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Abstract—Three dimensional virtual worlds (3DVW) have
experienced a large growth in number of users, and are being
used for collaboration activities. In parallel, the research field of
Computer Supported Cooperative Work (CSCW) has developed
taxonomies to classify systems that support collaboration.
However, the CSCW perspective presents a bias towards
traditional user interface paradigms, whose affordances are quite
distinct from those of 3DVW, which include features such as the
spatial environment, embodiment, and their dynamics. These are
features which are regarded as significant factors in the research
field of Presence, and yet, in our opinion, are not well appreciated
from the perspective of CSCW analysis. Because of this, we
question of the ability of CSCW taxonomies to properly describe
the collaboration characteristics of 3DVW. By “properly”, we
mean to say that 3DVW bring to fore collaboration characteristics
that are in fact distinctive of them as collaboration tools,
impacting collaboration in ways that are seldom found in usual
groupware, and yet CSCW taxonomies do not distinguish them.
We posit that these features should be contemplated in CSCW
taxonomies and their usefulness taken into account in the
development of future systems that aim to support collaboration.

Keywords—Three dimensional virtual worlds; Computer
Supported Cooperative Work; Collaboration; Communication; Non-
verbal communication; Presence.

L INTRODUCTION

Computer-based virtual worlds (VW) are nowadays
typically understood as virtual spaces inhabited by virtual
characters, representing users or synthetic agents. Castronova
[1] defines VW, from a social sciences perspective, as a system
that has three key features: interactivity between people and the
virtual environment; simulation of physical laws similar to the
real world; and persistence, that is, the virtual world exists even
if no one is using it, and it remembers the location of things and
avatars. Morgado et.al [2] clarifies Castronova’s requirements
by stating that the key defining aspect of VW is that users
interact with the system via manifestations of their personas
inside the world, an avatar-mediated interaction that both affects
the world and is affected by it. Current 3D Virtual Worlds
(3DVW) are VW where multiple users interact in a common
three-dimensional graphical environment. 3DVW typically
present to the users a world that is easy to grasp, a world that
can be interpreted by leveraging the intuitive understanding of
the physical world to which we are used to. These
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understandable and immersive environments, empowered with
technological facilities for communication, content building,
and sharing of artifacts, among other affordances, can enhance
collaboration [3]. Good examples of 3DVW used to support
collaboration, for work activities, games, or social interaction,
are World of Warcraft, and Second Life [4][5].

The detailed analysis of cooperation affordances of 3DVW
has, for the most part, been given little attention by the research
corpus on Computer Supported Cooperative Work (CSCW), a
scientific field of study that aims to inform the design of
computer systems to support cooperative work [6], focusing on
activities such as planning, coordinating, —monitoring,
communicating, and establishing rules [7][8]. Groupware
systems are a typical example of the object of study of CSCW.
There are several taxonomies in the field of CSCW which were
developed to classify the variety of tools created, along with
their purposes and features, but a doubt may arises in knowing
whether these taxonomies are well suited to classify 3DVW
meaningfully. This is because typical Groupware tools possess
either traditional command-based interfaces or, in more modern
systems, GUIs based on the desktop or Web metaphors, with
icons, links, windows or panes, and so forth, which hardly
match the immersive environment of a 3DVW. 3DVW recreate
instead, a virtual space, allowing users to enter that world with a
virtual self (an avatar) and interact with the world in different
ways than traditional Groupware tools. To test this concept, in
this paper we assess the ability of one of the taxonomies of
CSCW to classify 3DVW, demonstrating its shortcomings. We
hope with this work to demonstrate the weakness of current
CSCW taxonomies to adequately describe 3DVW, highlighting
their distinctive characteristics and contributing to a better
understanding of their weaknesses and strengths in collaboration
activities.

In the next section, we present our research questions and
methodology. In the third section we present CSCW theory. In
the fourth section, Presence and its relation to 3DVW is
presented. In the fifth, collaboration features of 3DVW are
analyzed to extract their distinctive characteristics. In the sixth
section we classify two common and widely used 3DVW under
the representative CSCW taxonomy, and in the final section we
present our conclusions.



II. RESEARCH QUESTIONS AND METHODOLOGY

We aim to verify the ability of CSCW theory to
acknowledge the particular features of 3DVW for
collaboration, by submitting 3DVW to CSCW theory
classifications under a taxonomy. This objective is tackled
through two research questions (RQ):

RQ1: Which are the distinctive collaboration characteristics
of 3DVW?

RQ2: Can
characteristics?

CSCW  taxonomies  highlight those

To answer the first question, we present a compilation of
distinctive characteristics produced by analysis of several cases
of collaboration using 3DVW in these areas. There are in fact,
many studies of collaboration in 3DVW, but the majority of
them do not relate collaboration characteristics with the actual
technological features that support them. Thus, for our purpose,
we selected studies concerned precisely with that relationship,
which has reduced considerably the set of references. To
accomplish this, we used the search engine scholar.google.pt,
with the following search terms (without quotes, i.e., searching
for any arrangement of these words in the results): “types of
collaboration” 3D virtual worlds”, “types of cooperation” 3D
virtual worlds, “forms of collaboration” 3D virtual worlds, and
“forms of cooperation” 3D virtual worlds”. We obtained more
than 200 articles. From these, we selected 42 works by reading
their titles and abstracts to confirm the subject treated. Finally,
17 of those we actually used to answer the first question,
because they related collaboration features with technological
features. Other references used, were obtained and their
relevance confirmed by us in previous work [19][26]. For the
second question, we employed a recent and comprehensive
taxonomy of CSCW [19], in order to verify if this taxonomy
can accommodate the compiled distinctive characteristics of
3DVW. The case for the selection of this taxonomy is made
further ahead in next section.

III.  CSCW TAXONOMIES

CSCW and its associated concept, groupware, focus on
collaboration between people towards common goals, when
supported by software [9]. Earlier approaches to group work
were accomplished by [10],[11] and [12]. Based on these, in
1984 a taxonomy was proposed by [13], that classified group
work using task dimensions (planning, creativity, intellective,
decision-making, cognitive conflict, mixed-motive, contest, and
performance), which are divided by four quadrants (generate,
choose, negotiate, and execute). The dimensions time, distance
and group were added later on [14], leading to the time/space
matrix [15]. Several other taxonomies were proposed, such as
the 3C model [16], taxonomies intended for developers [21],
Okada’s hierarchical taxonomy [18], etc. A more detailed study
about CSCW and Groupware taxonomies can be found in [19].

In a previous work involving the authors of the current paper
[19], a model was proposed embodying the most important
perspectives in the field of CSCW, based on a systematic
taxonomy review starting in 1984, at the dawn of the CSCW
field, using the number of citations as main criteria for
selection. This model encompasses the important aspects of the
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most previous taxonomies, and includes a socio-technical
perspective, thus being an adequate representation of all the
other models for the analysis conducted herein. Interaction and
social aspects provided by 3DVW are important for our study
because several authors support that social interaction in 3DVW
enhance collaboration. We demonstrate the validity of this claim
with a few exemplar cases. Firstly, we consider that control over
bodily appearance can impact cultural and societal perceptions,
and consequently affect the development of trust, important for
aspects such as team building — a factor which was identified by
[20] as impacting collaboration in project management.
Secondly, we consider that roles and authority emerge both
from verbal and nonverbal clues, based on the fact that it is
usual in 3DVW, such as Second Life or Active Worlds, that
users establish their own rules and [21]. Thirdly, the very
existence of a shared 3D space and avatar-based social
interaction are considered important interaction features for
decision-making and planning [20], as is the ability to simulate
scenarios [22], including the establishment of rules and
available roles. Lastly, Distance Learning, where several
authors have pointed out the relevance of 3DVW-specific
features: 3D-building activities, immersion, and avatar-based
socialization [22][23] — here, “avatar-based socialization”
includes interaction and control over the 3D environment, and
“immersion” is a concept connected to capturing users’
attention by the system [24]. By environment we refer to the
psychological effect created by characteristics such as ambient
sounds and music, light, colors, theme, etc. The collaboration
characteristics of 3DVW are held under an environment that is
at least partly user controlled. Thus, a desired environment can
be created by manipulating physical characteristics in order to
influence the mood and humor of the users. This is believed to
help users to socialize [20].

The model chosen, at the firs level, includes the 3C model,
[16] with communication, cooperation and coordination; the
Time/Space category, related to synchronism/asynchronism and
dispersion or not of group members; and Awareness of group
activities, which bounds collaboration [19]. The domains at the
Application level contain a detailed classification scheme of
core functionalities. This scheme includes four capabilities that
are the most fundamental features of CSCW systems: jointly
authored pages (conversation tools, polling tools, group
dynamics, and shared editors), streaming technologies
(desktop/application sharing, audio conferencing, and video

TABLE L. Holistic model of CSCW and Groupware taxonomies (adapted
from [19])
3C Model | Time/Space
Application level
Regulation Groupware apphcatlon GDSS elements >
properties z
b
Group work 5
(3
Group Group Situation Individual A
characteristics tasks factors characteristics
Interaction-outcomes variables | Processes Results
Classes of criteria | Meta-criteria | Other dimensions




conferencing), information access tools (shared file repositories,
social tagging systems, search engines, and syndication tools),
and aggregated systems. Adding to these functionalities, there
are also message systems, information sharing technologies,
Group Decision Support Systems (GDSS), project management
software, virtual workspaces, electronic meeting rooms, process

or event management systems, chat/instant messaging,
notification ~ systems, group calendars, collaboration
laboratories, bulletin boards, data mining tools, e-mail,

workflow systems, intelligent agents, etc. Regulation is a
subcategory of the application level, and is related to features
that enable collaboration in shared environments, and definition
of work rules to ensure the accomplishment of group goals [25].
Regulation has several dimensions such as: arenas (location);
actors (roles, places, and positions); tools (regulative or not);
roles (thematic or causal); rules (constraints, norms, or work
rules); types of interaction; interactive scenarios; and objects
(means of communication and product of collaboration). The
groupware application properties is a subcategory that refers to
functional properties of collaboration tools such as: architecture,
functional and quality properties, group processes support,
collaboration interface (portal, devices, or physical workspace),
relationships  (collection, list, tree, and graph), core
functionality, content (text, links, graphic, or data-stream),
supported actions (receive, add, associate, edit, move, delete, or
judge), identifiability, access controls, alert mechanisms,
intelligent software components, awareness indicators, and
platform. Finally, the GDSS elements subcategory includes
hardware, software, and people support tools. This model is
presented in Table 1. It presents blocks in layers, each
containing a set of domains. The granularity or detail of the
classification diminishes from top to the bottom of the table.

There are many CSCW and Groupware taxonomies, but there is
a lack of taxonomies that address the socio-technical
perspective related to the interaction of people belonging to a
group. The set of domains and the detail of the Application level
is the one adequate to use for classification of 3DVW and
Groupware tools in this work, because it identifies the main
topologies of groupware systems [19], that is, at this level the
features of the applications are identified, therefore we will use
it to compare features of 3DVW with those of groupware.

IV. PRESENCE AND COLLABORATION CHARACTERISTICS OF
3DVW

Presence is believed to influence positively collaboration on
3DVW because helps users to understand better the virtual
world and thus, contributes to an easier and more intuitive use
of it [26]. Because of this, we also consider the concept of
Presence for this study. While mostly ignored by the CSCW
field, Presence has its own body of literature and theory, and it
is seen by several authors as important for collaboration in
3DVW [23][27]. A related concept with Presence is the ability
of an application to detect users online. Also known as presence
awareness, this feature is common to instant messaging systems,
and refers to the possibility of users to know who is on line and,
probably, available for interaction [28][29]. This facility is
believed to support social presence [28][30]. Social presence is
the feeling of communicating with other people or intelligence,
and is one of the five dimensions of Presence [31]. In this work
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we refer to the wither view of Presence, that is, the
psychological illusion felt by the user, that happens when the
user is unable to recognize the mediation of technology in the
creation of the experience [31]. In 3DVW, Presence is strongly
influenced by the environment, the avatar, and features like
gestures, sounds or customization [32].

According to Presence theory, non-verbal communication is
related to features such as proximity, orientation, eye contact,
eye gaze, and embodiment (the use of an avatar), and is
important both to perceive Presence and to communicate
[33][34]. Non-verbal communication can also improve group
awareness [33], and collaborative tasks in general [35]. Table 2
presents the collaboration features of 3DVW and their relation
to Presence theory. Highlighted by a thicker line, are the
features common to both. The table is divided into two major
columns. The non-verbal communication column encompasses:
the physical space, including objects and artifacts (such as
scripts, or images, textures, etc.); the environment (ambient
sounds and music, light and colors, and theme); and the avatar
(physical appearance, gestures and behavior, and sounds). The
verbal communication column has the conversation features of
voice, chat, and instant messaging.

TABLE II. Collaboration features of 3DVW and Presence
Non-verbal communication Verbal communication
Physical space Avatar Conversation

Objects Physical appearance | Voice

Artifacts Gestm‘*es and Chat

behavior
Environment Sounds Instant messaging
Presence

By one side, non-verbal communication features are hardly
achieved with typical Groupware tools possessing traditional
command-based, telephony-based interfaces, with icons, links,
windows, etc, but easily found on 3DVW. By the other side,
Presence, with its own body of literature and theory well
established, is accepted has a relevant influence for
collaboration on 3DVW, and remarks the importance for
collaboration of the non-verbal communication features.
Because of the above facts, we can affirm that Presence
reinforces the importance of those features for collaboration on
3DVW, and helps to distinguish 3DVW of other tools that can
be used for collaboration.

V. DISTINCTIVE COLLABORATION CHARACTERISTICS OF 3DVW

There are several examples of 3DVW used for
collaboration: in education, training, and distance learning [3]
[23][27]; in business decision making and planning [20][22],
and in project management [3][20]. In this chapter we intent to
retrieve the most distinctive features of collaboration that
3DVW have.

Besides text, audio and video, gestures and emotions are
features for communication in 3DVW, based on the avatar [3]
[5]. Also the possibility to touch, move and alter objects permits
feedback and the expression of intentions in a non-verbal way.
Further, the control over avatar appearance and behavior brings



somatic communication and social symbolisms like culture,
ethnicity, and religion [20]. Other non-verbal cues are present
by employing positioning in the shared physical, both for
avatars and objects, i.e., proximity, visual groupings (e.g., using
gestalt theory), and orientation. Thus, the features of 3DVW for
communication are those of verbal and non-verbal
communication: in verbal, voice, chat and IM; and non-verbal,
the features related to the avatar (appearance, gestures, sounds,
focus and nimbus, etc), and those related to objects.

In 3DVW the communication is held in similar way to the
real world, where order must be achieved by the users, not
forced by the technology. That is, users establish rules and
distribute roles between themselves, and the observation of
those is not responsibility of the technology [3][36]. Rules,
roles and authority can be established by verbal means, but in
3DVW can also be established by non-verbal clues, which is a
fact on several well known 3DVW like Second Life or Active
Worlds [21]. Non-verbal cues are also important for cooperation
and cooperation because of the ability to visually perceive
artifacts as belonging to different users [3] contributing for the
observation of the rules established, namely by allowing the
group members to touch or edit just the objects they are
permitted to. So, coordination and cooperation are based on the
establishment of rules and roles, which use features of both,
verbal or non-verbal communication.

The existence of a shared 3D space and avatars are
considered important interaction features [20]. The physical
space also enhances the sharing of artifacts, interaction and
awareness [37] . By this, it can be established that the physical
space supports interaction, sharing, and awareness; the
environment and embodiment support interaction and
awareness; and aura, focus and nimbus support awareness [5].

Several of these features are common to typical Groupware
tools, such as text, audio and video, awareness and interaction,
rules for cooperation, and some degree of visual/iconic gestures
and emotion expression. In fact, in audio or video conferencing
it is possible to use some non-verbal communication. Also the
time/space dimension can be related to the virtual physical
space of 3DVW. So, these aspects are not themselves entirely
new contributions of virtual worlds, and therefore their analysis
hold the potential to impact non-virtual world CSCW
technologies as well. Nevertheless, the features mentioned are
modified by 3DVW or found only in them, via the provision of
virtual physical space and avatars, adding new possibilities of
communication, awareness, and interaction. The importance of
these characteristics (virtual physical space, environment, and
avatars) is transversal to all the collaboration cases we studied,
and so, we consider them the distinctive ones of 3DVW for
collaboration. These features and their relationship to the other
collaboration features are presented in figure 1, highlighted by a
thicker line.

VI. FITTING 3DVW INTO CSCW TAXONOMIES

In this section, the ability of CSCW taxonomies to
adequately classify 3DVW will be put to test. Then, the
comparison will be held with two perspectives: we will compare
the characteristics of 3DVW to those covered by the CSCW
taxonomy of [19], and we will also highlight the characteristics
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of 3DVW that are not covered by this CSCW taxonomy. With
this analysis we can obtain the current perspective of 3DVW
according to CSCW theory.

In the category of jointly authored pages, most of 3DVW
(such as Second Life or Active Worlds) possess conversation
tools (chat and instant messaging), and group dynamics (roles).
In the category of streaming technologies they have audio
conference (voice), environment audio and video streaming. In
Information access tools they have a shared repository (the
virtual world), social tagging systems (alerts), and search
engines. At least these two 3DVW can cover all categories of
the taxonomy, but in sub-categories they lack as a default,
shared editors, polling tools, desktop/application sharing, video
conferencing, and syndication tools. However, a usual facility in
3DVW is for users to be able to create, edit, or acquire personal
objects for customizing personas or spaces, and share them,
which can be seen as a form of shared edition. At least Second
Life, end-user facilities include scripting, which has been used
to create a huge diversity of tools including pooling tools and
syndication tools. Other virtual worlds have also seen such tools
produced by professional developers, and made available to its
users, such as OpenWonderland and vAcademia. Despite the
fact that there are no references to non-verbal communication
functionalities in this or other CSCW taxonomies, 3DVW
nevertheless possess most of the core functionalities important
to CSCW. We need to cross these with the distinctive
characteristics of 3DVW to establish the ability of CSCW
theory to encompass them adequately. According to the chosen
taxonomy, the perspective on collaboration requirements looks
at four vectors: communication, coordination, cooperation and
awareness — each implying important requirements that have to
be fulfilled by cooperation systems. To support communication,
software tools have to feature conversation in one-to-one, one-

to-many or many-to-many topologies  (conversation,
audio/video  conference, shared file repository). For
coordination, the tools must have time and resource

management, and shared artifacts (group dynamics, polling
tools, and aggregated systems, i.e. specifically developed for
each application). For cooperation, messaging systems and
development/sharing of documents (conversation and
desktop/application sharing) are required. And for awareness,
the tools should have warning mechanisms and means of
tracking or know the work of each group member (social
tagging systems, search engines, and syndication tools). At this
level at least, there are no references to non-verbal
communication, or anything directly related to physical space:
that is, such aspects can be fit within these categories, but
become obscured. Thus, they are not given due relevance by
this CSCW taxonomy.

To visualize the relation between collaboration concepts, we
present in figure 1 all the features related to collaboration and
their relations based on both CSCW’s and distinctive features of
3DVW [19][26].We find that non-verbal communication
features of 3DVW are lumped together in this CSCW taxonomy
within the same category as audio/video conferencing, and that
the virtual 3D space, as well as the 3D environment, are related
entirely to the time/space dimension— but as seen above, the
virtual 3D space and environment in 3DVW are part of
communication also. This visualization enables us to understand



how all the features relate to achieve collaboration in 3DVW,
and how they fit within the taxonomy. The arrows represent the
relations between them all. The features and arrows in thicker
lines are those considered most relevant to Presence theory, as
explained above, and match those lacking in CSCW taxonomy.

VII. FINAL REMARKS

In this paper we analyzed the ability of CSCW to properly
classify 3DVW under a holistic taxonomy. We started by
identifying some features of 3DVW from the literature that are
found to be relevant for collaboration, and emphasized that
novel communication features, in particular non-verbal ones, as
most relevant. We established that features like conversation or
audio/video conferencing are contemplated in the holistic
taxonomy, but that non-verbal communication features are not,
despite the possibility of being accommodated by it, but
implying a high level of granularity: at more detailed levels, it is
obvious the lack of reference to features like gestures or
embodiment, which is revealing of failure to properly describe
3DVW collaboration affordances. Since the employed
taxonomy is a holistic one, encompassing most of the older
taxonomies, it is reasonable to admit that this failure to describe
3DVW properly is characteristic of CSCW taxonomies. Also, it
is an indication that more attention should be given by the
CSCW community to the use of 3DVW for collaboration.

CSCW has studied the needs of users working together, in
order to support the development of computer systems to
support their needs. Most systems use the graphic interface that
we all are used to, based on icons, windows, buttons, etc. And
these solutions are probably adequate for most cases, but

functionalities similar to those used in groupware, but it also has
something that enables a different relation between user and
system, and between users. That is the encompassing of the
activity within a virtual world which includes personas of users
as virtual selves (avatars), a world created artificially that opens
new possibilities of support for collaboration between people. In
the future, these possibilities shall be investigated, particularly
the use of an avatar, of gestures, sounds, and other visual
characteristics. The aim of such an investigation will be to
establish how these characteristics affect the key concepts of
CSCW. CSCW identified key concepts of collaboration:
communication, coordination and cooperation (3C Model);
sharing and interaction (Time/Space); and awareness. CSCW
also supported these concepts at the application level by
establishing mechanisms of rules and roles, verbal
communication, shared repositories, triggers and warnings, etc.
All these, we have seen, are used by most 3DVW too. But
3DVW bring a new perspective to time and space, with impact
in other concepts, especially in communication.

As expressed earlier, embodiment, gestures, expressions, the
environment, and the 3D space have significant impacts in
collaboration, by the enhancement of communication,
contributing to the awareness of the group, and also by
promoting the sharing of artifacts, socialization of the users, and
team building. These collaboration-relevant characteristics of
3DVW should therefore be seen as relevant under the
theoretical models of the CSCW community. Hence, they
should be taken into account in the future developments of these
models. We posit that, without this improvement to current
CSCW models, they will fail to adequately support the
development of 3D-based embodied systems to support

different approaches exist, 3DVW being the one under our  (ijlaboration. These distinctive features of 3DVW  are
scope. 3DVW software also has buttons, icons, and
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q - > e
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Cooperation r \
e
Application le\'elk f " \ \( ‘\' \
Rules &
Roles
Group
awareness
\b Awareness
‘ > indicators|
—
Foucus, .
ENgInes
nimbus, aura,
s
O
- Warnings Alert
& Behaviour _ La .
& triggers mechanisms
Regulation Groupware application properties GDSS elements

Fig. 1. Collaboration features of 3DVW and their classification.
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coincident to those considered most important to the creation of
the feeling of presence, under Presence theory. Thus, we believe
that presence should be added to an even more encompassing
CSCW taxonomy. This could be achieved by including
Presence concepts in some dimensions, such as Presence
awareness. Or, it could be achieved perhaps, as a new
dimension. This new dimension could be called Presence, sub-
divided into Physical space and Embodiment witch, in turn,
would be divided into more detailed features, such as Avatar.

REFERENCES

[1] Castronova, E. (2001). Virtual Worlds: A First-Hand Account of Market
and Society on the Cyberian Frontier. The Gruter Institute Working
Papers on Law, Economics, and Evolutionary Biology .

[2] Morgado, L., Varajdo, J., Coelho, D., Rodrigues, C., Sancin, C., &
Castello, V. (2010). The Attributes and Advantages of Virtual Worlds for
Real World Training. The Journal of Virtual Worlds and Education , 15-
35.

[3] Owens, D., Davis, A., Murphy, J. D., Khazanchi, D., & Zigurs, 1. (2009).
Real-World Opportunities for Virtual-World Project Management. In IT
PRO (pp. 34-41). IEEE Computer Society.

[4] Yee, N. (2006). The Demographics, Motivations and Derived
Experiences of Users of Massively-Multiuser Online Graphical
Environments. PRESENCE: Teleoperators and Virtual.

[5] Pinkwart, N., & Oliver, H. (2009). Cooperative virtual worlds — A viable
ecollaboration pathway or merely a gaming trend? Electronic Markets ,
pp- Vol. 19, No. 4, pp. 233-236.

[6] Bannon, L., & Shmidt, K. (1989). CSCW: Four Characters in Search of a
Context. Proceedings of the Ist European Conference on Computer
Supported Cooperative Work, (pp. 358-372). Gatwick, U.K.

[71 Dommel, H. (2005). The Challenges of Ambient Collaboration.
proceedings of the 2005 Conference on Diversity in Computing, (pp. 10-
13). Albuquerque, New Mexico.

[8] Paredes, H., & Martins, F. (2012). Social Interaction Regulation in
Virtual Web Environments using the Social Theatres Model. Journal of
Network and Computer Applications 35, 1: 3 - 19.

[9] Schmidt, K., & Bannon, L. (1992). Taking CSCW Seriously - Supporting
Articulation Work. In Compufer Supported Cooperative Work (pp. 7-40).
Kluwer Academic Publishers.

[10] Carter, L. F., Haythorn, W. W., & Howell, M. A. (1950). A further
investigation of the criteria of leadership. Journal of Abnormal and Social
Psychology , 46(6), 589-595.

[11] Shaw, M. E. (1954). Some effects of problem complexity upon problem
solution efficiency in different communication nets. Journal of
Experimental Psychology , 48(3), 211-217.

[12] McGrath, J. E., & Altman, 1. (1966). Small group research: a synthesis
and critique of the field. Chicago: Holt, Rinehart & Winston.

[13] McGrath, J. E. (1984). Groups: interaction and performance. Englewood
Cliffs, New Jersey: Prentice-Hall.

[14] Nunamaker, J. J., Briggs, R. O., & Mittleman, D. (1991). Electronic
meetings to support group work. Communications of the ACM , 34(7),
40-61.

[15] Grudin, J. (1994). Computer Supported Cooperative Work: History and
focus. Computer , 27(5), 19-26.

[16] Ellis, C. A., Gibbs, S. J., & Rein, G. L. (1991). Groupware: some issues
and experiences. Communications of the ACM , 34(1), 38-58.

[17] Briggs, R., De Vreede, G., & Nnunamaker Jr., J. (2003). Collaboration
Engineering with ThinkLets to Pursue Sustained Success with Group
Support Systems. Journal of Management Information Systems / Spring
2003,Vol. 19, No. 4, 31-64.

[18] Okada, K. (2007). Collaboration support in the information sharing space.
IPSJ Magazine , 48(2), 123-125.

[19] Cruz, A., Correia, A., Paredes, H., Fonseca, B., Morgado, L., & Martins,
P. (2012). Towards an overarching classification model of CSCW and

424

[20]

[21]

[22]

[23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

[31]
(32]

[33]

[34]

[35]

[36]

[37]

groupware: a socio-technical perspective. CRIWIG (pp. 1-17). Berlin
Heidelberg: Springer-Verlag.

Kristel M. De Nobrega, A.-F. R. (2012). Fostering Group Collaboration
in Virtual Worlds. 2012 45th Hawaii International Conference on System
Sciences - HICSS (pp. 983-992). IEEE.

Tost, L., & Champion, E. (2007). A Critical Examination of Presence
Applied to Cultural Heritage. PRESENCE 2007 - 10th Annual
International Workshop on Presence.

Campbell, M. (2009). Using 3D-virtual worlds to teach decision-making.
Proceedings ascilite. Auckland.

Schaf, F., Paladini, S., & Pereira, C. (2012). 3D AutoSysLab Prototype —
A Social, Immersive and Mixed Reality Approach for Collaborative
Learning Environments. In iJEP (pp. Volume 2, Issue 2).

Slater, M., & Wilbur, S. (1997). A framework for Immersive Virtual
Environments (FIVE): Speculations on the Role of Presence in Virtual
environments. Presence: Teleoperators and Virtual Environments, (pp.
6(6),603-616).

Ferraris, C. M. (2000). Regulation in groupware: the example of a
collaborative drawing tool for young children. Proceedings of 6th
International Workshop on Groupware, (pp. 119-127).

Cruz, A., Fonseca, B., Paredes, H., Morgado, L., & Martins, P. (2014).
Can presence improve collaboration in 3D virtual worlds? SLACTIONS
2013: Research Conference on Virtual Worlds - Learning With
Simulations (pp. Vol. 13; 47-55). Vila Real: Elsevier Procedia
Technology.

Fominykh, M., Prasolova-Ferland, E., & Leong, P. (2012). Formal and
Informal Collaborative Learning in 3D Virtual Campuses. Sixth
International Conference on Collaboration Technologies. Sapporo, Japan.

Shaw, B., Scheufele, D. A., & Catalano, S. (2007). The role of presence
awareness in organizational communication: An exploratory field
experiment. In Behaviour & Information Technology (pp. 26:5, 377-384).
Taylor & Francis.

Kekwaletswe, R. M., & Ng’ambi, D. (2006). Ubiquitous Social Presence:
Context-Awareness. Proceedings of the IEEE International Conference
on Sensor Networks, Ubiquitous, and Trustworthy Computing
(SUTC’06) (p. in a Mobile Learning Environment). IEEE Computer
Society.

Markopoulos, P., Ijsselsteijn, W., Huijnen, C., Romijn, O., &
Philopoulos, A. (2003). Supporting Social Presence Through
Asynchronous Awareness Systems. In G. Riva, F. Davide, & W. A.
Isselsteijn, Being There: Concepts, effects and measurement of user
presence in synthetic environments (pp. 272-268). Amsterdam, The
Netherlands: los Press.

International Society for Presence Research. (s.d.). Obtido em 3 de 2013,
de International Society for Presence Research: http://ispr.info/.

Lombard, M., & Ditton, T. (1997). At the heart of it all: The concept of
presence. Journal of Computer-Mediated Communication .

Bente, G., Ruggenberg, S., Nicole, & Kramer, C. (2004). Social Presence
and Interpersonal Trust in Avatar-Based, Collaborative Net-
Communications. PRESENCE 2004-7th Annual International Workshop
on Presence.

Rae, J., Guimaraes, E., & Steptoe, W. (2008). Simulation versus
Reproduction for Avatar Eye-Gaze in Immersive Collaborative Virtual
Environments. PRESENCE 2008 - Proceedings of the 11th Annual
International Workshop on Presence.

Franceschi, K., & Lee, R. (2008). Virtual Social Presence for Effective
Collaborative E-Learning. PRESENCE 2008 - Proceedings of the 11th
Annual International Workshop on Presence.

Zagal, J., Rick, J., & Hsi, L. (2006). Collaborative games: Lessons learned
from board games. In SIMULATION & GAMING (pp. Vol. 37 No. 1,
pp.24-40). Sage Publications.

Joslin, C., Giacomo, T., & Magnenat-Thalmann, N. (2004). Collaborative
Virtual Environments: From Birth to Standardization. In NETWORKED
VIRTUAL ENVIRONMENTS (pp. 28-33). IEEE Communications
Magazine.



	73



