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Abstract: - This paper presents a comparative study on the usage of digital elements in networked collaborative virtual
environments (NCVE). The focus of this study is to explore the characteristic of digital elements that promote social
awareness. Social awareness is defined as the understanding of a contextual situation at a present time. In networked
collaborative virtual environments (NCVE), awareness plays an important role for achieving an effective digital
communication. For a particular virtual situation, participants should be aware of the people whom they are interacting
with, their responsibilities and contributions, the collaboration activities involved and their progress level. This paper
discusses about the digital elements that are used to support awareness during virtual collaboration. We compare
various elements such as text, 2D graphic, 3D avatar and audio-video and their specific roles in contributing to
awareness. With the main focus on social awareness, eight types of awareness models (presence, turn taking, emotion,
identities, state, status/role, contextual and conversational) are identified with respect to these digital elements. The
impacts of using each digital element in various applications are also identified in order to enhance the usage of these
elements when they are applied to their relevant networked collaborative applications. Thus, with appropriate use of
digital elements, awareness in such situation can be improved.

Key-Words: - Networked Collaborative Virtual Environment (NCVE), Digital elements, Social Awareness, Awareness
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1 Introduction causing unnatural communication and degrading

In networked collaborative virtual environments commun@cat?on qualit.y .[3]- This' leads. to miss
(NCVE), people are able to work together as a group communication and miss interpretation of information
even when they are at different physical locations. While durmg the collab.oratlon. o .
working together, they need to communicate as though Thls. paper ffhscusses the use of digital .elemer%ts m
they are dealing face to face. In face to face supporting social awareness where users in a virtual
communication, verbal and non-verbal communication Space arc aware .Of whom they are working with and
are easily and naturally identified and understood. An what they are domg: W? look at how text, 2D gr'aphlc,
effective human communication does not involve only 3D avatar and audio-video elements are used in the
verbal communication. It includes body language or awareness of presence, state, role, turn taking, emotion,
non-verbal communication cue like gestures, body identities, contextual and conversational. Some research
postures, facial expressions, direction of gaze [1] and ~ Works have been reviewed to investigate on how these
physical appearance like clothes and make-up. The way digital elements are used in different collaborative
they respond during communication are greatly affected applications for supporting users’ awareness. The study
by the communication cue that they receive. According reveals that effective presentation of digital elements
to Nova et al. [2], a collaborative game can perform will help to determine the apprppriate way of using such
better when awareness tools were used. These awareness elemepts In users' communication medium. .
tools are significant in order to increase user _ This paper is organized as follows: Section 2
performance. discusses on the related work of networked collaborative
Unfortunately, most NCVE systems support non- environment, ~awareness and how it affects
verbal communication cue only to a limited degree communication. Section 3 presents the comparative

ISSN: 1790-5117 236 ISBN: 978-960-474-166-3


https://core.ac.uk/display/12005686?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Proceedings of the 9th WSEAS International Conference on APPLICATIONS of COMPUTER ENGINEERING

study on several digital elements (text, 2D graphic, 3D
avatars and audio-video) with respect to awareness types
and collaborative applications, before the concluding
remarks in Section 4.

2 Related Work

Many studies have been carried out on the awareness
issues in networked collaborative environments. They
focused on different aspects of awareness such as social
awareness (who is present in the virtual space), action
awareness (what is happening in the virtual space) and
activity awareness (why does it happen) [4]. In terms of
sharing data and artifact, some of the interest areas are
asynchronous awareness (on-line as well as off-line) and
synchronous awareness (on-line collaboration) [5].
Synchronous awareness is being explored further into
tight synchronous base on “What You See is What I
See” (WYSIWIS) model [6] and loose synchronous
where during collaboration, users in the same virtual
space can working together on a different screen or
different part of the same screen.

2.1 Networked Collaborative Environment
Networked Collaborative Virtual Environment (NCVE)
allows people from various locations to engage in
common activities interactively and remotely via
computer networks as thought they are working in a
face-to-face environment [7]. NCVE involves more than
just simple chatting between users in a virtual space but
also involves other activities including sharing of the
same resources during collaboration. Users can directly
manipulate these resources and at the same time they
can be viewed by others. These resources can be in
various digital elements such as text messages, 2D
graphics, 3D graphics, audio as well as video. NCVE
has slowly changed the way people do things as it is
cheaper to collaborate online without any traveling cost
and precious time can be saved. NCVE can also increase
productivity and promote knowledge as people share
and exchange information among themselves [7]. It also
offers enjoyment and entertainment when people get
together to play games [7].

Currently NCVE is widely used commercially to
developing projects, negotiate business deals, promote
products or conduct meetings. In teaching and learning,
NCVE has allowed students from different countries and
ethnic backgrounds to meet and work on the same
projects. This is an opportunity to exchange ideas and
culture and at the same time, improve self-confidence
[8]. Many interactive collaborative games that had been
developed were not even possible before. A successful
collaboration requires support from effective tools for
interaction and communication. In order to do so, digital
elements like text, 2D graphic and 3D graphic, verbal-
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audio, none-verbal audio and audio-video, are the main
media of communication. Text, verbal-audio and audio-
video are categorized as verbal communication whilst
2D and 3D graphic and verbal-audio are non-verbal.

2.2 Awareness and Communication

Many awareness issues that had been addressed in the
literature focused on enhancing communication
effectiveness in many fields [9-12]. For example,
DiMicco et. al. [9] designed and developed a system,
called Second Messenger, which displayed dynamic
awareness. The system displays and analyses
participation patterns of a speaker in a face-to-face
collaboration. The study indicates that the system had
successfully increased collaborators’ awareness among
speakers and others who were involved in the
discussion. In addition, the presence of awareness was
able to increase participant’s interest to get involved and
eventually the number of people participated and
contributed ideas in the decision-making process.
Moreover, the findings suggest that awareness
applications facilitate systematic changes in group
communication styles and highlighted the potential for
such applications to improve group interactions [10].

Another research by Ha et. al. [11] studies the affect
of awareness by exploring users’ interpersonal
interactions during collaboration using a tabletop
display. They studied the interaction of collaborators in
a virtual space by means of stylus, mouse and touch-
based devices. By using a tabletop, the group of
collaborators interacted simultaneously. Observations
were made on the usage of these input devices and their
impact on collaboration. Their investigation was to find
out how these input devices affected natural interactions,
ergonomics, territoriality, gestures, and awareness of
both intention and action. In term of awareness, result
shows that it is difficult and distracting to keep track of
the mice cursors because they are too many to keep
track. On the other hand, styli are the best choice to
stimulate users’ awareness of intentions and actions. A
A user responded that “the position of the pen enabled
me to guess what my partner wants us to do” and that
“the stylus was less confusing as to who was pointing at
what when there were two input devices”. In term of
response, users respond faster when using touch input
devices. Another user responded, “It was easier to keep
track of where my partner's hand was than where the
mouse cursor was”, and “you were more aware of their
hands than the cursor when they used the mouse.” In
short, input device can have impact on user’s awareness
and interaction [11].

Beside human to human interaction, Baker et.al [12]
study human-robot interaction and their corresponding
awareness. Their study was related to urban search and
rescue (USAR) robot. The task was to travel into
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dangerous and small areas to search for survivors. The
robots were teleported by means of directions received
from operators. To execute the task effectively and
efficiently, operators should have a high degree
awareness of the robot’s environment. Unfortunately,
situation awareness is complex and is not easily
obtained [13,14]. Many tools such as sensor maps, color
videos, infrared (heat detection), sounds, and carbon
dioxide are needed to establish awareness. Some of
these tools were attached together to the robots and the
rest were within their monitoring system.

Research on group awareness in NCVE continues to
flourish, as it is a crucial issue in virtual communication.
In NCVE, it helps users to feel comfortable and natural
when communication takes place in a virtual space.
Thus, communication objectives are achieved as
planned. This research, perhaps, is the first attempt to
study on several digital elements and their support for
awareness. This leads to the identification of eight types
of awareness and how they are supported by the specific
digital elements.

3 Comparative Study

In this section, eight types of awareness are presented
and how well the awareness are supported by four
digital elements (text, 2D, 3D and audio-video) is
discussed. The eight types of awareness are: awareness
of presence [10,15], awareness of turn taking, awareness
of emotion, awareness of identities, contextual
awareness, conversational awarenes [10], awareness of
state and awareness of role [3].

Text can be presented in terms of words for users to
communicate nonverbally. It is widely used for informal
communication like personal chatting and sharing of
interest. On other hand, 2D graphic can be represented
by any graphical image with a variety of colors, shapes
and sizes. Likewise, 3D avatar can also be in various
shapes and sizes. Here, in this paper, avatar is referred to
3D objects that embodied human, look like human and
imitate most of the human actions. Both 2D graphic and
3D avatar can be used to represent entities such as users,
artifacts and background scenes, in a virtual space. Since
voice-message is by itself another medium, it is
excluded from 2D and 3D avatar. This exclusion is only
made for non-verbal communication. An audio-video is
also considered as another medium, which involves the
usage of camera and audio facilities for communication.
Generally, with such medium, users are able to see each
other through screens as their virtual windows. One
window represents one user or a group of users if they
are in the same physical space. The nature of audio-
video media allow it to support verbal as well as non-
verbal communication.
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3.1 Social Awareness vs. Digital Elements

A comparison is made on how and to what extend four
digital elements, namely text, 2D graphic, 3D avatar and
audio-video support eight types of the awareness models
discussed. The result is depicted in Table 1.

Table 1: Awareness and their representation in various media

Awareness Text 2D Graphical 3D Avatar Audio - Video

Awareness of

present text graphic graphic in person

Awareness of state text graphic graphic in person

Awarenessof role . object’s object’s .
hidden ! ! hidden

appearance appearance

Awareness of turn

taking no yes no no

Awareness of explicitly explicitly explicitly implicitly

emotions express express express express

Awareness of

identities yes yes yes no

Contextual

awareness no yes yes no

Conversational lengthy simplify simplify lengthy

awareness communication _communication _communication _communication

Awareness of presence is when user knows who is in
the virtual space, how many participants are involved,
where they come from and their availability [15]. Each
of these digital elements have their own unique ways of
presenting awareness of presence. For example, text
base systems present awareness in a form of list. A
user’s identification(id) or nickname is added to the list
as user login into the virtual space [1]. Everyone in the
same workspace can see the same id, even though some
prefer to use different id to be displayed to different
users [10]. However, user can select visibility status to
only certain group of users. Unlike text, both 2D and
avatar represent users in a graphical form. 2D object
represents users in simpler graphic which can be as
simple as a small dots [15] and may also come in
different types, shapes and sizes with variety of colors.
Usually they are displayed on a floor map, which may
be a geographical map, hierarchy tree, organization
chart, radar or a room as the background. Some of these
objects can also perform limited animation like,
jumping, smiling and changing colors [16]. On the other
hand, avatar (embodiment of human) represents user in
the most realistic way. It can imitate and perform most
of the human actions like walking, sitting, dancing,
running and facial expression. Unlike other media,
audio-video presents user in person where the user’s
face appears on the screen. Once a user’s face appears
on the other user’s window, it means that the particular
user is available for communication.

When a user’s presence is known to others, his
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immediate state of mind or availability needs to be
broadcasted to group members also and this is known as
awareness of state. Awareness of state is best
represented with audio-video. This is because any of the
user’s actions represent his state. For example yawning,
mood swings, anger or non-attentive actions are
automatically projected to others. Unlike audio-video
where user’s state is projected by user in person, text
media allows user to choose their own state in words.
Some example of states are “I am busy”, “I am not in
front of my computer” and “Online but not available”
[10,17]. These messages usually appear beside the users’
name in the login list. There are times where user’s id is
dimmed to indicate that the user is not active in the on-
line communication. Similarly, 2D and avatar allow
users to decide their own states by means of graphical
images. For instance, static or dimmed color of icons
[15] indicate that users are away or inactive. Since
avatar can perform most of the human action, the state
of an avatar can easily be identified by simply looking at
it. For example, an avatar can walk out of a virtual space
to indicate that the user is leaving the workspace and in
a game environment, an injured avatar will not be able
to stand or walk due to injury.

Awareness of role is referred to user’s position in the
virtual space during collaboration, best supported by
avatar as compared to others. To illustrate the senario,
an avatar that represents a project leader will be wearing
a project leader’s name tag, charing a meeting and
holding a laser pointer. In a gaming environment,
costume, weapon, its size and facial expression will
indicate different status of an avatar [18]. Leader is
normally projected as taller, more handsome and
holding a much more outstanding weapon. With simply
a glimpse, we can recognize the user’s status from the
avatar’s appearance. Although 2D supports awareness of
role in the objects’ form, its representation is very much
limited and less realistic compared to avatar. In contrast,
NCVE systems use text and audio-video as the
communication media and display users’ profile only
when requested. Users identify each other’s profile from
the introduction at the beginning of a collaboration,
tooltip when pointed to users’ name or from drop-down
menu.

Awareness of turn-taking is when users are aware of
who is talking, who is listening, whose ideas it is and
whose turn to talk. Studies have shown that “individuals
with higher social status yet lower amounts of
information to contribute often speak more and have
more influences on final outcomes of group decisions
than those who speak less in the discussion” [9]. This
leads to a biased outcome, favoring only a certain group
of people [9]. This is why turn taking in collaboration is
important so that all users have equal right to speak.
Unfortunately, awareness is only supported by 2D
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graphical objects when numbers and objects are
positioned on a floor map are consistently used to
represent turn taking in communication. A simple
animation like jumping is used to indicate that the user’s
turn is on or user is currently talking. In text mode
system, everyone can communicate at the same time
with many topics, which can lead to floor control
conflict. Nevertheless, typing cue appears when a small
number of users are typing their texts during the
interaction. However, for the large number of users, the
typing cue element is not offered [10] due to the
complexity in managing multiple users. Similarly,
systems that use avatar fail to provide turn taking
awareness [2]. There is no turn-taking indicator that can
control turn-taking. = An active user can simply
monopolize the virtual space. Despite that, it does show
who is currently talking, who is listening and everyone
can be active at the same time. Likewise, turn taking
awareness is not provided by audio-video system. Worse
still, users are not able to know who can and who cannot
hear them. They also have no idea who is viewing them
[10]. In some cases, user can hear but cannot view other
users.

Beside awareness of turn-taking, awareness of
emotion can also affect the process and the outcome of
conversation. In audio-video environment, awareness of
emotion is supported implicitly from communication
cue, gesture, eye contact and tone of voice. In contrast,
text, 2D and avatar support the awareness explicitly
where users decide on the mood to be broadcasted such
as “T am sad”, ”I am happy” and “I am not in a mood”.
Furthermore, miss interpreting other users’ feelings and
meanings can consistently occur in text mode system
due to a lot of short forms used in a sentence. Whereas,
in everyday communication we use lengthy words in our
conversation to avoid misinterpretation and we are
usually careful not to upset other people’s feelings. As
an example when rejecting others, we may politely say,
“I understand your point of view but from the chart, it is
costly to go for Plan B. Therefore, I believe we should
reject Plan B”. With the same meaning in mind, we will
simply type ‘“Reject B be - costly”, in an on-line
interaction. It sounds harsh and rude and can affect the
flow and mood of the communication. Instead of words,
awareness of emotions are represented by cute and
funny emoticons in 2D mode [10]. Most of these
emoticons are predefined and uncustomized. Like text,
users have to decide emoticons to represent their
emotions. The problem is that users can fake their true
emotions during interaction. For an avatar, it can express
limited facial expression and body movement to support
emotion awareness [17,1]. Similar to text and 2D-
graphical media, users have to initiate the emotion to be
expressed. Therefore, the true feelings and emotions of
users are doubted [17].
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Next, awareness of identity is when users have
choices to use different identity in different virtual space
[10]. For example, among close friends and people they
know very well, their identifications resemble who they
really are in person. The awareness is well supported by
text, 2D and avatar system but not in audio-video
although their roles keep changing as they change
workspace. From the list of digital elements in Table 1,
awareness is best supported by avatar. With a glance,
anyone can easily tell the identity and role of the avatar.
In a game, the avatars’ costumes and performances can
reveal the role they play, for instance a king, a soldier or
a wizard [3]. Therefore, these avatar will be projected
wearing their appropriate costumes accordingly.

Another awareness that is equally important is
contextual awareness where users in a virtual space are
aware about the task and progress of themselves and
others [10]. Contextual awarenwess is well-supported by
2D and avatar but not in text and audio-video. For a
project collaboration, 2D media can easily support
contextual awareness via progression chart, graph and
other 2D objects to keep track of project progression and
to ensure projects meet deadline. Individual contribution
and progression can also be represented via graphs. In
gaming environment where avatar is widely used,
contextual awareness can be in terms of car meter
showing the level of gas, point received when sub goals
are achieved or an injured avatar indicating the power
level of the group or its opponent has gone down [3].

Lastly, conversational awareness means knowing
what a user is talking about and what he/she is referring
to. It is poorly supported by text and audio-video where
lengthy communication and words are irreplacable like,
“The left lower part of the green object should be moved
to the lowest middle of the biggest object”. It would be
simpler if we can point to the object and say, “Move this
to there”. In contrast, 2D and avatar systems allow users
to use flashing arrows to point directly to objects and
artifacts under a discussion [3, 16]. It can increase
conversational awareness and simplify communication.

Base on our analysis it is fair to say that each of the
digital elements are independent from each other. Each
supports awareness differently in their own different
ways. Due to that by using one media only, awareness
are not fully supported and this will result in uneffective
communication. The digital elements must be combined
to completely support awareness to enhanced
communication.

3.2. Digital Elements vs. Applications

A study is also performed by giving special attention to
digital elements (text, 2D, avatar, none-verbal audio,
verbal audio (pre-defined), voice communication and
audio-video) and their applications in collaborative
games, e-learning, collaborative works like project
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management, e-meeting and resources sharing. The
result of the study is in Table 2.

Even though text and voice communication are
categorized under verbal communication, it is obvious
that text is favorable as compared to voice
communication. It exists in all collaborative systems
under studied. Compare to text, voice is not as popular
due to its transmission issue where it requires larger
bandwidth and the quality of voice transmitted along the
transmission channel can also be another issue to be
raised. Nevertheless, it is used in several e-learning
systems.

Similar to voice, 2D is unfavorable when it comes to
NCVE applications. However, it does exists in distance
learning and e-meetings. On the other hand, avatar and
non-verbal audio (sound effect) are used in most
applications except in collaborative works. Avatar and
audio are widely used in gaming environment to create
realistic environment and to boost excitement during the

play.

Table 2: The applications of digital elements

Verbal

avatar NP pugip Voice Audio-

Type

Application Software Text 20 (gesture) X?lrdbi?)l (pre-  Communication Video
defined)

Star Wars Galaxie[17] v x v v v -na- X
o Battlefield 1042[3] v X v v v x %
L'DEH World of Warcraft[21] v x v v v X X

Second Life [21] v x v v v x x

There[21] v x v v v x X
m Buddy space [15] v v X v X X X
E Viras[1] v X v -na- -na- -na- -na-
L:i, Croquet [4] v o-ma- -na- v -na- v v

CLEV-R[5] v oox v -na- na- v v
j: SLMeeting [22] " v v na- v x
é ActivityExplorer [19] v na X X X X X
E Multi-VNC[19] v ooV 3 x 3 x %
g Tikiwiki 1.7[20] v v x x x x x
ﬁ DIAMS [23] v v x X x X X
§ walkabout(M)[19] v v % x % x x

Verbal audio is pre-defined communications which are
stored in the system library like “Hello”, “Bye-bye” and
“How are you”. They exist in collaborative games and
no other application make use of it. As for verbal
communication, it is used in e-learning and e-meeting,
in a form of formal communication. In the same way,
audio-video is favorable a formal communication
environment and can be found in e-learning systems.

In conclusion, text is still the best type of
communication media even though other medias are
more sophisticated and more realistic, especially thee
avatar.
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4 Conclusion

Awareness is crucial in ensuring successful
communication in virtual space. Unlike face-to-face
communication, virtual communication lacks of
communication cue such as gesture, eye contact, facial
expression and body language. In the first part, we have
identified eight types of awareness models: awareness
of present, awareness of turn taking, awareness of
emotion, awareness of identities, contextual awareness,
conversational awareness, awareness of state and
awareness of role. By using the awareness models as our
base, we have compared four types of digital elements
(text, 2D graphic, 3D avatar and audio-video) and to
what extent they support awareness. Our findings show
that the digital elements cannot stand alone on its own as
a mean of communication since each has its own
strengths and weaknesses. Creative combinations of
various digital elements will be able to promote
effective communication. In the second part, the review
shows that text is the most favorable elements for
communication ranging from personal chatting up to a
more serious type of communication. Unexpectedly,
audio communication and audio-video fall behind in
terms of their usage. This might be due to the higher
bandwidth required by these digital elements and the
quality of data transmission by the media is currently not
up to real-life expectation. In the future, we will model
the digital elements to be embedded in collaborative
systems.
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