in.

A smaller status box continues to show the information in a
reduced form as the user navigates the various pages re-
lated to the document. This cut-down version only shows
information about users who are online (Figure 2 and 3).

Division of Activities

Many users that responded to the survey described the
“planning” part of the document development process as
being crucial to its success. This includes explicitly divid-
ing up the document into sections, assigning roles to users
and assigning users to write specific sections of the docu-
ment, and estimating time of completion. To address these
issues, CAWS includes several mechanisms for managing
roles and responsibilities within the tool.

A “structure” mechanism allows the group members to
create a structure for the document, defining the sections
which the document is to be divided into. Planning docu-
ment activities is integrated into CAWS. Users can be as-
signed roles in relation to sections (for example, “author”
or “editor”). Once assigned a role, users can estimate the
time needed for the completion of the section, and set a
deadline and target word count.

The planning part of CAWS captures this information in a
graphical way. This is used to summarize information
about the document status. A section that has a deadline
with a week is displayed in red, while a section with a
deadline within two weeks is displayed in yellow. A bar
chart shows the percentage of work done with respect to the
number of hours remaining, as well as information about
deadlines and word count. This provides an overview of the
document status.

Comment visualization

To be able to understand users’ points of view, it is impor-
tant to facilitate commenting as well as providing the abil-
ity to discuss the comments in depth. Comments can be
filtered by type and author. A section of text with com-
ments attached is highlighted, with an increase in intensity
when comments overlap (Figure 3). This presents the abil-
ity to identify sections of the document with the most
comments. The comments are linked to a full threaded dis-
cussion system in order to facilitate discussion. Finally, an
agree/disagree system allows users to express their support
or opposition for the views expressed in comments.



CONCLUSION AND FUTURE WORK

This paper presented CAWS, a co-authoring wiki based
system that enables users to collaborate synchronously and
asynchronously on a common document. The design of the
features it incorporates was guided by prior research studies
on co-authoring practices, studies supporting awareness in
collaborative environment, systems supporting collabora-
tive authoring activities and wikis, The system aims to sup-
port collaborative writing with several awareness mecha-
nisms.

Awareness is the most valuable aspect of the design of
CAWS. It has been explained how CAWS can facilitate
collaboration by supporting users' editing awareness, users'
status awareness, users' actions awareness, awareness of
users' roles and responsibilities users' annotation awareness
and awareness of document deadlines.

Although the system as it currently stands is stable, it still
has a need for an instant messaging capability that has yet
to be incorporated. Furthermore, the system of roles and
responsibilities in the planning system need to be linked
with the editor in order to provide further editing aware-
ness.

The annotation system was described as a useful mecha-
nism for gaining insight into other users' points of view. To
support this usage, a polling system will be added to
CAWS to provide users with the ability to express their
points of view. In addition to the technical implementation,
a longitudinal study will be run over several months with
users using CAWS to undertake collaborative authoring
activities for an academic publication and student group
project.

REFERENCES

[1] Adler, A., Nash, J., Noél, S., TellTable: A Server for
Collaborative Office Applications, The 6th interna-
tional Workshop on Collaborative Editing Systems,
ACM CSCW, Chicago, IL, USA, 2004.

[2] Brush, B., Bargeron, D., Grudin , J., Gupta, A., Notifi-
cation for shared annotation of digital documents,
ACM CHI, Minneapolis, MN, USA, 2002, pp. 89-96.

[3] Caton, M., Workshare Professional 4.0, eWeek.com,
2007.

[4] CourseForum Technologies, CourseForum and Pro-
JjectForum, Guelph, Ontario, Canada, 2007.

[5] Decouchant, D., Quint, V., Salcedo, M., R., Struc-
tured cooperative editing and group awareness, ACM
CHI, Denver, CO, USA, 1995.

[6] Dev group, Gobby a collaborative text editor, 2005.

[71 Dobrowolski, T., MoonEdit, 2006.

[8] Dourish, P., Bellotti, V., Awareness and Coordination
in Shared Workspaces, ACM CSCW, Toronto, Can-
ada, 1992, pp. 107-114.

[9] Google Inc., Google Docs & SpreadSheets, Mountain

View, CA, 2006.

Greenberg, S., Gutwin, C., Cockburn, A., Awareness

Through Fisheye Views in Relaxed-WYSIWIS Group-

ware, ACM Graphic Interface, Toronto, Canada,

1996, pp. 28-38.

[10

—_

[11] Gutwin, G., Greenberg, S., A Descriptive Framework
of Workspace Awareness for Real-Time Groupware,
JCSCW (2002), pp. 411-446.

[12] Haake, A., Lukosch, S., Schummer, T., Wiki-
Templates, ACM WikiSym, San Diego, CA, 2005, pp.
41-51.

[13] Haake, J. M., Neuwirth, C. M., Collaborative Author-
ing of Hypermedia Documents, Machine Translation
Today, Translating and the Computers, 15 (1993), pp.
41-58.

[14] Kim, H-C. (Ezra), Eklundh, K. S. Reviewing Practices
in Collaborative Writing, Computer Supported coop-
erative Work, kluwer Academic Publishers, Norwell.
MA, USA, 2001, pp. 247-259.

[15] Kriplean T., Beschastnikh I., McDonald D., Golder,
S., Community, Consensus, Coercion, Control: CS*W
or How Policy Mediates Mass Participation, ACM
GROUP, Sanibel Island, FL USA, 20

[16] Leuf, B., Cunningham, W., The Wiki Way, Addison
Wesley, 2001.

[17] Liccardi, 1., Davis, H. C., White, S, CAWS: Visualiz-
ing awareness to improve the effectiveness of co-
authoring activities, University of Southampton,
Southampton, 2008, pp. 1-10.

[18] Liccardi, 1., Davis, H.C., White, S., CAWS: an aware-
ness based wiki system to improve team collaboration,
in IEEE ICALT, Santander, Cantabria, Spain, 2008,
pp- 265-267.

[19] McDonald, D. W., Weng C., Gennari J.H., The Multi-
ple Views of Inter-organizational Authoring, CSCW,
ACM, Chicago, IL, 2004, pp. 564-573.

[20] Mitchell, A., Posner, 1., Baecker, R., Learning to write
together using groupware, ACM CHI, Denver, CO,
USA, 1995, pp. 288-295.

[21] Moran, A. L., Favela J., Martinez- Enriquez, A. M.,
Decounchant D., Document Presence Notification
Services for Collaborative Writing 1EE, Washington,
DC, USA, 2001, pp. 125-133.

[22] Noél, S., Robert IM., Empirical Study on Collabora-
tive Writing: What do co-authors do, use, and like?,
CSCW, ACM, Chicago, IL, 2004, pp. 63-89.

[23] OrbiTeam, BSCW 4.3.3, in F. F. a. O. S. G. C. KG,,
ed., Boon, Germany, 2006.

[24] Ott, M., Pittenauer, M., Wagner, D.,SubEthaEdit 2.6,
2007.

[25] Posner, 1. R., Baecker, R. M., "How people write to-
gether", System Science, Hawaii, 1992, pp. 127-138.

[26] Sun, C., Xia, S, Sun, D., Chen, D., Shen, H., Cai, W
CoWord, 1996 - 2006.

[27] Sun, D., Xia, S., Sun, C., Chen, D., Operational
Transformation for Collaborative Word Processing,
ACM CSCW, Chicago, IL, 2004, pp. 437-446.

[28] Weng, C, Gennari, J.H., Asynchronous Collaborative
Writing through Annotations, ACM CSCW, Chicago,
IL, 2004, pp. 578-581.

[29] Zapatec, 1., Bloki, Berkeley, CA, USA, 2005.



