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Abstract

Group awareness has become important in improving the
usability of real-time, distributed, collaborative writing
systems. However, the current set of implemented
awareness mechanisms is insufficient in providing
extensive and comprehensive awareness in collaborative
authoring. Certainly, current mechanisms, such as
telepointers and multi-user scrollbars, have contributed
greatly in providing awareness support in collaborative
writing. Yet, given the shortcomings of these mechanisms
and the difficulty in providing rich interaction found in
face-to-face collaboration, much more support needs to be
provided for group awareness during authoring. This
research extends the pool of all known awareness
mechanisms (including those that have been discovered
before but have yet to be implemented).

This research discovered several awareness mechanisms
not found and reported elsewhere, through conducting
usability experiments with a real-time cooperative editor.
This paper covers three of the mechanisms—7ask
Allocation Tree, User Action List and User-based History
Tracking—discovered from the experiments. The paper
also  provides  quantitative  results supporting
implementation of such mechanisms'.

Keywords: Computer Supported Cooperative Work, real-
time collaborative authoring, group awareness.

1 Introduction

Real-time, distributed collaborative writing systems
(RDCWS) allow distributed authors to work on
documents at the same time. Examples of these systems
include GROVE (Ellis, Gibbs and Rein 1991), REDUCE
(Yang et al. 2000), SASSE (Baecker et al. 1993) and
ShrEdit (Dourish and Bellotti 1992). In certain
circumstances, RDCWS are very useful tools for a group
that must carry out tasks on a document simultaneously.
An example of the use of a RDCWS is in synchronous
composition of essays. Collaborative essays may be used
in teaching, such as in learning about negotiation of
meaning (see Irvin n.d.).
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However, in a workplace situation, a RDCWS may not
necessarily be used to write an entire document in one
sitting. Participants may use email or workflow to write
parts of a document in an asynchronous manner, whilst
writing other parts together synchronously. Participants
may have an initial meeting to agree and work on the
structure and content of the document together at the
same time, leaving participants to finish the document
separately at different times. On the other hand, medical
researcher colleagues of this paper’s first author work on
a document at different times, only to come together at
the end of the process to finalise the document. These
medical researchers find greater efficiency in finalising
the document together at the same time rather attempting
to finalise it separately at different times.

Group awareness (GA) is an important feature enhancing
the usability of RDCWS. GA provides users with
sufficient knowledge about the status of a document itself
and all activities other users perform upon the document.
GA plays an essential and integral role in cooperative
work by simplifying communication, supporting
coordination (Ellis, Gibbs and Rein 1991), assisting
“anticipation” (Gutwin and Greenberg 2002) and
supporting “convention” (Grudin 1994).

In face-to-face interaction, it is naturally easy for people
to know who is present, what are others’ responsibilities
and what others are doing. When group members are
geographically  dispersed, supporting spontaneous
interaction is more difficult. To enrich GA in real-time
collaborative authoring, various awareness mechanisms
such as telepointers (Greenberg, Gutwin and Roseman
1996), radar views (Gutwin, Roseman and Greenberg
1996) and multi-user scrollbars (Baecker et al. 1993)
have been used.

Although approaches used to discover such awareness
mechanisms have indeed discovered some relevant
mechanisms, some other possible mechanisms are easily
overlooked or require excessive experimentation for their
discovery. For instance, the emergence of a radar view
reported in (Gutwin, Roseman and Greenberg 1996) is
the result of a long process of improvement and
enhancement, which preferably could have been avoided
if end-users were more involved in the process.
Furthermore, previous research does not provide a
potentially nearly full set of comprehensive awareness
mechanisms meaning that much in varied awareness
support is unavailable to authors.

To produce a usable system, a designer must be directed
by the principles of user-centred design (Baecker et al.



1993, Mayhew 1999). Therefore, this research involves
study of users’ needs and identifies highly suitable
candidates for mechanisms in providing GA. This
involves conducting  laboratory-based,  usability
experiments with REDUCE—Real-time Distributed
Unconstrained Cooperative Editor (Yang et al. 2000).
REDUCE is a real-time and multi-user text editor
allowing geographically distributed people to interact
synchronously upon the same document without
constraints (Figure 1). This research ensures that
awareness mechanisms are developed in the light of
users’ needs.

EiREDUCE Site 2: fhome2/swin/Tth_Exp_14-9/sessionl
File Edit Tools

BEH BB AHs I

=10l x|

Reasons for students to attend classes. | believe that in the majority of cases that students benefit areatly from
attending their classes. Interaction with other students and the lecturer can help the student ascertain they are
on the correct path with their studies. On the ather hand, this may be a complete waste oftime. Also, it gives
hermn an opportunity to speak with a wide variety of people about the topic they are studying. The lecturer is
generally a wealth of information and is a resource that should be used. If | may be guite frank, they are also the
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know the material well. Itis possible they have been told to teach that subject as no ather persan is availahl

[There could be many reasans why the student will not attend lectures. For instance, the lecturer could be boting
and this does not give the student any incentive to attend

It could alzo be the case thatthe lecturer dnes not know the matetial

Itis easier to learn from a textbook. Students could also just get a quick catch up on the work that was covered in
he classes from their friends which would give them an outline of what was covered

Ifthe lectures are scheduled tao early, you will find that many students skip the class. This is whyit is imporant
hat timetables are generated thoughtfully. Sometimes there are lectures clashes. When there are a large
number of students and many subjects offered, itis impossible to please everyone. This is also true when
running parttime classes and full time classes together. They are generally I\metablﬁu after 6.00 making it
difficult for full time students wh)

[The student lives too far from the University

itis possible to do the wark online.

Student are more cammonly having to suppart themselves financially, and therefore cannot attend all of their
classes in order to make ends meet. To enforce ther to attend classes might mean thew are unable to attend
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Figure 1: REDUCE editor

New awareness mechanisms have been discovered by this
research using a user-centred approach. These
mechanisms have been proposed totally by end-users and
have not yet been implemented. Hence, the mechanisms
presented in this paper are mock-ups and still require
implementation, evaluation and improvement before final
implementation in any RDCWS. The main emphasis of
this paper is to describe the following mechanisms found
in this research:

e Task Allocation Tree mechanism
e User Action List mechanism
e User-based History Tracking mechanism

This paper begins with coverage of major existing
awareness mechanisms. It then describes the research
methodology, the usability experiments conducted in this
research, and finally, the mechanisms discovered.

2 Related Work

The growing interest in GA results from the fact that
awareness support has increasingly been identified as a
crucial part of successful collaboration (Dourish and
Bellotti 1992, Gutwin and Greenberg 2002). Perceiving
and understanding the activities and intentions of other
members of a group is a basic requirement for human
interaction. As in any groupware system, GA is a major
concern in real-time collaborative authoring. Previous
research has found a number of different awareness
mechanisms supporting collaborative authoring.

Telepointers (Greenberg, Gutwin, and Roseman 1996) are
a mechanism allowing multiple cursors of users to be
shown within the document. Telepointers usefully show
all the sections of a document all users are working on in
parallel. However, telepointers are only capable of
providing other users’ cursor positions when they are
located in the same portion in the document.
Consequently, if telepointers are removed from a local
user’s view, it is difficult for this user to gauge the
location at which a remote user is working and how
active is that user.

Radar views are miniaturisation techniques that provide
an overall view of a document to show where all users are
working on a document. Radar views have been proven to
be useful in maintaining GA (Gutwin, Roseman and
Greenberg 1996). Apart from GA in document authoring,
radar views are used in other applications such as
computer games and collaborative UML editing, (e.g.,
Hansen and Ratzer 2002). The major problem with a
miniaturisation technique is that of limited scalability; a
miniature view of an extremely large data space contains
too little detail to be useful.

To overcome a radar view’s limitations, especially to
bridge the gap between local details and the global
structure of a document, a fisheye view can be used
(Greenberg, Gutwin and Cockburn 1996). A fisheye view
is a distortion-oriented view that presents a single view
displaying both local detail and global context on a
continuous “surface”. A fisheye view provides a seamless
and smooth transition between local details and the global
structure. When each user has a focal point, the location
of other users and the details of their actions performed
upon the workspace are provided. Remote users’ focal
points can be out of a local user’s view when a document
is too large to fit in the local user’s view. The local user
apparently loses track of the remote users’ whereabouts.
Also, when more than two enlarged areas overlap they
hide one another, so part of the document appears lost.

Multi-user scrollbars allow a user to see the different
parts of a document worked on by other users via
scrolling within the document. In the literature, there are
two different variations of multi-user scrollbars: version 1
in (Baecker et al. 1993) and version 2 in (Gutwin,
Roseman and Greenberg 1996). In version 1, each remote
scrollbar is located in a different vertical region; however,
in version 2, all remote scrollbars are located in the same
vertical region. The major problem of multi-user
scrollbars occurs when a large number of users are
working in the workspace. In version 1, the display of a
large number of remote users’ scrollbars cause space
constraints; it forces the area of the document portion
viewed to be smaller. In the case of version 2, when
views of more than two users intersect, it is difficult to
know exactly the location of remote users because many
remote scrollbars overlap one another.

The Split Window View (Tran, Raikundalia and Yang
2002) is a mechanism that allows the user to view both
working and viewing areas of other members of the
group. In some cases, a user’s working and viewing areas
can be different as the user may be working on a
particular part of the document, yet be looking



Experimental sessions

E1l E2 E3 E4

ES E6 E7 E8 E9 | E10 | E11 | E12

CW | T1, T1,
T2 T2
Verbalisation DP TS, TS,
T6 T6
first
BS T3, T3,
T4 T4
CW T1, T1,
T2 T2
DP TS, TS,
Silence first T6 T6
BS T3, T3,
T4 T4

Table 1: Experimental sessions with REDUCE

somewhere else in the same document. Therefore, this
mechanism allows a user to see both of these areas of all
other users. When any of these other users’ working areas
are exactly the same as their viewing areas, this one area
is only shown. This particular mechanism has not yet
been implemented, but it is clear what are the major
drawbacks are of this mechanism. There are space
constraints in presenting possibly many working and
viewing areas at the same time within the mechanism.
The more areas that have to be displayed, the more screen
space is required, which may mean making the areas
smaller to fit them onto the screen. Also, when a large
number of areas are shown, a low-fidelity display is used,
meaning it is more difficult to read the text within an
area.

The purpose of the Modification Director (Tran,
Raikundalia and Yang 2002) is to show to a user that
another user is modifying their work. The mechanism

could be helpful in conveying who the other user is that is
altering their work and how they are altering it. The
mechanism provides a document-related form of GA. It
works based upon a flashing colour icon to indicate
another user is modifying text, and clicking on the icon
pops up a read-only window to show the modified text.
An issue that has to be resolved in this mechanism’s
implementation is how to show multiple areas of a user’s
text being modified by the same user.

The Dynamic Task List (Tran, Raikundalia and Yang
2001) is a task-based technique for supporting document-
related awareness. The mechanism provides a frequently-
updated list of group members’ tasks. A user is able to
comment on other users’ tasks and the author responsible
for a task is informed of which other users are viewing
their part of the document. This mechanism would be
more difficult to implement because of the difficulty in
processing the information associated with the tasks
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Figure 2: Initial formation of a document’s structure



involved.

3  Research Methodology

This research conducted laboratory-based experiments
with REDUCE. At present, REDUCE supports almost no
GA features; hence, conducting experiments with
REDUCE allows determination of awareness information
users really need to perform a collaborative authoring
task effectively and efficiently. The results of the
experiments lead to the discovery of new awareness
mechanisms that are potentially capable of supporting
GA in real-time collaborative authoring. These
mechanisms are discovered with a view to implementing
them so that further usability experiments with REDUCE
can be used to evaluate the mechanisms. That future set
of experiments determines the effectiveness of the
mechanisms through real-world use by end-users.

3.1 Usability Experiments

The wusability experiments were carried out in the
Swinburne Usability Laboratory of Swinburne University
of Technology in Melbourne, Australia, in April 2004.
The experiments involved twelve pairs of subjects
working on three writing tasks, including creative writing
(CW) (e.g., writing short essays from scratch), document
preparation (DP) (e.g., writing a manual on REDUCE)
and brainstorming (BS) (e.g., generating ideas). This
research used these three categories for two main reasons.
First, these categories represent a wide range of
collaborative document authoring tasks. Second, the
categories require different styles of collaboration. The
types of awareness mechanisms that are needed in
different contexts of collaborative authoring are found by
using these varied tasks.

The twelve pairs were allocated to perform the three tasks
as such: 4 pairs worked on CW, 4 pairs worked on DP
and 4 pairs worked on BS. The actual tasks used in
experiments are shown in the Appendix. Table 1 shows
the tasks used by each pair in the different sessions. For
instance, in session E1, the first task given to the E1 pair
is task T1 (see the “Experimental tasks” sub-section of
the Appendix) of verbalisation, that is, communication
via telephone. The second task given to this El pair is
task T2 where there is silence during collaboration.

Subjects worked in pairs where each member of a pair
was located in one of two separate subject rooms.
Subjects could not see each other from their rooms as is
the case in distributed collaboration. A research assistant
observed each pair from an observation room. Each pair
participated in a two-and-a-half hour session that
included:

®  Training (30 minutes): Each subject was trained
in using REDUCE to ensure that they were
familiar with the system and confident in
collaboration.

e Experiment (1 hour): Subjects worked in pairs to
work on one task with verbal communication
(verbalisation) for thirty minutes and on another
task without verbal communication (silence) for

thirty minutes. Conducting the experiments with
and without support of verbal communication
allowed identification of problems users had and
the workarounds users resorted to when
verbalisation was absent.

®  Questionnaire and interview (1 hour): Subjects
filled in a questionnaire, which included
nineteen six-point scale (closed-ended) questions
and thirteen open-ended questions. The closed-
ended questions were questions asking subjects
if they believed certain types of awareness were
or were not important in collaborative authoring.
These questions were analysed to provide results
shown as histograms in the remainder of the
paper. The questionnaire is shown in the
Appendix. The open-ended questions sought
from subjects mechanisms they would
appreciate being available for supporting GA. It
is from the open-ended questions that the
proposed mechanisms of this paper were
discovered. In other words, the subjects read the
open-ended questions in the questionnaire and
responded to any of these questions by drawing
and explaining a potential mechanism they felt
would be helpful in providing awareness. For
example, the Task Allocation Tree was
suggested by a subject in response to the
question, “How would you expect REDUCE to
show you which tasks other users are
responsible for?”. Each subject filled in a
questionnaire during an interview held by the
research assistant where they could clarify the
mechanisms they desired. Interviews were
recorded onto audiotape for verification of
subjects’ responses during data analysis.

Data was also captured using HyperCam (Hyperionics
2004): all screen interaction occurring throughout an
entire authoring session was captured into a movie and
used for later analysis.

The next section describes three new awareness
mechanisms identified in this research: Task Allocation
Tree, User Action List and User-based History Tracking.
Although the research experimented with a group size of
two, the mock-ups of these mechanisms show what
happens in groups consisting of more than two users.

4 Awareness Mechanisms

4.1 Task Allocation Tree

A mechanism was suggested during an interview that is
useful for supporting awareness of future work. This
mechanism, which the authors have named Task
Allocation Tree (TAT), is used to assign responsibilities
of users to the document. Such support allows users to be
fully aware of what parts of the document other users will
work on during a session. As a result, users are clear
about who will contribute which parts of a document. If
users need to make use of this information, they are able
to discuss (for example, via a chat tool) with each other
these parts of the document.
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Figure 3: Allocation of document tasks to
group members

Figure 2 shows the GUI for commencing the allocation of
tasks to users. The chair of the group can use this GUI to
perform all the allocations some time before the group
commences working on the document. The chair will first
provide a title to the document (Figure 2(a)) by right-
clicking to invoke the menu shown. Entering the
document title occurs in the same way as in Microsoft
Windows when naming a file or folder using a blinking
cursor within a dotted rectangle. After this, the group will
use the same GUI to right-click and invoke the menu
shown in Figure 2(b). The chair will add the first task of
the document (being the same as a section of the
document) as shown in Figure 3 (“1.0 Introduction”).
Similarly, other sections of the document are added using
the TAT. Figure 3 shows a menu invoked to insert the
name of the user responsible in writing content to a
section.

The functionality behind these GUIs shown until this
point was suggested by an experimental subject. The
authors further suggest amendments to these GUISs
accounting for issues not realised or not indicated by the
subject. The first amendment is that more details can be
added using the TAT to names “Jennie”, “Kana”, “Rose”
and “Joy” under ‘2.0 Experiment procedures”. These
details provide more information about what each of
these four users will do in their tasks. For instance,
“Jennie: add content and verify other users’ content” will
indicate more accurately what Jennie does in being partly
responsible for “2.0 Experiment procedures”. The second
amendment is that right-clicked menu invocation shown
in the GUIs be extended to create further subsections
within the TAT. For instance, the subsection (subtask)
“2.0.1 Methodology” can be placed under ‘2.0
Experiment procedures” and ‘2.1.1 Experimental
sessions” can be placed under “2.1 Analyzing user data”.
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Figure 4: Distribution of responses to ‘“Knowing
which tasks other users are responsible for”

The question from the questionnaire (see Appendix) that
corresponds to the TAT is “Knowing which tasks other
users are responsible for”. Figure 4 shows the distribution
of responses to this question from the subjects. 54% of
the subjects find that a mechanism informing them of
who is responsible for tasks of the document is highly
relevant; and about a third of them find such a mechanism
“fairly important”. Thus, 83% believed that such a
mechanism is useful in supporting them in collaborative
authoring. Only a small proportion, 4%, were quite
certain that such a mechanism would not be helpful to
them. These results indicate that designing and
implementing a mechanism such as the TAT is
worthwhile to support users. It must be noted that not all
users are expected to use any single awareness
mechanism during an authoring session. Each mechanism
provides one specific type of awareness support, and is
available to users if they wish to use it during an
authoring session.

It is be expected that the TAT would be learnt quickly by
users familiar with the WIMP interface, particularly those
who use the folder system through Windows Explorer.
Because of the simplicity of the TAT interface, major
hindrances to its usability are not foreseen. However, if
users personally do not like this type of hierarchical
interface found in Windows Explorer and elsewhere, they
may feel hesitant about using the TAT. Finally, it should
be noted that although the GUI in Figure 3 suggests the
TAT is a window separate from the RDCWS, such
functionality could alternatively be integrated into the
GUI of the RDCWS itself. This has already been seen in
“outline views” that exist in current word processors
providing similar functionality.

4.2 User Action List

The User Action List (UAL) is a mechanism for showing
users’ actions upon the document being taking currently
as well as in the past during the authoring session. The
UAL is shown in Figure 5. The UAL shows at the top the
content authored by users. Below this is the “User action
list” which shows what events are occurring, which users
are involved in those events and at what time the events
are occurring. The Figure shows events in a session on 1
May, 2004. When a user is writing text into the



document, stops writing text or highlights text, the text is
available from the “User action detail” box to the right of
the “User action list”. This example also shows that Kana
started deleting text at 5:05pm and that Joy highlighted
text at 5:08pm.

W Usar Actionm List

Fido is a dog living in Melbourne and owned by a ﬂ ser list:
boy, Jamie. Fido has beautifil nose. She like meat, ’

vegetable, bone. She has alot of friends. =
Joy

Omne day, Fide escaped fom his home. He missed

his way back to home. He kept runing to find the Kana

way to home
Tennie

Suddenly, Fido saw a beautifil house m front of -

hirn. In front of this beautful white house, there are
alot of red roses. These roses are very beautiful
and charming.

=

User action detail:

User action list: 01/05/2004

In front of this beautifial A
white house, there are alot
of red rozes

170820 Joy starts highlightng . Bl |

17:05:20 Jetune starts writing, .
17:05:50 Eana starts deleting, .

Figure 5: Provision of actions occurring during
authoring

Various different reasons exist for knowing what actions
other users are taking. Some examples are the following.
First, users do not want to be ignorant of what other users
may be doing with the document. Users, at the least, feel
that having such a facility available to them will
potentially come in handy in knowing what others are
doing. Second, user A wants to know if another user, user
B, may possibly be deleting text that belongs to user A.
User A has the right to know if user B has changed user
A’s contribution to the document, or may have
accidentally removed user A’s contribution. Third, if user
A has stopped writing for quite a long time, user B is
aware that user A is not currently working on the
document. This fact may be useful if user B wants an
opportunity to be able to discuss the document with user
A rather than distract user A from their work to do so.
Fourth, the UAL would provide a convenient way to be
aware instantly of and focus on what text another user is
currently adding, deleting or modifying (text added,
deleted or modified is viewed via the “User action detail”
box and actions such as the “.starts writing/stops
writing...” actions shown in Figure 5).
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Figure 6: Distribution of responses to ‘“Being able to
view list of past actions carried out by a specific user

It was stated above that the TAT can alternatively be
integrated into the RDCWS GUI rather than being a
separate window. Similarly, the grey areas of the UAL
GUI could be integrated into the RDCWS GUI. This
means that users do not have to assimilate the awareness
mechanism with the context provided by the RDCWS.
Thus, a separation between the mechanism and the
RDCWS does not have to occur.

Experimental subjects in general were supportive of
awareness information for knowing about both past and
current actions of other users. The responses to the
closed-ended questions asking about these types of
information are shown in Figure 6 and Figure 7. 62.5% of
subjects were favourable towards support for past actions
and 75% of subjects were favourable towards support for
current actions. The proportion of subjects who felt they
did not require such support in both cases was less than
10%. Interestingly, in both cases, the same proportion did
not feel such support was important or unimportant.

100%
80% T
1 41.67
33.33 .
40% +
200 20. 83
A - SR e .
0% — L L L L L
Not at all Fairly Neither Fairly Very Don't know
important unimportant  important nor  important important
unimportant

Figure 7: Distribution of responses to ‘“Knowing what
actions other users are currently taking”

The authors believe that the implementation of this tool
may be somewhat tricky to use. The user actions shown
in the bottom of the GUI would be continually added at a
fast rate since the actions carried out by users would be
numerous and occurring continually. One method of
addressing this would be to have a much larger “User
action list” to make it easier to use; however, the larger
this area is, the more screen real estate is required for
these details. Additionally, keeping up with continually
added actions and determining quickly if they are relevant
will be difficult for the user. Some method needs to be
determined how to organise the actions into a much
easier-to-use fashion than they in which they are shown
in Figure 5.

4.3 User-based History Tracking

It was found from the experiments that a mechanism for
keeping track of all modifications of different sets of text
maybe useful (support focusing on past work). Such a
mechanism allows all users to access all previous
versions of that text, much in the way that many versions
of a document can exist. The mechanism, User-based
History Tracking (UHT), is shown in Figure 8. All these
versions are available chronologically. Reasons for
providing this support include the following examples:

e Users believe their opinion or contribution to
document is important. If user B changes user
A’s text, then user A has the right to know their



text was changed and how it is different to their
previous version. User A has the opportunity to
change the text back to their version. Of course,
a disagreement between these users can occur
regarding what the final version of the text
should be but this is another issue that can be
resolved with policies agreed upon by the group.

e If there is accidental deletion of details from
text, these details can be recovered with this
mechanism.

Figure 8 shows UHT after a couple of changes have been
made to the statement, “Fido has ...” found in the first
paragraph. Since numerous pieces of text can be altered
throughout a document, the user will want to focus on
one piece’s history at-a-time. For this reason, the
particular piece the user is interested in will be underlined
in red. The user can show interest in a piece’s history
simply by double-clicking on that text so that its
underlining is turned from blue into red (all other pieces
in the document will be underlined in blue) by UHT.

This means all previous versions of the piece will be
accessible through the list associated with the label,
“Previous modifier of selected underscore”. Selecting one
of the entries in this list will show the associated version
of the piece in the box below (associated with the label,
“Previous version of selected modifier”). In this way, a
user can focus on any piece of text in the document, bring
up its list of modifiers and view any of these versions.

W, History Tracking n
Previous modifier of
selected underscore:

Fido is a dog lving i Welboune and owned by a
boy, Jamiz Fide has beautful eyes. She likes meat,

and bones. She has alot of friends.

One day, Fido escaped from hs home. He missed
his way back to home She kept mning to find the
way to home.

Previous version of
selected modifier:

Fido has beautiful eyes. She
Suddenly, Fido saw a beautful house in front of Hkes meat, vegetable, and

hitn, Tn front of this beauitful white house, there are  bope.
alot of ted roses. These roses are very beautifl

and chatning,
Last modifier: Kana

Vi User Colour List

Figure 8: Using UHT to determine changes to text

This functionality is similar to the track changes feature
in Microsoft Word. The difference in UHT is that UHT
works for synchronous interaction and therefore is
updated continuously during a collaborative authoring
session. Also, the mechanism supports different colours
for different authors so that if possibly the entire
contribution of an author is split across different places in
the document, the entire contribution can be viewed “in
one go” according to that author’s colour.

Referring again to Figure 6, 62.5% of subjects found it
somewhat or very important to be provided with all the
actions carried out in the past by users. One type of past
action is all previous work done on the document. Indeed,

it would be expected that the history of work done on a
document would be one of the more relevant past actions
that would be recorded. Clearly, the purpose of
collaborative authoring is for a group to work as a team in
forming the contents of a document. Therefore, knowing
what has been involved in forming the document can be
potentially highly useful. Also, given that tracking
changes already is provided in word processors such as
Word, it would undeniable that such a feature would be
relevant in synchronous software.

A difficulty in how this mechanism would fare in its
usage, as viewed by the authors, is as follows. There can
potentially be many previous modifiers of a piece of text.
A modifier can be the same author modifying the text
several times, thus, the name of an author could appear
several times in the box in the top, right-hand corner of
Figure 8. The area of the box shown is not very large,
however, if there are several modifiers, a larger area
could be provided but this again means larger screen
space. Also, clicking on the previous modifiers again and
again to view their changes to the text can be time-
consuming and it may be difficult to follow the historical
changes to the text. Similarly to the case of UAL, some
method may be needed here to provide an organization of
the modifications of the text.

5 Conclusion

This paper has presented the three recently-discovered
GA mechanisms of Task Allocation Tree, User Action
List and User-based History Tracking. A series of
experimental sessions in a usability laboratory—
involving creative  writing, (technical) document
preparation and brainstorming tasks—was carried out
with twelve pairs of subjects. Through usage of the
REDUCE editor followed by interviews with
experimental subjects, these mechanisms were discovered
as proposals from these subjects. Mockups of these
mechanisms and their functionality were explained in the
paper. Analysis of closed-ended questions provided
understanding of how many users did or did not favour
different types of awareness support. These results
supported the mechanisms presented in this paper.

It is acknowledged that mechanisms presented in this
paper are influenced by current interfaces or
functionality. This is to be expected nowadays as users
are familiar with certain types of user interfaces that are
current at a given point in time. Telepointers and multi-
user scrollbars, which have been researched a number of
years ago and are well-known mechanisms, have also not
been overwhelming innovations in that single-user
pointers and software using scrollbars preceded
telepointers and multi-user scrollbars. In fact, familiarity
with pointers and scrollbars has assisted the acceptance of
those awareness mechanisms and made them easier to
learn. The authors argue that the new mechanisms of this
paper are generally easy-to-learn and that this would
make them more acceptable to real-world users.

However, the mechanisms need to be implemented and
experiments with these implementations need to be
carried out. Experiments are needed to determine in



which cases the mechanisms are effective in assisting
collaborative authoring. Experiments would involve
subjects carrying out tasks with the mechanisms and
being interviewed to determine how useful the
mechanisms were in carrying out the tasks.
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Appendix

Experimental tasks

Creative Writing

T1: “Fido is a dog living in Melbourne and owned by a boy, Jamie. Write a fictional story about the adventures
of Fido.”

T2: “Write a fictional story about the various events that occur in a sports team playing in a particular match.
For instance, a soccer team or a cricket team or a basketball team, etc. playing a particular match.”
Brainstorming

T3: “Stress affects people in modern life. There are clearly many different ways of escaping the stress and
difficulties of modern life. Write down and explain various ways of reducing stress.”

T4: “Write down different problems and difficulties that you feel occur when being taught in an educational
setting (e.g., university lecture, workshop carried out in a company, etc.)”

Document Preparation

T5: “Write a research paper on an agreed topic with the other participant.”

T6: “Write a manual or guide about REDUCE. This manual/guide must instruct and teach the reader how to
use REDUCE.”

Questionnaire

Closed-ended questions

=
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Knowing who is in the workspace

Knowing which tasks other users are responsible for

Knowing how much time has elapsed since other users have used
REDUCE

Knowing where other users are physically located

Knowing how long other users have been in the workspace

Being able to view the list of past actions carried out by a specific
user

Knowing which parts of a document other users are currently
working on

Knowing which parts of a document other users are currently looking
at

Knowing what actions other users are going to take in the future

Knowing what actions other users are currently taking

Seeing the position of other users’ cursors on the screen

Knowing to what extent you have completed your work compared to
the extent others have completed their work

Knowing to what extent a portion of a document has been completed

Knowing if other users can know what you have been doing

Being able to comment on what other users have done

Knowing if other users are satisfied with what you have done

Having voice communication

Having video communication

In the case of nonverbal communication, having a communication
tool that supports communication between users




Open-ended questions

How would you expect REDUCE to show you who is in
the workspace?

How would you expect REDUCE to show you which tasks
other users are responsible for?

How would you expect REDUCE to show you how long
other users have been in the workspace?

How would you expect REDUCE to show you the list of
past actions carried out by a specific user?

How would you expect REDUCE to show you which
parts of a document other users are currently working on?

How would you expect REDUCE to show you what
actions other users are currently taking?

How would you expect REDUCE to show you what
actions other users are going to take in the future?

How would you expect REDUCE to show you where
other users are physically located?

How would you expect REDUCE to show you which
parts of a document other users are currently looking at?

How would you expect REDUCE to show you to what
extent a portion of a document has been completed?

How would you expect REDUCE to show you an overall
view of the document?

How would you expect REDUCE to show you to what
extent you have completed your work compared to the
extent other users have completed their work?

What communication tools do you think can be used to
support communication between users?



