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Abstract. The first purpose of this paper is to provide an overview of the most
commonly-used awareness mechanisms, namely, What You See Is What I See,
telepointers, multi-user scrollbars, radar views and distortion-oriented views.
These mechanisms were derived from researchers’ intuition, without prior ex-
perimental investigation of what awareness information end-users really need.
This research utilised a completely user-centered approach to determine relevant
awareness mechanisms. The novelty of this approach is in the use of usability
experiments to identify awareness mechanisms. In addition to the illustration of
several innovative mechanisms, this research has also successfully differentiated
the importance of different awareness information in maintaining group aware-
ness. The significance of different awareness information has been thoroughly
compared. These results help designers to know which information must be pro-
vided to all team members.

1   Introduction

Real-time, distributed, collaborative writing systems facilitate the task of joint author-
ship in a distributed environment. Many systems have been produced such as GROVE
[6], REDUCE [23], SASSE [1] and ShrEdit [5], but only a small number amongst
them are used in the real world. The reason for this lack of usage is that existing sys-
tems have not yet matched the diversity and richness of group interaction. Knowing
the activities of other collaborators is a basic requirement for group interaction. In
face-to-face interaction, people find it naturally easy to maintain a sense of awareness
about who is in a workspace, what others’ responsibilities are, what others are doing
and so on. However, when collaborators are geographically distributed, supporting
spontaneous interaction is much more difficult due to various reasons such as limited
capabilities of input and output devices, restricted views or weak communication [13].

To support synchronous distributed collaborative writing effectively, systems must
provide group awareness (GA). GA is defined as “an understanding of the activities of
others, which provides a context for your own activity” [5]. GA provides information
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such as users’ identities, their past actions, current activities and future intentions. GA
plays an essential and integral role in collaboration by simplifying communication,
supporting coordination [6], managing coupling, assisting “anticipation” [13] and
supporting “convention” [10]. Various awareness mechanisms have been produced to
support GA. Examples of commonly used mechanisms include telepointers [9], radar
views [14], multi-user scrollbars [1, 14], and distortion-oriented views [7, 8, 22]. The
systems can also incorporate audio and video facilities for supporting communication
[2, 4]. Although these mechanisms have enriched GA to some extent, many aspects of
GA have not yet been supported. Some awareness mechanisms are implemented in an
ad-hoc manner and some may even generate contradictory results. For instance, multi-
user scrollbars were reported ineffective in a collaborative page layout task [14].
However, multi-user scrollbars were found useful in collaborative editing as reported
in [1].

 The remainder of this paper is organised as follows. Section 2 reviews five aware-
ness mechanisms: What You See Is What I See, telepointers, multi-users scrollbars,
radar views and distortion-oriented views. Section 3 introduces the authors’ user-
centered methodology and the experiment used to identify awareness mechanisms.
Section 4 describes several novel mechanisms followed by further discussions in Sec-
tion 5. The paper is concluded in Section 6 with directions for the authors’ future re-
search and development.

2   Overview of Existing Awareness Mechanisms

What You See Is What I See (WYSIWIS)
Conventionally, maintaining GA in face-to-face interaction relies heavily on the short
distance between people, i.e., physical proximity [12]. To support GA, early group-
ware systems provide close view proximity by enforcing strict-WYSIWIS views,
where all users see the same set of cursors and the same view of a document. Strict-
WYSIWIS applications allow only one user to use mouse or keyboard at a time [17,
18]. Strict-WYSIWIS is relatively easy to implement from a designer’s point of view
and it helps to maintain GA in the sense that users can identify easily what others are
doing as they see the same view.

However, enforcing all users to see the same view makes strict-WYSIWIS an in-
flexible style of collaboration in which the users are unexpectedly forced to work as a
tightly-coupled unit [17]. This design ensures that users can stay aware of others’
activities, but it is often too restrictive for many kinds of collaboration where user
regularly move back and forth between individual and shared work [16]. Another
drawback of strict-WYSIWIS is disruption since all users’ movements and actions are
entirely visible to all of the users [17].

Due to the inflexibility of strict-WYSIWIS, recent synchronous collaborative edi-
tors have relaxed the strict application of WYSIWIS to accommodate natural interac-
tions. As a result, a looser variation of WYSIWIS has been introduced, namely re-
laxed-WYSIWIS view sharing. The idea of relaxed-WYSIWIS view sharing systems is
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that users are allowed to move and change their viewports independently. However,
when users view different parts of the document, they are effectively blinded to the
actions happening outside their viewports. To resolve this problem, many awareness
mechanisms have been developed specifically for relaxed-WYSIWIS view sharing
such as telepointers, multi-user scrollbars, radar views and distortion-oriented views as
discussed next.

Telepointers
Telepointers allow a user to see both his/her own mouse cursor and others’ mouse
cursors. To distinguish telepointers of different users, each telepointer can be assigned
a different colour or a different shape and/or even have the user’s name and image
attached to it [9, 15].

The major advantage of telepointers is providing awareness about users’ presence
and their activities, foci of attention and degree of interest. By watching telepointers
move, a local user knows that the remote user is currently working in the workspace.
In addition, telepointers allow users to know that an activity is occurring, and often the
kind of actions as well, if names of users’ actions are attached to the telepointers.

Although telepointers are able to provide the mouse positions of other users, tele-
pointers can only be used when all participants see the same information on the screen.
Telepointers fail to convey awareness information when they are removed from the
local user’s view. For example, if two users are working on two completely different
areas of a document, telepointers become inaccessible. Another problem in imple-
menting telepointers is disruption. Since telepointers show all of the other users’
movements, telepointers can easily distract a local user. Another limitation of the
telepointer is that it fails to provide users with information about the location at which
a remote user is working. In the case of collaborative drawing, telepointers are able to
show working locations of other users, because the position of a mouse cursor is a
position at which a user is drawing. However, in the case of document editing, the
position of a mouse cursor is not a position at which a user is typing. Therefore, the
position of a telepointer does not indicate exactly the location at which a remote user
is working in a document. In addition to the issues mentioned above, there are other
unsolved issues in implementing telepointers such as:
• Cursor size: What is the most appropriate cursor size when there are two, four or

more users in the workspace? Should cursor size be unchanged or reduced propor-
tionally as group size grows?

• Cursor lifetime, especially for inactive cursors: Whilst displaying cursors at all
times is useful to indicate who is present and what are they doing, presence of an in-
active cursor is intrusive to larger groups [15].

• Cursor position: Since users are allowed to scroll and adjust screen size independ-
ently, whether cursors should be positioned relatively to the underlying objects in
the workspace or absolutely with regard to the window [9].
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Multi-user Scrollbars
Multi-user scrollbars show both a local user’s position and remote users’ positions in a
document. The viewport of each user is represented in multi-user scrollbars as a col-
oured bar locating at the right-hand side of the window [1, 14]. There are two varia-
tions of multi-user scrollbars. The major difference between these two variations is
that in version 1, each remote scrollbar is located in a different vertical region; how-
ever, in version 2, all remote scrollbars are located in the same vertical region. These
two variations of multi-user scrollbars offer the same advantages. First, they provide
information about other users’ locations in the document such as whether users are
near the top, the middle or the end of the document. When users have completely
different views, telepointers are of no value since they are not visible, but multi-users
scrollbars are still capable of conveying information about other users’ whereabouts in
the workspace. Second, multi-user scrollbars deliver information about relative posi-
tions amongst users. Another benefit of the multi-user scrollbar is that this scrollbar
makes navigating to another user’s location simple by moving the local scrollbar to the
same level as the remote user’s scrollbar.

The first disadvantage of multi-user scrollbars is that it is difficult to determine the
exact position in the document where other users are located, what they can see and
what they are doing. This is because all the scrollbar shows is the relative position of
the user in the document. The second disadvantage 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 causes space constraints – it forces the
area of the document portion viewed to be reduced. 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 third disad-
vantage is disruption in using multi-user scrollbars. When remote users perform a
substantial amount of vertical movement in the document, the remote scrollbars move
extensively. Since the scrollbars are placed next to the view of the document, constant
movement of remote users’ scrollbars become very distracting to a local user.

Radar Views
Radar views render the entire shared workspace within a miniature overview, on
which each user’s location of activity is superimposed. Radar views present the loca-
tions of other users as rectangles. To indicate which rectangle belongs to whom, each
rectangle can have a different text label and/or a picture of the user [14]. Telepointers
can be added in miniature form to show others’ mouse positions and movements. A
major advantage of radar views is to provide a high-level view of the shared work-
space. A radar view can be seen as an integration that combines advantages offered by
telepointers and multi-user scrollbars within a single mechanism. In collaborative
writing, radar views provide information about the general structure of the document,
locations in the document at which other users are working and their activities upon
the document when users work in the same view or different views.

However, radar views have four major problems need to be overcome. First, the
major problem with a miniaturisation technique is that it has limited scalability. The
low-resolution representation of radar views conceals details of users’ actions; a radar
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view of an extremely large data space contains too little detail to be useful. Second,
radar views create a “physical and contextual virtual gap” [7] between local details
and global contexts. Third, if users perform a substantial amount of movement, the
rectangles in the miniature view change constantly, causing a user’s screen to appear
very busy. Finally, a problem similar to that of telepointers – radar views fail to dis-
tinguish between viewing areas and working areas. Users’ viewports drawn in a radar
view could be either their viewing or working regions. As a result, if a solely radar
view is implemented in an editor, information about other users’ working locations
provided by radar views could be either insufficient or incorrect.

Distortion-oriented Views
To overcome radar view’s limitations, especially to bridge the gap between local de-
tails and the global structure of a document, a distortion-oriented display is used. Dis-
tortion-oriented views include two categories: magnifying lenses (irrelevant to GA)
and fisheye views. Fisheye views present a single view which displays both local detail
and global context on a continuous “surface” [7].

Fisheye views offer two central advantages, which are not provided by any mecha-
nisms described above. First, a fisheye representation bridges the gap between local
detail and the global context by providing a seamless and smooth transition between
these two views. Second, the usage of multiple focal points – assigning one focal point
to each user – allows fisheye views to reveal the location of other users and the details
of their actions performed upon the workspace [8]. Extensive technical detail of how
fisheye views function is described clearly in [8, 11, 22].

Although fisheye views can provide improved GA of where other users are and
what they are doing in a shared workspace, some awareness elements are still poorly
supported and some technical issues need to be solved. First, remote users’ focal
points can be out of a local user’s view, when a shared document is too large to fit in
the local user’s view. The local user apparently loses track of the remote users’ where-
abouts and what they are doing. Second, since magnified regions representing other
users’ working areas are adjusted by a local user, these areas do not exactly match
with actual viewport size. Third, when more than two enlarged areas overlap they hide
one another. This is problematic, as part of document appears to be lost and a local
user could be misled when assuming that a hidden remote user has left the workspace.

3   Integrated Approach for Determining Awareness Mechanisms

GA research has exploited a solely “bottom-up” approach in finding awareness
mechanisms, i.e., testing mechanisms based on researcher’s intuition without prior
experimental study of what awareness information end-users really need. Although the
solely “bottom-up” approach has exposed some mechanisms, many other possible
mechanisms are easily overlooked or require excessive experimentation to be found.
To design usable mechanisms, a designer must be directed by the philosophy of user-
centered design. This research adopts a completely user-centered approach – a “top-
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down” approach merged with a “bottom-up” approach [19]. However, this paper only
focuses on the work of the “top-down” approach in identifying awareness mecha-
nisms.
• Top-down approach
This research started with a “top-down” approach before the “bottom-up” approach.
The top-down approach determines user needs and identifies relevant awareness
mechanisms by conducting a laboratory-based usability experiment – a top-down
experiment. The top-down experiment was conducted with REDUCE – Real-time
Distributed Unconstrained Cooperative Editor [23]. REDUCE was selected as the
editor for experiments because it has been recommended by the prestigious ACM
SIGGROUP (Special Interest Group on Supporting Group Work) as a demonstration
editor for trial worldwide. At present, REDUCE provides almost no GA support;
hence, conducting the experiment with REDUCE determines valuable awareness
information and highly applicable mechanisms. This section describes briefly the
setting of the top-down experiment. The full details of the setting were described ex-
haustively in [19].
• Bottom-up approach
The functionality awareness mechanisms derived from the “top-down” approach must
be evaluated. After the mechanisms are implemented in REDUCE, the “bottom-up”
approach will then determine further awareness support by conducting another series
of usability experiments.

Top-Down Experiment
The usability experiment involved ten pairs of subjects working on three writing tasks,
including creative writing (CW) (e.g., writing short essays), technical document
preparation (TD) (e.g., writing research papers) and brainstorming (BS) (e.g., gener-
ating ideas). Four pairs worked on CW, three pairs worked on TD and three pairs
worked on BS.

Subjects included lecturers and Ph.D. students in Information Technology. They
were selected as experimental subjects because their experience in cooperative work
and their well-established computer knowledge would give valuable feedback. Identi-
fying relevant awareness mechanisms is the major objective of this research, so
choosing technologically-trained experimental subjects is key to the experiment. Each
pair participated in a two-and-a-half hour session including:
• Training (30 minutes): Each subject was fully trained in using REDUCE.
• Experiment (1 hour): Subjects worked on two tasks – one task with verbal commu-

nication for thirty minutes and on another task without verbal communication for
thirty minutes. Conducting the experiments with and without support of verbal
communication allowed identification of problems users had in collaborating and
the workarounds users resorted to when silence occurred.

• Questionnaire and interview (1 hour): A questionnaire includes twenty five-point
scale questions and seventeen open-ended questions. Subjects completed the ques-
tionnaire within an interview to discuss awareness information and awareness
mechanisms.



Methodologies and Mechanism Design in Group Awareness Support         363

4   Awareness Mechanisms from the Top-Down Experiment

Modification Director Mechanism
Assisting users in monitoring who edits their work and which parts of their work are
being modified is the inspiration for the emergence of Modification Director (MD).
The MD maintains awareness by notifying users instantly when their work is modified
by other users. Whenever a user’s work is modified, a corresponding coloured icon
flashes on the local user’s screen. The user can easily view the modified area simply
by clicking on the flashing icon [21]. MD notifies users immediately whenever their
work is modified by others and allows users to find out quickly which part of their
work is altered and who makes the modification. Although a pop-up window is used in
MD, the window is controlled by users; the window only pops up when a user clicks a
flashing icon. Hence, disruption is significantly minimised, because a user is aware of
the presence of the pop-up window.

A design issue needs to be addressed when implementing MD; if user A modifies
more than two different sections of user B’s work at the same time, which section
should be shown in the pop-up window? One solution to resolve this problem is to
organise the pop-up window in page format, which allows users to go backward and
forward amongst the modified areas.

Toggle Multi-user Scrollbar Mechanism
The Toggle Multi-user Scrollbar (TMS) is an advanced variation of traditional multi-
user scrollbars introduced in [1, 14]. TMS provides all functionality available in tradi-
tional multi-user scrollbar plus the ability to hide and show remote scrollbars [20].
Additionally, TMS provides the ability to hide remote user scrollbars. TMS also dis-
plays a remote user’s name next to their scrollbar, which prevents a user from memo-
rising and mapping many pairs of users and corresponding scrollbars.

One problem in designing TMS occurs when viewports of more than two users in-
tersect, which causes remote scrollbars to overlap. A solution to overcome this prob-
lem is to make remote scrollbars transparent; transparency allows all remote scrollbars
to be visible when overlapping one another. Another problem with TMS is when the
remote scrollbar is set to visible; the screen could be very busy due to a substantial
amount of vertical movement. One resolution to this problem is to allow a local user to
choose which particular remote scrollbar is visible.

Split Window View Mechanism
In collaborative writing, authors’ working areas can be different from their viewing
areas [3]. Existing mechanisms such as telepointers, multi-user scrollbars and radar
views show users’ current viewing areas, but not their working areas. The Split Win-
dow View (SWV) mechanism enables a user to view both other users’ viewing and
working sections. In SWV, remote insertion cursors are also added to the display.
Remote insertion cursors assist a local user in tracking down easily and precisely other
users’ working areas [21]. These cursors have different functionality to telepointers,
thus do not suffer from the disadvantages of telepointers. SWV allows a user to ob-
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serve more than one users’ work at the same time and a user is able to request explic-
itly whether or not the user wants to retain other users’ views. Thus the presentation of
awareness information is controlled by users.

Although SWV allows a user to view other collaborators’ work simultaneously, this
mechanism raises two problems in display and design issues: space constraints and
display fidelity. Since the visible size of a screen is limited, a problem occurs when
having multiple views in a single window screen at the same time. The more users that
are viewed, the smaller the size of the main editor. This limits the local user’s main
view of the workspace. Additionally, when both viewing and working areas of a par-
ticular user are displayed, SWV might need to implement a low-fidelity presentation
of the document in order to fit the entire view in a window of half normal size. De-
pending on the fidelity, the contents in miniature views can be difficult to read and to
understand. Besides that, with low-fidelity views users might have difficulty seeing
the remote insertion cursors. If the fidelity is not too low, horizontal scrollbars can be
added to each view.

Dynamic Task List Mechanism
The Dynamic Task List (DTL) is a task-based awareness mechanism that presents an
active and frequently-updated list of all collaborators’ tasks [20]. Users’ names, their
corresponding text colours and their tasks are shown in the list. The display of this list
is immediately updated whenever there are changes in collaborators’ tasks such as
when a new task is assigned, a task is modified or a task is removed from the list. The
DTL provides an active awareness information presentation: users can select a par-
ticular task to view the corresponding section of the document.

DTL provides high-level awareness information about members’ responsibilities,
i.e., the tasks for which each member is responsible. DTL also presents a relative
comparison and correlation of workloads of all collaborators. For example, when more
than one collaborator is responsible for one common task, DTL provides all collabo-
rators with sufficient information about other collaborators with whom they need to
cooperate closely. None of the mechanisms covered in Section 2 is capable of sup-
porting this type of awareness information.

Although DTL conveys information about what comments others make on any
collaborator’s work, the nature of information delivery (a pop-up window) could be
intrusive. Especially with those who do not want to know other people’s comments
while concentrating seriously on their own work. Additionally, though DTL is viewed
as possibly a useful and valuable addition to a real-time editor, collaborators need to
provide extra effort, apart from writing goals, to build and to maintain the task list.
Besides that, the task list might not be useful for a small document, as it is neither
convenient nor effective to form the list of tasks for a small-sized document.

5   Further Discussions on Awareness

The preceding sections have reviewed existing awareness mechanisms derived from a
solely bottom-up approach and described innovative mechanisms determined by the
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top-down approach used by the authors. Further issues to be addressed are covered
here.
• The top-down approach reveals that many important aspects of group awareness

have been mostly ignored by previous research.

Using the top-down approach is better than using a solely bottom-up approach in the
sense that the top-down approach ensures that identified mechanisms are definitely
based on real data, not imagination, about these users, and what users need. Most
previous research has mainly focused on inventing mechanisms to provide information
about members’ location in the workspace, i.e., information about where in a docu-
ment other users are currently viewing. However, the results of the top-down approach
shows that other important information needs to be provided to end-users such as
information about other users’ responsibilities, their current working areas and their

Awareness elements Mean*
Std
Dev

• Being able to comment on what other users have done 4.53 0.51
• Knowing what actions other users are currently taking 4.50 0.61

• In the case of nonverbal communication, having a commu-
nication tool that supports communication between users

4.50 0.61

• Knowing parts of a document on which other users are cur-
rently working

4.50 0.61

• Knowing tasks for which other users are responsible 4.35 0.75
• Knowing if other users know what you have been doing 4.25 0.72
• Knowing who is in the workspace 4.15 0.81

• Knowing if other users are satisfied with what you have
done

4.10 0.64

• Knowing parts of a document at which other users are cur-
rently looking

3.95 0.83

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

3.85 0.88

• Having voice communication 3.80 1.11
• Knowing what actions other users are going to take in the

future
3.75 1.07

• Seeing the position of other users’ cursors 3.70 0.80
• Knowing to what extent you have completed your work

compared to the extent others have completed their work 3.50 0.76

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

3.40 1.14

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

3.40 1.23

• Having video communication 3.25 0.97
• Knowing how long other users have been in the workspace 2.40 1.19
• Knowing where other users are geographically located 1.68 0.95

*Rated on a 5-point scale ranging from 1-“not important” to 5-“very important”
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current actions and so on. As shown in the table, “Knowing if other users are satisfied
with what you have done” is even more important than knowing other users’ view-
ports, however none of current mechanisms support this type of group awareness.
Awareness mechanisms discovered by the top-down approach have demonstrated that
designers must consider such information as fundamental requirements when devel-
oping awareness mechanisms. For instance, the emergence of Dynamic Task List
indicates that supporting group-structural awareness, which has been largely ignored
by previous research, is as important as supporting workspace awareness.

• Comparison of different awareness elements

Each question in the five-point scale questionnaire represents one awareness element.
Thus the importance of an awareness element was determined by the value of the
mean of a corresponding question. The higher a mean is, the more important that
awareness element is. The table shows a sorted list of the means and associated stan-
dard deviations of different awareness elements. Overall, standard deviations are
small, meaning there is little spread in the scores of each question. The four most
important awareness elements rated by the experimental subjects were “Being able to
comment on what other users have done” (4.53), “Knowing what actions other users
are currently taking” (4.50), “In the case of nonverbal communication, having a com-
munication tool that supports communication between users” (4.50), and “Knowing
parts of a document on which other users are currently working” (4.50).

As shown in the table, “Knowing if other users are satisfied with what you have
done” was considered as important information by the subjects. It is more or less as
important as “Knowing who is in the workspace”. However, none of previous research
has developed mechanisms to support such information. Interestingly enough, the
relative importance of knowing other users’ “past”, “current” and “future” actions is
also revealed: knowing other users’ current actions is the most important, whereas
knowing other users’ past actions is the least important.

 “Knowing where other users are geographically located” was considered the least
important by the experimental subjects: the majority of the subjects believed that such
information was not all at important. In the interviews, the subjects explained that it
was much more important for them to know who other authors are rather than where
they are physically located.

• Other suggestions on supporting group awareness

In addition to the discovery of the mechanisms addressed in the previous section, the
interview was also used to identify the difficulties, which subjects had to face when
writing collaboratively. Several group awareness issues, which are not supported by
those mechanisms, have been identified by the interview.

Issue 1: Subjects suggested that a system should allow a user to tell others which
part of document that user wants other users to look at.

Issue 2: Several subjects suggested that a system should provide an effective chat-
ting tool, which allows document objects to be embedded into a message before being
transferred to the other end. A chat tool should also support private and public chat
options.
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Issue 3: Almost all subjects suggested that an editor should use colour to indicate
the status of document objects.

Issue 4: Nearly half of the subjects wanted the system to provide information about
“How long other users remain in the shared workspace”.

6   Conclusion and Future Work

This paper has thoroughly reviewed the principal awareness mechanisms of What You
See Is What I See (WYSIWIS), telepointers, multi-user scrollbars, radar views and
distortion-oriented views. WYSIWIS is useful in tightly-coupled interaction, but too
inflexible to accommodate natural collaboration when users often shift between indi-
vidual and group work. Telepointers provide information about users’ presence, but
telepointers are inaccessible when users have wholly different viewports. Telepointers
could be very intrusive to users in many cases. Multi-user scrollbars present relative
locations of users, but fail to provide exact users’ locations and activities in the work-
space. Radar views provide a high-level view of the entire workspace, but create a
virtual gap between a local view and the global structure of a document. Radar views
scale poorly for a large workspace as data presented in radar views becomes too small
to be useful. Distortion-oriented views display both local details and the global view
on one window. However, distortion-oriented views are problematic when remote
users’ focal points are outside a local user’s view or when more than two focal sec-
tions overlap.

This research adopts a completely user-centered approach in designing awareness
mechanisms; that is, an integrated approach merging a “top-down” approach with a
“bottom-up” approach. The “top-down” approach has discovered four innovative
mechanisms of Toggle Multi-user Scrollbar (TMS), Split Window View (SWV),
Modification Director (MD), and Dynamic Task List (DTL). In brief, TMS tackles the
issue of distraction residing in traditional multi-user scrollbars by giving users the
ability to control the visibility of remote scrollbars. SWV allows users to gauge easily
other users’ viewing areas and working areas in the shared document. MD notifies a
user instantly whenever their work is modified by other users. DTL provides high-
level information about users’ responsibilities, a correlation of workloads of all users.
This research provides the successful differentiation of the importance of various
awareness elements. The results of comparing different awareness elements help de-
signers to have better understanding of which information should be provided to sup-
port group awareness. No analysis of the importance of awareness elements has been
done by other researchers.

In the future, a “bottom-up” approach will evaluate the effectiveness of these
awareness mechanisms by conducting a further set of usability experiments.
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