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ABSTRaCT

The main goal of this article is to facilitate educational designers and developers by providing a point of 
reference for making decisions on how to incorporate 3D environments into the applications they develop 
as well as for extending their capabilities by integrating more functionality. Therefore, this article presents 
the design principles for virtual spaces, which aim at supporting multi-user communication in Web-based 
learning communities. In addition the implementation of these principles is presented using as point of 
reference EVE Training Area. This environment constitutes a three-dimensional space where participants, 
represented by 3D humanoid avatars, have the ability to use a variety of 3D e-collaboration tools for 
learning together. Furthermore, this article presents collaborative e-learning usage scenarios that could 
be realized by exploiting collaborative virtual environments. 
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INTRODUCTiON 
Nowadays, the use of Internet has been widely 
broadened and is being adopted not only for ac-
cessing information for news and entertainment 
but also for facilitating the creation of online 
communities in order to assist the interaction 
among individuals that share common interests 
and goals. These communities are described by 
the term “virtual communities” for highlighting 
their “online” substance. A key factor for the 

success and the subsistence of the virtual com-
munities is a strong interest among the people 
concerned. Such a case could form a group of 
people that want to share knowledge and learn 
together and consequently constitute a learning 
community. 

A variety of tools and technologies have 
been developed and used for supporting e-
learning communities. The current components, 
tools and systems available can be divided into 



�   Int. J. of Web-Based Learning and Teaching Technologies, 3(2), 1-22, April-June 2008

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission of  IGI Global
is prohibited.

three different basic categories as described 
in the literature (Bouras & Tsiatsos, 2006; 
Spellmann, Mosier, Deus, & Carlson, 1997): a) 
document-focused Web-based training tools, b) 
meeting-focused tools, and c) three dimensional 
(3D)- centered multi-user tools, which are based 
on multi-user Virtual Reality technology. In 
particular, the document-focused Web-based 
training tools (e.g., WebCT, www.webct.com) 
focus on the management of documents and 
on individual learning. As far as it concerns 
the meeting-focused tools, they focalize on 
the support of synchronous communication of 
a user group, which is independent of place. 
These tools that can be separated into video-
conferencing tools (e.g., Microsoft’s NetMeet-
ing, www.microsoft.com) and synchronous 
training tools (e.g., Centra Symposium, www.
centra.com), offer Web-based communication 
support, where participants are represented by 
their name and live video picture. Some of the 
video conferencing tools were designed espe-
cially for the purpose of training situations. The 
approach of these tools is to virtually represent 
the concept of frontal learning, that is, the 
situation of a lecturer sending information to 
a group of learners, with rather little feedback 
and almost no intended horizontal communi-
cation among the learners (Koubek & Müller, 
2002). A general problem of these tools is the 
reduced social presence of the participants that 
are represented in windows, by means of live 
pictures. Often, these pictures are simple icons 
that have a low resolution and are quite small. 
Therefore, participants in such e-learning ses-
sions experience a feeling of distance more than 
a feeling of group awareness (Kuljis & Lees, 
2002). As far as it concerns multi-user Virtual 
Reality tools, in their majority, focus on let-
ting each participant experience the existence 
of other participants as well as the interaction 
between them. The participants of a 3D virtual 
session are represented by avatars, which can 
navigate through 3D environments, and are able 
to view the actions of all other participants. 
Multi-user Virtual Reality technology tools, 
when used as communication media, offer the 
advantage of creating proximity and social 

presence, thereby making participants aware of 
the communication and interaction processes 
with others. In case multi-user VR technology 
is used for supporting collaboration among the 
users, we refer to collaborative virtual environ-
ments (CVEs).

Multi-user VR technology tools, as well as 
meeting-focused tools, could be used for sup-
porting learning communities. However, current 
e-learning applications have many limitations 
that should be overcome. Some of the main 
limitations involve the lack of peer contact 
and interaction of learners/users working alone 
and the need for þexible, available tutorial sup-
port. In addition, the theoretical advantages of 
multi-user VR technology are not exploited in 
an extended manner as they mainly offer text 
chat communication and users’ representation 
through avatars. For example, advanced com-
munication features, as voice or user gestures, 
are not commonly utilized. 

The main goal of this article is to facilitate 
educational designers and developers by provid-
ing a point of reference for making decisions 
on how to incorporate 3D environments into 
the applications they develop, as well as for 
extending their capabilities by integrating more 
functionality. Furthermore, this article presents 
collaborative e-learning usage scenarios that 
could be realized by exploiting CVEs. 

The remainder of this article is structured 
as follows. In Section 2 some basic issues of 
adopting virtual reality for supporting learning 
vs. traditional methods are presented. Section 3 
summarises the related work on VR in educa-
tion, training and collaboration, while Section 4 
proposes design principles for tools and spaces 
aiming at supporting learning communities and 
e-collaboration. Section 5 presents the imple-
mentation of 3D collaborative virtual environ-
ments used for e-collaboration and e-learning, 
for demonstrating the way that the principles 
could be applied. The section that follows pro-
poses collaborative e-learning usage scenarios 
that exploit multi-user Virtual Reality environ-
ments. Finally, some concluding remarks and 
planned next steps are brieþy described.
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ViRTUal RealiTY vS. 
TRaDiTiONal MeTHODS
According to Kalawsky, there are many areas 
where VR could be used for supporting educa-
tion: (a) simulation of complex systems, where 
the beneýt compared to traditional methods is 
the ability to observe system operations from a 
number of perspectives, aided by high quality 
visualisation and interaction; (b) macroscopic 
and microscopic visualization, where the 
beneýt compared to traditional methods is 
the observation of system features that would 
be either too small or too large to be seen on 
a normal scale system; and (c) fast and slow 
time simulation, where the beneýt compared 
to traditional methods is the ability to control 
timescale in a dynamic event. This feature could 
operate like a fast forward or rewind preview 
of a video recorder.

Other signiýcant characteristics of VR that 
could be exploited for supporting education are 
the following: 

•	 High levels of interactivity that VR al-
lows: The beneýt compared to traditional 
methods is that most people learn faster 
by “doing” (Tornincasa, 2001) and the VR 
system provides signiýcantly higher levels 
of interactivity than other computer-based 
systems. Given the fact that the interfaces 
are intuitive and easy to use, the degree of 
interactivity could be very beneýcial.

•	 Sense of immersion: Sense of immersion 
is a powerful characteristic, especially in 
applications, where the sense of scale is 
extremely important. For example, archi-
tecture is an area where the sense of scale 
is required for visualising the impact of a 
building design on the external environ-
ment and the inhabitants.

Å	 Inherent þexibility/adaptability: The inher-
ent þexibility of a VR system arises from 
the underlying software nature of the virtual 
environment. A VR system can be put to 
many uses by loading different application 
environments. This means that it is feasible 
to use a VR system for a wide range of 
learning applications (Kalawsky, n.d.). 

In Liebregt (2005), a good overview of 
these systems is presented, showing that there is 
a wide variety of possible roles for Collaborative 
Virtual Environments in education: (a) support-
ing social awareness of students; (b) increasing 
communication and discussions possibilities 
on a wide scale; (c) supporting constructivist 
learning of ecological and cultural concepts; 
(d) increasing information available to users 
and possibilities for collaborative culmination 
of knowledge; (e) making available virtual 
experiences for learning difýcult concepts; and 
(f) incorporating aspects of direct learning into 
indirect learning and the other way around.

Winn and Jackson (1999) describe vari-
ous propositions related to the usage of virtual 
environments in education. Koubek and Müller 
(2002) believe that four of these propositions 
are of special interest. The ýrst proposition is 
that virtual environments create a feeling of 
presence by techniques, which shift attention 
from the real world to the virtual world. The 
second signiýcant proposition is that virtual 
environments situate learning in a meaningful 
context. The environment’s “landmarks” play 
a special role. The third proposition states that 
collaboration is possible and efýcient in virtual 
environments. Additionally, users represented 
by avatars in the virtual world support the feeling 
of presence and the joy while learning. Finally, 
as it becomes possible to learn by interacting 
with other students and virtual objects in virtual 
environments in a way similar to the interac-
tion with real people and objects, it becomes 
important to investigate the design principles 
that should be adopted by educational design-
ers for designing effectively virtual spaces for 
e-learning and e-collaboration. The current 
research on the design of collaborative e-learn-
ing virtual environments results in various 
issues and aspects of such environments. This 
article later presents a list of design principles 
for virtual spaces that is focused on supporting 
collaborative e-learning.

RelaTeD WORK 
This section presents an overview of the related 
work on the usage of VR technology in distance 
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education, learning and collaboration. VR has 
been exploited in various projects for support-
ing education, training or collaboration. A very 
good overview of relative projects is presented 
in Hay, Elliot, and Kim (2002). These projects 
aimed at creating learning environments based 
on the exploration of various scientiýc concepts. 
Concerning education, much research has been 
done on the exploration of the unique features 
of VR and their interaction with cognition and 
learning in high-end, laboratory-based projects. 
Examples are the following: (a) exploration 
of scientiýc concepts where 3D models were 
important to conceptual development; (b) ex-
ploitation of VR’s ability to shrink or expand 3D 
distances to make the models easy to manipulate; 
and (c) usage of the simulation mode of inte-
grating models into learning environments and 
capitalization VR’s ability to more accurately 
present the phenomena to the learner, thus 
building superior understandings.

Furthermore, VR technology has been 
used in other areas such as military training 
and medical education and training. Examples 
are: NPSNET-IV (Macedonia et al., 1995), 
Gorman’s Gambit (Weil et al., 2005), VirRAD 
(Virtual Radiopharmacy, http://www.virrad.
eu.org/) European project; Medical Readiness 
Trainer project (http://www-vrl.umich.edu/mrt/
index.html) and CeNTIE project (Hutchins et 
al., 2005). In addition, multi-user Virtual Reality 
technology, which allows collaboration among 
users (and then referred as Collaborative Virtual 
Environments), integrates networking technol-
ogy with immersive virtual environments and 
supports synchronous interaction of multiple 
users at various locations (Singhal & Zyda, 
1999). Multi-user Virtual Reality technology 
is being used for co-operative work (Dumas 
et al., 1999), for education and training, for 
engineering and design, for commerce and 
entertainment, and is being studied extensively 
in 3D and time dependent representations of 
scientiýc and technical models (Singhal & 
Zyda, 1999; Hay et al., 2002).

VR applications, which are speciýcally 
designed to support learning, come in many 
different forms, from desktop virtual worlds to 

fully immersive virtual environments (Jackson 
& Winn, 1999). 3D collaborative e-learning 
environment adopt ideas of distributed construc-
tionism to allow multiple users to work together 
in the same virtual space and to provide them 
with the power to construct shared representa-
tions of the topic they investigate. Examples of 
current applications of Collaborative Virtual En-
vironments in education are: CVE-VM (Kirner 
et al., 2001), DeskTOP (Portugal, Guerrero, 
& Fuller, 2000), DigitalEE and DigitalEE II 
(Okada, Tarumi, Yoshimura, & Moriya, 2001; 
Okada, Yamada, Tarumi, Yoshida, & Moriya, 
2003), Viras (Prasolova-Førland & Divitini, 
2003), and NICE (Johnson et al., 1998; Rous-
sos et al., 1997). 

TOwaRDS a SeT OF DeSiGN 
PRiNCiPleS FOR viRTUal 
SPaCeS FOCUSeD ON 
COllaBORaTive e-leaRNiNG 
This section presents the design principles that 
should be taken into account by designers and 
developers when designing a virtual space for 
collaborative e-learning communities. Before 
deýning these principles, the main aspects of 
collaborative virtual environments as well as the 
fundamental design elements of collaborative 
e-learning environments are presented. Issues 
in the design of collaborative virtual environ-
ments in education are also listed and taken 
into account in the proposed set of design 
principles. 

Main Aspects of a Collaborative 
Virtual Environment
For implementing a functional and effective 
e-learning collaborative virtual environment, 
the ýrst step is to investigate its main functional 
features. These functional features should dif-
ferentiate an e-learning environment from other 
virtual environments (3D or not), which are 
designed and implemented for general use. The 
virtual spaces should be designed in accordance 
to the concepts introduced by Dourish and Har-
rison (1996) about space and place: “A space is 
always what it is, but a place is how it’s used” 
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(p. 69). In addition, according to Dourish and 
Harrison (1996), design has to deal with some 
aspects of the “real world,” which can be ex-
ploited by virtual spaces for collaboration and 
learning. The real-world value of the features 
listed below is that they provide critical cues, 
which allow individuals to organize their be-
haviour accordingly (such as moving toward 
people to talk to them, or referring to objects so 
that others can ýnd them). Every tool designed 
for supporting e-collaboration should exploit 
aspects of space and spatial mechanisms, such 
as providing identity, orientation, a locus for 
activity and a mode of control, which can be 
considered as powerful tools for the design. 
According to the above the designer of a CVE 
should include speciýc tools and take into ac-
count speciýc aspects in order to support the 
creation of places by the collaborators/students. 
By that way the designer facilitate the emer-
gence of places by the collaborators/students 
people who is able to create meaning of things 
by engaging in social interactions.

In particular, these aspects are: 

• Relational orientation and reciprocity: 
The spatial organization of the tools should 
be the same for all participants. Because 
people know that the world is physically 
structured for others in exactly the same 
way as it is for them, they can use this un-
derstanding to orient their own behaviour 
for other people’s use.

• Proximity and activity: People act, 
more or less, where they are. They pick 
up objects that are near, not at a distance; 
they carry things with them and they get 
closer to things to view them clearly. An 
understanding of proximity helps relating 
people to activities and to each other. The 
learners/collaborators in the environment 
should not be passive but active and able 
to interact.

• Partitioning: Following on from the notion 
of proximity and activity is the notion of 
partitioning. Because actions and interac-
tions fall off with distance, this distance 
can be used for partitioning activities and 

the extent of interaction.
• Presence, awareness and support of us-

ers’ representation: The sense of other 
people’s presence and the ongoing aware-
ness of activity allows them to structure 
their own activity, integrating communica-
tion and collaboration seamlessly, progres-
sively and easily. The use of avatars for user 
representation in virtual environment is a 
key feature for supporting e-collaboration 
and collaborative e-learning. According to 
Clark and Maher (2006) “the role of the 
lecturer as a facilitator is supported by 
the visualisation of students represented 
as avatars in the virtual place” and “the 
visualisation of students in a location helps 
the lecturer to gather students to speciýc 
locations, which provides a context for 
discourse in the virtual place.” Therefore, 
it might be useful to represent the users 
by avatars that can support mimics and 
gestures, for supporting virtual and social 
presence as well as for enhancing the ways 
of communication among the users with 
nonverbal communication.

Design Elements of a 
Collaborative E-Learning 
Environments
Additional design elements of a virtual space, 
which is focused on e-collaboration and e-learn-
ing, could be extracted by a generalization of the 
design elements presented in Bouras and Tsiat-
sos (2006) (mainly focused on collaborative 
e-learning using only 3D virtual environments) 
and based on Dillenbourg’s interpretation of 
collaborative learning (Dillenbourg, 1999), 
and Moshman’s interpretation of dialectical 
constructivism (Moshman, 1982). These design 
elements are the following:

•	 Situated remote communication by sup-
porting multiple communication channels 
such as avatar gestures, voice chat and text 
chat. 

•	 Remote task collaboration: Distributed 
environments allow users to collaborate 
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on tasks. This design element could be 
realized by:
¹	 Tools such as: manipulation of shared 

objects, brainstorming board tool, 
locking /unlocking shared objects, user 
handling, as well as slide presentation 
and creation.

¹	 Supporting users who have different 
roles and rights when visiting the 
environment.

•	 Remote task support: Remote support by 
other learners, teachers, moderators and 
participants. This design element could 
be realized by uploading material in the 
virtual space and data sharing.

•	 Scaffolding tools: Tools that can support 
collaborative scenarios as well as support 
the learners to undertake tasks in the vir-
tual space. This design element could be 
represented by whiteboard, brainstorming 
and slide creation tools. For example, the 
whiteboard tool could support the learner 
in making a presentation of a task that 
s/he has undertaken. Similarly, both the 
brainstorming tool and slide creation could 
support the learners to exchange and collect 
ideas for a task that has been assigned to 
them by the tutor.

•	 Representation of the environment by 
various representation forms, which can 
range from simple text to 3D worlds.

Issues for the Design of 
Collaborative Virtual Environments 
in Education
According to tests elaborated and presented in 
Liebregt (2005) there are important issues that 
should be taken into account when using CVEs 
and developing CVEs in the future. These issues 
are listed below:

•	 The tutors should be able to guide the 
learners.

•	 There is a requirement for natural com-
munication possibilities including realistic 
avatars and the possibility to use body 
language.

•	 It is important to prevent the users from 
overengagement with subtasks not directly 
related to the main goal of the CVE.

•	 It is important to avoid frustration or dis-
traction caused by unnecessarily complex 
interfaces.

Further problems of computer-mediated 
group learning could be summarised as fol-
lows:

•	 Reduced social presence: problem of social 
and cognitive orientation (Hsi & Hoadley, 
1997) 
¹	 group members tend to feel more as an 

individual than as a group member
¹	 the problem of “virtual group identity” 

leads to a depersonalisation of the 
group members 

¹	 low collaboration is taking place
¹	 reduced feeling of social presence, 

togetherness and group identity
•	 Unnecessarily high amount of extraneous 

load (Sweller, 1988) 
¹	 split-attention effect: separation of 

related information sources increases 
extraneous load 

¹	 poor exploitation of working-memory 
capacity due to poor utilisation of prior 
knowledge (rules and causal connec-
tions known from reality cannot be 
used)

Finally, Kreijns, Kirschner, and Jochems 
(2002) said that “there are two major pitfalls 
impeding achievement of the desired social 
interaction in collaborative e-learning environ-
ments: (a) taking social interaction in groups 
for granted and (b) the lack of attention paid 
to the social psychological dimension of social 
interaction outside of the task context. 

Design Principles
Based on the aspects and design elements 
presented above, this subsection proposes a 
set of principles for assisting design and imple-
mentation of desktop collaborative e-learning 
environments. Their use is mainly viewed as 



Int. J. of Web-Based Learning and Teaching Technologies, 3(2), 1-22, April-June 2008   7

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission of  IGI Global 
is prohibited.

augmenting rather than replacing in overall 
existing design principles. They express a new 
emphasis in the use of these environments rather 
than a radically distinct set of intentions. These 
principles are the following:

•	 Principle 1: Design to support multiple 
collaborative learning scenarios

Å	 Principle 2: Design to maximise the þex-
ibility within a virtual space

•	 Principle 3: Augmenting user’s representa-
tion and awareness

•	 Principle 4: Design to reduce the amount 
of extraneous load of the users 

•	 Principle 5: Design a media-learning centric 
virtual space 

•	 Principle 6: Ergonomic design of a virtual 
place accessible by a large audience

•	 Principle 7: Design an inclusive, open and 
user-centred virtual place

•	 Principle 8: Design a place for many people 
with different roles

The above principles are analysed in the 
following paragraphs.

Principle 1: 
Design to support Multiple 
Collaborative Learning Scenarios
A useful tool for collaboration would support 
the execution of many e-learning scenarios. 
Examples of such scenarios are brainstorming/
roundtable (Millis & Cottell, 1998; Osborne, 
1963), think pair share (Lymna, 1981), jigsaw 
(Aronson et al., 1978), quickwrites/microthemes 
(Young, 1997), and structured academic con-
troversies (Johnson et al, 1998). An e-learning 
environment can support many groups of users 
(i.e., classes) in various subjects, so some sce-
narios could ýt better in a subject than others. 
Therefore, the tutor should be provided with the 
ability to choose among various collaborative 
learning scenarios. Furthermore, a variety of 
student-centred and collaborative approaches to 
learning would increase the variation in student 
activity in formal classes.

Principle 2: 
Design to Maximize the Flexibility 
within a Virtual Space
Due to the need of multifunctionality within 
a collaborative online synchronous session, it 
should be possible to quickly reorganise the 
virtual place for a particular activity or scenario. 
An approach for increasing þexibility is the 
division of the virtual environment in smaller 
areas, so as to allow for speciýc functions (e.g. 
various virtual spaces for formal classes, group 
work, closed meeting, etc). This approach, how-
ever, may result in disorientation and increment 
of the cognitive load of the users concerning 
the operation of the virtual space. This article 
proposes a design of a virtual space, where the 
seating in a formal class area will not impede 
group work, discussions and interaction.

Principle 3: 
Augmenting User’s Representation 
and Awareness
Both current e-learning systems and collabora-
tive virtual environments lack awareness. There 
are two types of awareness: the awareness of 
other people and the awareness of objects. 
The suitable combination of these two types 
of awareness is very critical in e-learning en-
vironments in order for the users to be aware, 
not only of the others and the content, but also 
of the e-learning procedure.

The goal for satisfying the need of aware-
ness is to concentrate on both the visualization 
of other users and the representation of their 
actions on the objects they are communicat-
ing about. 

The collaborative virtual environments 
support the awareness of other people and their 
activity effectively. The avatars, along with 
gestures and mimics, represent not only the 
users but they also make their activity shared 
to the rest of participants.

In the case of objects’ awareness, collab-
orative virtual environments can support shared 
virtual objects and, generally, media that can be 
integrated in a virtual world such as pictures, 
audio and video. Furthermore, documents or 
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learning content that cannot be displayed in 
the virtual world should be supported in an 
e-learning platform. In addition, the partici-
pants should be aware of the number and the 
identity of the users who view the document 
each time. Also, the actions on the objects and 
the documents should be visible from the other 
users. This could be achieved, for example, by 
application sharing.

Combining gestures, mimics, user repre-
sentation, audio and text chat communication 
as well as application sharing provides to the 
users the ability to share their views and to 
show the object that they are talking about, 
while other users are also aware of who and 
for what they talk about. 

Principle 4:
Design to Reduce the Amount of 
Extraneous Load of the Users 
The main objective of an e-learning environment 
is to support the learning process. Therefore, 
the users should be able to understand the op-
eration of the learning environment and easily 
participate in the learning process. The major 
commands of interfaces should be available 
in a graphical user interface fashion. Because 
virtual environments, in their majority, include 
multiple ways of interaction (i.e., voice chat, 
text chat, video representation, shared areas), 
all these functions and tools should be placed 
in the same window, separating the shared areas 
from the nonshared. It should be possible for 
the user to see at once the users who participate 
as well as their contribution. 

Principle 5: 
Design a Media-Learning Centric 
Virtual Space 
The virtual space should be enhanced by mul-
tiple communication and media layers. Each 
media type (e.g., text, graphics, sound, etc.) 
has advantages (Schneider, 1996). The virtual 
space should integrate many communication 
channels (such as gestures, voice chat, text 
chat, etc.) in order to enhance the awareness 
and the communication among the users. VEs 

need multiple communication channels but 
they should be available on a basis of needs 
and availability, that is, communication should 
not become intrusive but people should be able 
to use the right channel for the right task and 
a social practice for using different channels 
must be created (Schneider, 1996). 

There are three approaches regarding the 
design of CVEs. The ýrst one (VR-centric view) 
characterises CVEs as systems based only on 
virtual reality and nothing else. The second 
approach, which is a step-up of the VR-centric 
view, is the mixed reality systems. In these sys-
tems the main user interface is VR and the users 
can interact with the system navigating only in 
the 3D world and accessing the rest of media 
only within the 3D area. The third approach 
(media centric view described by Robinson et 
al., 2001) tends to integrate more media in a 
CVE system. Audio, text, documents, video, 
and so forth, are such media. However, in this 
approach VR is not the access point for the 
rest of media, and is regarded as one medium 
among the others. 

Regarding e-learning, the most suitable 
approach seems to be the media centric view. 
However, this approach needs to be extended 
in order to realise the e-learning scenarios and 
to satisfy the users’ needs. For supporting a 
learning centric view we need to take into ac-
count the necessary media derived from the 
above-referred scenarios. Main features and 
media are the content (learning content), Web, 
virtual reality, video, audio, application sharing 
and text chat. These media should be integrated 
in a way that assists the user to learn and to use 
the system effectively. An example is depicted 
in Figure 1. 

E-learning systems supported by collabora-
tive virtual environments should be based on 
three main categories: Content, Learning Con-
text and Communication Media. Both Web and 
virtual environments are the media to support 
the community and the e-learning context giving 
the users the feeling that they are in the same 
place, in an easy way. Communication media 
(text and audio chat, application sharing, mes-
sage board, etc.) can support the communication 
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and interaction between the users. The main 
aim of the communication media is to support 
and offer communication affordances to the 
users in order to facilitate the transformation 
of the learning space to a social learning place. 
Content is the core medium for learning and 
supporting learners to learn and tutors to teach. 
The integration of a module that could be used 
for the creation and management of the learning 
material is of critical importance.

However, for supporting collaborative e-
learning effectively, more tools for sharing infor-
mation should be investigated and implemented, 
such as a presentation table, where all users can 
present their own content and have the ability 
to open it, view it and collaborate on it. 

Principle 6: 
Ergonomic Design of a Virtual Place 
Accessible by a Large Audience
The designers of a virtual place should take 
into account that a virtual place for e-learning 
could be used by various individuals with dif-
ferent backgrounds and level of expertise in 
information and communication technologies. 
Therefore, the virtual place should be easily ac-
cessible and of high usability even for users who 

are not experts on Internet/Web based learning 
or community platforms. In addition, the access 
to the virtual place should be extremely fast and 
simple in terms of user registration, software 
download and installation. 

In some cases the virtual spaces address 
multilingual and multicultural audiences. In 
such a case it is proposed to design a multilingual 
virtual space that would support a multicultural, 
diverse community, which is not dominated by 
one single culture.

Principle 7: 
Design an Inclusive, Open and 
User-centred Virtual Place
A collaborative virtual space should be charac-
terized by the following characteristics in order 
to support as many users as possible:

•	 Inclusive: The virtual place should be 
accessible as much as possible. Any reg-
istration process should be easy, quick and 
unbureaucratic.

•	 Open: Access to the virtual place should 
not be restricted by the will of a single 
person or board, but general rules for ac-
cess should be formulated and guide the 
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moderators, tutors or generally the people 
who are responsible for it. 

•	 User-centred: The development of a virtual 
place should be centred on the users. For 
each piece of technology implementation, 
processes should be developed within 
the user community, which guarantee the 
continuation and broad implementation of 
such technology.

Principle 8: 
Design a Place for Many People with 
Different Roles
An e-learning system should support a vari-
ety of roles with different access rights. For 
example, in a collaborative learning scenario 
the participants could be moderators, tutors, or 
learners. The virtual space should be designed 
accordingly for differentiating these roles. For 
example, the virtual space could provide to 
the moderator administration and moderation 
tools, which are not available to a learner. By 
using these tools the moderator could be able 
to moderate the communication interaction, to 
expel members from the virtual space, to admit 
new members to the virtual space, and so forth. 
Also, the learners could easily recognise who is 
the moderator of the session. For example, in a 
three dimensional (3D) virtual space a special 
chair could imply that this is the moderator’s 
chair. Another proposal is to support the ex-
change of roles in the virtual space. This problem 
could be implemented by using customisable 
interfaces and virtual places according to the 
e-learning scenario, supported by a database, 
which handles the usersô proýles.

ImPlemeNTiNG THe 
PRiNCiPleS
This section describes the way that the design 
principles presented in the previous section 
could be implemented in 3D collaborative vir-
tual environments in order to support collabora-
tive e-learning communities. For demonstrating 
how the principles could be applied, the EVE 
Training Area tool is used (Bouras & Tsiatsos, 
2002; Bouras, Gisnnsks, & Tsiatsos, 2005). 

This tool is a three-dimensional space where 
participants, represented by 3D humanoid ava-
tars, can use a variety of e-collaboration tools. 
In some cases other tools are used in order to 
demonstrate different implementations and 
design approaches. 

As previously referred in this article, the 
current research on the design of collaborative e-
learning virtual environments results in various 
issues and aspects of such environments. Based 
on the work done in this article the designers 
could be facilitated by exploiting a list of design 
principles for virtual spaces that are focused on 
supporting collaborative e-learning. Although, 
this list of design principle is useful, another 
major problem is emerging: 

What is a best practice to transform the set 
of design principles into modeling concepts or 
speciýc and concrete functional features?

In EVEôs case, the ýrst step was to inves-
tigate the main functional features. During this 
investigation and the design analysis, the list of 
design principles have been taken into account. 
The next step was the creation of a prototype, 
which has been evaluated by users as described 
in Bouras and Tsiatsos (2006).

Therefore, the transformation process of the 
principles was based on prototyping-evaluation 
process. It should be noted that it is difýcult (and 
maybe restrictive for the educational design-
ers) to follow a set of rules for transforming 
the design principles to functional features. 
The main problem here is the huge set of pa-
rameters that should be taken into account, for 
example: collaborative e-learning techniques 
that will be used, user requirements, users’ 
proýle and so forth. A possible solution to that 
problem is the usage of these principles as a 
guide during a “Design Rationale” process of 
software engineering. According to Jarczyk, 
Lofþer, and Shipman (1992), design rationale 
in its simplest, is the explicit listing of decisions 
made during a design process and the reasons 
why those decisions were made. This deýnition 
hides many of the issues that cause the design 
of systems to support the capture and use of 
design rationale to be difýcult. So the design 


