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Preface from the editors 

 

 

What you are holding in your hands is the proceedings of the 1st European 

Immersive Education Summit. It was hold at the Universidad Carlos III de 

Madrid in Leganés (Madrid, Spain) on 28 and 29 November 2011. This is the 

first Summit organized by the European Chapter of the Immersive Education 

Initiative and follows the tradition of many other Summits mainly organized 

in Boston, MA, USA, but once also in Europe, in London in 2009. These 

summits bring together academia and industry to provide the latest 

innovations around 3D virtual worlds for education. 

 

To put together this programme an international Programme Committee was 

created with many experts from all around the world. Following the Call for 

Papers 36 submissions were received, which were reviewed by three 

reviewers on quality and appropriateness. The 16 best papers were accepted 

either as full or as short papers for presentation at the summit and inclusion in 

the proceedings. For handling the organization of submitted papers, the handy 

Easychair system was used. Apart from the paper presentations, the 

programme also includes poster presentations and practical demos showing 

tools in action. Four keynotes represented a highlight in the program covering 

issues from the psychology of immersive environments to new pedagogies 

and technologies enabled by virtual worlds. Two in-world sessions were a 

living example of the use of 3D virtual worlds for education. Both were 

organized from Boston using Open Wonderland as supporting platform. One 

was a panel session where several members of this platform presented their 

projects and the other one was a hands-on workshop on how to build an Open 

Wonderland world. Finally, a panel session with representatives from 

academia and industry in Spain was devoted to reflect about the future of 3D 

worlds in education. This panel session was held in Spanish and organized by 

the eMadrid network and the TELSpain initiative. All these activities 

comprise altogether a varied and thought-provoking programme. 

 

As editors of these proceedings and main organizers of the Summit, we would 

like to thank the international Programme Committee members for doing an 

excellent job reviewing the papers, the local Organizing Committee for 

handling all the organizational issues that make a difference in the end, the 

Universidad Carlos III de Madrid for providing the basic infrastructure, the 

eMadrid excellence network and the TELSpain association for their support, 

and last but by no means least the Immersive Education Initiative and in 

particular its European Chapter for providing the support and encouragement 

to organize this event. 

 

 

Leganés (Madrid, Spain), November 2011 

 

Carlos Delgado Kloos 

Jose Jesus García Rueda 

María Blanca Ibáñez Espiga 

(Editors) 
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Preface from Aaron E. Walsh 

 

 

The 1st European Immersive Education Summit, organized by the European 

Chapter of Immersive Education ("iED Europe") and graciously hosted by 

Universidad Carlos III, marks a major milestone in the growth and evolution 

of Immersive Education. In the six year history of Summits the 2011 

European Summit was the first to be organized and run entirely by an official 

Chapter of the Immersive Education Initiative, and will also be the first iED 

Summit to have proceedings published in the inaugural issue of the Journal of 

Immersive Education (JiED) -- the first and only publication of record for the 

Immersive Education Initiative.  

 

The Immersive Education Initiative was formed in 2005 as a non-profit 

international collaboration of universities, colleges, research institutes, 

museums, consortia and companies chartered to define and develop freely 

available open standards, best practices, platforms, and communities of 

support for virtual worlds, virtual reality, augmented reality, simulations and 

game-based learning and training systems. By 2010, with thousands of 

members worldwide (who together represent millions of students and 

learners) and growing, it was clear that such rapid and continued growth 

would be best supported if fostered through local and regional Chapters.  

 

In early 2011 the very first iED Chapters began to take shape, with Dr. 

Michael Gardner (University of Essex, England) leading the effort to form the 

European Chapter. The European Chapter was subsequently launched on 

opening day of the 2011 Boston Summit, making iED Europe one of only 

three official iED Chapters in the world and the first one outside of the United 

States.  

 

Immediately after being formed the European Chapter Board of Governors 

focused their attention on establishing an annual conference in Europe, and 

shortly thereafter issued a call for the 1st European Immersive Education 

Summit. Board member Dr. Carlos Delgado Kloos kindly arranged for his 

university to host the conference, and also handled the considerable logistics 

that ultimately enabled our community to convene from November 28-29 at 

Universidad Carlos III for the Summit.  

 

A robust international response to the relatively short call period, and the 

breadth and depth of the papers that comprise the Summit proceedings, is 

testimony to the combined efforts of the European Chapter's Board of 

Governors and the European Summit organizing committee.  

 

It is my personal and professional pleasure to congratulate the European 

Chapter of Immersive Education on the success of their first annual Summit, 

from which the proceedings are now available. Comprised of peer-reviewed 

papers and presentations written by leading experts from 12 countries, the 1st 

European Summit proceedings enrich our global community of researchers 

and practitioners by providing us with a deeper understanding of what's 
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possible today as well as a glimpse into the future of immersive learning and 

teaching technologies, pedagogical theories and techniques, relevant 

standards and best practices. 

 

 

 

 

Aaron E. Walsh 

(Chair of the Board of Governors of 

 the Immersive Education Innitiative) 
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Preface from Michael Gardner 

 

 

It is with pleasure that I have this opportunity to introduce you to the 

Proceedings of the 1st Immersive Education Summit, which was held at 

Universidad Carlos III in Madrid on 28th and 29th November 2011. These 

proceedings contain both the short and long papers that were presented at 

the summit. Many people have been involved in the preparation of these 

proceedings which started with the launch of the European chapter of the 

Immersive Education Initiative at the Boston summit in May 2011. From 

the start, we felt it was vitally important that the new European Chapter 

acted as a hub for the wide-ranging and diverse European community. The 

European Summit was the ideal way of engaging with this community. It 

was seen as not only a good way of positioning the European Chapter as the 

premier forum for the discussion of innovation and research in the field of 

Immersive Education, but also a good way of establishing our own identity. 

There was not a lot of time between the launch of the European Chapter and 

the plan to run this first summit. I particularly would like to give my thanks 

to the hard work of the summit organising committee which has led to such 

a successful first event. The proceedings contain an array of high-quality 

reviewed papers from leading members of the Immersive Education 

community (12 countries), everything from underlying pedagogical theories 

through to the latest developments in virtual world technologies. We hope 

that the papers contained in these Proceedings will prove helpful toward 

developing the field of Immersive Education, and be of benefit to 

practitioners, researchers and developers alike. 

 

 

Michael Gardner 

(Chair of the Board of Governors of the European 

 Chapter of the Immersive Education Innitiative) 
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The Psychology of Immersive 

Environments 

 
Richard Gilbert 

Loyola Marymount University 

United States 

Richard.Gilbert@lmu.edu 

 

 
Abstract. In this keynote the mission of the Immersive Education Initiative's 
Psychology of Immersive Environments Technology Working Group (PIE.TWG) 

will be discussed as well as the results of group's recent call for "psychologically 

beneficial immersive environments." Examples include virtual hallucination 
simulators, virtual psychological counseling systems, phobia treatment applications, 

and a range of other psychologically beneficial immersive environments. The 

results of this call and related PIE.TWG activities will establish a searchable 
repository of psychologically beneficial virtual worlds, simulations, video games, 

mixed/augmented reality applications in addition to leading papers, case studies, 

and research in the field. 
 

Keywords. Psychology of Immersive Environments, virtual hallucination 

simulators, virtual psychological counseling systems, phobia treatment applications. 
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A new generation of Virtual Worlds 

pedagogy and technology – RealXtend 

Tundra 

 
 

Pasi Mattila 

Center for Internet Excellence 

Finland 

pasi.mattila@cie.fi 

 

 
 

 

 

Abstract. The traditional notion of a learning environment has expanded from 

physical future learning environments to cover virtual spaces, which have become 

more common during the last years. Today, these extremely popular virtual 
learning environments have turned into virtual schools and towards 3D learning 

spaces accessible to all students. The 3D learning environment provides a richer 

learning experience when compared to the real life learning situation.  
 

These considerations have inspired to the development work to produce a 3D 

virtual learning environment with the aim of providing a space for learning 
activities. World has changed, learning has changed and the learner has changed 

accordingly. Work culture has undergone a rapid transformation. The aim in this 

presentation is to draw a framework through stories about this change process 
facing the real world, local school and community of learners.  

 

3D virtual worlds have been studied for a number of years as an e-learning 
environment, primarily by higher education. More studies from usability and user 

experience point of views need to be carried out in order to improve the interaction 
with 3D spaces and learning objects. Researchers and developers of virtual worlds 

must put their forces together in order to explore the requirements for extendable 

virtual worlds.  
 

RealXtend is a great example of a non-profit open source virtual world platform, 

the goal of which is to advance the immersive web by creating and participating in 
the creation of technologies that enable rich interaction in virtual environments. The 

results of the project are licensed so that everyone can use and develop them further. 

The licensing is designed to maximize the usefulness and development potential of 
the system, specifically ensuring that it becomes a viable platform for business 

applications. In the presentation the ecosystem of virtual worlds will be highlighted 

and presented through examples.  
 

When the virtual learning environment acts as an extension of the school and 

provides open interfaces to teaching activities, where the environment itself can be 

dynamically configured. Virtual school can be a great place for group and 

collaborative learning where students can interact easily with other people from 

different contexts, ages and cultures. The result of the development work will be 
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the learning environment, in where individuals and teams in different contexts, 
learning environments, exploiting new technologies, can develop their excellence at 

the best possible way. 

 
Keywords. 3D virtual worlds, 3D learning spaces, RealXtend. 
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Implementing Mixed Immersive Reality 

Teaching and Learning in Environments: 

Lessons Learned 

 
Warren Sheaffer 

Saint Paul College 

United States 

wwsheaffer@gmail.com 

 

 
Abstract. Mixed Immersive Reality Teaching and Learning Environments 

[MiRTLE] facilities appear to have several practical advantages that can accelerate 

the rate of adoption of immersive synchronous platforms in higher education. 

  

This technology which was developed by Dr. Michael Gardner and others [1] at the 

University of Essex in collaboration with Sun Microsystems has been adopted and 
implemented at various educational and business locations around the globe.  

 

The largest such facility is located at Saint Paul College in the United States. This 
presentation will review the design, implementation and integration of the MiRTLE 

platform into coursework conducted at the college.  

 
The cost, benefits, directions for applied research and the occasionally comic class 

room implications of conducting college level courses on the platform will be 

discussed. An assessment of the efficacy of the platform in applied settings will be 
presented.  

 

A comparative study of relative merit to higher education of virtual world platforms 
that is currently underway at the college will be discussed.  

 

[1] Bernard Horan, Michael Gardner, John Scott, “MiRTLE: A Mixed Reality  
Teaching & Learning Environment”, Sun Microsystems Laboratories, 2009 

 

Keywords. MiRTLE, virtual world platforms, higher education. 
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 Inside Immersive Education and the 

Immersive Education Initiative 

 
Aaron E. Walsh 

Boston College 

United States 

 

 
Abstract. The keynote will give attendees an insider's look at Immersive Education 

and the global Initiative that is responsible for defining and developing open 
standards, best practices, platforms, and communities of support for a wide range of 

virtual worlds, learning games, simulations and virtual reality applications designed 

specifically for teaching and training.  
 

At the conclusion of the keynote it will announced that the Initiative's new Journal 

of Immersive Education (JiED) and the newly formed Full, Augmented and Mixed 
Reality Technology Group (FAM.TWG) both officially launch at the 1st European 

Immersive Education Summit (iED Summit). 
 
Keywords. Immersive Education Initiative, virtual worlds, learning games, 

simulations, virtual reality applications. 
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The Development of  a User-Friendly 
Authoring Tool (OPAL)  used by Teachers 

and Students in Schools to Create User-
Generated Contexts for Learning in a 

Virtual World Setting 

Kevin BURDENa, David BURDENb, Christopher BONFIELD 
c 

        a
 The University of Hull 

b
 Daden Ltd 

c
 The University of Hull and Academy 360, Sunderland 

Abstract. This paper outlines the development and initial use of a 
user-friendly authoring tool (OPAL) developed in partnership 
between Daden Ltd, Academy 360, Sunderland, and the 
University of Hull, to enable teachers and students to develop 
their own props and actors (’e-Drama’) to populate bespoke 
scenarios which are then ported into a suitable virtual world 
environment. It will describe the processes involved in authoring 
the scenarios. 

Keywords. OPAL, virtual world, teachers, schools, pedagogy, KTP 

Introduction 

This paper will outline and illustrate an approach that addresses the following themes 
of the conference: ‘Virtual and Mixed-Reality for Education’ and ‘Pedagogy for the 
Internet Age’. It explores the work of a partnership formed between a school (Academy 
360 in Sunderland, UK), a commercial software company (Daden Ltd, Birmingham) 
and staff working in the University of Hull working through the mechanism of a 
Knowledge Transfer Partnership project (KTP) with the Academy,  focused on the 
development of virtual world scenarios for learning.  

The paper explores the rationale for, and development of, a user-friendly 
authoring tool (OPAL) developed in partnership between Daden Ltd and Academy 
360. This enables users (in this instance teachers and students)  to develop their own 
scenarios in a form of e-Drama in a 2-D world which can then be easily ported into a 
suitable virtual world environment [1]. Based on the work and experience previously 
undertaken with the PIVOTE tool (http://www.daden.co.uk/pivote.html) Daden have 
developed an authoring platform called OPAL which enables users, with limited 
technical ability or skill, to generate their own scenarios from a selection of templates 
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which can then be populated with 3-D assets such as avatars, BOTS and other objects. 
This entire process is undertaken off-line and outside of the virtual world environment 
enabling users to work with relatively limited bandwidth, and due to its ‘drag and drop’ 
interface, relatively few technical skills, therefore being ideal for the situation which 
many schools and teachers face in respect to accessing virtual environments on site. All 
of the logic and scripting which are usually located in world are abstracted in XML 
format making the process more user-friendly and substantially more flexible. The 
solution enables users to rapidly change and relocate their scenarios in different virtual 
worlds,  presenting teachers and students with  varied pedagogical opportunities. 
 

The paper will outline the technical problems and solutions associated with 
this development, and will concentrate on the extent to which this tool can support the 
creation of user-generated contexts for learning in virtual worlds. Using a socio-
cultural theoretical perspective it will explore the extent to which the authoring tool and 
the resultant scenarios can scaffold user learning [2] enabling learners to move from 
one zone of development to the next without the direct intervention of a traditional 
mediation (i.e. a teacher). 

Learning Affordances and Challenges in 3D Virtual Worlds 

The learning affordances of 3D virtual environments are well documented, 
with particular emphasis being placed on ‘representational fidelity’, ‘participant 
interactivity’, enhanced opportunities for experiential and collaborative learning, and 
increases in motivation and learner engagement  [3]. 	
  
Specifically research has demonstrated that ‘Virtual worlds…present an ideal platform 
for the engagement of learners in constructivist-focused educational practice’ [4]. 
Further, ‘virtual worlds can provide excellent settings for problem based learning 
(PBL) as they offer tools for the creation of simulated problems for a number of 
different disciplines’ [4]. 

 
An example  problem solving scenarios in virtual worlds for learning is a  

project Daden have recently delivered in training for New York City’s Office of 
Emergency Management in running a hurricane shelter  -  a prescient development 
given the onset of Hurricane Irene twelve months later![5]. The training was rolled out 
at the start of 2011 with a total of 14 participants taking part. Responses in the 
subsequent programme evaluation were overwhelmingly positive as illustrated in the 
responses below: 

● Did the program make you more confident in participating in the coastal storm 
plan sheltering system? - 86% answered positively. 

● Did the program include training activities that were effective? - 86% 
answered positively. 

● Did the program provide training in Hurricane Shelter activities that were 
closer to real world activities than classroom based courses? - 100% answered 
positively.  
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● Did the program engage you as a learner? 100% answered positively.  
 
The ratings for the last two items are significantly higher than those for comparable 
online course formats which are typically delivered through a 1.5 hour Flash based 
tutorial.  Indeed, when informally polled at the end of the course whether they would 
take the course again if given the chance, an overwhelming majority agreed they 
would. 
 

However despite evidence of this nature in the vocational sector, and support 
for this kind of learning in aspects of Higher Education, the compulsory school sector 
in the UK has remained resistant to these trends and there are limited examples of 
schools using virtual worlds for mainstream teaching and learning. Indeed, there is 
limited empirical data to suggest schools and teachers are ready for such approaches 
considering the  problems associated with implementation, maintenance and security 
and e-safety. 
  

Some of the challenges relate to e-safety and the perceived dangers of using 
3D environments, such as Second Life (SL), with adolescents, but there remain 
comparable technical and pedagogical challenges  which have also limited the effective 
use of virtual worlds in compulsory school settings. These include: 

1. The relative complexity associated with the creation of educational 
simulations in virtual worlds. 

2. The difficulty of locating and relocating particular scripts in world and the 
problems associated with the maintenance of such environments. 

3. The problems associated with the transfer of entire scenes and scenarios from 
one virtual platform to another. 

4. The requirement for users to have constant access to high quality broadband 
connectivity for the creation and experience of virtual environments. 

5. The difficulties and uncertainties faced by teachers in transferring or 
modifying their existing pedagogical patterns for use in a 3D environment. 

  
These challenges have deterred many teachers in schools from implementing 

or experimenting with virtual world for the purposes of training and simulations, 
despite an emerging and persuasive body of research - largely from other sectors or 
phases - to indicate their educational value [6]. All but a handful of determined, 
resourceful and skilful practitioners have previously ventured into the creation of their 
own pedagogical scenarios within worlds such as SL and therefore it is unlikely many 
students have experienced the collaborative process of constructing their own world 
contexts, which this project and paper documents.  

OPAL and PIVOTE Development 

OPAL has developed from Daden’s work in creating virtual world learning exercises 
over the last five years, and in particular from the PIVOTE product that was created as 
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part of the JISC Problem Based learning in Virtual Worlds (PREVIEW) project. Before 
PIVOTE, the standard way of creating learning exercises in the SL virtual world was to 
embed scripts written in Linden Scripting Language in the in-world objects. Text was 
either embedded in the scripts, or placed in “notecards” which were also embedded in 
the objects. This approach required a relatively high technical skill level, made 
maintenance problematic since to change a piece of text or behaviour involved locating 
the relevant object in-world in order to make the change. This had the effect of making 
exercises and scenarios bespoke and unique to particular 3D platforms.  
 

In developing a paramedic training system for St George's Hospital, London 
[7], Daden were introduced to Medbiquitous Virtual Patient (MVP) [7], an XML 
(Extensible Mark-up Language) standard created to enable medical schools across the 
globe to share “virtual patients” - simple training exercises for medical professionals 
based around a medical case and usually following a “branching” or “string-of-pearls” 
structure. It was realised that the MVP standard could also be used to define a virtual 
world training exercise, allowing the exercise to be defined and maintained in MVP 
XML through a readily accessible and manageable web interface, but with the user 
experiencing the exercise within the virtual world by interacting with in-world objects 
and people. With this approach the scripts in world could be kept far more generic – 
and effectively just passed as an object ID and a user action (e.g. chest – touched) back 
to the MVP “player” to work out the relevant response and pass that information back 
in-world. In this way all structure, logic and non-3D content of the exercise was kept in 
a manageable form on the web as MVP XML, and the bespoke in-world content was 
kept to a minimum. Added advantages of this approach was that every student action 
was automatically detected and could be easily time stamped logged, and the exercise 
could potentially be played from an environment other than the virtual world – such as 
the web. 
 

The new MVP based system was called PIVOTE [8]. The MVP player, which 
manages the student interaction during an exercise, is written as a web-service. This 
allows any client environment to be potentially used as a PIVOTE front-end, from 
HTML (Hyper Text Mark-up Language) and Flash to mobiles. The value of PIVOTE 
as an authoring tool are numerous and include: 
• Maintenance and scalability: the exercises are created online rather than in-world, 

making it easy to maintain and alter content without any SL or scripting expertise 
needed. 

• Platform neutrality: all the structure and non-3D content of the exercise is stored 
on the web making it independent of platform meaning it can be easily ported to 
other platforms and technologies (e.g. mobiles) if required.  

• Accessibility: PIVOTE provides a platform where if learners do not have access to 
a SL capable PC they can still participant in the scenarios via a simple web 
interface. 

• Reporting: PIVOTE records all interactions that take place in world between 
objects and learner for analysis online at a later date.  
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However PIVOTE has two major deficiencies which OPAL has been designed to 
overcome. Firstly, the PIVOTE editor was based around the structure of the MVP 
standard, rather than around user/editor tasks. This meant the user had to understand 
the concept of MVP, a relatively complex tasks with some of use XML tags. With 
OPAL we have moved to a more “e-Drama” like model, where the editor talks in terms 
of  “props” and “actors”, to each of which, the user can add behaviours and actions.   
    

Secondly, whilst PIVOTE abstracted the non-3D elements of the learning (the 
text/media content and logic) into a neutral form (the XML MVP standard), it still 
relied on virtual world skills to layout the 3D space, and to replicate it when multiple 
sessions were required. With OPAL we are managing the whole 3D environment as 
well as the learning. This is being achieved through a “kitchen designer” approach. The 
editor, which is still web based, presents the author with a 2D drag and drop design 
environment. The author can choose the “props” and “actors” from an environment 
specific inventory (e.g. classroom, beach, moon-base), and drag and drop them onto the 
2D layout area. Once in position the author can click on the object to set its behaviour. 
The inventory objects (and their 2D icons used in the drag and drop) are mapped to 
pre-built 3D objects within an interface unit in the virtual world, so when the author 
presses Build the whole scene will rez in the virtual world [9]. 

3D Virtual Scenarios in a School Context 

OPAL and the virtual scenarios it generates are well matched to socio-constructivist 
principles of teaching and learning, which underpin the pedagogical principles 
followed by Academy360. In particular pedagogical approaches such as problem based 
learning (PBL) and inquiry learning lend themselves to the use of OPAL for generating 
and populating scenarios which are student centred and driven.  In this contexts 
Academy 360 has identified the International Middle Years Curriculum (IMYC) as the 
ideal starting point to implement the tool. All IMYC units provide a central theme and 
a ‘Big Idea’. Themes include  Balance, Creativity, Discovery and Risk.  All of the units 
have the following elements in common: an entry point (a one-day event, happening or 
activity which sets an exciting context for the students); knowledge harvest (students 
are asked about their own knowledge); learning activities; reflective journaling; and an 
exit point (a one-week long deep-learning exercise for students to think and reflect 
individually and collaboratively while producing one of six different media 
presentations).  
 
 Currently under development are two scenarios, one for use by 11-12 year 
olds, and the other for teachers for their own professional development. The scenario 
aimed at students is designed to complement the theme of Discovery, the Big Idea of 
which is ‘Finding out how new things is a human driver and affects things for better 
and worse.’ In future, it is envisaged that users – both teachers and students – will 
develop ‘user generated contexts’[10] with the tools sets that are being developed, and 
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that this will weave together opportunities for deep learning, intrinsic motivation, 
situated problem solving.  

Conclusions 

 
The development of a tool like OPAL presents opportunities and challenges which may 
enable mainstream schools and teachers to enjoy the benefits and affordances of 3D 
environments  demonstrated in other contexts, such as higher education and vocational 
learning.  It will enable teachers with limited technical ability and confidence to create 
their own unique scenarios for use in 3D environments and will challenge their 
pedagogical thinking which may be rooted in a contemporary 2D contexts. More 
significantly, for the school at the heart of this case study, it offers the opportunity to 
enable student driven scenario creation in 3D worlds, a process which has previously 
remained unattainable. In the pilot phase of development teachers and students will 
work as co-constructors to explore and design their own scenarios using the OPAL 
interface.  The research team will investigate the impact of the tool in terms of usability 
but will primarily be concerned to identify how users (both teachers and students)  
construct their own contexts for learning (user-generated contexts) and what benefits 
are generated by working in these environments compared to traditional learning 
spaces.  Early indications suggest teachers will need to reconsider their existing 
pedagogical thinking and patterns in order to extract the maximum benefit from 
working in these new contexts. However students may be empowered by these contexts 
and their flexible designs to engage in learning at a deeper level than is currently the 
case.  
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Abstract. Today‟s software development projects are generally performed by 

development teams that are geographically distributed. This trend also introduces a 

number of complications when it comes to communication between stakeholders, 

coordination of work, and control of the project. This paper reports on a prototype 

of an environment in a 3D virtual world which supports distributed software teams 

working on tasks. In this environment, virtual team members share a common 

space, communicate through multiple communication channels and have better 

team awareness, which ultimately helps them to complete software projects. This 

paper elaborates on the complexities within distributed teams as well as the 

different technologies that were employed to connect geographically dispersed co-

workers. The requirements of the software development processes are 

implemented in the virtual world prototype to enable distributed teams to perform 

their work efficiently. The prototype is based on Sun‟s Project Wonderland. A 

study involving developers and users was conducted which shows that the 

environment in virtual worlds can support the software development and project 

management disciplines in distributed settings. Richer and numerous 

communication possibilities, different applications and the ability to work with 

colleagues in a shared space help distributed software teams to overcome the 

barriers of physical separation.  

Keywords. Global Software Development, Distributed Team, 3D Virtual World 

Environment, Virtual Teams 

Introduction  

The globalization phenomenon has had a huge impact on all businesses and industries. 

The dependence on software in most organizations and the globalization aspects 

associated with it has led to the transformation of the way in which software is 

developed today. Today‟s software is increasingly being developed by teams whose 

members are distributed geographically. This distributed development carries many 

potential opportunities such as cost reduction, shorter turnaround time to market, 

bringing together a variety of expertise, and promised economic benefits. The shortage 

of local skilled workforce also forces many organizations into this business model [18]. 

The distance between team members imposes many challenges and complexities in the 

software development process and thus toughens the achievement of these 

opportunities. The most challenging issues include inadequate communication, 

disjointed processes and uncoordinated project management [15]. In order to counter 
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the complexities that emerge from geographical distance issues and to improve the 

work conditions for members of distributed teams, a number of communication 

technologies like e-mail, audio conferences, videoconferences and others, have been 

developed in the past years. However, due to very limited capabilities of these 

technologies when it comes to conveying non-verbal and emotional cues, they had very 

little success [25]. The emergence of virtual world technology in recent years has 

provided some interest in the adoption of virtual world over traditional communication 

technologies. Moreover, many companies have recognized this potential and have 

started to exploit them for various reasons that range from marketing to providing their 

workers with a common virtual workspace. The use of virtual world technology raises 

a question of whether the virtual world technology could be used effectively in 

geographical dispersed teams for software development activities. 

To examine this, there is a need to create a collaborative environment to 

experiment the use of the virtual world technology. In view of this, a 3D virtual 

collaborative environment was created for the purpose of this study. The aim of this 

paper is to report on the prototype that supports development team members who are 

dispersedly located. The goals of the environment are to provide better communication 

channels, increase team awareness, enhance team meetings, support project 

management, and provide functionality needed to complete software development 

activities. Parts of the paper, in particular the development and experimentation section, 

are based on a research project which is described more in detailed in [31]. 

1. Globally Software Development 

1.1. Background and Motivation 

Globalization has increased the connectivity and integration in the political, cultural, 

social, economic, and technological systems between nations, corporations, and 

individuals. It has also led to emergence of worldwide production or consumer markets, 

emergence of worldwide financial markets, spread of political sphere of interests, 

increase in information flows, and new ways of developing information systems [11], 

[9]. A wide range of industries has also recognized the vast potential that globalization 

produced. Similarly, the software industry has also begun using economic advantages 

of globalization as well as the advances in Information Communications Technology 

(ICT) to support software development. As a result we now have a global dispersion of 

activities known as Globally Distributed Software Development or Global Software 

Development (GSD). GSD is software development that uses teams of developers from 

multiple geographical locations. In addition, today‟s software development is 

increasingly taking place in a multi-site, multi-cultural, and globally distributed 

environment. Sundeep as cited in Mohagheghi [23] defines GSD as „software work 

undertaken at geographically separated locations across national boundaries in a 

coordinated fashion involving synchronous and asynchronous interaction‟.  

In contrast to traditional software development where the teams are co-located, 

distributed project development requires a higher level of organization and 

coordination [17, 21], in particular concerning (1) communication for information 

exchange, (2) participation of groups in activities and (3) control of groups and artifacts 

such as quality, visibility and management of the development activities. Although 

global software development introduces new complexities with regards to 
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communication, participation, coordination, and control of projects, there are many 

technological, organizational, and economic factors that motivate companies toward 

this trend. The most cited motivators for GSD include Cho [6], Herbsleb & Moitra [16], 

and Carmel [2]; and some of the motivating factors include benefits in development 

costs, pool of skilled workforce, economic benefits facilitated by time zone and 

customizing to local market needs. 

1.2. Social Aspects of Software Development 

Software development is a technical and a social discipline, and the work is always 

performed in teams. Whether an organization is implementing traditional, distributed or 

virtual GSD projects, the crucial building block of the project are the developer teams. 

Cohen and Bailey [8] define a team as „a collection of individuals who are 

interdependent in their tasks, who share responsibility for outcomes, who see 

themselves and who are seen by others as an intact social entity embedded in one or 

more larger social systems (for example, business unit or the corporation), and who 

manage their relationship across organizational boundaries‟.  

In the traditional, co-located software development, the work is performed by 

teams within a face-to-face context. Similarly, virtual software teams are the work units 

of distributed or virtual GSD. Lipnack and Stamps [18] argue that virtual teams have 

the same goals and responsibilities as traditional teams. However, the virtual teams 

operate across time, geographical locations and organizational boundaries that are 

linked by communication technologies. O‟Brien as cited in Casey & Richardson [3] 

formally describes a virtual team as „a team whose members use the internet, intranets, 

extranets and other networks to communicate, coordinate and collaborate with each 

other on tasks and projects even though they may work in different geographical 

locations and for different organizations‟. Wong and Burton [30] characterizes and 

describes virtual team as follows: 

 Virtual Team Context is characterized by low team history, often with no 

history of working together, and the team members are usually distributed. 

The work activities are usually of novel or non-routine tasks completed within 

tight deadlines. 

 Virtual Team Composition is characterized by the heterogeneity in their 

cultural and organizational backgrounds. Lipnack and Stamps [18] found that 

due to the unique cultural and organizational backgrounds of team members, 

the mix of skills, knowledge and talents, maximizes the potential of the team 

to take advantage of market opportunities. 

 Virtual Team Structure tends to be connected by lateral communication ties 

because of the physical distance between the members and the nature of the 

work they perform. The team members have an efficient flow of information, 

however, the ties between members tend to be weak because of the lack of 

face-to face interactions which are often required involving cross cultural and 

organizational boundaries. 
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1.3. Distance as Key Complexity Factor 

The physical distance that is imposed on team members working in a distributed 

environment is found to have the greatest influence on the collaboration issues in 

software teams. The distance also has negative influence on other factors such as 

coordination, visibility, communication, and cooperation [4]. It has been known that 

physical proximity of co-workers has a great influence on collaboration. Kraut et al. in 

Brander and Mark [1] found that collaboration is more effective if people in the 

building are located closer to each other. Allen as cited in Herbsleb et al [15] claims 

that the frequency of communication among team members decreased with distance. 

Furthermore, he stated that in cases where the developers‟ offices were about 30 meters 

or more apart, the frequency of communication dropped to almost the same low level 

as in cases where the offices are separated further apart.  

1.4. Issues within Virtual Software Teams 

The distance between the members in a virtual team, the lack of face-to-face contact, 

the cultural and organizational diversity complicate the work of virtual teams.  

Powell, Piccoli, and Ives [25] summarize the results of current research on virtual 

teams and present the issues that the virtual teams face around the life cycle model. The 

virtual life cycle model includes four general categories of variables: inputs, socio-

emotional processes, task processes, and outputs [25].  

Inputs represent the design and composition characteristics of the virtual team and 

the benefits of resources, skills, and abilities with which the team begins its work. 

Relationship building, cohesion, and trust are the most important socio-emotional 

processes within virtual teams. Their existence has positive effects on team 

performance. However, they are very hard to realize when the team members are 

separated by physical distance. In order for a team to be cohesive and trust to take 

place, the team has to build relationship with each other. Team interaction that fosters 

inclusivity or a sense of belonging is important for the success of a team. Research has 

found that there is a positive link between socio-emotional processes and outcomes of 

the virtual team project. It has also shown that virtual teams are confronted with unique 

challenges when it comes to meeting socio-emotional needs of virtual team members 

[19, 20, 27]. Task processes are defined as „the processes that occur as team members 

work together to accomplish a task or goal‟ [25]. In the task processes category there 

are major issues regarding communication, coordination, and task technology-structure 

fit. The outputs of virtual teams include the performance of virtual teams as well as the 

members‟ satisfaction with the virtual team experience. 

Wainfan and Davis [29] listed three principal modes of virtual collaboration: 

audio-conferencing, videoconferencing, and computer-mediated communication. The 

problem with such mediated communication is that it limits nonverbal, para-verbal, and 

status cues. It also reduces the „richness‟ of the information communicated. Krauss and 

Bricker as cited in Wainfan & Davis [29] also found that the discussion in mediated 

communication tends to be less social and more task-oriented than in face-to-face 

communication. Ultimately, all above mentioned communication media have 

limitations. Immersive collaborative environments such as 3D virtual world can 

mitigate or even overcome the above issues on collaborative environment [13]. 
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2. VIRTUAL SOFTWARE TEAMS AND 3D VIRTUAL WORLDS 

Various companies have recognized the potential of virtual worlds. These companies 

expect that the visual, aural, and spatial dimensions of virtual worlds will enrich 

electronic interaction between virtual collaborators. These included chat, avatar 

customization and others. Although 3D virtual worlds have their roots in games, 

today‟s virtual worlds have taken a different course and focus on subjects like distance 

teaching and learning, virtual collaboration, and social networking [7, 11, 12, 13, 28].  

According to Owens et al [24], a virtual world is „an instantiation of a metaverse - 

a fully immersive 3D virtual space in which people interact with one another through 

avatars and software agents.‟ Castronova [5] also lists the most important 

characteristics of a virtual world with the defining features of interactivity, physicality 

and persistence. In this presence, teams are able to interact simultaneously and work 

together virtually in a physical sense. Once the environment is established, all parties 

are able to interact and meet at a virtual location. The virtual world representation 

should resemble the real world [26]. The environment also supports multiple users and 

incorporates social networking capabilities [9].  

The advantages of virtual worlds for communication and collaboration when 

compared with other communication options have been recognized by a large number 

of organizations [14, 22]. Moreover, the application of virtual worlds in context of 

collaborative learning activities and knowledge transfer was also reported in Gütl, 

Chang, Kopeinik, & Williams [12].  

According to Owens et al. [24], 3D life-like conversation and an immersive 

environment for interaction, purposeful nonverbal communication (even the ability to 

touch), the ability to control avatar appearance, and avatar behavior, virtual worlds can 

help to reduce the effects imposed by geographic distance and cultural differences. 

Virtual teams can also take advantage of the concurrent use of multiple communication 

channels and where team members can socialize and engage in non-formal 

communication. Virtual world environment also allows the opportunities for immediate 

feedback during team communication, development of trust through multiple channels 

of communication, elimination of geographic boundaries, and the ability to see one 

another‟s artifacts as team members work on them [24]. 

3.  RESEARCH METHODS AND DISCUSSION 

The context thus far has elaborated on the complexities with developer teams to 

connect and work with co-workers in geographically dispersed locations. Increasingly, 

organizations are implementing virtual team strategies and relying on ICT to link 

geographically dispersed team members. Just as team members in co-located 

environments collaborate to accomplish their tasks and objectives, virtual team 

members must also collaborate virtually to deliver the end product. The software 

industry has identified the need for virtual collaboration and there exist technologies 

and tools to address this challenge.  

The use of virtual world technology raises a question on whether the technology 

supports teams operating in geographical dispersed locations. To explore this further, 

the first requirement was to build a prototype of a virtual world collaboration 

environment to support virtual team collaboration. The virtual environment must allow 

the developer teams to meet, interact, communicate and collaborate on projects; and for 
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developers and users to work closely together. The prototype environment is created 

using a room metaphor technique and will include rich communication channels, tools 

and applications. Accordingly, the virtual collaborative environment serves two 

purposes. Firstly, an environment which was created for a team of developers to work 

in a virtual setting to perform software development activities. Secondly, for 

developers and users to work collaboratively in a virtual environment.  

In view of this, the overall goal of the study is to address the following research 

question, “Does the virtual collaboration environment prototype support software 

development activities that virtual teams participate in?” 

The functionality of the virtual collaboration environment prototype will be 

presented through a usage scenario. In this study, the scenario involves four developer 

team members who are distributed geographically; the project manager also a 

developer is located in Graz, Austria, two developers working in Vienna Austria, and 

another software developer who works in Barcelona, Spain. To further test the virtual 

collaboration environment, five users were also invited to work with the developers to 

ascertain the usefulness of the virtual environment. 

3.1.  Prototype of the Virtual Collaborative Environment - High Level Requirements 

and Design Aspects 

The virtual GSD environment was developed in Sun‟s Project Wonderland which is 

implemented entirely in Java. (Project Wonderland is now an independent community-

supported open-source project named Open Wonderland - http://openwonderland.org/). 

It uses a number of open source application that provide the virtual environment with 

the required functionality. The environment is created from 3D graphical models and 

the rooms in the environment were created in Google SketchUp 

(http://sketchup.google.com/), while other graphical elements were either created in 

graphical editors or downloaded from Google 3D Warehouse 

(http://sketchup.google.com/3dwarehouse/). The virtual GSD environment must allow 

for the distributed development teams to meet, interact, communicate and collaborate 

effectively on a particular project. As shown in Figure 1, the prototype environment 

created using a room metaphor includes rich communication channels, tools and 

applications.  

The design of the virtual environment will incorporate distributed team issues of 

communication, team awareness, project management, and software process 

development activities. As such, the virtual environment includes areas that are divided 

into rooms. The areas are (1) Planning, (2) Software Development, and (3) Social.  The 

Planning area comprise of the Organization and Meeting Rooms. The Software 

Development area includes the Analysis, Design, Implementation and Testing Rooms 

that will contribute towards the functional activities within the software development 

project. The final area which is also an important room is the Social Room where team 

socializes and may possibly work on activities within the project in an informal setting. 
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Figure 1. Layout of the virtual collaborative prototype environment 

3.2. Developers’ Tools within the Virtual Collaboration Environment 

In terms of communication, the developers will use the multiple communication 

channels and engage in real-time immersive audio conversations, stereo audio and also 

text chat via the text chat functionality. The conversation can be private and/or public 

and these communication channels help team members to communicate, discuss urgent 

issues, and perform project related activities. In the event that a team member is not 

present in the virtual space, other team members can use asynchronous communication 

or leave a Sticky Note object for the team member (see Figure 2).  

When it comes to team awareness, the virtual team members can benefit from 

multiple capabilities. By observing the avatars of the other members, the developers 

can see what they are currently working on and where they are located. This is 

supported through telepresence and the use of transparent room walls. In addition, the 

organization room fosters team awareness. If, for example, a team member was not 

present in the environment, other team members can check the shared calendar to find 

out where he or she is as well as when he or she will be back in the virtual world (see 

Figure 3). As seen in the figure, the Organization Room also displays images 

containing the team structure, expertise and responsibilities of the software developers. 
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Figure 2: Environment supports variety of verbal and non-verbal communication channels. 
 

 
 

Figure 3: A shared calendar, team structure, and expertise and responsibilities in the Organization Room 

 

 
 

Figure 4: Gantt chart and contact information in the Organization Room 
 

 
 

Figure 5: Shared application such as Poseidon‟s UML in the environment 
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In terms of project management, the Organization Room (Figure 4) provides the 

virtual software team with a project management tool. The project manager can use this 

application to run and control the execution of the project. Team meetings, 

presentations, and client meetings (provided that the clients have avatars 

representation) can be held in the Meeting Room. 

With respect to software development activities, one of the important 

functionalities in this prototype is the availability of shared applications (see Figure 5). 

The software development activities are supported by the shared applications found in 

the Analysis, Design, Implementation, and Testing rooms. The software developers in 

the virtual environment can use the applications to perform the tasks required in the 

project. By using the applications, every created document or file is stored on the 

server and can be accessed from Wonderland when needed. Another advantage for the 

collaboration is that all team members can use the shared applications and conduct 

work simultaneously. 

It is also very important that the developers are able to navigate easily through the 

environment. Apart from signs available at each entrance to a specific room, an 

additional functionality in Wonderland that helps teams when it comes to navigation is 

the use of Placemarks. This enables users to immediately teleport themselves to other 

locations, such as participating in a discussion in the meeting room. 

3.3. Users’ Perspective of the Virtual Collaboration Environment s 

In order to test the prototype with users, five participants were sourced to ensure the 

impression, including the functionality and usability of the environment. Of the 5 

participants, one was female and four were male. The functionality of the environment 

was presented to the user participants and they were asked to use and explore the 

environment. Two surveys were conducted, pre- and post-surveys. The pre-survey 

assesses the participants‟ background using computer tools for communication, 

organization and coordination of work with their peers, usage of mobile devices, using 

3D multi-user environments, and their experience and knowledge about software 

development and project management in a distributed setting. 

The pre-survey analysis showed that participants frequently used different tools 

and applications to communicate, organize and coordinate work with their colleagues 

in virtual settings. Four out of five participants use Skype and MSN for communication 

with their colleagues. One participant used Second Life occasionally and the other 

participants rarely or never use 3D virtual environments. All participants are active 

users of mobile devices. All had some level of experience with software development 

but little or no experience with project management. 

In terms of the post survey, the participants were asked for their impressions about 

the virtual collaboration environment in general and in context of application in 

distributed software development and distributed project management. In addition, they 

were also asked about things they did and did not like, as well as suggestions for the 

improvement of the prototype in all contexts. 

When asked about their impression of the applicability of the virtual environment 

for distributed software development, the participants agreed that the environment 

provided a very good impression in that three participants liked the presence of 

different facilities for communications, whereas one liked the possibility of working 
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with other people synchronously, and one liked the separate rooms for the different 

software development activities. 

On the negative front, all participants commented on the slow performance of the 

system. One of the participants did not like the graphics and one did not like the 

inability to enlarge windows of shared applications. However, the participants favored 

the ability to „keep in touch‟ and assist each other. One participant commented the 

usefulness of being able to collaborate and work on the same document. This provided 

them with the view of being in control and kept up-to-date with all the development 

activities. 

The environment was also assessed in context of the application for distributed 

project management. Although most participants liked the same things in context of 

software development and project management, two liked the ability to track the 

progress of the project in real time and another liked the presence of the project 

management tool. All the participants agreed with the potential use of virtual 

collaboration environment to support software development activities.  

In view of the above developers and users‟ views, it can be concluded that the 

prototype supports the virtual world environment for virtual team collaboration. 

Moreover, the adoption and usage of the virtual collaboration environment will 

increase if the ease of use and navigation are stable along with a faster performance of 

the system. 

On a more general viewpoint, just as with any technology, the possibilities of 

virtual worlds also come with some challenges. Owens et al. [24] enumerate the 

following challenges of virtual world technology and these challenges were also 

echoed by the developer and user groups: 

 Client software and hardware – each team member has to download client 

software that requires sufficient memory and graphics. In addition, the virtual 

world audio capabilities are not robust. 

 Learning curve – to exploit its full capabilities it can take a considerable 

effort to learn to operate within the environment. 

 Balancing worlds – the project managers need to realize that a virtual world 

is not a substitution for the real world. Some cases could still require 

traditional face-to-face meetings. 

 Acceptance – the confidence in this technology must be present that the 

project manager and employees are going to use the technology. 

 Distractions – people‟s avatars could wander off and drift away. 

 Norms of behavior – some users could differ from usual norms of behavior 

(i.e. not convey their thoughts when using virtual world technology). 

 Uncertainty of behavior – there is no control over the behavior of other 

people‟s avatars. 

 Representation – working through a virtual persona might request 

adjustments from some users. 

 Security – virtual worlds are often public places with limited security 

features. 
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4. CONCLUSION AND FURTHER WORK 

The requirements for a prototype of the virtual collaboration environment for software 

development include the need for a richer communication between team members, 

better team awareness, support for meetings, project management, and the ability to 

perform software process related activities. However, in order to effectively use the 

environment for such purposes, it has to have great performance, be highly reliable, and 

developers and users have to be able to navigate the environment with ease. In the 

virtual environment, the virtual team members can communicate via multiple 

communication channels. In order to reinforce team awareness, the environment 

displays important information such as a shared calendar of every software developer‟s 

schedule and the team‟s expertise and responsibilities, and the contact information of 

every team member. In addition, the software developers in the virtual environment can 

also observe the avatars of their colleagues and know if they are present and what they 

are currently doing. The room metaphor is also helpful in that it helps to organize and 

structure the work. Team members can also share their work and data through the use 

of shared applications. The Meeting Room in the virtual environment also provides a 

place where teams can meet, hold presentations and possibly manage meeting with 

clients. 

The user study shows confidence about the application of the prototype for 

distributed software development and project management. The users were satisfied 

with the ability to work together in the same place, the presence of different 

communication ways, and the ability to track the project progress as well as the notion 

of rooms in the environment. The study also shows that the performance of the virtual 

environment needs to be better in order to support its usability and acceptance. One of 

the limitations of this study was the small sample size of both the developer and user 

groups, although it was a decision that was made deliberately to test the environment 

aspects of virtual world. One of the next steps is to improve the virtual environment 

based on the findings of the study; and test the environment in a real setting. Another 

focus of interest is to specifically create a virtual environment to support agile 

programming. 
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Abstract. Although the purpose of online virtual games is users’ satisfaction, they 

may be used as an educational tool as well. This paper presents a quality 
evaluation procedure along with its results, of an online virtual game environment 

with educational purposes, named SimSafety. The SimSafety virtual environment 

supports role-playing game scenarios in real-time and dynamic groups of online 
users. During the interaction with SimSafety environment, players (which are 

children and parents) are exposed, through a controlled and safe environment, to 

virtual internet threats in order to get familiar with them and learn how to 
overcome them. The evaluation procedure conducted in the Software Quality 

Laboratory of the Hellenic Open University. A brief presentation of games’ 

usability evaluation framework is presented while the relation between games and 
learning is discussed. 

Keywords. Online virtual learning environment, game usability, quality evaluation 

Introduction 

Online virtual games, apart from the entertainment they offer, may also be used as 

educational tools. In this case of using games as a means for education, the issue of 

usability in a game environment is very significant in order to enhance users’ 

challenges. In this study, game usability is defined as the degree to which a player is 

able to learn, control, understand, be intrigued and enjoy the game. Many of the 

usability issues which arise in games are similar to those which arise in other software 

applications areas. Nevertheless, the need to focus on games usability and how 

usability principles are incorporated into games is emerged.    

This paper presents the evaluation of an online virtual game environment used for 

educational purposes. The aforementioned virtual environment is “SimSafety-Flight 

Simulator” (http://www.simsafety.eu) which enables users to follow role-playing game 

scenarios in real-time, supporting dynamic groups of online users and exposing players 

to virtual safety traps. In SimSafety’s environment, players get familiar with the 

internet threats and eventually learn how to overcome them, or even better not to get 

involved in the first place. Furthermore, SimSafety environment is not just a 

conventional game, since it promotes socialization, educational actions and protection 

of internet exposure of a sensitive target group such as children. The target group of 
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this particular game is children in the age of 9-13 and its major purpose is to expose 

them, to internet risks with a safe way. The evaluation of SimSafety took place in the 

Software Quality Laboratory of the Hellenic Open University (HOU). Software Quality 

Laboratory operates within the frames of Software Quality Research Group (SQRG) 

(http://quality.eap.gr) which focuses on Software Quality Assessment and Software 

Evaluation, placing special emphasis on educational software quality. Software Quality 

Laboratory is a controlled laboratory environment, suitably equipped for the 

performance of usability tests of various software systems. 

The rest of this paper is organized as follows; in section 1, usability evaluation 

issues for virtual games environments and their relation with learning are briefly 

presented. Issues relative to learning theories for games and learning are presented as 

well. Section 2 is a brief description of the SimSafety environment, its aims and 

objectives. Section 3 enlightens the evaluation procedure and goals as well as the 

profile of the players participated to the SimSafety’s evaluation. Section 4 presents the 

evaluation results and discusses a number of changes to the SimSafety environment 

that should be considered in its next version. Finally, section 5 summarizes the 

conclusion and presents the future goals. 

1. Usability and Learning in Relation to Games  

Initially games were developed for entertainment, nevertheless, most of them have a 

scenario and a problem to solve in order to achieve their goals and come to an end. 

Games’ usability is an important factor in order the game to be used with pleasure and 

satisfaction from the candidate player. 

1.1. Usability of Games 

Usability issues in games’ compared with other software applications’ interfaces, have 

to deal with different parameters and examine a wide range of subjects. An example of 

a different usability consideration for games is user errors. In many other applications, 

user errors are not desirable, but in games are more than expected. Therefore, due to the 

games’ designs, which have the intention to challenge users to find the way to achieve 

their goals, errors are expected [1]. 

A more generic (i.e. not always applicable in games) definition of usability is “the 

aspects of effectiveness, efficiency and satisfaction”. Effectiveness relates to the 

accuracy and the achievement of the user’s predefined goals, efficiency describes the 

resources used to achieve the goals and satisfaction is referred to user’s emotions [2]. 

So far, there is not any definite method to measure usability of a game. 

Nevertheless, games’ usability is depended on the easy way in which a player is able to 

start, understand the available functions and the goals of the game and finally play the 

game. Efficiency is affiliated with the resources which are used by the player in order 

to achieve the goals of the game. While, effectiveness is related with accuracy and the 

user’s achievement goals in order to reach the end of the game, or achieve a goal. Also, 

satisfaction is associated with the players’ mood. 

Considering that the initial goal of a game is user’s enjoyable satisfaction, which 

consists of aspects of fun, immersive environment and experience of a user, is a major 

parameter in order to measure usability of a game. Games like other applications have 

an interface which is important to provide an effective and efficient interaction with the 
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user. Another essential aspect of usability of a game is playability, which has a major 

role in games’ design, but in different point of view compared with effectiveness and 

efficiency of its interface [1,3,4]. 

All aforementioned usability aspects for a game can be classified in three 

categories: game interface, game mechanics and game play. Game interface is referred 

to the devices, such as keyboard, mouse, controller, which a player use to interact with 

the system. Game mechanics include the ways the player is authorized to act through 

the game environment, such as walk, jump, fly etc. Game play is the total actions of the 

player in order to achieve the goals of the game [5]. The usability of aforementioned 

categorization is relevant with the type of the game (eg. adventure games, role-playing 

etc.) and the platform machine (eg. pc, console etc.) which are used [3]. 

Consequently, a more specific definition for usability in games is the point of view 

in which the player is able to learn, control and understand the game. This definition 

relies on previous studies, which were focused on usability issues and on playability 

heuristic rules.  

1.2. Games and Learning 

Games, in their infancy, received severe criticism for their negative influence to users, 

such as addiction, unsociable affect or violence behavior. However, recent researches 

have shown that games have mainly positive points of view. Some of the positive 

characteristics of games are their educational aspect [6], enhance of collaboration and 

socialization [7], enforce of logical thinking and decision making [8].  Moreover, 

games are used to academic community in many levels and they proved to be very 

useful specifically for the enhancement of the students’ motivation. Additionally, 

games demonstrate practical skills, stimulate perception and problem-solving skills, 

strategy planning, tools organization and obtaining intelligent answers. 

Many games have a scenario and a problem to solve in order to achieve their goals 

and come to an end. In this way, logical and critical thinking are enforced during the 

game. The game “Lord of the rings”, enforces book reading, while “Civilization IV” 

enhance observation, logical thinking, geography, problem-solving and decision 

making. Furthermore, “Total war: Rome” is an example of strategic planning game and 

“Sims” and “Second life” are games of social simulation [9].  

Students’ motivation and interest for learning is enhanced when “fun” embedded 

to the educational process [3]. Many researches support the idea, of teachers using 

video games in the educational procedure [10]. Communication and interaction among 

teachers and students can increase in and out of the classroom if they use video games 

during teaching. Video games are considered to be a strong educational tool which 

provides teaching information and learning outcomes. Moreover, provide to teachers a 

new way to share their knowledge and extend the traditional teaching methods. By 

using a video game through the process of an educational activity, teachers create all 

the appropriate conditions for the students’ future challenges and students can improve 

their skills [11]. 

Many educational theories and learning efficiency are affiliate to games’ 

environments. The theory of experiential learning (i.e. if you do it you learn it) is a 

basic game’s parameter which support the navigation of the users in the game’s 

environment according to a game scenario but also allow them to take their own 

decisions which affect the outcome of the game. The player may repeat the same action 

many times in order to achieve the success of an activity. Theory of inquiry-based 

30



learning (i.e. what will happen if I do that?) is related to games in which players allow 

to navigate without any restriction. In these environments the users try new ways in 

order to overcome obstacles that emerge. Moreover, the theory of self-efficacy (i.e. if 

you believe, you will manage to succeed; you will try much harder) is relevant to 

games in which the player’s motivation enhance by the items collection when specific 

goals were achieved. Another theory is learning through a specific target (i.e. you 

learn better if you work on a well set target) which concerns specified game’s 

objective.  Furthermore, theory of cooperation based learning, studies in classrooms 

have testify that working in a group instead of individual learning process improves 

significantly the learning process outcomes [12]. 

2. Aims and Objectives of SimSafety 

SimSafety, the acronym of Flight Simulator for Internet Safety, is an online virtual 

reality game environment for children. SimSafety provides to players, in this case 

children, a safety environment while expose them to internet risks. Furthermore, 

supports role-playing game scenarios in real-time, dynamic groups of online users and 

expose players to safety traps in order to learn how to overcome them. Additionally, 

SimSafety has a 3D environment that provides a wide range of activities in order to 

achieved predefined goals. Through playing in SimSafety environment, children 

enhance their socialization skills, they learn about internet safety and other things [13]. 

The game environment exposes its users to potential risks but “safely”. 

Furthermore, is innovative if is compared to other games due to the fact that enhance 

interaction between the players and promote learning through experience of playing. 

The environment includes game scenarios, addressing dynamic online user groups and 

exposing them to coherent actions and events. Also, in order to deal with complexity 

and difficulty issues, SimSafety includes challenging game rules (e.g. scoring, game 

awards) that will ensure re-playability and scalability of game levels. Moreover, 

eliminates the “digital gap” between parents and children or teachers and pupils, and 

enhance the collaboration between them. The game environment is also supports the 

communication and collaboration between targeted groups from different countries 

[14].  

3. Evaluation Procedure  

The aim of this study was to assess the quality of the SimSafety Online Virtual Game 

environment and to provide feedback, using the results of the assessment, regarding the 

improvement of the game’s environment. The mentioned assessment was based on the 

ISO9126 standard [15], which describes “Quality” using six factors: functionality, 

reliability, usability, efficiency, maintainability and portability, which are associated to 

a number of criteria in a hierarchical manner, and finally to a set of metrics. 

Due to the use of the OpenSimulator platform, maintainability and portability 

factors were assured. Therefore, the emphasis was placed on the remaining four quality 

factors (especially usability), which affect directly the users. The OpenSimulator is a 

3D Application Server, capable of hosting massive multiplayer on-line 3D 

environments. This platform has many similarities to the “Second Life” environment, 
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since it is a project inspired by Second Life. Despite being at an early stage of 

development, the platform proves to be quite stable and robust, even when serving 

many concurrent users [16], therefore maintainability and portability issues were 

resolved due to the participation of the open-source community. 

3.1. Evaluation Methodology  

The methodology used for the evaluation of SimSafety environment, included 

assessment methods such as Actions Logging, Experts Observation and Interview. It 

should be mentioned at this point that, there were some limitations regarding the choice 

of the methods employed, since the users participated in the assessment were children 

of ages among 9 - 13 years. Therefore evaluation methods more suitable to adults, such 

as the Thinking Aloud Protocol, or Co-discovery could not be used.  

Actions Logging (or User Logging) is an evaluation method that includes 

recording of all user’s activities, during their interaction with the interface under 

assessment, by the use of specialized equipment and software. In this case, the 

equipment used was 2 cameras, 2 microphones, hardware VNC and specialized logging 

software. Experts Observation added the evaluators’ comments to the data gathered by 

various sources. In this case the experts’ recorded comments were combined with the 

video from the camera recordings. The collected data were digitally archived, 

synchronized and analyzed using Observer XT software. Finally, the data collected 

from the Actions Logging and the observation was compared to the findings from the 

interviews. 

 

Figure 1.  View from the recordings inside the observation room. 

Figure 1 presents the view of the evaluators (real-time recordings of the evaluation 

procedure), inside the observation room. The screen on the left shows the video from 

the roof camera which is combined with the audio recordings of the evaluator’s 

comments. The screen on the right shows the video captured from the PC in which the 

child is playing the game, combined with the audio captured inside the test room. 

During the evaluation procedure, a number of peculiarities came up. A significant 

one was the transfer of users in and out of laboratory’s test room. Usually, changing the 
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users into the test room, during an evaluation procedure (according to the needs of the 

evaluation), is quite easy when adults are involved. In the case of SimSafety evaluation 

however, some of the children did not want to stop the game. On the contrary, adults 

sometimes feel peculiar inside the test room, due to the fact that they were monitored 

and all their actions are recorded. In this case children forgot all about the observation 

and the evaluation procedure, after a while, and focused almost entirely on the game. 

The overall evaluation process, including the breaks, the initial orientation, the 

discussion and switching in and out of the test room lasted approximately 5 hours. Out 

of this time just over 3½ hours was the actual evaluation recordings. Finally, the overall 

time to analyze the archived data was approximately 18 hours. 

3.2. Setting of the Evaluation 

The evaluation of SimSafety environment took place in a suitable controlled setting 

where the performance of users in preplanned tasks was able to be measured. This 

controlled setting was the Software Quality Laboratory of HOU. An overview of the 

laboratory is presented in figure 2. 

 

Figure 2.  The Software Quality Laboratory of HOU. 

The Software Quality Laboratory comprises of two rooms, the testing room (on the 

right in figure 2) and the observation and control room (on the left in figure 2). The 

observation room is separated by the testing room by a one-way mirror so that the 

members of the quality evaluation team can watch the children play SimSafety, but not 

vice-versa. The maximum number of persons inside the testing room is two children 

(accompanied by their parents) and –in some cases– a member of the assessment team, 

depending on the case study. All other members of the assessment team were sited 

inside the observation room viewing the evaluation procedure.  

The laboratory equipment installed and used during the assessment consisted of 

one roof-mounted video camera that records the player’s behavior, such as hand 

movements, facial expression and general body language throughout the experiment, a 

microphone that was placed close to the players, in order to record their utterances and 
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another microphone that was installed in the observation room to record evaluators’ 

comments.  

Video from the camera as well as the real time image of the participant’s monitor 

are both directed to video monitors into the observation room where they are recorded 

for further evaluation. Since the members of the assessment team are not in the same 

room with the players this eliminates almost entirely any possible biasing effects due to 

inadvertent non-verbal communications or mannerisms. The test room is structured in 

such a way that gives the player the feel of a normal office room and not a laboratory. 

Finally the camera (roof-mounted) and the microphone are placed in such a way that 

are not easily observable, despite the fact that the player is informed of their existence 

before the beginning of the experiment. 

For the experiments conducted with the participation of children and parents, 

specialized recording software, such as the Usability Logger [17] developed by SQRG, 

was used in order to record all players’ actions. This software combine recordings from 

player’s camera and microphone, as well as recordings of all users’ actions in the 

screen (screen captures, mouse movements, keystrokes, and idle time). The use of such 

software was essential since some games within the SimSafety environment required 

the participation of 5 children; therefore some children played the game outside of the 

laboratory, but within HOU premises, in a room nearby and under the supervision of 

one of the evaluators. 

3.3. Participants of the Evaluation  

As mentioned earlier, the participants of SimSafety’s environment evaluation were 

children accompanied from their parents. More specifically, six children and five 

parents (two of the children were brothers) participated in the evaluation experiment. 

For the setup of SimSafety environment in the PCs available and the technical support 

required during and after the evaluation, three technicians (members of RACTI, the 

partner that developed the environment) were present.  Furthermore, four members of 

the SQRG of HOU participated as the evaluators. Out of these four evaluators, two 

were responsible for the observation and the recording of the procedure as well as the 

gathering of the data and were sited inside the observation room, one was inside the 

room where the rest of the children played the game and the other evaluator was 

available outside the test room to aid in case some advice regarding the evaluation was 

required.  

3.4. Evaluation Scenario 

During the evaluation procedure, the scenario used was separated into 7 different tasks. 

The tasks that that the participants had to complete during the game were: 

1. Learn how to navigate in the virtual world. 

Hints: 

• Take a look around, read signs, experiment. 

• Learn how to navigate inside the Online Environment. 

• Follow the signs to go to the SimSafety Park. 

• Try flying around. 

2. Visit the world and the house of knowledge. Find out what you should be 

aware of when you navigate the Internet. 
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Hints: 

• Try to find the House of Knowledge. 

• Visit the different Sections of the House of Knowledge to see what is 

there. 

• Wait for a few minutes until you read the signs in the House of 

Knowledge. 

• Information retrieved from the House of Knowledge may be useful in 

different sections of the Game. 

3. Meet new people, make new friends minding the rules you have found out in 

the house of knowledge. 

Hints: 

• Keep in mind what you learned in the House of Knowledge each time you 

make new friends in the game. 

• Make Friends in the Game by right clicking on an avatar and asking from 

it to be your friend. 

4. Have you been bullied yet? Follow the reporting procedure. 

Hints: 

• How do you recognize that you have been bullied? Check for Instant 

Message Notification at the bottom corner on your left. 

• You may get bullying messages, spam messages, advertisement that you 

do not wish to receive. In that case, you have to react and increase your 

score. 

• Report bullying in the Bullying Reporting Department. Find the 

“Bullying Reporting Department”, open the door, enter the building and 

fill in a bully report. 

5. Change your clothes. Select something nice to wear. Play an interactive game. 

Hints: 

• It is time for you to have some fun. Visit the “Mall” area (it is next to the 

“Bullying Reporting Department”) and select something nice to wear. 

• There are instructions in there that you can follow in order to change your 

clothes. 

6. There are 4 Quiz points in SimSafety (locate them in the Info Centre, the 

report centre and the park). Try answering some of the questions (score at 

least 4 points). 

7. Try to return to the welcome region by teleporting (you can search for the 

welcome region in the map). 

4. The Evaluation Results  

Analyzing the recorded data from the evaluation of the initial version of SimSafety, a 

number of issues came up. The majority of these issues were related to the quality 

factor usability. More specifically, out of the major issues detected, most of them were 

usability related, whereas the rest were functionality, reliability and efficiency related. 

In Table 1, there is a summary of the most significant problems that were detected 

during the evaluation. In the first column of the Table, the symbols used are F for 

functionality, E for efficiency, R for reliability and U for usability.  
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Table 1. Significant reported issues 

Category Detection method Short Description 

F Observation The goal of the game is not always 
clear to the children. 

   

F Observation and interviews Some videogames perceived as quite 
‘adult’ from the children. 

   

E Data logging Delays in the avatar during walking 
through the SimSafety areas. 

   

R Observation and data logging System crashed. 
   

U Data logging Children had more fun exploring the 
environment, rather than playing the 

games. 

   
U Observation and interviews After exploring the area and playing 

all the games there is nothing else to 

do. 
   

U Data logging The lack of a visible scoring system 

reduces competition and fun. 
   

U Interviews Children asked for more items to use 

in the SimSafety area. 
   

U Data logging and interviews The stating requirements of some 

videogames are not clear to the 
children. 

   

 

Apart from the issues presented in Table 1, some minor problems were also 

detected that either were not significant and were immediately solved on the following 

version of SimSafety, or they were depended on the limitations of the 3D environment 

used. A typical problem of the latter category was the lack of avatars that look like 

children, since it was not supported in this version. 

As far as the usability issues concerned, it was observed that children joining the 

environment had more fun exploring it, rather than playing the actual game. More 

specifically, data gathered, showed that they prefer exploring, walking or flying 

around, teleporting but not playing the game immediately. It was also observed and 

mentioned in the interviews that after exploring the area and performing the obvious 

activities of the environment there was nothing else to do. Moreover, the lack of more 

items that can be used by the players as well as the lack of a visible scoring system 

reduces competition and fun of the game. Finally, the stating requirements of some 

videogames are not clear to the children.  

The solution to the aforementioned problems was the introduction of items related 

to internet safety (such as a piece of paper with a login username and password written 

on it) that children could use freely while exploring the environment, as well the use of 

bots (virtual people that interact with the children). By introducing the aforementioned 

items, in the environment of the game, the interactivity was increased adding more fun 

to the game and increasing the engagement of the player with it. Additionally, the use 

36



of a ‘Report Centre’ where a game player can declare a lost and found object or report 

that he has been bullied aided towards learning while exploring and interacting.   

Furthermore, the scoring problem was also solved, adding points into any ‘proper’ 

action related to Internet Safety and, as discussed previously, more items were added 

into the environment. Of course not all the items asked by the children (such as bikes, 

cars, etc.) but only the ones related to the goal of the game, still with some exceptions 

in order to increase the essential fun element of the game. Finally, regarding the 

‘visibility of game status’ and the starting requirements of each game this was resolved 

by adding instructions and mechanisms to inform the children about the number of 

players registered in each game and the number of players that are required to start 

playing. 

Regarding the functionality related problems, the goal of the game was not always 

clear to the children (some videogames perceived as quite ‘adult’ from the children). 

The solution to this issue was the addition of game play instructions. More specifically, 

detailed instructions were incorporated in certain areas of the game environment. In 

addition, an introductory place (the starting place for all first-time visitors) was created, 

where some basic instruction, regarding the game play, are presented. Despite the 

addition of detailed instructions, some parts (especially role-playing parts inside the 

environment) still cannot be played effectively by children. These role-playing parts 

were kept intentionally, since they found to be suitable for the participation of adults 

either by impersonating the threats of the internet or making provocative questions and 

initiating interesting discussions. These games were also found to be very useful when 

playing within the class, by many students as well as the teacher, or at least one adult. 

Finally, the problems related to efficiency and reliability were related totally to the 

version of the platform used in the evaluation and solved entirely in the following 

versions. 

5. Conclusion and Future Goals 

The evaluation presented in this paper was the first, preformed in a suitable setting and 

adding to identify and solve problems in the alpha version. Further evaluation 

procedures and mostly the pilot runs in schools proved that all the reported problems 

were addressed and the results regarding children satisfaction were encouraging and 

promising in relation to game sustainability. Our future goals are to apply other 

methods of evaluation in virtual games comparing the effectiveness of the results, find 

the drawbacks and proposed a way to overcome them.  
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Abstract.While the use of e-mail and video-conferencing systems substantially 

supports the members of ever more globalized project teams, we have witnessed 

that the developments regarding Virtual Environments and Communities may have 
a big impact on project management in the future. The paper illustrates the 

observations made regarding the team building process in virtual worlds and the 

lessons learned by the teachers. 
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Introduction 

“Coming together is a beginning. Keeping together is progress. Working together is 

success.”      

   ~ Henry Ford 

 

Education of humankind has come a long way. It would be interesting to know 

what the ancient Greek educators would have to say about the technical possibilities we 

have today. "I have never wished to cater to the crowd; for what I know they do not 

approve, and what they approve I do not know," said the great Epicurus, who lived 

from 341 BC to 271 BC. One can see the similarities regarding the modern education 

methods used to train students: teachers have to work hard to meet the demands of the 

modern-age student, still they have to deliver the mandatory content, which sometimes 

is not very appealing to the students, thus resulting in frustration and demotivation of 

both teacher and student and furthermore in less efficient ways of teaching and learning.  

 

Since the uprise of the computer many things have changed in the way people 

teach and learn. Nowadays one is able to witness the use of software in nearly all fields 

of education. Virtual Environments, for instance, are among the more innovative and 

sophisticated types of software used. Due to its newness, many open questions 

regarding this use still need to be evaluated. This paper aims to explain the team 

building process in virtual environments and give advice to professionals in the field.  

 

First of all the following questions will be answered: 

1. Is there a difference between team building in a virtual environment and 

in the real world? 

2. Why do we need teamwork in virtual environments? 

                                                           
1
Corresponding author.  
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Team Building in a Virtual Environment can easily be compared to team building in 

decentralized projects. While the following statements  

• Personal contact is decreased to a minimum [1, 189]. 

• Building up trust with or in the project team is challenging.  

• Personal commitment to working with the team is demanding. 

 

hold true for both situations, the statements hereafter are only true for virtual 

environments: 

• Anything that happens in the virtual environment can easily be recorded [2, 

125]. 

• No additional software is needed to communicate, share or present documents. 

• Communication in big teams can be handled easily through the centralized 

virtual environment. 

• The “wisdom of crowds” can be used efficiently [3, 145]. 

 

Regarding the second question it is important to mention that virtual environments 

foster isolation, e.g. of a team member. This fact often serves to give virtual 

environments a bad reputation. Therefore, building a team is crucial in order to leave 

no one behind.  

 

Powell, Piccoli and Ives have found four main focus areas of virtual teams [4, 8]. 

 

 
Figure 1. Main Focus Areas of Virtual Teams 

 

The Team Building Process mainly takes place within the Socio-Emotional and 

Task Processes since all topics described have to be taken into consideration there. It is 

clearly stated that both processes have a crucial impact on the Outputs and therefore are 

very important to each project. The Inputs in advance serve as a steering wheel for the 

team building process itself. If the Inputs are designed badly, team building will be 

difficult to achieve at all. Cultural aspects have to be considered beforehand, since the 

Commitment to collaborate within a Virtual Environment is different throughout the 

world. 

 

To demonstrate the team building process itself, it can be evaluated in real projects. 

To this end, more than ten projects have been observed in which virtual environments 

were used.  
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Setting 

 

Teleplace and openQwaq were used as virtual collaboration tools [see also 5]. 

Each project team decided to use the virtual meeting room as: 

• document repository, 

• relay chat, 

• newsroom, 

• think tank, 

• collaboration space, and 

• meeting room. 

 

Project team members accessed the virtual room from various locations since all of 

them were in-service students who also had to do their regular jobs, many with a lot of 

travel duties. During the initial phase of the projects much communication had to be 

done using the voice-chat tool of the virtual world. Project team members of one of the 

earlier projects experienced bad sound quality and huge time lags while talking to each 

other, which impeded the progress of the project. The reason for these issues was 

recognized in the fact that the voice chat was operated by the provider using its own 

servers located in the U.S. A quick solution had to be found to maintain the high team 

motivation and to proceed in the communication process. The project manager 

suggested the use of “Team Speak”, also used by players of MMORPGS. This 

suggestion helped to solve this issue with as little time loss as possible. The software 

was installed on a university server and has been available since then.  

 

Evaluation of Team Building in a Real Project 

 

The project teams most often did not have much experience with virtual 

environments. Therefore, problems encountered were: 

• team members unable to hear/talk to each other, 

• very chaotic communication due to a lack of communication rules, 

• open microphones with a lot of background noise, 

• lag issues (network), 

• poor avatar controlling skills, 

• poor moderation skills of the project manager. 

 

These issues resulted in poor motivation of team members, lack of commitment to 

the project goals and thus difficult team building. Some of the meetings had to be 

aborted after a short period and their subsequent improvement was assigned to the 

project manager. A simple process was designed and communicated to team members. 

As preparation each team member was asked to log into the virtual meeting room and 

carry out four simple tasks: 

1. try out voice communication with another team member using “push-to-talk”, 
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2. give the avatar a personal touch, 

3. try to upload a document onto the virtual whiteboard, 

4. leave a virtual post-it on the message board stating that you have completed the 

task successfully. 

 

The project teams had to fulfill these tasks within one week and succeeded without 

needing further support. As a side task the project teams had to ensure that their 

internet connectivity would support voice chat without relays at any meeting.  

 

For virtual teams leadership can be an issue. Since poor leadership may result in 

project team failure, it becomes a much more prominent problem in virtual teams. 

Inability to communicate with team members effectively can significantly affect a 

project [6].Therefore, to ensure that good leadership could be established within the 

project, the project managers were given the power to create their own rules of 

communication. Most often the project managers chose to moderate the meetings 

themselves. They would give the right to speak to individual project team members 

based on requests made beforehand (via text chat). This rule was adopted from 

common “raid rules” of MMORPGS, which many project team members were quite 

familiar with. The “raid rules” ensure that only necessary communication takes place 

during an encounter in an MMORPG. The direct results of this can be summarized as 

follows: 

• focused conversation on topics, 

• short meeting time related to the topics scheduled, 

• high motivation of project team members, 

• committing the project team to a "no-one-gets-left-behind-rule" 

• increased commitment to the tool used on the part of critical project team 

members. 

Team Phases 

 

These simple steps all helped to build team trust and team commitment. In order to 

compare the team building process in the virtual world to one in the real world, the 

teams were observed and evaluated using the team phases described by Tuckman [7]. 

 

 

 

 

 

 

 

 

 

Figure 2. The stages of group 

development by Tuckman 
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The following figure illustrates how the different stages were developed by the 

student project teams. The size of each circle indicates how crucial these stages were to 

the groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The stages of group development in the project teams 

 

Since team motivation was very high at the beginning, the “forming” stage was 

crucial. Testing and orientation during this stage were not only important for the team, 

they were essential for reaching the following stages at all. As a result of the distinct 

“forming” stage, the “storming” stage was observed as insignificant. The groups did 

not develop any resistance to group influence and task requirements. In the crucial 

“forming” stage, however, many emotional response reactions could be observed, 

which helped to strengthen the team spirit once they were overcome. The use of avatars 

in the virtual room helped to absorb the emotional distress that occurred when meetings 

had to be aborted at the beginning of a project. The fact that some project team 

members were new to virtual rooms and therefore in desperate need of support was 

respected by those more familiar with the virtual world.  

 

The “norming” stage was assessed to be the most important. During this stage, new 

standards evolved and new roles were adopted. The "no-one-gets-left-behind-rule" was 

deployed successfully by most of the teams and helped to maintain a high level of 

motivation to work on achieving the team's goals. It also guaranteed that none of the 

team members went into a phase of isolation. The possibility of a team member losing 

his or her motivation due to being unable to gain "project speed" was highly evident 

during this stage.  

 

Therefore, the "performing" stage – a stage which does not occur automatically – 

was easy to achieve for most project teams.  
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Conclusion 

 

Cultural Aspects have to be considered and evaluated before project start. Since 

the cultural aspects cannot be changed, the Project Culture itself has to be designed in a 

suitable manner. This is the most important issue to the project manager. A project 

team member in the USA, for instance, might be completely used to collaboration in a 

Virtual Environment, whereas for a project team member in Austria this might be a 

new and disconcerting way of working.  What is true for non-decentralized projects is 

also fundamental for projects using a virtual environment: Ensuring effective project 

team communication [8] is essential. Furthermore, it is crucial that communication 

rules are established by the project manager.   

 

To obtain good project results, every project team member has to understand the 

goals of the project. Failure to properly communicate can result in frustration and 

failure of the project team. Using a virtual environment will help to establish effective 

communication while aiding everyone to get the "big project picture" [9, 140], but it is 

no guarantee. A simple standardized process like the one described can be implemented 

to assist with achieving this goal. Only if this issue is resolved can team building take 

place. 

 

Team Building is crucial to the output of the project team. It also is an ongoing 

process throughout the project. Therefore, the project manager has to evaluate the team 

building process regularly. Virtual Environments can help to improve team building in 

decentralized teams. The main focus areas that can be managed more efficiently in 

virtual teams than in real life are: Design, Technical, Training, Communication and 

Coordination. All of these can be addressed in one place: the virtual environment.  

 

 
Figure 4. Main focus areas of virtual teams that can be addressed by virtual environments and therefore have 

a strong impact on the team building process (indicated by the outer glow and the font color). 

 

Compared to decentralized teams, virtual teams working together in a virtual 

environment do not have to address the following issues [see 1]: 

• no possibility of direct feedback 

• more individual responsibility necessary 
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This can be seen as an advantage to those teams collaborating in virtual worlds. 

Keeping this in mind, we do not need to fear Epicurus’ judgment since we know that 

tools and methods will change, but people will not. All we have to do for now is 

communicate expectations so teachers as well as students are aware of the problem to 

solve. Panta rhei. 
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1. Introduction 

Role-play is regarded as an established technique for engaging individuals in a 
problem space through a series of structured tasks, which immerse the participants in 
some of the challenges of the real-world environment [1]. Role-play has been used for 
many different purposes such as predicting outcomes, war-gaming, team building, and 
training. It has been particularly useful as a teaching tool in the classroom, allowing 
students to act out and experience some of the dynamics of a particular problem or 
issue, from different stakeholder perspectives. Aspects of role-play have also been used 
in online environments such as virtual theatre, gaming, and focused discussion forums.  

The +Spaces [2] project (Positive Spaces – Policy Simulation in Virtual Spaces) 
explores how virtual world technologies can be used to allow government bodies to 
measure public opinion on a large scale and maximize the value from prospective 
policy measures by leveraging the power of virtual world communities [3]. +Spaces is 
building a range of virtual intelligent environments, varying from polling and debating 
applications to more advanced role-playing simulation spaces. 

This paper describes some of the challenges involved in building online role-play 
environments in a virtual world and presents some of the ideas being explored by the 
project in the role-play applications being developed. We conclude that the use of role-
play simulations seem to offer many benefits for public policy debate, in terms of 
providing a generalizable framework for citizens to engage with real issues arising 
from future policy decisions. Role-plays have been shown to be a useful tool for 
engaging learners in the complexities of real-world issues, often generating insights, 
which would not be possible using more conventional techniques. 
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2. Simulation in virtual worlds 

There are several challenges when it comes to modeling the real world in online 
simulations. For example how easily can we change a person’s regular habits? How 
can we interpret a habit based on predictions arising from a new government policy? 

We also need to be clear about what simulations can do that other techniques 
cannot do. In an online poll the policy maker should know the exact question to be 
asked. In an online debate such as a chat forum, the question is usually more open but 
rooted in a core issue. Whereas, in a simulation, the policy maker may not know the 
exact question to be asked. In a poll users are asked to give a direct answer, in debates 
users provide more open answers, and in a simulation users may be unaware that they 
are being asked anything at all. 

There is also the danger of the Hawthorne effect – if we force users to behave in a 
certain way, they will typically start to adapt their behavior – that means that users who 
participate in simulations are likely to change their opinions about the topic being 
studied. 

A key issue for +Spaces is the lack of a reusable simulation model. Most existing 
simulations, such as the BBC Climate Change Simulation [4] combine an underlying 
simulation model (the rules and conditions which affect climate change) with an 
environment or user interface, which allows users to explore and interact with the 
simulation online. 

Many simulations are also highly complex game playing environments, which 
have rich graphics, story narratives and game-playing metaphors. 

There is also the issue of how to engage with citizens and policy makers using 
simulations. People generally want to engage with a simulation because they are 
interested in the topic (such as climate change), or they are enticed by the game-playing 
or entertainment provided by the simulation (such as Farmville). It is potentially 
difficult to use these factors in a simulation that has a government policy-making 
objective. 

2.1.  Creating simulation models 

Edward Castronova [5] has carried out research into economic modeling using 
virtual worlds. This research has indicated that virtual worlds that exhibit some form of 
economic behavior often reflect real world economic propositions. For example: 

1) That as the price of a good rises, demand for it falls, and  
2) If you insert more money into an economy, the price level rises. 
 
This confirms the notion that a virtual world can provide an authentic environment 

for studying real-world behaviors. However, a common problem with computer-based 
simulations is the ‘black-box’ nature of the model that drives the actual simulation. 
Often the internal model is hidden from the end-user. This is of benefit in terms of 
improving the overall usability of the interface, but a major weakness for a policy-
making application, where the internal rules of the model will make up the framework 
for the implementation of any new policy. From a policy-making perspective the 
transparency of the internal model is critical to understanding the factors that will affect 
the successful or unsuccessful outcome of any new policy. Also by the nature of their 
implementation (ie. highly complex models) computer-based simulations are often very 
specific to a particular problem domain and they do not generalize well to more than 
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one problem domain. This makes it very difficult for +Spaces to build a general 
framework for policy simulation without having to re-implement a different simulation 
for each policy being considered. This makes computer simulations an infeasible 
option, as it does not easily support the dissemination and use of the outputs from the 
project by other parties. 

Other experts also back up this analysis. Prof. Richard Duke, author of ‘Policy 
Games for strategic management: pathways to the unknown’ [6] is a pioneer of 
computer based urban simulation games and is President of the International 
Simulation and Gaming Association. His work has moved away from using simulations 
precisely because of their black-box nature, to a more general approach based on role-
playing simulation exercises that allow different players to engage with each other. 
Professor Duke believes that this provides a far less deterministic approach, which is 
more generalizable, and introduces an unpredictable element of human choice into the 
process (which is a good thing). 

2.2. Role-play as a form of simulation 

An alternative simulation scenario therefore is to provide a virtual world in which 
the participants themselves can act out a particular government policy issue through an 
online role-play activity. This would be a mediated task, facilitated by an online 
moderator, whereby the users are assigned roles (such as central government policy 
maker, civil servant, local government agent, citizen) and then asked to act out a 
particular simulation scenario (such as the implementation of a new waste removal 
service by private contractors). The role-play could take place in a virtual world that 
visually recreated the location of the intended policy such as a town hall, or local street. 

This type of virtual world simulation is often referred to as a ‘serious game’. A 
serious game is defined as (from Wikipedia): 

Serious games are designed for the purpose of solving a problem. Although 
serious games can be entertaining, their main purpose is to train, investigate, or 
advertise. Sometimes a game will deliberately sacrifice fun and entertainment in 
order to make a serious point. Whereas video game genres are classified by 
gameplay, serious games are not a game genre but a category of games with 
different purposes. This category includes educational games and advergames, 
political games, or evangelical games. The category of serious games for training 
is also known as "game-learning". 
 
Serious games are often used where it would be too dangerous or too costly to 

attempt the activity in a real-world setting. Examples include safety training on oilrigs 
and war-gaming exercises. In both of these examples, the keys factors are: 

• A realistic virtual world environment (reflecting the real world) 
• Multi-player scenarios and collaboration, often with users role-playing 

different characters (such as paramedic, doctor, patient) 
• A rich underlying model reflecting the real-world behaviors available (such as 

fire fighting capabilities on an oil rig) 
 
The creation of a serious game simulation will often have the same issues as 

identified for other complex simulations (as discussed above). However, there are some 
open source tools, which could be used to create a serious game policy making 
simulation. For example PIVOTE  [7] is authoring system for learning in virtual worlds. 
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Created by Daden originally for the JISC funded PREVIEW project, PIVOTE is now 
an open-source project and available for free download and use by anyone. 

PIVOTE supports: 
• Creation of learning exercises on the web using a simple forms based interface 
• Creation of objects in a virtual world such as Second Life, which users can use 

to interact with the exercise 
• Playing the exercise in Second Life, OpenSim, or on the web or even an 

iPhone. 
• Porting exercises between virtual worlds 
• Sharing PIVOTE compatible objects between exercises and institutions 
• Rapidly editing exercises to create variations, or custom versions for different 

skill levels 
• Exporting student performance data for us in an online learning environment 
 
Using PIVOTE it would be possible to create a forms-based interface to allow 

policy makers to input the content for a simulation scenario. This could then be 
translated to a web-service, which can be interfaced to a range of front-ends, including 
Second Life, Open Wonderland, and the web (such as a Facebook page). PIVOTE also 
supports in-world chatbots, which can be used to structure the simulation dialogue with 
the human participants. 

The role-play simulation could then be followed up by an online poll and debate 
using the other +Spaces applications, to elicit further information about the 
implications of the new policy initiative. 

3. +Spaces role-play simulations 

The +Spaces project is building on these ideas to create both 2-dimensional (web-
based) and 3-dimensional (virtual world) environments to support synchronous role-
playing simulation events. We have already created a 3D polling environment and a 
virtual debating chamber, which have been evaluated in a series of field trials (to be 
published). The 3D role-playing tools and applications will represent the final and most 
challenging aspect of the project. 

The project has been exploring the use of role-play templates to help policy makers 
devise an appropriate role-play simulation to support a given policy issue. The 
following are examples of role-play templates that have so far been developed: 

• Galactic wormhole: participants imagine themselves to be five years in the 
future and reflect on positive and negative outcomes of a particular strategy 

• Depolarizer: structured game based on the philosophy that many issues that 
we treat as problems to be solved are actually polarities to be managed 

 
The 3D environment will be implemented on Open Wonderland [8]. So far the 

project has developed the following new modules that extend the functionality of the 
Open Wonderland platform: 

• Office-converter - enables drag-and-drop of office documents into 
Wonderland 

• Twitter-viewer - module to search and display twitter micro blogging posts 
animated in world 
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• VNC control webapp, Webcam control webapp and Poster control webapp - 
modules to edit the VNC, webcam and poster cells respectively 

 
A role-playing session on Open Wonderland will be initiated by a +Spaces 

scheduler, based on the time stated by the policy maker upon creation of a role-playing 
experiment. 

The Open Wonderland role-playing chamber will clearly display the current phase 
of the role-playing simulation session as well as the current topic. It will also display 
the participant’s own role to other participants. 

Users will also have an opportunity to prepare reasoned arguments or vignettes 
based on an assigned character role or perspective. When quiet thinking time is over 
and users are ready to contribute their input, Open Wonderland will provide colour-
coded post-its, on which participants will write their input, and which can be placed 
onto a 2D board. 

A separate 2D asynchronous role-playing simulation will be implemented in 
Twitter. Participants will be invited to take part via their tweets – be that for open 
discussion or for contributing their structured input.  

A role-playing session on Twitter will be initiated by the +Spaces platform upon 
the creation of a role-playing simulation experiment by a policy maker. Participants 
will be able to follow the session and participate through their regular Twitter use 
(Twitter page or a browser add-on), or through the +Spaces Twitter role-playing 
application page, where they will be able to follow the structure of the session, and 
where their responses will be automatically wrapped with the relevant and required 
hashtags. 

The +Spaces Twitter Role-Playing Application will also summarize the session, 
and it will clearly display the current phase of the role-playing session; display an 
aggregation of the participants' responses; and display the user's own role in the session, 
and clarify the type of required response. 

We are currently in the process of building the following Open Wonderland 
modules to support the +Spaces role-play application: 
• Templates, users and roles • Poll carpet with 9 segments 
• Role-Play Banner  
• Poll results and final results 
• Clustered Post-its  

• Heads Up Display (HUD)  
• Role assigner 
• Clock countdown timer 

 

4. Implications for immersive education 

The tools being developed by the +Spaces project to support online collaborative 
role-play can also be used in classroom based learning activities. Simulations have long 
been used to support constructivist-learning tasks, particularly based around 
participatory models of learning [9]. However, the ‘black-box’ nature of these 
simulation models is recognized as a limitation in their use for teaching and learning. 
Students can often get frustrated by the hidden nature of the underlying simulation 
models. There is also evidence that it can result in ‘superficial understanding’, or 
‘factually wrong conclusions’ about the topic [10]. Contributory, ‘glass-box’ based 
approaches to discovery learning are therefore encouraged. The +Spaces role-play tools 
also take this approach. By facilitating online role-plays, we envisage that students can 
go beyond the superficial understanding of complex topics, to become more engaged 
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with and ultimately achieve a better understanding of the subject matter. This is 
combined with the use of 3D virtual environments, in which we hope to provide highly 
engaging immersive collaborative spaces for teaching and learning to take place. 

5. Conclusion 

The innovation for +Spaces is in the application of role-playing as a simulation 
tool for policy makers. Many of the challenges for the project are shared with 
immersive education: 

• How to support online participants across different platforms 
• How to define a role-play and then select users and schedule (and setup) the 

event 
• Managing the structured role-play  
• Capturing the results from the role-play  
• Analyzing the results to support assessment (eg. for policy making) 
 
The benefits of using a role-play simulation for the +Spaces project are that it 

supports the need for interoperability across platforms (Facebook, Twitter, Blogger, 
Wonderland), across +Spaces applications (polls, debates, simulation), and with other 
core +Spaces services (a recommender/reputation system for selecting participants and 
a data analysis service). 

It will also provide rich data sets for the analysis systems in terms of the role-play 
dialog and events, and it should provide a more generalizable policy simulation 
framework. 

The project is currently building several role-playing applications, which will then 
be evaluated in a series of online trials. We envisage that the +Spaces role-play tools 
can also be used to support classroom-based discovery learning activities, and is highly 
relevant to the field of immersive education. We hope to further report on the outcomes 
from these trials (and the implications for collaborative role-play using virtual worlds), 
in future presentations. 
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1. Introduction 
 
Massive interaction in shared space online open, for first time, the possibility to feel 
intuitively the three dimensions of digital spaces. By offering this shared perception of 
space, virtual worlds have become one of the first manifestations of the emergence of 
a new artistic medium, a medium space. 
 
Get a new artistic dimension is a rare event in art history. The last was the appearance 
of time in the image. Moving picture film and television have radically transformed 
our understanding of the world in 20 th century. 
 
This new medium disrupts our spatial relationship to the world and updates 
fundamental philosophical issues (reality, identity, places). We need to understand the 
features, the new uses and the aesthetic impact of this new médium. 

Since 2007, the research program ENER de l’Ecole Nationale des arts décoratifs de 
Paris, aims to explore the new artistic fields open by this space medium, and to 
facilitate the use of these new territories in the areas of research and learning in the 
arts. 
 
This paper present an experimentation of artistic collaborative education in virtual 
world created by Raphaël Isdant and Nicolas Sordello, and produced by Art dans la 
Cité with in partnership with the Ecole Nationale Supérieure des Arts Décoratifs 
(ENSAD) and its research laboratory EnsadLab/ENER.  
 
 
2. A window into the Room 

 
     A Window into the Room  is a multimedia installation and workshop developed 
with young patients confined to the challenging and sensitive environment of a sterile 
isolation room. First imagined and created for the hematology wing at Armand 
Trousseau hospital in Paris, France, this project allows children to explore new digital 
tools for creating their own virtual world as members of a community, to break out of 
their isolation and to bring their world alive on the walls of the adjoining family room. 
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Goals of the project :  
1) Pilot an innovative system for enabling multimedia creation and collaboration 
between children as part of a community.  
2) Allow the children to meet and share their hospital experiences virtually.  
3) Provide a unique tool for communication among the children, and also with their 
parents and the outside world.  
4) Encourage the children to think about exhibiting their works to others.  
5) Introduce them to 3D modeling tools helping them to better understand spatial 
relations and dynamics. 
 
 
A Window into the Room comes to life in 2 spaces simultaneously: 
  
-Through workshops in the isolation rooms 
 

 
 
At the heart of this project is a virtual world accessed through the internet on a laptop 
present in each child’s room. This world takes the form of an undeveloped island 
which the children explore through a self-created avatar. They are the creators of 
living, animated, autonomous constructions, the builders of cities and play spaces 
where they can meet and exchange. 
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Structure of the workshops : personalization of an avatar, exploration of the virtual 
world and its potential, taking hold of the multimedia creation and communication 
tools, and creating content. 
 
Technical aspects : Software installed on the children’s computers allows them to 
connect to the open source server of the virtual world, Opensimulator. This world is 
hosted by Francogrid and its maintenance is performed by EnsadLab and Pôle ENER, 
partners in the project. 
 
Through an interactive window in the parents’ room 
 

 
 
A video-projection system on the wall of the parents’ room opens an interactive 
window into the children’s virtual world. This setup makes it possible to observe and 
even interact in real time with the workshops taking place in the children’s rooms. 
This window is thus a unique means of communicating with the children while 
allowing them to share their creativity. 
 
Technical aspects: a wireless keyboard allows family and friends to chat with the 
children and explore the Island. The window in the parents’ room can also be closed 
to preserve privacy when needed. 
 

 
Project participants : 
This project was created by Raphaël Isdant and Nicolas Sordello, and produced by Art 
dans la Cité with the help of the Ecole Nationale Supérieure des Arts Décoratifs 
(ENSAD) and its research laboratory EnsadLab, and of FrancoGrid. It is supported by 
the Fondation de France, the Direction Régionale des Affaires Culturelles, the Agence 
Régionale de Santé d'Ile-de-France and GlaxoSmithKline. Art dans la Cité worked 
closely with the hematology wing and the communication department of Armand 
Trousseau Hospital, and collaborated with Margherita Balzerani, new media art 
curator and critic. 
 
Link:  
Fenetre sur chambre:http://fenetresurchambre.blogspot.com/p/presentation.html 
Ener/EnsadLab: http://ener.ensad.fr/ 
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Abstract. 3D Virtual Worlds are currently been explored as learning environments 
due to their capabilities to promote learner motivation. Most of the research has 
been focused on the deployment of learning strategies on them. However, a crucial 
component of the teaching-learning process: the assessment has been neglected. In 
this work, we present an architecture that integrates an engine QTI-compliant with 
a 3D virtual world platform. The rich set of interactions that can occur in a 3D 
virtual environment is mapped onto the 2D format of the QTI-specification. As 
result, our solution allows a computer assisted assessment into a 3D virtual world 
using metaphors adapted to this rich interface.  We present an assessment 
experience deployed on our architecture. The results of the evaluation show 
satisfaction of learners in using test assessment questions within 3DVWs and 
improvement in learning outcomes. 

Keywords. Assessment, 3D Virtual Worlds, QTI Specification 

Introduction 

The new generation of learners, the so-called digital natives, demands a more active 
learned-based approach that goes beyond just memorizing facts or understanding 
concepts [1]. On the other hand, technology-based environments can take advantage of 
different patterns of work, attention, and learning preferences of these digital natives [2, 
3, 4]. Among technology-based environments, 3D Virtual Worlds (3DVW) stand out 
for their capabilities of immersion and interaction that foster student motivation [5, 6]. 
Thanks to recent advances in hardware performance and open source platforms such as 
OpenSimulator [7], Open-Cobalt [8] and Open Wonderland [9], 3DVWs are starting to 
be used as learning environments. Initial experiences focus on 3D simulations, 
organization of public events and collaborative activities [10].  

We claim that the success of 3DVWs on education is tied to the development of 
authoring tools that facilitate the deployment of learning activities, the integration of 
eLearning technology to these environments and improvements on visualization and 
performance. In this work, we focus on the integration of eLearning technology for 
students’ assessment on 3DVWs. We are particularly careful on taking advantage of 
the immersive and interactive possibilities of these learning environments. 
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This paper is organized as follows. Next section is devoted to related work on 
3DVWs and eLearning assessment technologies, the two technologies to be integrated. 
Section 2 examines interaction patterns on 3DVWs and how can be mapped to classical 
question items used on automated assessment tools. Section 3 shows the architecture 
that supports the integration of a QTI engine (NewApis [11]) to a 3D distributed game-
based platform (Open Wonderland [9]). Section 4 presents an extracurricular learning 
activity carried out among graduate engineering students. The learning activity is 
deployed on a 3D simulated setting of the science fiction novel “The Invention of 
Morel” by A. Bioy Casares [12]. The aim of the experience is to provide formative 
assessment using the architecture presented. Finally, conclusions and future work are 
discussed in Section 5. 

1. Related Work 

1.1.  3D Virtual Worlds 

3D Virtual Worlds can be seen as a multimodal user interface where 3D scenarios are 
filled with 3D objects that can be explored through avatars. 3D objects can be the 
representation of real or fictional objects with interactive possibilities or non-player 
characters (NPCs) that can act on plausible ways. 3DVWs have the same multimodal 
capabilities as web-based interfaces: text, images, audio and video that are proved 
useful to transmit knowledge [13, 14]. Additionally, they provide a new way to explore 
content through interactivity: the interaction that avatars can have both with 3D objects 
and among themselves [15, 16]. In education, the first type of interaction is useful for 
training and simulation, the second for collaborative activities and awareness [17].  

3DVWs allow deploying truly immersive spaces fostering learner’s imagination 
with possibilities of interaction with the environment, the objects and other community 
members through avatars [5, 18, 19, 20]. They offer an excellent place for learning and 
teaching and some authors have issued guidelines for using several learning strategies 
such as situated learning, role playing, cooperative-collaborative learning and problem-
based learning on 3DVWs [5, 6, 21]. The principles stated suggest the use of visual 
elements of 3DVWs to immerse students into a situation where the problem to be 
solved is presented in a natural way. Besides, 3D objects and non-player characters 
(NPCs) are used as instruments to transmit information and as tools to build knowledge 
as it is required by constructivist principles [22].  

First attempts to introduce assessment on 3DVWs have been done on serious 
games where studies highlights the importance of do not break the flow state induced 
by immersive games with invasive assessment activities [23, 24]. In this sense, V. J. 
Shute’s work [23] uses Bayesian models to monitor actions, integrate evidence on 
learner’s performance, and update the student model in relation to competencies. In 
River City [25], a multi-user virtual environment, the detailed records of students’ 
actions are collected and stored to assess how learners detect and decipher pattern of 
illnesses in a town besieged with health problems. Studies found on edutainment deals 
with tools made ad hoc with no possibilities of interoperability.  

QuizHUD [26] represents the first attempt to integrate a computer assisted 
assessment tool to a 3D virtual world. QuizHUD includes both classical multiple 
choice and exploration questions. Classical multiple choice questions are included into 
the virtual world as it would be in a web-based learning environment. For the 
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exploration questions, students should click on 3D objects to state their choice. Our 
work follows the exploration questions approach and extended it by using a richer set 
of interactions within the 3D learning environment. 

1.2.  E-Learning Assessment Technologies 

One of the assessment instruments most used in Computer Assisted Assessment (CAA) 
are the so-called objective tests. The main advantages of these tests are: improvement 
of the interactivity with the learning contents and the automatic presentation of 
questions, responses and provision of marks and feedback [27]. One of the main 
concerns in this field is to align assessment activities with the objectives of the 
educational curriculums in order to assess a variety of skills [28]. However, the 
traditional use of questions such as Multiple Choice, Multiple Response or Fill in the 
blank, doesn’t support well the assessment of higher-order skills such as: problem 
solving, exploration, spatial or time perception skills, among others. Generally, the use 
of traditional type of questions is lack of complexity [29]. As a consequence the 
resulted tests are not adequately for capturing the goals of an educational curriculum 
[28, 30].  

Different researchers claim that the use of Information and Communication 
Technologies (ICT) enables the design of new assessment types of questions and tests, 
allowing the creation of more complex CAA scenarios adapted to real life tasks. 
Conole & Warbuton [31] stated that increasing the interaction possibilities between 
students and questions enhances the students’ participation in the assessment process. 
On the other hand, [32] indicated that the addition of multimedia resources in the 
creation of questions helps the teacher to assess more tasks. As a consequence, the 
more technological resources you use, the higher skills and more sophisticated tasks 
can be evaluated [33].  

Another concern of the CAA field is to represent computationally the tests in order 
to support its automatic interpretation by software tools. Educational technology 
specifications for assessment provide formalizations to represent the information of 
objective tests. Especially, the IMS Question & Test Interoperability (QTI) is the de-
facto standard to represent question-items, tests and assessment results [34, 35, 36]. 
QTI is easy of managing because its XML building and its support re-usability, 
adaptability, scalability, and interoperability with other languages, specifications (e.g. 
IMS Learning Design [37]) and systems. QTI supports question-items involving 
graphical interactions, such as hot spot or select point, among others. Although, QTI 
does not address interactions adapted to specific educational goals, thanks to the 
flexibility of its Information Model a valid solution to the integration of interactive 
media can be based on QTI. However, there is lack of significant examples and efforts 
showing the possibilities of QTI for advanced CAA [38, 39]. In order to manage the 
information contained in the QTI tests an engine has to be used. The engine assesses 
automatically the responses and provides feedback [35].  

Although, there are few examples that show how to use QTI to implement 
advanced CAA scenarios, it is a relevant candidate to computationally represent CAA 
within 3D virtual worlds because the formalization and interoperability prospects that it 
provides. In this approach the NewApis engine [40] compliant with QTI v2.1 has been 
selected to manage the QTI-Wonderland interactions proposed [41]. 
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2. Interaction Patterns on 3D Virtual Worlds 

IMS-QTI (Question and Test Interoperability) is an interoperable assessment 
specification that has been used to evaluate knowledge in traditional Learning 
Management Systems. The assessment tests are composed of a set of questions with a 
pre-determined correct answer and possibly also a feedback and a grading scheme. 
Although the specification works with several types of questions: multiple choice, 
multiple response, true/false, fill-in-the-black and more, we focus our work in multiple-
choice. A multiple-choice question specification consists of the following parts: 

1. A prompt to provide the question to students. 
2. A response template with the list of choices. 
3. A correct response. 
4. Feedback and grades for different options. 

Elements (1), (2) and (4) are related to information that a Learning Management 
System (LMS) must transmit to the students whereas element (3) corresponds to the 
information that student must provide to the LMS. 

Students are immersed in the 3DVW therefore perceive and act through their 
avatars. Perception comes from the senses of hearing and sight and can be very real in a 
3D immersive system that can be explored freely. Although is technologically feasible, 
the haptic perception is not typically included in 3D virtual environments. On the other 
hand, the LMS can monitor and log any interaction carried out by avatars within the 
virtual environment in order to interpret any student answer. 

2.1 Interaction of the Learning Management System with Students 

3DVWs can transmit visual information to users through text, pictures, 3D objects 
and the 3D scenario where it is deployed. Audio information usually is transmitted in 
combination with visual information through video or actions carried out by 3D objects 
(including NPCs). 

Prompt can be available to users through different ways: 
• Text as it is usually done in a class or a web-based learning environment. 
• Audio or video file. 
• Dialogues and actions performed by one or more NPCs can transmit the 

question to learners.  
It is also possible to adapt the system to students´ preferences for receiving 

information. Besides, mechanisms should be provided to replay the information as 
many times as necessary for its full understanding. 

Once students have received the question, a list of choices is available for them: 
• The 3D objects within the virtual world which includes NPCs. 
• The set of different places of the virtual world. 

Feedback can be received in the same way as the prompt. A feedback can also be 
the change of the 3D scenario or its elements. For instance, a correct answer to a 
question may imply that a song starts playing or a 3D object that represents a prize to 
appear or student’s avatar is teleported to another place of the virtual world. Even a 
correct answer might imply the occurrence of all these actions simultaneously. 
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2.2 Interactions of the Students with the Learning Management System 

Avatars can perform a rich variety of actions that can be monitored by the system 
and thus can be interpreted as the answer of a question: 

• Displacement from one place to another either walking, running or via 
teleporting. The information to transmit can be either the destination 
point, the proximity to an object or the path followed. The time employed 
can also be registered. 

• Perform gestures to affirm, deny, waving, clapping and so on. Gestures 
represent a way of communication that has not been yet employed on 
traditional assessment. 

• 3D object manipulation which includes the selection an object, the 
displacement of the object, the modification of its size or any kind of 
simulation.  

• Interaction with NPCs. NPCs can have simple conversations with 
students thanks to the AIML programming language [42]. An AIML 
program is a XML script which relates linguistic patterns: the input 
pattern will be provided by the student via text and the output pattern will 
be performed by the NPC via audio. Thus, students might answer a 
question via text interacting with an NPC. 

3. Architecture 

Our proposed architecture, shown at Figure 1, is based on Open Wonderland (OWL) 
[9], a Java open source Multi User Virtual Environment toolkit with functionality that 
can be extended by adding or modifying modules (plug-ins). Open Wonderland is a 
client-server architecture where game-based functionalities are divided among client 
and server. Our architecture extends the Open Wonderland with capabilities to deploy 
assessment activities into the 3DVW, monitors interactions related with these activities 
within the virtual world, and reports them to a QTI-compliant engine (NewApis [11]). 
Whereas, NewApis provides the questions to be deployed into the 3DVW; evaluates 
the students´ answers; deploys the feedback onto Open Wonderland and finally, 
computes the students’ grades. 

3.1. Test preparation 

NewApis has been extended to deal not only with QTI v2.1 XML files describing 
tests to play onto a web-based environment, but also to deal with tests to be deployed 
and played onto OWL as assessment environment. A new OWL-QTI XML type of file 
has been developed to include the new possibilities offered by 3D virtual learning 
environments. The specification of the different parts of a question includes the 
resources required, the students’ events that activate actions into the 3DVW and the 
new events produced as result of an action. The description of the resources and events 
that might occur during the enactment of a question is stored into the OWL-server.  

Resources are 3D objects that filled the 3D environment. For instance, a 3D model, 
an NPC, an image, an audio file, a pdf file. These 3D objects can be built with different 
tools: SketchUp [43] for 3D models, Evolver [44] for NPCs, OpenOffice [45] for a 
power-point document and import them directly into an Open Wonderland virtual 
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world. The OWL-QTI XML file identifies the resources through a path followed by its 
identifier.  

A behavior (action) can be associated to a resource and it is activated when an 
event occurs. Examples of events are: click-on an object, approaching or leaving an 
object, arrive to an area, move an object. Actions that can be associated to an event can 
be the appearance or disappearance of an object, the displacement of an object and the 
play of a dialogue among NPCs. 

A test for NewApis with multiple-choice questions QTI-compliant is created by 
the teacher and then extended with information about resources, events and actions. 
The extended test is stored onto the OWL QTI-XML server’s database. The OWL-
server sends to the OWL-clients the extended test through its High Level Orchestration 
Module and the execution starts. During execution, each OWL-client must synchronize 
its actions with NewApis. 

 

 

Figure 1. Architecture of a Computer Assisted Assessment System within 3D Virtual 
Worlds. 

3.2. Two levels of orchestration of activities 

Our assessment system will allow students to solve the questions of the tests at any 
order. This high level orchestration will be carried out guided by Open Wonderland. A 
list with the places in the virtual world where the test questions must be asked is 
available to students in real time. OWL-client through its High Level Orchestration 
Module will maintain actualized the list of non-answered questions for each student 
whereas NewApis records the questions answered. Additionally, for any question 
remaining to be answered, students will be instructed about which actions must be done 
to cause the enactment of each of these questions.  
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