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Editorial

During the last decades, Education and Information and Communications Technologies 
(ICT) have developed a growing symbiotic relationship. In a variety of educational 
contexts, educators, learners and researchers are turning to ICT-based practices to 
design learning materials, to structure new educational methods, to enhance learning 
experiences and develop novel approaches in supporting learning and instruction. 
Nowadays, ICT have been widely perceived and commonly used as the lever that 
would leads to significant educational and pedagogical outcomes and support stu-
dents’ development of the knowledge and skills needed to succeed in the twenty-
first century society.

The increasing growth in the use of learning environments in which education is 
delivered and supported through ICT has brought new challenges. Academics, 
researchers, educators and policy makers have advocated that the emerged applica-
tions of ICT and the Web have the potential to offer enhanced learning opportunities 
for both students and teachers and support lifelong competence development. They 
transform the learning context by providing multiple opportunities for shared 
content and resources, self-directed learning, collaborative learning, ubiquitous and 
lifelong learning, among others.

In this sense, ICT applications and e-learning environments are becoming com-
mon elements of contemporary educational institutions, allowing both teachers and 
students to build strong learning communities around a common subject or field of 
interest. ICT and the new generation of Web technologies (blogs, wikis, social 
media etc.) offer enhanced learning resources and virtual learning spaces that 
are expected to exert a significant impact on education, since they change the bound-
aries between school and home; formal, non-formal and informal learning; teachers 
and learners; education and entertainment. In addition, the emergent Web 2.0 appli-
cations promote a new relationship between learners and teachers (but also learners), 
since the first are becoming potential authors of a new type of content.

Consequently, the debate about e-learning involves students, teachers, pedago-
gies, technologies and the related content. Undoubtedly, ICT have a number of 
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affordances that change the key aspects of the nature of knowledge and the 
way people access it. But what knowledge do we need in the twenty-first century? 
It is already apparent that the way we construct knowledge is still embedded in past 
perceptions of knowledge, schooling and learning. It is worth considering how 
educational thinking moves within a broader agenda, which is fundamentally 
affected by technology and the changes it induces in society. This justifies why there 
is a real need to rethink the whole framework of instruction and learning though 
the lens of ICT; the elements above as the constitutional components of any educa-
tional process cannot be independently managed.

Reflecting the current trends, this book comprises a set of high-quality scientific 
papers, sourced from a wide international community, that present theoretical per-
spectives, pedagogical innovations, original empirical investigations, case studies and 
practical applications regarding e-learning and ICT in education. Bringing together 
contributions from different educational systems and cultures around the world (from 
the UK, Canada, Spain, Italy, Bulgaria, Cyprus and Greece), this book serves as a 
multidisciplinary forum and gives an explicit view of the current international trends 
regarding the research and the application of ICT in educational practice.

The papers included were originally presented at the Seventh Pan-Hellenic 
Conference with International Participation Information and Communication 
Technologies in Education (HCICTE 2010), organized by the Department of Social 
and Educational Policy, University of Peloponnese, Greece and the Hellenic 
Association of ICT in Education (HAICTE), September 23–26, 2010, Korinthos, 
Greece, http://korinthos.uop.gr/~hcicte10. The original papers received positive 
criticism and suggestion from, at least, two independent reviewers, experts in the 
various fields, after a blind review process.

The result is a book that does not focus on a specific issue. Reflecting a variety 
of thematic areas across e-learning, the 22 chapters included fall into four main 
categories as follows:

Part I: Twenty-first century education and e-learning
Part II: E-Learning and teachers’ professional development
Part III: ICT-enhanced learning
Part IV: Learning environments and technologies

Our ultimate ambition is that this book will have a positive impact and will be a 
valuable  contribution, internationally, to the fields of e-learning and ICT in 
Education.

Part I Twenty-First Century Education and E-Learning

The first part of the book and under the name of Twenty-First Century Education 
and E-Learning, presents five papers that address the current trends and perspec-
tives regarding ICT and e-learning in twenty-first century educational settings, in 
various educational contexts ranging from primary education to university level.
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In the first chapter, Neil Selwyn debates the future of formal schools and school-
ing in an increasingly digital age. He argues that, despite the ambitious promises 
and discussions on the impact of ICT in transforming educational settings, the orga-
nizations and institutions that relate to education have displayed less obvious evi-
dence of change over the last few decades. This chapter outlines and critiques the 
radical forms of digital “re-schooling” and “de-schooling” that are often argued 
for within current academic debates over educational technology community. In 
conclusion, the chapter suggests a more modest approach that seeks to use digital 
technologies to work with schools as they currently are, rather than against them.

Chapter 2 by Christina Preston and John Cuthell presents the MirandaMod model 
of “unconference”, an informal partly facilitated participant-driven meeting focused 
on a theme or a purpose. This model reflects the complex, social, intellectual and 
practical process of teachers’ professional learning and facilitates this under three 
headings: the opportunities for teachers to record changes in their beliefs and under-
standings in relation to changing practice and developing skills; the variety of loca-
tions and modes that reflect different cultural contexts for learning; and the potential 
for professionals to re-evaluate their identity in relationship to their role and their 
pedagogical observations.

Our collection proceeds with a third chapter oriented toward the difficulties 
people from communities with distinct religious or cultural identities have to engage 
with or be welcomed into citizenship in European democracies. In this chapter, 
Stewart Martin presents a project in secondary schools in the northeast of England, 
UK, using a virtual environment to understand how such technology can explore 
and develop young people’s conceptualization of a citizenship in harmony with 
cultural and religious convictions in contemporary British society. The chapter also 
presents initial findings from an investigation suggesting that a revealing alternative 
approach is afforded through the use of immersive virtual worlds by applying expe-
riential learning and ethnographic simulation.

The fourth chapter, by Antonio Cartelli, reports on the Italian experience and the 
InnovaScuola project for the introduction of digital technologies in Italian schools. 
His analysis focuses on the difficulties that students meet while approaching disci-
pline topics and on the importance of digital literacy in helping students to over-
come their problems. As a result a framework for digital competence assessment is 
reported, and the data obtained from a competition made at different school levels 
are shown. The results suggest and highlight the importance of problem-solving 
strategies for the improvement of everyday teachers’ work.

Chapter 5, by Eleni Sianou-Kyrgiou and Iakovos Tsiplakides discuss the digital 
divide issue and the different sociological perspectives through which it is exam-
ined and interpreted. The authors present the findings of an empirical research, 
conducted with first year university students, showing that the digital divide is a divide 
in use rather than in access; new social inequalities emerge and are reproducing in 
different ways than in the past. They concluded that any attempts to examine social 
inequalities in higher education need to focus on the issue of the digital divide, as it 
constitutes a critical parameter which determines academic knowledge, students’ 
performance and their transition to the labour market as well.
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Part II E-Learning and Teachers’ Professional Development

Part II presents an additional five papers, under the title e-learning and teachers’ 
professional development, that deal with the issue of teacher’s preparation and pro-
fessional development programs aimed at the integration of ICT in school practice 
and supporting students learning and development.

In chapter six, Yannis Dimitriadis analyzes the multiple problems teachers face 
at when orchestrating technology-enhanced classrooms, and especially when dealing 
with complex pedagogies such as collaborative learning. His approach focuses on 
the extensive knowledge, both in pedagogy and technology, teachers need to design 
and put in practice computer-supported collaborative learning lesson plans. The 
chapter reports on the Spanish experience and deals with enhanced and shared 
teacher practices, as well as the support that may be provided in order to achieve the 
goals of effective and sustainable creation and use of CSCL lesson plans or scripts.

In the next chapter, Vassilios Makrakis presents a wiki technology, named 
WikiQuESD, and its application as a scaffolding hypermedia tool to enhance pre-
service teachers’ education for sustainable development (ESD) project-based learn-
ing. The study presented revealed that the use of WikiQuESD allowed pre-service 
teachers to design and upload interactive ESD projects online, through discussing 
and sharing ideas, collecting, assessing and integrating digital material available in 
the Web. The chapter concludes with the need to revise teacher education curriculum 
in order to provide authentic learning environments helping student teacher to 
develop their instructional skills, actively and experientially, within realistic and 
problem-solving learning scenarios.

Chapter 8, by Thierry Karsenti and Simon Collin, reports on the Canadian expe-
rience regarding the potential benefits of ICT for practical teacher training and 
professional induction. Results are presented from two pilot studies conducted in 
the province of Quebec during the internship of student teachers and the profes-
sional induction of new teachers. They identified the difficulties that interning and 
new teachers encounter and how ICT can help them overcome these challenges. The 
analysis of the results suggests that ICT help student teachers cope with pedagogical 
and other challenges encountered during their internship and the professional induc-
tion in various ways, while supporting student teachers to maximize their academic 
performance and to become more confident.

The next chapter, by Nikleia Eteokleous-Grigoriou, Garifalos Anagnostou and 
Simeon Tsolakidis, presents a case study in Cyprus regarding pre-service elementary 
teachers’ use of the Online Dictionary of Standard Modern Greek, the Modern 
Greek Text Corpora and the Corpus of Greek Texts as alternative tools for teaching 
basic notions of Physical Education. Using the Technology Acceptance Model, the 
study describes usefulness of the tools, difficulties encountered, teaching philoso-
phies and pedagogical beliefs, and educational use of the tools as the key-parameters 
determining pre-service teachers’ profiles and future technology use.

In the last chapter of this part, Kyriacos Charalambous and Photos Papaioannou 
present a study exploring self perceived competence and use of ICT, by primary 
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school principals in Cyprus, for personal, teaching and administrative–managerial 
purposes. Their results revealed that primary school principals, generally, do not 
feel very competent in using ICT, although the majority of them have received 
in-service training on ICT. It appears that they use computers for personal purposes, 
mainly word-processing and information seeking on the Internet, rather than for 
administrative and for teaching purposes.

Part III ICT-Enhanced Learning

Part III includes seven papers that address trends and perspectives regarding ICT-
enhanced and ICT-supported learning. Most of the empirical studies presented use 
educational software (e.g. concept mapping tools, simulations, programming envi-
ronments) and Web 2.0 applications to support and enhance students’ engagement, 
inquiry and collaborative learning.

The first chapter under this heading, by Sofia Hadjileontiadou, Georgia Nikolaidou 
and Leontios Hadjileontiadis, proposes an instructional design within a computer-
supported collaborative learning setting to examine if the provision of illusionary 
adaptive support could be perceived as such and cause intrinsic motivation towards 
better collaborative performance. Extending previous relative work, the authors 
applied two conditions of collaborative concept mapping to 11 groups of dyads of 
undergraduate teacher students, i.e. control and experimental. The groups during 
the experimental condition, unlike the control one, received an illusionary type of 
support. According to the experimental results, they produced better collaborative 
performance, on the basis of relevant indicators, as compared to their performance 
during the control condition.

The effective integration of wikis in undergraduate education is considered in the 
investigation by Ilias Karasavvidis and Sevasti Theodosiou. This chapter presents 
data from a longitudinal research project which aims at the progressive refinement 
of a wiki task using a design experiment method. The effect of a third version of a 
wiki task on student participation, online collaboration and interaction was examined 
in an undergraduate course with 56 participants. The results indicated that, while 
student participation rates and online interactions were substantially improved, 
compared to an earlier version of the task, student on-line collaboration remained 
minimal.

Sophia Angelaina and Athanassios Jimoyiannis report on the investigation of 
educational blogging using the Community of Inquiry framework. The study pre-
sented in this chapter used a blog as a project-based learning environment to 
engage secondary education students (15 years aged), coming from two separate 
K-9 classes. The results shed light on the multiple ways of students’ engagement 
and presence into the blog learning space, namely their social and cognitive pres-
ence, that support the development of a community of inquiry though which students 
achieved higher cognitive levels and enhanced their communication and collabo-
ration skills.
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The next chapter, by Maria Latsi and Chronis Kynigos, is oriented toward how 
mathematical meaning-making can be integrated with spatial navigation and orien-
tation in 3D digital media. They report on the findings of a classroom research 
investigating 12 year-old pupils’ construction processes as they worked with a 3D 
Logo/Turtle Geometry environment. The results show that the simulated 3D space 
was experienced by the pupils through two distinct perspectives on the way the 
available viewing angle manipulation tools were used: (a) an intrinsic perspective, 
according to which the simulated space was viewed from inside, through the turtle’s 
viewpoint, and (b) an extrinsic, from the view point of an external observer who 
looked at the figural results of turtle’s movement.

Anthi Karatrantou and Chris Panagiotakopoulos report on the value of educa-
tional robotics, considering that computer programming is a difficult cognitive task 
for most students. In this chapter, they present three case studies where Lego 
Mindstorms educational kits are used by small groups of junior high school stu-
dents, students in vocational secondary education and prospective primary teachers. 
The findings of the case studies are briefly described and seem very promising with 
regard to the use of educational robotics to promote understanding of the basic 
programming principles.

The last chapter, by Athanasios Taramopoulos, Dimitris Psillos and Evripides 
Hatzikraniotis, presents a study comparing the learning outcomes of 15–16 year-old 
students of the Greek junior high school in the field of simple electric circuits, when 
they are subjected to a teaching-by-inquiry intervention in a real and in a virtual 
laboratory environment. A pre–post comparison study design was used with two 
groups, who used the same inquiry-based curriculum materials with different in 
nature equipment (real vs. virtual environment). The findings indicate a similar 
conceptual improvement for both groups after the intervention.

Part IV Learning Environments and Technologies

The fourth part of the book deals with new technological environments and their 
applications in practice; namely virtual reality and virtual spaces, technological 
issues and standards development, as well.

The first chapter under this heading, by Mark Stansfield, Thomas Connolly, 
Thomas Hainey and Gavin Baxter, explores the contribution that computer games 
and Web 2.0 technologies can provide to enhance learner motivation and engage-
ment. The chapter highlights the main advantages and problems associated with 
computer games in education. In addition, a recent project is presented, the Web 2.0 
European Resource Centre which is aimed at enabling the mass of educators who 
find ICT confusing and frightening to have a simple and secure environment to use 
Web 2.0 technologies within their class.

This part proceeds with another chapter, by Ioannis Vrellis, Nikiforos 
M. Papachristos, Antonis Natsis and Tassos A. Mikropoulos, presenting an explor-
atory study regarding the educational affordances of virtual environments and the 
related students’ learning experiences. The empirical data gathered, using the Temple 



xiiiEditorial

Presence Inventory questionnaire, in order to investigate the sense of presence 
(spatial and social) that emerges while students collaborate in a problem-based 
physics learning activity through Second Lifes. The results indicate higher scores of 
social presence than of spatial presence. Correlations were found between dimen-
sions of presence, subjective computer expertise and tendency to become involved 
in activities.

Konstantina Chatzara, Charalampos Karagiannidis and Demosthenes Stamatis 
present an empirical study regarding a pedagogical agent that imitates human 
behaviour for enhancing e-learning applications through emotional intelligence. 
The results of the study reveal that agents can improve the quality of education. 
In particular, the agent can successfully diagnose the emotional state of the students 
and help them to complete their learning tasks. On the other hand, students enjoyed 
using the agent, they exhibited a sense of communicating with the agent, and they 
had positive emotions through this communication.

In chapter 20, Pavel Boytchev reports on digital visualization and presents sev-
eral software applications designed and implemented by the author as an attempt to 
represent the mathematical concept of conic sections. The applications utilize virtual 
reality to represent the basic properties of conic sections in a way easily to under-
stand by a non-mathematician. The applications cover several different perspectives 
that correspond to a multidisciplinary approach. The paper describes how conic 
sections can be generated by using objects from everyday life and how to design 
virtual mechanical devices that draw conic sections.

The potential value of sharing and reusing digital resources among educational 
communities is deeply studied in the next chapter by Demetrios Sampson, Panagiotis 
Zervas and George Chloros. Within this framework, a popular way for describing 
digital educational resources is the IEEE Learning Objects Metadata (LOM) 
Standard. The authors present an extended overview of existing tools for developing 
and managing IEEE LOM Application Profiles, and a comparison grid to identify 
their strengths and weaknesses.

The learning environments and technologies theme concludes with a paper, by 
Ioannis Kazanidis and Maya Satratzemi, on personalized instruction and the difficul-
ties to develop reused content by conventional systems and platforms. The adoption 
of SCORM technological standard results in some restrictions to system design and 
the provided adaptivity. The chapter focuses on the restrictions, which are related to 
the production of educational content, and investigates ways for developing dynamic 
and adaptive educational material that conforms to SCORM’s specifications. Finally, 
an adaptive learning management system, named ProPer, is presented which supports 
further course adaptation.

I want to thank the authors for submitting their contributions to this book; espe-
cially because they reworked their manuscripts to the final form presented here. 
I am most grateful to the reviewers for their comprehensive review. Their construc-
tive comments and suggestions contributed to the improvement of the quality of the 
chapters in this book.

Korinthos, Greece Athanassios Jimoyiannis
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Introduction

Despite all of the talk of technology transforming organizations and institutions, 
it could be argued that the organizations and institutions that relate to education 
have displayed less obvious evidence of change over the last few decades than those 
in other areas of society. In particular, many people would argue that a slow pace of 
change is especially evident with the “traditional” institutions of education – not 
least the school. In this chapter, we shall consider the significance of educational 
institutions in contemporary education. How can educational institutions such as 
the school be said to be coping with the demands of digital technology? Is there a 
continued need for formal institutions in education? Does digital technology in fact 
render the educational institution obsolete?

In addressing these questions, we need to consider all of the formal and informal 
elements of “the school” – in other words, we need to approach schools and digital 
technology both in terms of structure and in terms of process. For example, with 
regard to defining the “structure” of schools, most people would think of the material 
aspects of schools as places – i.e., their buildings, corridors, and classrooms. Yet 
schools are based around a range of social and cultural structures – including the 
hierarchical roles that people assume within the school organization, the hierarchies 
of knowledge that constitutes the school curriculum, and the organization of time 
that constitutes the school time table. All of these structures – although often out-
of-sight and rarely talked about – are integral elements of the organization of schools 
and schooling. Similarly, with regard to the “processes” of schooling most people 
would immediately think of explicit processes such as teaching, learning, commu-
nication, and decision-making. However, schooling should also be seen as involving 
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more implicit processes of socialization, regulation, and control. All of these 
processes and structures highlight the fact that schools should certainly not be seen 
simply as neutral contexts within which digital technologies are implemented and 
then used. Instead, we need to consider how digital technologies “fit” with these 
structures and processes. How do digital technologies complement or challenge the 
established processes and structures of school organization? In what ways do digital 
technologies appear to support the “reconstitution” of schools and schooling?

Technology and the Reconstitution of Schools and Schooling

In exploring the relationship between technology and the structures and processes 
of schools and schooling, we should first consider the ways in which digital technology 
is being used around the world to reconfigure the nature and form of educational 
institutions. These efforts tend to take three main forms. The first one is the use of digital 
technology to represent the structures and processes of school – what is often referred 
to as “virtual schooling.” The second one is the use of digital technology to reconstitute 
the structures and processes of school – what can be referred to as a digitally driven 
“reschooling.” The last one is the use of digital technology to replace the structures and 
processes of school altogether – what can be termed a digitally driven “deschooling.”

Technology and Virtual Schooling

There is a relatively long history of using technology to set the provision of school-
ing free from the physical and spatial confines of school buildings, while retaining 
the major structures and processes of schooling such as curriculum, assessment, and 
certification. Throughout the 1990s and 2000s, a large number of internet-based 
virtual schools were established to provide online “out-of-school” schooling. 
Perhaps the most widespread use of the internet to provide institutional support and 
provision of teaching and learning has occurred in the United States. One of the first 
major instances of this was the now defunct “Virtual High School” program. This 
program was sponsored by $7.4 million of federal funding and, at its peak, boasted 
students from ten countries. From these beginnings a large majority of US states 
now operate online learning programs for children and young people involved in 
compulsory schooling. Many states support individual “cyber schools” as well as 
having district level online programs where between 20 and 80% of a student’s 
academic instruction can be delivered via the internet (Watson et al. 2008; Ellis 
2008). In this way, it is estimated that over one million US school students will take 
online courses alongside their classroom lessons each year (Means et al. 2009).

These forms of virtual schooling are often justified as introducing the benefits of 
market efficiency and competition into compulsory school systems. As the brief 
examples provided above suggest, virtual schools tend to be run by a variety of 
providers – from school districts and universities, to private companies and corporate 
commercial entities. Growing numbers of commercial companies also act as 
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vendors for the delivery of courses and the licensed use of course materials. 
This “learning marketplace” is bolstered by the wealth of content developed by 
educators and schools themselves. All told, virtual schooling is seen to make school 
systems more diverse and more competitive. Besides these system-wide improve-
ments, proponents of virtual schooling also celebrate the benefits of choice and 
flexibility for the individual learner. For example, virtual schools are seen to provide 
individual instruction that better meets the specific needs and learning styles of 
students. Virtual schooling is seen to allow flexibility in terms of scheduling and 
place, as well as expanding educational access to individuals and groups who would 
otherwise be unable to engage in high quality learning. While some students (or 
their parents) will actively choose virtual schooling, these methods are also seen 
to play a compensatory role for students who are physically unable to attend “bricks-
and-mortar” schools. As such virtual schooling is justified as a ready alternative for 
students who have long-term illness, have been excluded from school or where 
schools are considered as unsuitable for them to attend.

Technology and Re-Schooling

Whereas virtual schooling takes place outside of the conventional school, another 
approach has been the use of technology as an impetus to “remix” the major structures 
and process of schooling within the physical and spatial confines of the school. This 
technology-driven reconstitution of the school can be referred to as a digitally driven 
“reschooling.” In other words, although the school may look the same from the outside, 
what goes on within it may be substantially different from before. Of course, efforts 
have long been made at the margins of educational systems to reconstitute and recon-
struct the school. Throughout the twentieth century a number of high-profile “experi-
mental” and “free” schools such as Summerhill, Fernwood, and the Vancouver New 
Schools all attempted to reinvent the structures and processes of schooling. Now digital 
technologies are seen to allow for the wide scale reconstitution of educational institu-
tions across entire school systems – albeit in less radical and overtly political ways.

Many of these proposals for “digital reschooling” involve the reconfiguration of 
curriculum and assessment. For example, efforts have been made in many countries 
to design new forms of digitally driven assessment to support learners – especially 
in terms of assessing areas of learning such as decision-making, adaptability, and 
cooperation. Attempts have been made to develop technology-based forms of “peer 
assessment,” as well as collaboratively produced work. Steps are being taken in 
countries such as Denmark and Norway to allow pupils full access to the internet 
during school examinations. Similarly, in terms of reconstituting the school curriculum, 
many educationalists are striving to find ways of foregrounding technology-based 
practices of collaboration, publication, and inquiry within the classroom. Current 
discussions in the academic educational technology literature will often conclude 
with proposals and manifestos for the redefinition of curriculum and pedagogy – 
sometimes through radical models of “mash-up pedagogy” and a “remix of learning” 
(e.g., Fisher and Baird 2009; Mahiri 2011).
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Besides issues of curriculum and assessment, attempts are also being made by some 
academics to recast education institutions as sites of technological exploration. 
An obvious area for change here has been the remodeling of the physical boundaries 
of schools to fit with the needs and demands of modern technology. From William 
Mitchell’s (1995) suggestions for a “recombinant architecture” in schools, to proposals 
for the re-design of the school environment into “collaboration-friendly” and “really 
cool spaces” (e.g., Dittoe 2006) the idea of redesigning and rebuilding the physical 
environment of schools to better accommodate digital technology use continues to gain 
popularity and support. For example, it has been suggested that the planning and design 
of new schools is less rigidly “zoned,” with schools becoming “learning spaces” that 
are “blended” in with other spaces and sites within the community (Harrison 2009). All 
told, the reconstitution of the physical work environment of the school to accommodate 
the demands of digital technology use is seen to be long overdue.

Technology and De-Schooling

While these ideas of reschooling and virtual schooling have obvious merit, other 
academics, educationalists, and technologists have chosen to pursue an even more 
radical agenda of change – what can be termed the digitally driven “deschooling” of 
society. From this perspective, digital technology is seen to offer a means of escaping 
the physical and spatial confines of the school, as well as providing an alternative to 
the major structures and processes of schooling such as curriculum, assessment, and 
qualifications. These forms of technology-based deschooling take a variety of 
guises. For example, a growing number of online institutions now exist that are 
based on an ethos of using digital technologies to bypass traditional education insti-
tutions. This approach is evident in online services such as the School of Everything. 
This is a prominent online space in the UK designed to put people in the community 
who wish to “teach” with people who wish to “learn.” This form of teaching and 
learning exchange has therefore been described as “an eBay for stuff that does not 
get taught in school” (Leadbeater 2008a, p. 26).

Digital technology has also been used to further support and extend the “home 
schooling,” “unschooling”, and “self-directed learning” movements where children 
and young people are educated by family and community members. For example, 
the “Free World U” has been developed as an online alternative learning community 
for home-schooled young children – offering online “accelerated learning” resources 
to be shared between communities of parents and learners. The development of 
online alternative schooling is an increasingly significant part of the efforts of neo-
conservative and fundamentalist religious groups in the US to support alternative 
forms of home-schooling outside of state control of the curriculum (Peters and 
McDonough 2008). As Michael Apple observed at the beginning of the 2000s, 
“there are scores of websites available that give advice, that provide technical and 
emotional support, that tell the stories of successful home schoolers, and that are 
more than willing to sell material at a profit” (Apple 2000, p. 71).
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Reasons for the Technology-Driven Reconstitution  
of Schools and Schooling

Although all of these examples challenge the traditional concept of “the school,” in 
a practical sense they remain on the periphery of contemporary educational provision. 
For the time being, at least, the main significance of such efforts is symbolic rather 
than substantial. As such it is worth considering the implications of the ideas and 
arguments that underpin these examples in further detail. All of the examples 
covered in this chapter certainly reflect a strongly held belief among some academics 
and educational technologists that profound and significant changes to the organization 
and arrangements of schools and schooling are imminent. Arguments along these 
lines are made regularly and forcefully in educational technology discussions and 
debate – especially by academic commentators. In fact it could be argued that much 
of the current discussion and debate about education and technology is tinged with 
an underlying “down with school” sentiment. We therefore need to ask why this is, 
and whether such reactions are justified?

Looking back over the recent academic literature on education and technology (or 
to be more accurate, the English language academic literature), it would seem that 
people’s enthusiasms for different forms of schooling are usually driven by two inter-
related beliefs. The first one is the widely held assumption among some academics 
and technologists that digital technology offers a better way of “doing education” – 
what could be referred to as a technological “pull” factor. The second one is a general 
dissatisfaction with current types of schools and schooling – what could be described 
as an institutional “push” factor. Together, these beliefs can be seen as underpinning 
most people’s desire for the technology-driven redefinition of schools. In the spirit of 
all our other discussion up until now, it therefore makes sense to give further consid-
eration to the ideas, beliefs, values, and agenda that inform these arguments. Is the 
school as it currently stands really a dysfunctional institution? Do digital technologies 
really offer a better way of organizing and providing educational opportunities?

Technology as a Better Means of “Doing” Education

One recurring theme throughout the educational literature is the assumption that 
digital technologies offer as a ready means of supporting better forms of teaching 
and learning than can usually be found in formal educational settings. Technology-
based education is seen to provide a more conducive way than “traditional” schooling 
to facilitate the informal, collective, and communal forms of learning that many 
educationalists believe to be important. Some people therefore reckon digital tech-
nology to be capable of superseding the educational opportunities that can be provided 
by schools and other formal institutions. This is not to say that technology-driven 
provision will necessarily replace formal education institutions. Nevertheless, digital 
technology is certainly seen as able to fulfill many of the same functions and roles. 
As Allan Collins and Richard Halverson reason:
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We see the question of where education is headed in terms of the separation of schooling 
and learning. We are not predicting the collapse of your local elementary school. Young 
people will not be forced to retreat behind computer screens to become educated. Rather, 
we see the seeds of a new education system forming in the rapid growth of new learning 
alternatives, such as home schooling, learning centers, workplace learning, and distance 
education. These new alternatives will make us rethink the dominant role of public schools 
in education as children and adults spend more time learning in new venues (Collins and 
Halverson 2009, pp. 3–4).

This enthusiasm for digital technology supporting a set of “new alternatives” to 
the school reflects a number of beliefs and values about what education should be. 
Firstly, many people’s interest in the technology-based reconfiguration of schooling 
reflects a belief in increased individual freedom. As can be seen throughout the 
educational technology literature, many people are convinced of the capacity of 
digital technologies to make education more flexible, fluid, and ultimately more 
empowering for the individual learner. For many commentators it therefore no 
longer makes sense to retain “pre-digital” models of organizing learning through 
institutions that are focused on the rigidly hierarchic mass delivery of static content. 
Instead, people are now beginning to question how best to develop forms of learning 
that can be negotiated rather than prescribed and discovered rather than delivered. 
More often than not, digital technology is seen to provide a powerful means of 
supporting education that is driven by individual learner’s needs and based on learners 
taking control of managing and accessing knowledge for themselves (Facer and 
Green 2007).

In this sense, growing numbers of authors are now discussing the value of what 
Jonathan Edson (2007) terms “user-driven education” – i.e., allowing learners to 
take an active role in what they learn as well as how and when they learn it. Of 
course, this “pick and mix approach” to curricular content and form presents a 
challenge to the professional roles, identities, and cultures of teachers and other 
educators. It also presents a fundamental challenge to the concept of the formal 
educational establishment as a whole. As McLoughlin and Lee (2008, p. 647) 
conclude, all of these ideas and arguments imagine a radically different education 
system – one where “learners are active participants or co-producers of knowledge 
rather than passive consumers of content and learning is seen as a participatory, 
social process supporting personal life goals and needs.”

These enthusiasms are often coupled with enthusiasm for the power of “informal” 
learning – i.e., learning that takes place outside of the control of the formal educa-
tion system. Digital technologies such as the internet and mobile telephony are seen 
as especially conducive to informal learning through their ability to support enhanced 
connections between people, places, products, and services. Above all, technology-
supported informal learning is seen to be more empowering in comparison to formal 
schooling, with young people able to learn in spite (rather than because) of their 
schools (Ito et al. 2009). As Nicole Johnson concluded from a study of Australian 
teenage “expert” technology users, with informal learning …

… the [students] were able to choose what they learned and when they learned. They viewed 
the medium in which they did it as a form of leisure. They were also able to choose who and 
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what they learned from – not just what has been set up as exclusive and privileged. 
They were able to both learn and receive pleasure from their engagement and not have to 
be concerned about the hierarchization and failure in relation to how traditional schooling 
determines competence (Johnson 2009, p. 70).

The School as a “Dysfunctional” Technology

As this last quotation implies, much of the enthusiasm for the power of technology-
based informal and collective learning is often accompanied by a complementary set of 
concerns over the failings of “traditional schooling” and formal school systems. Of 
course, “school-bashing” occurs throughout all aspects of educational debate and is by 
no means a recent phenomenon. The rise of mass education throughout the twentieth 
century was accompanied by trenchant critiques of “the school nightmare” and accusa-
tions of schools causing intellectual “death at an early age” (see Gross and Gross 1969). 
Many of these critiques centered on fundamental issues of knowledge, relationships, 
diversity, community engagement, and social justice (e.g., Postman 1996). More 
recently, these long-standing discontentments about schools appear to have been 
amplified and accelerated by the rise of digital technology. In many ways, digital tech-
nology now provides a high-profile filter for many long-standing criticisms of formal 
educational institutions. The support for technology-related changes to education is 
therefore driven more by the “push” factor of the supposed inadequacies of the formal 
educational institution rather than the “pull” factor of technology’s promise.

Criticism of the failings of contemporary forms of schools and schooling is varied. 
In a technological sense, it is argued that schools as they currently stand do not offer an 
adequate context for “doing technology” properly. The conclusion reached by many 
commentators is that schools, at best, assimilate and incorporate digital technology into 
their existing practices and processes. As Wilhelm (2004, p. 3) puts it, schools’ technol-
ogy adoption can be seen as being “largely hewn to established practice.” Many people 
therefore see schools as unable or even unwilling to respond to the more radical demands 
of digital technology use outlined earlier. Schools are seen to be stuck in a position of 
lacking what it takes “to go with the technological flow” (Dale et al. 2004).

As far as many commentators are concerned, the extent of the technological 
intransigence of schools is considerable. For instance, many school buildings have 
been criticized as being architecturally unsuitable for widespread networked and/or 
wireless technology use. School leaders and administrators have been accused of 
lacking the required “vision” to make the most of the educational potential of digital 
technology. School curricula have been observed widely as being too rigid and 
entrenched in “pre-information age” ways of thinking. School assessment procedures 
are seen to be overly concerned with the development and assessment of scholastic 
aptitude rather than “softer” or creative skills.

These criticisms often focus on what is seen as the rigid organizational arrangements 
and social relations within schools. A perennial concern among many academics, 
technologists, and policymakers relates to the apparent incompatibility between 
digital technology and what has been variously termed the “industrial-era school” 
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(Toffler 1970) or the “Henry Ford model of education” (Whitney et al. 2007) – i.e., 
a school system that is based around the needs of mass production and centralized 
factory-like workplaces. Many educational technologists therefore continue to 
denounce the industrial-era school as a profoundly unsuitable setting for the more 
advanced forms of learning demanded digital technology and the “knowledge society” 
(e.g., Miller 2006; Warner 2006). In particular, schools’ continued reliance on 
“broadcast” pedagogies of various kinds, their structured hierarchical relationships, 
and formal systems of regulation are all seen to render them incapable of responding 
adequately to the challenges posed by digital technology. All told, many people 
simply do not consider schools to be the best places for technology-based learning 
to take place.

Digital Technology and the Growing Rejection of the School

So far this chapter has outlined a range of arguments, ideas and proposals relating to 
school change and digital technology. To date, much of the established academic 
thinking has focused on the “reschooling” view of adjusting and reconfiguring the 
main structures and processes of schooling along more “technology-friendly” lines. 
For example, there is broad agreement within the academic literature, that the educa-
tional potential of digital technology is more likely to be realized through a redefinition 
of the processes and practices of contemporary schooling. Indeed, the need to develop 
“school 2.0” is an increasingly common topic of educational technology debate, with 
digital technology positioned as offering “a simple, clean approach” to redesigning 
schools (Apple 2008, p. 4). It is now becoming a fairly orthodox position within 
educational technology debates to argue that the processes and structures of schools are 
in need of being updated and rethought in light of digital technology use. However, 
some of the arguments covered in the last section of this chapter hinted at a creeping 
frustration among some educational technologists with the general concept of the 
school altogether. Indeed, some commentators are now openly hinting that they consider 
schools to be beyond salvation. Why then is there a growing rejection of school-based 
learning within some sections of the educational technology community?

As we saw earlier on in this chapter, powerful arguments are being advanced that 
children and young people may well be better off learning among themselves through 
the support of digital technologies. In particular, internet technologies have been 
promoted as providing a ready basis for young people’s circumvention of the tradi-
tional structures of their schools and generally “finding something online that schools 
are not providing them” as Henry Jenkins (2004, n.p.) has put it. Digital technologies 
are seen to be able to move schooling away from being “a special activity that takes 
place in special places at special times, in which children are instructed in subjects 
for reasons they little understand” (Leadbeater 2008b, p. 149). In this respect, a great 
deal of faith continues to be vested in digital technologies as a catalyst for the total 
discontinuation of twentieth century forms of schools and schooling.
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Indeed, a subtle rejectionist line of thinking can be found in quite a few accounts 
of educational technology and schools. This can be seen if we think back to the 
writing of the technologist Seymour Papert – one of the guiding lights of educa-
tional technology thinking over the past 40 years. It could be argued that Papert has 
promoted an often overt anti-school agenda throughout all these works. Take, for 
instance, his contention that schools and schooling are “are relics from an earlier 
period of knowledge technology” (Papert 1998, n.p.) or that new technology will 
“overthrow the accepted structure of school, the idea of curriculum, the segregation 
of children by age and pretty well everything that the education establishment will 
defend to the bitter end” (Papert 1998, n.p.). Perhaps Papert’s most memorable 
proclamation in this respect was …

the computer will blow up the school. That is, the school defined as something where there 
are classes, teachers running exams, people structured in groups by age, and following a 
curriculum – all of that. The whole system is based on a set of structural concepts that are 
incompatible with the presence of the computer (Papert 1984, p. 38).

Such sentiments have implicitly informed the work of many other educational 
technologists over the past 30 years. More often than not, the rejection of school-
based education is presented in a celebratory way that moves education nearer to 
harnessing the informal learning potential of digital technology. Yet on occasion 
some educational technologists cannot resist the urge to express their essentially 
negative view of the school. This sense of terminal incompatibility between 
technology and school was perhaps best encapsulated in Lewis Perelman’s (1992) 
observation that any attempt to integrate computing into schools “makes about as 
much sense as integrating the internal combustion engine into the horse.” Over 20 
years later, polemic of this sort continues to be an accepted part of mainstream 
thinking about education and technology, with many commentators willing to 
denounce schools as “anachronistic” relics of the industrial age that are now rendered 
obsolete by contemporary digital technology. As Juha Suoranta concludes:

in their current forms it might be that schools no longer belong to the order of things in the 
late modern era, and are about to vanish from the map of human affairs (Suoranta and 
Vadén 2010, p. 16).

In the minds of some commentators, then, the seriousness of the “school problem” 
has now passed a point of no return and leaves little choice but to argue for the 
dissolution of the school as it currently exists. Indeed, there would seem to be an 
implicit willingness within certain elements of the educational technology community 
to “give up” on the notion of the industrial-era school. The idea that technology-
based learning could replace the idea of school altogether is becoming an increasingly 
serious proposition. Yet as with all debates about the “future” of education, it is 
important that we take time to properly consider and challenge these proposals and 
assumptions. Suggesting that the concept of formal schooling is abandoned 
altogether is a substantial proposal, and not to be taken lightly. It is worthwhile to 
therefore consider the roots of these contemporary arguments for the digital 
“deschooling” of society – not least their ideological origins.
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In particular, parallels should be drawn between current calls for a digitally 
driven dismantling of the school and the earlier deschooling arguments of writers 
such as Paul Goodman (1962), Jonathan Kozel (1968), John Holt (1969), Everett 
Reimer (1971), Ian Lister (1974) and, most prominently, Ivan Illich (1971). In par-
ticular, Ivan Illich was at the forefront of debates toward the end of the 1960s as 
educationalists began to consider the emergence of what was being described as 
“post-industrial” society. In his 1971 book on Deschooling Society Illich challenged 
the structures, myths, and rituals that underpin all of contemporary capitalist society, 
not least educational institutions such as schools, colleges, and universities. Above 
all, much of the deschooling literature of the 1960s and 1970s resonates with – and 
often informs – present debates over digital technology and education. This is espe-
cially the case in the interest shown by writers such as Illich in re-appropriating 
technologies (from networks of tape recorders and computers to “mechanized donkey” 
vehicles) for providing learning opportunities along “convivial” rather than “manipula-
tive” lines – thus reflecting a faith in the notion of placing new technology at the 
heart of communities as a ready way to give people the opportunity to access a range 
of educational objects, skill exchanges, peer-matching, and “educators-at-large” 
(see Illich 1971).

Reconsidering the Ideology of Digital Deschooling

It is evident that many of the twenty-first century arguments outlined earlier in this 
chapter for the discontinuation of schooling in favor of technological means (un)
consciously update the arguments of Ivan Illich. At the first glance, Illich’s thinking 
fits well with many of the issues raised throughout current debates over technology 
and schools. Take, for example, his condemnation of institutionalized learning as 
inhibiting individual growth due to its emphasis on “progress” through mass production 
and consumption. This reading of school and schooling fits well with contemporary 
discussion of digital technologies and education. As Charles Leadbeater (2008b, 
p. 44) reasoned, “in 1971 [deschooling] must have sounded mad. In the era of eBay 
and MySpace it sounds like self-evident wisdom.” As Leadbeater then goes on to 
admit, “the self-help” philosophy of his own thinking on social media and education 
“is an attempt to realize some of Illich’s ideals” (Leadbeater 2008b, p. 45). Similarly, 
as Juan Suoranta concludes:

Illich’s utopia is turning out to be more of a topical scenario for our so-called information 
age than anyone imagined. Illich’s learning web metaphor is in itself interesting. It repre-
sents the current trend nicely that it is as if all the best minds in education are found in the 
virtual world of the worldwide web (Suoranta and Vadén 2010, p. 19).

The linkages between current educational technology thinking and the arguments 
advanced by writers such as Illich 40 years earlier reflect the highly ideological 
nature of debate over the schools and digital technology. Illich himself was a politically 
fluid but essentially anarchistic thinker who in later years argued against the entire 
notion of “education” altogether. Indeed, he reasoned that as people have historically 
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always known many things without enforced and compulsory forms of education 
then current generations therefore would do better to learn outside the aegis of the 
state altogether. Of course, the intentions of many commentators on education and 
technology may well be rooted in similar counter-cultural sensibilities – especially 
among more idealistic elements of the computer programming community. Yet one 
of the key differences between the original deschooling debates of the 1970s and 
those in the 2010s is the diversity of often conflicting ideological standpoints of those 
interests that are currently arguing for such change. As such, the people arguing for 
the digitally driven deschooling of 2010s’ society are doing so for a variety of reasons 
and rationales, not all counter-cultural or anarchic in intention.

Many of these ideological agendas relate back to wider efforts to re-configure the 
provision of education along market-driven, neo-liberal lines. Indeed, the prospect 
of the digital replacement of the school is being increasingly used to support neo-liberal 
arguments for the “end of school” and the realization of the “dream of education 
without the state” (Tooley 2006). Here digital technology is valorized in decidedly 
different terms than with Illich – i.e., as an ideal vehicle for the establishment of “a 
genuine market in education, where there was no state intervention of any kind, in 
funding, provision or regulation” (Tooley 2006, p. 26). From this perspective, digital 
technology is celebrated as a means to re-position education around the power of 
radical individualism, market forces, and the rational pursuit of self-interest.

So while the general premise of technology being used to replace the school may 
be seductive, it should be remembered such arguments are also used to support a 
number of more “laissez-faire” arguments for the dismantling of the state and public 
sector. Of course, we are not suggesting that these neo-liberal arguments should be 
rejected out of hand any more than Illich’s arguments should be agreed with. It may 
well be that the convenience of digital technology allows the “privilege and conve-
nience” of education to be provided through the power of the market and “without 
the unsightly mess” of state provision (Dean 2002). Yet, if these terms are accepted 
as the basis for the (re)organization of contemporary education, then it could be 
argued that a number of important principles of mass schooling in society are weakened 
– in particular, the principles of collective responsibility and empowerment. Indeed, 
the counter-argument could be made that there are a number of very good reasons 
to argue for the continuation – rather than dismantling – of the school in the twenty-
first century.

Above all, it could be said that digital technologies should not be allowed to 
overshadow the basic social importance of formal schooling. From a social justice 
perspective alone, the argument could be advanced that educational technologists 
(however well-intentioned) have no right to legitimize calls for the alteration or 
dismantling of the publically provided “industrial-era” school. It could be argued 
that, for all their faults, current forms of mass schooling play a significant role in the 
improvement of life chances for all children and young people. As Michael Young 
has argued, academic commentators should remain mindful that schools fulfill a 
societal purpose as a valuable source of “powerful knowledge” and social mobility 
for all children and young people – not just the technologically privileged few 
(Young and Muller 2009). It could be argued that there are key differences between 
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gaining knowledge and gaining experience, and that for many children and young 
people the most powerful forms of specialist knowledge cannot be acquired easily 
at home or in the community. In the case of these forms of powerful knowledge, 
it could be argued that the school plays a crucial enabling and supporting role.

Conclusions

All of these discussions and arguments highlight the complex nature of debates over 
the continuation of schools and schooling in the digital age. As this chapter has 
illustrated, these debates are often ideological in nature and are driven by wider 
arguments over what education is for and how society should be arranged. As Levinson 
and Sadovnik (2002, p. 2) observe, “schools are a Pandora’s box for visualizing a 
number of conundrums currently facing liberal democratic societies.” In particular, 
while the idea of a digitally driven displacement of schools may be justified on 
technical grounds of increasing the efficiency, economy, and even conviviality of 
education, there are a number of other socially focused arguments for not radically 
altering schools and schooling. Although it is easy to denounce many technological 
frustrations of the “industrial-era” school, we should be wary of setting a precedent 
where the interests of technology outweigh all other social, cultural, and political 
concerns. It could be argued that there are actually few compelling reasons to 
assume that formal schooling is set to lose significance and status in contemporary 
society. In fact, the continued persistence of a top–down, hierarchal configuration of 
formal schooling could be seen as testament to what Steven Kerr identified as the 
“historical flexibility of schools as organizations, and of the strong social pressures 
that militate for preservation of the existing institutional structure” (Kerr 1996, p. 7). 
Whether we like it or not, there is little historical reason to anticipate the imminent 
institutional decline of the “industrial-era” school in the near future.

That said, many of the issues raised in this chapter would seem to point toward 
the need for some degree of change in order for educational institutions to make the 
most of digital technology and, indeed, to get the most from digital technology-
using learners. It could well be that these changes can be achieved through relatively 
modest “readjustments” to technological practices that do not disrupt existing insti-
tutional structures and boundaries. We should be wary of giving up on the entire 
notion of the industrial-era school or university as it currently exists. Instead, it may 
be more productive – and certainly more practical – to set about addressing the 
“problem” of formal education and technology in subtler and less disruptive ways 
than radically altering educational institutions or even disposing of them altogether. 
In this sense, we need to think carefully about the future shape and forms of tech-
nology-based education in more modest and far less radical terms than are presently 
being argued for.

In this sense, educational technologists may be best advised to explore ways of 
“loosening up” in-school technology use and introducing a degree of informality to 
current digital practices without undermining the overall institutionalized social 
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order of the school. While many education technologists may well consider this to 
be a disappointingly compromised agenda for change, this may be a more realistic 
and achievable approach than the radical discourses of technological reschooling 
and retooling currently being proposed by others in the field. As such, careful 
thought now needs to be given as to exactly how the relationships between formality 
and informality within schools may be adjusted and altered in ways that can shift 
the frames of in-school technology use without undermining basic institutional 
structures and interests.
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Introduction

Marshall McLuhan, one of the first prophets of the electronic age, made some 
 striking pronouncements in the 1960s. Two of the best known, “the medium is the 
message” and “the world is a global village” focused on the potential effects of new 
communication technologies as they related to popular culture, and how this in turn 
would affect human behaviour and relationships within and across established com-
munities (http://www.marshallmcluhan.com). Fifty years later, one observation 
about human behaviour is that despite the pervasive power of digital technologies in 
society today there are still socio-cultural barriers and training issues that prevent 
many educators in all phases of education from using these technologies with the 
facility shown by their pupils (Facer et al. 2003; Downes 2004; Somekh 2004; 
Preston and Cuthell 2007; Pachler et al. 2011). This chapter illustrates how the 
 paucity of well-designed Continuing Professional Development (CPD) programmes 
in digital technologies is being remedied. Educators themselves are taking charge of 
an emerging mode of professional online communication that engages educators in 
knowledge creation. This mode of communication is a modification of the “uncon-
ference”. The “unconference” is a democratic knowledge exchange where all 
 professional participants are considered to have expertise, rather than invited speakers. 
The derivative designed by educators, called a MirandaMod, is a themed debate where 
issues of practice and theory are raised on equal terms. These terms are explained 
more fully in the next section.
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Key Terms

This section defines several terms as they are used in this chapter: educator; digital 
technologies; the unconference and its derivative, the MirandaMod.

The term “educator” has been chosen as a collective noun for the subjects of this 
developmental project in order to embrace the roles of all teachers who also teach other 
teachers about digital technologies, formally or informally: senior managers, teacher 
educators, staff trainers, network managers, regional advisers and teaching assistants.

The global term “digital technologies” is used to encompass all the technologies 
that teachers might use for teaching and learning within their classrooms. This term 
also refers to technologies that are used for teaching and learning remotely, such as 
Virtual Learning environments. The term “Information and Communications 
Technology” (ICT) is used both in the UK and in South Africa for the subject as it 
is both taught in the classroom and deployed as part of pedagogy. However, in other 
countries, this curriculum subject is often called Information Technology or 
Informatics. Internationally, these terms imply a concentration on the computer 
 science aspects of computer application: the implication in the UK is that ICT refers 
to the ways of using computers for information retrieval, communications and ped-
agogy, rather than how computers are controlled through programming and how 
hardware operates. Across the world, however, computer science is still taught in 
schools where learning to programme a computer as well as learning to use the 
packages in detail are key elements in computer lessons although computers are not 
deployed elsewhere in the curriculum.

The term “MirandaMod” is used for a virtual debate between professionals who 
are seen as equals. These innovative opportunities for exchange meet the demands 
of emerging cultures of professional learning in this digital age. While learning 
remotely and informally is largely what has been understood about mobile learning, 
the concept can now be extended to include the informal spaces in which learning 
takes place – the liminal spaces that those who push the boundaries of digital pos-
sibilities now inhabit intellectually (Preston et al. 2009). The term “liminal space 
(Cuthell et al. 2011)” is a term drawn from anthropology that describes a rite of pas-
sage, in which a person moves from one state to another. The anthropological view 
sees the liminal state as involving a period of time in which an individual may oscil-
late between old and new states, involve a range of emotions including anticipation, 
difficulty and anxiety, and at times require the mimicry of the new state until it 
becomes “natural”. ICT users are transformed in the liminal space by acquiring new 
knowledge, a new status and a new identity in the community. This is of critical 
importance if ICT CPD is to be successful.

The mode of learning that takes place in this liminal space has recently been 
modified by professional educators in two versions. The TeachMeet1 participants 
are called in random order to offer a 2- or 5-min focus on the teachers’ knowledge 
and craft, rather than on theory and abstraction. Each teacher speaks about their 

1 http://wiki.scotedublogs.org.uk.
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achievements in the classroom from their own perspective. There is no theme 
established. In a MirandaMods,2 however, the Fellows chose a theme beforehand. 
Some lead participants set the tone in a 5-min talk, usually without presentation 
software, and further contributions are selected by the chairperson of the debate to 
achieve a balance in participation between teachers, researchers and teacher educa-
tors. This chapter explores the emergence of the MirandaMod in more detail, but 
first the  relevant literature on professional learning will be covered – largely from 
the British point of view.

Literature Review

Three literature strands are relevant to the development of the MirandaMod: social 
and cultural contexts that look at the impact of digital technologies in informal 
 learning; professional learning issues; and, the basic pedagogic principles that  underpin 
CPD programmes and their relationship to the principles of an unconference.

Social and Cultural Contexts

The new demands of digital technologies are challenging traditional, social and 
cultural practices as well the agency of teachers and learners (Pachler et al. 2010). 
Kress and Pachler (2007) warn, however, that associated social, political and 
 economic changes, linked with globalisation, are taking place with a speed that 
militates against careful reflection within the education profession. These authors 
balance the attractions of such benefits as democratisation of education through 
greater access against the transfer of power in the digital realm from state to market. 
They point to large-scale social consequences where digital technologies and their 
affordances have already become a prosthesis for some users and are generally 
influencing our notions of self and society. They ask some “troubling” questions 
about the gains and losses that are occurring because of the prevalence of technolo-
gies in education. “Mobile learning”, “e-learning”, “online learning”, “virtual learn-
ing”, “anywhere anytime learning” are typical of phrases that are linked to hardware 
and software rather than a process change. In contrast, they prefer not to refer to the 
technology that is being used, but to distinctly new conditions and environments 
created by technology that are impacting on the experience of learning. The engage-
ment of activist professionals in the policy and practice agenda is essential if the 
concerns of Kress and Pachler (2007) are to be heeded.

Kress and Pachler (2007) outline learning processes that shift from the notion 
that learning is about acquiring information to the idea that the learner shapes their 
own knowledge from their own sense of the world – and that this new knowledge 

2 http://www.mirandanet.ac.uk/mirandamods.



20 C. Preston and J. Cuthell

created by the learner is valuable. Central are their reflections on the issues of meta-
collaboration – the circumstances that allow people to communicate remotely across 
boundaries of status, nationhood and culture that have not been so readily available 
in the past. However, Kress and Pachler (2007) point out that this widespread oppor-
tunity for communication for all does not presuppose that the agents have a critical 
understanding of the potential partners in knowledge creation and how their abilities 
and status might relate. I make a similar point in comparing the differences between 
social networking in the general sense and deliberate knowledge creation in a 
Community of Practice (CoP), where there is trust between members with similar 
approaches to learning and mutual aims to support each other. However, strategies 
for leveraging this community trust still have to be mutually developed and under-
stood (Preston 2007).

Professional Learning

“Professional learning” is the outcome of the transformational change described by 
Friere (1968) in his definition of “praxis”, the evidence that the professional as the 
agent has forged together theory and practice (Infed 2011). Praxis, is a high-level 
mode of professional operation where the practitioner does not only possess skills 
but a deep knowledge and understanding of the theories that underpin practice. This 
can lead to a profound change in the professional’s sense of identity that is the aim 
of the best professional development.

As a term, “professional learning” is widely used to cover the activities in CPD 
programme designs that put educators who are motivated by the prospect of profes-
sional change in control of their learning agenda (Pickering et al. 2009;  Johns-Shepherd 
and Gowing 2007). The term emphasises teachers learning actively rather than being 
passive recipients of an expert teaching agenda. In the ICT CPD Landscape: Literature 
Review (Daly et al. 2009) the phrase, “professional learning”, is used frequently in 
the context of change. The researchers explain the challenges for the designers of 
CPD programmes for professionals who aim to promote change:

ICT CPD, therefore, needs to be recognised as a complex, social, intellectual and practical 
activity which brings about change in teachers’ beliefs and understandings in relation to 
changing practice and developing skills. It takes place within a range of locations and 
modes which provide cultural contexts in which to learn. It involves re-evaluating learner–
teacher roles and overall classroom pedagogies. It brings changes in aspects of professional 
identity. For these reasons, simplistic models of ICT CPD are not helpful – it is highly 
 situated and success is subject to many inter-related human and social factors which vary 
across locations, strategies and relationships (Daly et al. 2009, pp. 69–70).

In 2010, a further government survey of the UK ICT CPD Landscape indicates 
that there is an even greater diversity of ICT CPD programmes mostly running at a 
skills level rather than addressing the need for transformative change (Pachler et al. 
2011). In this chapter, the MirandaMod is investigated as a means of providing 
widely available and cost effective CPD for those leaders who are willing to learn 
informally from each other.
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Pedagogical Models Underpinning CPD

The underlying pedagogical mode of the traditional conference is “information 
transmission”. This popular phrase is used to denote the communication of expert 
knowledge that is one way only. Chandler (1994) complains that the information 
transmission model assumes communicators are isolated individuals. No allowance 
is made for differing purposes, differing interpretations, unequal power relations 
and situational contexts. The traditional role of expert educators around the world is 
to pass on their expertise to students who learn this information and reproduce it for 
examinations and tests without necessarily processing it to change their practice.

The “unconference” model eschews this approach to learning in favour of 
demanding that all the participants are actively engaged in generating knowledge 
and knowledge exchange. In this innovative mode of professional learning, the 
 traditional power relationships between the expert and the learner are unbalanced. 
The underlying pedagogical approaches “social interaction” promoted by Lave and 
Wenger in the development of the “community of practice (CoP)” concept over 
nearly two decades (Lave and Wenger 1991, 1999; Wenger 1998, 2004; Wenger 
et al. 2002). These are groups of professionals who chose to learn together infor-
mally. Thus two related theories expand Wenger’s vision about CoP practices: 
Communal Constructivism and Braided Learning. Communal Constructivism 
emphasises teachers’ knowledge building role as they work together often across 
national boundaries (Holmes et al. 2001; Leask and Younie 2001, 2002).

This “social interaction” approach to learning relates to Freire’s notion of the 
wider value of collaborative learning in social and cultural contexts for profession-
als who want to take charge of their own agenda (Friere 1968). As CoPs mature, the 
MirandaNet observation has been that an interesting form of social learning emerges 
underpinned by the use of technologies (Cuthell 2005). Salmon (2002) has analysed 
the five steps of learning that take place when a course is run online: access and 
motivation; online socialisation; information exchange; knowledge construction; 
and development. Salmon comments that knowledge construction tends to happen 
when students are writing their essays in isolation. It would be fruitful in the devel-
opment stage, the fifth step, if they came back to the classroom and shared collab-
oratively what has been learnt in their individual studies in order to gain new insights 
into learning together. This rarely happens because students begin new modules at 
this stage in new groupings.

Braided Learning theory (Haythornthwaite et al. 2007; Cuthell and Preston 2007; 
Preston 2008) picks up on the individual learning in Salmon’s step four and then 
considers how the development step, five, might be an activity like an unconference 
that is collaborative, community-focused and voluntary. This contrasts with the 
activity of a group of individual  learners moving towards accreditation on a formal 
course. Braided Learning is an emergent theory that is tracing how this kind of infor-
mal dynamic knowledge creation works in a collaborative online context. Braided 
Learning refers to a meaning-making process that is emerging from the observation 
of online communication. Cuthell (2005) has traced the development of students’ 
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collaborative knowledge sharing in a MirandaNet online course on e-facilitation in 
a virtual learning environment in detail. The second Braided Learning studies looked 
at the productive use of email texts and e-facilitation processes (Preston 2007, 2009; 
Cuthell and Preston 2008; Cuthell 2008, 2009). In this third study, undertaken as 
communities of professionals mature in digital competence, the MirandaMod has 
become a crucible where social learning can find expression using virtual meeting 
software transcripts, i-chat, remote multi-authored digital  concept mapping, microb-
logging and video streaming.

The MirandaMod development is one answer to the approach to ICT CPD 
 recommended by the Landscape Review: a greater concentration on the role of groups 
of professionals who meet informally to exchange the theories and practices (Daly et al. 
2009). In MirandaNet research the investigators are members researching  members and 
themselves. This ethnographical method was developed by Adler and Adler (1987): the 
Complete Member Researcher. Originally international MirandaNet researchers were 
engaged in simply observing the email discussions taking place in professional CoPs, 
ITTE (http://www.itte.org.uk) and Naace (http://www.naace.org.uk) are two influential 
UK professional organisations relating to digital technologies in education. Their mem-
bers’ use of email indicate how online professional learning is orchestrated by the 
members of the CoP in accordance with their own agenda (Preston 2007; Preston and 
Cuthell 2009; Preston et al. 2009). In this chapter, the newest iteration of informal 
learning, the MirandaMod, is the focus of investigation. The MirandaMod extends the 
opportunities for collaborative learning practised in a “community of practice”.

MirandaMod Format

In brief, a themed MirandaMod is an occasion when like-minded educators aim to 
explore an emerging professional issue and collaboratively create new knowledge. 
This knowledge is then disseminated through the website to inspire new grassroots 
practice.

MirandaNet members define the MirandaMod on their website as an informal, 
loosely structured unconference of like-minded educators sharing ideas about the 
use of technology to inspire others. The term “Mod” that was offered by a Scottish 
member historically comes from the Gaelic word for a gathering, assembly or par-
liament. MirandaMod is usually (but not always) a fringe event following or attached 
to a formal MirandaNet seminar/workshop or meeting. The format includes a wiki, 
streamed webcasts, chat facilities, online collaborative concept maps and linked 
Twitter streams, means that there is an international dimension to these events. Like 
wikis, blogs, chat and email, this online multimodal communication is unlike previ-
ous modes of knowledge construction because remote participation reduces time 
and cost commitments. In these unstructured activities software such as Flash 
Meeting, linked to microblogging and instant communication streams, empower 
digital visitors to engage remotely with those at the terrestrial meetings, even to the 
point of placing a convivial pint of beer next to their terminal. The virtual world, 
Second Life, is also being considered as a welcoming MirandaMod location.
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These creators of the MirandaMod programme, as well as the participants, value 
the mix of perspectives at the meetings. Some of them are also members of Naace, 
or ITTE, or TeachMeet, or all three; users of Twitter. They have engaged in a variety 
of experiments with “unconference” models in relationship to the topic, the location 
and the technology available. The MirandaMod format is constantly being adjusted 
according to the topic.

Typically, a conventional seminar might take place from 1400 to 1700 at the 
“home” of MirandaNet, the WLE Centre at the Institute of Education, University of 
London. Some well-known experts are given 30 minutes to talk about their subject 
at length, followed by time for questions. For example, the MirandaMod on educa-
tional games covered different perspectives on games in education by researchers, 
teachers, teacher educators and games developers.

In a MirandaNet seminar the room is organised without a speakers’ platform. 
Speakers and participants sit round a table, so that the barriers between speakers and 
their listeners are broken down and the participants can look at one another in the 
eye and see reactions. All participants are also invited to introduce themselves, 
whereas speakers in conferences often do not ask their audience who they are: 
sometimes because the audience is too big, sometimes because the speakers are 
keener to talk than to learn. Each MirandaNet seminar will be filmed and hosted on 
the MirandaNet website, assuming that funds are available. In this way international 
and national members who could not be in London have asynchronous access to the 
meeting and can learn from the topics.

In planning the programme, complex decisions by the team have to be made that 
take account of what is topical, who is available to lead the sessions and what tech-
nology is appropriate. “Low cost and no frills” is the norm; speakers are asked to 
give their time free. So this early seminar and the MirandaMod are free to anyone 
who has an interest. Supper follows; it is sponsored by companies and by govern-
ment agency supporters and the WLE Centre where the London MirandaMods are 
held and continues from 1700 to 1830. During the supper some of the audience 
leave and others stay; some go shopping for books and return. More participants 
appear for the MirandaMod who could not attend the afternoon session; these are 
members of MirandaNet as well as staff and students at the host university, mem-
bers of ITTE, Naace and attendees at TeachMeet. Where possible MirandaMods are 
held during school holidays or on a Friday evening, so practising teachers have a 
chance of attending. Obtaining support cover for teachers in classrooms is increas-
ingly difficult. The “expert” seminar speakers are expected to stay on as well to 
contribute to the more relaxed MirandaMod. Speakers are invited to see this as an 
opportunity to learn from the participants as well as contribute.

MirandaMods, lasting from about 1830 to 2100, are open to all students and 
teachers from the Institute of Education, University of London, MirandaNet and 
other appropriate professional groups. The full programme for the academic year 
2009/2010 can be found in Appendix one, where the range of formats and approaches 
can be seen even over one season. The full resources can be accessed on http://www.
mirandanet.ac.uk/mirandamods. Speakers and participants are asked to make their 
materials freely available and the collaborative maps prove to be a good place for 
useful but less obvious resources to be posted.
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All the iChat text, video stream and Twitter feeds are then posted in the MirandaNet 
web space so that those who could not participate have a record of proceedings and 
asynchronous access. Currently, this material is also being used for research, in order 
to develop the Braided Learning framework more comprehensively.

In specific terms, participants elect to present for 2 or 7 min on the theme of the 
session. The use of standard presentation software (like PowerPoint) is discouraged 
in order to minimise the possibility of didactic presentations, and to empower 
engagement with colleagues. On the evening, the order of speakers is random. Time 
factors may prevent some from speaking depending on the incidental discussions 
that evolve about the presentations. The international dimension is made possible 
by the use of wikis, FlashMeeting, real time video streams, iChat and a Twitter 
stream (Preston and Cuthell 2010) – all of which can be embedded in a Second Life 
 seminar space. The last half hour of the MirandaMod and time afterwards will be 
taken up by the collaborative creation of an online multi-authored concept map that 
will outline the group judgements that have been made on the topic under debate. 
These maps form the basis of the professional distribution of knowledge and the 
reports.

The Findings: Achieving Praxis

The evidence for changes in praxis was divided under the key characteristics of an 
effective ICT CPD programme design described in the Landscape review (Daly 
et al. 2009) that reflects the complex, social, intellectual and practical process of 
professional learning. The conclusions have been grouped under three headings:

Under the first heading, “the opportunities for teachers to record changes in their 
beliefs and understandings in relation to changing practice and developing skills”, 
there are several observations:

The MirandaMod is proving valuable in the creation of professional knowl-
edge as opposed to socialising online. This instant communication between 
work-based experts is a valuable mode for professional learning, where all the 
participants define the agenda before and during the event.
In particular, a MirandaMod programme addresses some of the issues raised 
in the Becta reports on the UK ICT landscape (2010). First, the emphasis 
on intellectual debate about digital technologies emphasises a deep under-
standing and application of skills to developing learning and teaching rather 
than just a discussion of skills. Additionally, teachers’ knowledge and craft 
are recognised, rather than relying on a crude estimate of their skills.
Teachers at any level are sharing in a MirandaMod the development of an 
appropriate “vision” focused on pedagogy. Even if their own focus is skills, 
other participants can open minds to other perspectives. The teacher develop-
ment aspect is given in the information experience that they have.

Under the second heading “a variety of locations and modes that reflect different 
cultural contexts for learning” are these observations:
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Because presentation software is discouraged each participant has to think 
hard about less linear ways in presenting information and deploy greater use 
of multimodal forms of presentation. Persuasion simply through eye contact 
with the audience is also seen to be powerful in terms of performance.
The way in which a MirandaMod can be set up means that the costs and time 
required for conventional CPD do not apply. The teachers are, in effect, 
 teaching themselves. They do not need to meet face-to-face in order to keep 
up their knowledge. The MirandaMod can help to dissipate the “policy 
 tensions” that prevent coherent and consistent development of pedagogy 
using  technologies, and that create conflicts over how time and resources are 
used to embed technologies within schools.
This knowledge creation activity is important because the technology is 
 sufficiently transparent to empower all members to set the agenda at the 
 grassroots. This mirrors young peoples’ mobile learning activity outside 
school in easy to use virtual environments, such as ThinkQuest, Bebo and 
Facebook, that allow them to follow their interests and to develop and extend 
their existing talents.
Teachers can utilise the attendant resources in any way or time they wish. They 
can use these resources for self study or to share with peers and pupils. They can 
also author resources for others which change their perception of their role.

Under the third heading “potential for professionals to re-evaluate their identity 
in relationship to their role and their pedagogical observations” MirandaMods can:

Encourage democratic debate rather than just promote socialisation.
Challenge the usual model of conferences for teachers where there is limited 
interaction, if any, between “experts” on stage and the experts in the audience. 
This mix helps teachers to see themselves in the wider professional context 
and, perhaps, open up interests that they were not aware that they had.
Challenge the usual model of conferences for teachers where there is limited 
interaction, if any, between “experts” on stage and the experts in the audience. 
In the MirandaMod, professionals have equal input regardless of their differ-
ing status in the world of education, which challenges their understanding of 
their identity.

In questions about revaluating their identity the practitioner participants particu-
larly valued the research input which is not normally available to teachers in class-
rooms. They also found contact with researchers and the chance to question them 
particularly revealing and mind changing.

Conclusions

The MirandaMod is a new mode of professional learning that employs digital tech-
nologies in innovative ways to enrich collaborative knowledge creation processes. 
The main message is that it is the knowledge gathering agenda that should take 
precedence over the demands of digital technologies.



26 C. Preston and J. Cuthell

Five ways have been identified overall that show how MirandaMods have the 
potential to promote changes in professional praxis through:

Reflection
Collaboration
Access to collaborative resources
Publishing new professional knowledge based on collaboration
Changing existing frames of thought and patterns of behaviour

What is probably most important for the future is the extra dimension 
MirandaMods add to learning through social interaction, especially when the 
 opportunities for professionals to engage in face-to-face meetings are reduced 
because of economic constraints. Costs are not high: investment in this form of ICT 
CPD may be the only way that many educators have access to professional learning 
in the years to come.
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Introduction

Concerns have risen sharply in recent years about the level of public disengagement 
with political and civic life in the UK, as evidenced by falling turnout at national 
and local elections, rising cynicism and lack of trust in politicians and a perceived 
increase in the alienation and marginalisation of some groups. Particular anxiety has 
been expressed, both by governments and in the media, about the radicalisation of 
some young people and the association of this with the growth of cultural and 
 religious fundamentalism (Home Office 2001a, b, 2004, 2006; Bradford Metropolitan 
District Council 2001). Such concerns have been fuelled and given greater credence 
by international events, especially when perceived to be associated with political 
instabilities and terrorism and by rising levels of threat to individual nation states 
from military developments worldwide.

Such anxieties are not unique to any one country and many governments have 
responded to concerns about the perceived fragmentation of and threat to political and 
national identity (Deakin et al. 2005). Some governments have reacted by increasing 
the attention given to producing citizens with appropriate senses of self, community 
and citizenship often through changes to their educational  systems, via “citizenship 
education” under various guises (Martin and Feng 2006; Goldsmith 2008).

In the case of England the intellectual, legislative and political legacy of British 
colonialism, the subsequent growth of the UK as a multicultural democracy and the 
development of trans-national political structures have over time increased concerns 
about entitlement to and the nature of British citizenship. This contentious area has 
promoted considerable debate about what should constitute the appropriate responses 
through educational policies and outcomes.
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The UK has one of the lowest voter turnouts of any western democracy and there 
is rising anxiety about the lack of political engagement with the state; “Concern 
about youth alienation from democratic processes has led, at least in part, to the 
introduction of citizenship education in schools. This has stemmed, in part, from 
angst about the low levels of voter participation by young citizens in the 18-24 age 
bracket, in particular” (MacFarlane 2005: 298). This matters because one of the 
outcomes of increased international interconnectedness is that global tensions are 
being reflected on the streets of local communities. Particular anxieties exist about 
the disengagement and marginalisation of groups such as Muslims (Osler and 
Starkey 2003; Gallup 2009), heightened by the growth of economic globalisation, 
international terrorism and high-profile extremist events. Media reporting of such 
factors can compound the resulting anxieties and confusion:

‘Of Muslims in the 16-24 age group, our poll found 37 per cent wanted Islamic sharia law 
in the UK, 31 per cent wanted heretics put to death and 74 per cent wanted Muslim women 
to wear the full-face niqab veil or the hijab headscarf’. Sharia law ‘specifies stoning, ampu-
tations and executions as routine punishments. Religious police bring suspects before spe-
cial courts’ (Daily Mail 2007).

Young people from communities with distinct religious or cultural identities have 
traditionally found it difficult to engage with or be welcomed into an inclusive sense of 
national citizenship, as considered by McGhee (2005). In the UK in particular, there is 
no strong sense of inclusive national identity or of a sense of citizenship which embraces 
Europe comfortably, and the need for the development of a contemporary and more 
inclusive conception of citizenship and a wider participatory democracy has been noted 
both in government policy and more widely (McGhee 2005; MORI 2007).

However, the desire to develop a stronger, more cohesive sense of British citi-
zenship by implementing Citizenship Education in schools has met with limited 
success. The intentions for citizenship education remain contested and misunder-
stood, its delivery often makes little reference to significant local and national issues 
and how politicians, the media and the wider society deals with these and in many 
schools the general provision for citizenship education is inadequate. Teachers find 
the topic problematic to teach, often due to poor knowledge, training and resources, 
overall attainment in citizenship education is poor when compared with other 
 subjects, and the National Curriculum for citizenship education is also ambiguous, 
lacks coherence and is unmanageable (Ofsted 2006). There has been sustained criti-
cism that “citizenship education is the worst taught subject in secondary schools” 
(Independent 2006) and, despite improvements made since its introduction, the 
Chief Inspector of Schools’ most recent Annual Report concedes that it “remains 
fragile” in many schools (Chief Inspector’s Annual Report 2008).

There a growing recognition that citizenship education in the UK needs to be 
more about empowerment and “performativity” (Braidotti 1994; Commission on 
Integration and Cohesion 2007), about the society we want to see (The Equalities 
Review 2007) and less about the study of academic content, citizenship duties, the 
institutions of government, “the rule of law” (Ofsted 2006) or citizenship as an act 
of social compliance and contribution, as is sometimes found when countries take a 
more overtly political approach to promoting social integration (Martin and Feng 
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2006; Goldsmith 2008). But engaging young people in civic and political life via an 
active citizenship is not of only advantage for them but:

Being taught to respect the law without learning how bad laws can be changed and better 
ones promoted tends to create apathetic subjects rather than active citizens. At the worst, 
disengagement can lead to acts of delinquent rebellion against a social order that young 
people feel powerless to influence. Sir Bernard Crick (Quoted in Ofsted 2006: 5).

A series of large-scale studies with secondary school age young people by the 
International Association for the Evaluation of Educational Achievement (IEA) into 
citizenship and civic education across Europe (e.g. the International Civic and 
Citizenship Education Study, ICCS, and the Civic Education Study, CIVED, see 
http://www.iea.nl) found that students in most EU countries have an understanding 
of basic democratic values and institutions although females are more supportive 
than males of the political rights of women and immigrants. While young people are 
sceptical about traditional forms of political engagement (except voting) these stud-
ies found that they are open to other types of civic involvement such as collecting 
money for good causes or joining non-violent protest marches. Many students, 
especially as they get older, seem to trust news media more than government-related 
institutions and have less positive feelings about their countries. These studies also 
found that the home environment had a substantial impact on civic knowledge but 
that schools that used democratic practices were more successful in promoting civic 
knowledge and engagement (Torney-Purta et al. 2001; Amadeo et al. 2002).

These studies used metrics from questionnaire scores that asked about particular 
pre-identified areas of knowledge and understanding (Schultz et al. 2008) but did 
not collect significant amounts of qualitative data or engage young people in explor-
ing the degree to which their individual citizenship identity emerged over time dur-
ing adolescence. They found that young peoples’ concepts of democracy and of 
what makes a good citizen consistently identified the most important features to be 
obeying the law, voting and following political issues, although this was established 
from the predetermined topics explored and questions answered (Amadeo et al. 
2002). The views of younger and older secondary age students did not differ mark-
edly, suggesting that by age 14 the views of young people have already been influ-
enced by their cultural, historical and educational context. However, over a 10-year 
period, citizenship skills and knowledge appeared to have declined significantly in 
the age group studied (Amadeo et al. 2002).

As with other large-scale studies, the ICCS study of 24 EU countries (Kerr et al. 
2010) and the IEA study of 38 countries (Schultz et al. 2010a, b) were based on the 
premise that citizenship education involves helping young people develop relevant 
knowledge and understanding and positive attitudes towards being a citizen and 
towards participating in activities related to civics and citizenship. The results 
showed considerable variation in civic knowledge among and within European 
countries for facts about the EU, knowledge of EU laws and policies and knowledge 
about the euro currency. This study sought to identify the degree to which partici-
pants engaged with and were interested in: European citizenship and identity; 
Intercultural relations in Europe; Free movement of citizens in Europe; European 
policies, institutions and participation and European language learning.
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Many students participating in these studies had a strong sense of European identity, 
although in some countries this was weaker in those with immigrant backgrounds. 
Those with positive attitudes towards their country tended also to have a stronger 
sense of European identity. Most held positive attitudes towards equal rights for 
other European citizens living in their country as well as for racial/ethnic minorities. 
Most also supported citizen’s rights to free movement to live, work and travel any-
where in Europe, although a minority in some countries were in favour of restric-
tions on this.

Most teachers thought knowledge and skills were the most important aim of 
 citizenship education, including knowledge of social, political and civic institutions; 
skills and competencies in conflict resolution; knowledge of citizens’ rights and 
responsibilities; and critical and independent thinking. Only a few thought that 
“ preparing students for future political participation” and “supporting the develop-
ment of effective strategies for the fight against racism and xenophobia” were impor-
tant aims of citizenship education. These studies, as a group, concluded that learning 
about the EU therefore needed more emphasis within citizenship education and that 
knowledge and skills should be emphasised above the importance of participation. 
Emphasis was placed heavily on “knowing facts” and reasoning about them.

Teachers in many countries appear to have tended to emphasise a didactic approach 
to citizenship education with an associated emphasis on content over process and on 
a transmissive pedagogy over one more strongly founded on collaborative learning, 
constructionism and student empowerment. The degree to which curricula are 
 prescribed within government policy varies from country to country and is likely to 
be a contributing factor to this, producing a variety of approaches between and within 
countries and their individual educational institutions. However, the reports  discussed 
above emphasise that, in general, active participation was not something that most 
teachers promoted and although they were usually receptive to open student 
 discussion in classrooms, they provided only limited choice of citizenship topics and 
activities. Most students said they participated in class or school elections and about 
two fifth said they participated in debates, decision-making and student assemblies. 
Active citizenship community involvement by schools focused on sports events and 
cultural activities. Few teachers reported student involvement in human rights 
 projects or activities to help the underprivileged. These factors  suggest the presence 
of a relatively modest degree of participatory democracy within educational institu-
tions, despite arguments that this is an essential pre- requisite for effective citizenship 
education (Kohlberg 1985; Torney-Purta et al. 2001; Amadeo et al. 2002) and also 
further highlights for many professional educators the unresolved and uncomfortable 
tension in their practice between professional autonomy, research-led pedagogy and 
their increasing accountability to external audit systems (Martin 2010).

The IEA study of 38 EU countries (Schultz et al. 2010a) noted that the wide varia-
tion it found in student citizenship knowledge was most strongly associated with 
parental occupational status, although the degree of variation among groups with 
both similar and different parental occupations was wide in some countries but nar-
row in others. A significant unexplained decline in students’ knowledge was found in 
7 of the 15 countries that this study shared with an earlier study 10 years earlier 
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(Torney-Purta et al. 1999), which measured students’ citizenship perceptions across 
four domains: value beliefs, attitudes, behavioural intentions and behaviours.

These studies indicate that despite some limited success, citizenship education is 
increasingly characterised by declining achievement over time across the range of 
(desired) measured skills and knowledge. This parallels the British experience and 
difficulties in raising achievement in citizenship education, or of sustaining levels of 
performance and outcomes comparable with other subjects. In many countries in 
Europe achievement in citizenship education shares a tendency to be associated with 
prescribed curricula promoting predetermined elements of knowledge, skill and under-
standing relatively uninformed or guided by the contemporary concerns, problems and 
identified concerns and needs of students. The lack of, or declining, success of present 
approaches suggests the need for an alternative which, given the relative lack of una-
nimity about citizenship identity and the emergence of increasingly pluralistic democ-
racies, would seem to be most likely to succeed if based upon a more qualitative, 
exploratory methodology. Such an approach could more effectively explore how citi-
zenship and civic education might be configured to promote a vision for citizenship 
based upon a consultative participatory model designed to reveal how far citizen-
ship identities may be evolving over time in line with the growth of globalisation and 
the complexities and changes in demographics, migration and political consensus.

During adolescence, young people are heavily engaged in the exploration of 
identity (Erikson 1950), but schools are not generally able to afford students access 
to a rich resource of material and conceptual tools to support the development of 
workable prototypes and roles. The research reported here is developing an artefact 
and methodology for use in educational settings to help young people in their explo-
ration and development of cultural and citizenship identity for an inclusive society. 
It makes imaginative use of technologies known to be attractive to young people, 
many of whom routinely use similar digital environments such as online social 
networking to develop and maintain relationships, communicate with others and 
(re)present themselves. The present research allows young people to practice citi-
zenship in a safe environment that, while virtual, represents real-world contexts 
dealing with issues of relevance to them, their lives and their development en route 
to full citizenship.

Experimental Environment

The software used in the present study is a purpose built technology developed from 
the commercial version of Second Life (OpenSim) but represents a significant 
development of both. Additional functionality facilitates the creation of communal 
values, personal diaries, legacy recording and the expression of emotion. It also 
facilitates communal discussion of citizenship issues and the recording and storage 
of the collective values and associated definitions that emerge. The environment 
includes many of the useful and attractive features of Second Life but at the same 
time addresses and overcomes the perceived barriers to its use by educational 
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 institutions inherent in the public access version’s lack of user activity monitoring, 
weak data protection, minimal privacy controls, exposure to “griefing” (cyber-
bullying) and prevalence of mature content. These factors make the commercial 
platform attractive to the wider public but create severe obstacles for educational 
use. The approach used in this project ensures that at its conclusion the research is 
able to access a route to adoption by providing educational and other institutions 
with a technology that draws upon those features known to be engaging and moti-
vating in Second Life but that overcomes the commercial version’s inherent limita-
tions, addresses anxieties expressed about its use by young people and provides 
secure and safe configurations for institutions to implement on their own servers.

Despite the introduction of citizenship into the school curriculum in several  countries 
including England, there has been little debate about what content, tools, pedagogy, or 
assessment methods are most appropriate. The present research uses an interventionist 
environment to study how citizenship education can adopt new approaches to explore 
such relevant issues. Prior work has shown how immersive virtual environments can 
facilitate the study of cultural and personal values (Csikszentmihalyi and Rochberg-
Halton 1981; Bisaillon 1989; Bers and Urrea 2000) while others have focussed on the 
value of multi-user environments and collaborative virtual spaces (e.g. Bruckman 1998) 
to show that constructionist approaches maximise the learning, content production and 
creative expression of individuals in learning communities (Martin and Vallance 2008). 
However, the present research also uses a relatively small, virtual community to avoid 
the problems that tend to appear in large platforms (Kollock and Smith 1996).

This project’s innovative use of an immersive virtual environment to study 
 citizenship draws on the work of Turkle and Erikson on identity formation and the 
tensions between the individual’s need for social integration into family, culture and 
society (identification) and the search for boundaries between the self and others (dif-
ferentiation) (Erikson 1950, 1968; Turkle 1995). The research also makes use of “vir-
tual autotopography” (Gonzalez 1995; Bers 2001) to represent identity through 
participants’ selection of symbolically significant objects. Participants’ virtual dwell-
ings are used to study individual re-presentations of self (differentiation). Their 
involvement with the built environment (e.g. virtual civic spaces, artefacts or “tem-
ples” representing religious traditions or cultural/group interests) is used to map their 
integration into the virtual society and culture (identification). The attachment of val-
ues and stories to these artefacts and reflections upon them by  participants and on their 
experiences and on introduced scenarios provides data for studying the tensions 
between differentiation and identification and emerging perspectives on citizenship.

The imperative given to each participant is to develop a harmonious environment 
within which each individual feels welcome and empowered. This draws on the idea 
that individual moral development is critically shaped by participation in demo-
cratic social institutions designed to encourage self-government and group decision-
making (Kohlberg 1985). In the present research, participants test moral and 
personal values through conversations and actions in everyday behaviour.

This empirical research focuses on a significant research, policy and practice 
gap in this area (Deakin et al. 2004) and on how immersive virtual technologies 
can facilitate and support reflection and discussion about citizenship choices and 
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related ethical issues. The project has high potential for impact on citizenship 
 education, education for multicultural understanding, the understanding of  personal 
identity in relation to that of others and for how these can be used to promote a 
fairer and more tolerant society which has a more coherent and inclusive sense of 
what it is to be British.

Methodology

Small-scale trials followed pre-pilot testing with several religious/cultural groupings 
to validate scenario effectiveness, environmental instrumentation and resource 
 suitability. The trials used pre/post-16 young people and their teachers, drawn from 
regional schools and colleges and explored the concept of “citizen” and its expres-
sion in national identity (“being British”).

The research employs experimental ethnographic simulation through immersion 
of participant teaching groups in a virtual world environment for approximately 2 h/
week for 6 weeks. Participants create an avatar to represent how they see them-
selves; through this they participate as “citizens” in the environment, helping to 
form an ordered, harmonious community to represent the kind of Britain they would 
like to see established. Each avatar is provided with a habitat and access to artefacts 
(e.g. furniture, household objects, clothing) and actions (e.g. “tell a story”, “make 
an argument”) from a communal database. Using these, each participant is required 
to furnish a provided “dwelling” (an installation) to represent what matters to them, 
and what they value in their life as a citizen.

Avatars use the affordances of the object-oriented environment to move around 
(walk, fly, run, etc.) and interact with it (by selecting, creating and using objects, 
artefacts and structures such as community centres, temples or personal homes) and 
with other avatars (e.g. synchronously via real-time graphical chat, or asynchro-
nously via postings on a communal discussion forum). Participants upload images 
of their own and incorporate these into the environment as objects added to the com-
mon database. Avatars are provided with a range of “emoticons” to signal emotion 
when responding to others or to scenarios.

Each artefact or image that is used, selected or created (including the avatar) 
requires the assignment of attributes from three different categories: presentation 
attributes (graphical appearance; dynamic capabilities); ownership attribute (to con-
trol who can copy, modify and own the object) and narrative attributes that provide 
its description, associated story/biography and an explanation of the personal and/
or moral values and purpose that the individual ascribes to it – in the case of a cre-
ated avatar each owner is required to categorise it as a hero or villain and to provide 
its biography. Copied objects retain inherited attached values but new owners must 
attach their own definitions so that objects increasingly are “collective repositories 
of meaning” (Bers 2001: 383).

Participants will develop both abstract and universal expressions of their values 
separate from those they attach to any particular experience or instance by recording 
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them and their explanations and definitions of them in the communal values dictionary, 
which is empty at the start of the experiment but progressively includes all the val-
ues and any multiple definitions of those developed by the community. Participants 
are encouraged to comment on any perceived conflict between the definitions pro-
vided; to explore values and behaviours in concrete ways grounded in experiences 
and through more abstract means and to explore the dictionary and develop conver-
sations with the rest of the community about differing definitions of values, or to 
enter new values and definitions.

Participants are asked to interact through their avatar with other inhabitants using 
synchronous and asynchronous “chat” and text in response to a series of experi-
menter-introduced situations and scenarios. These present contentious “citizenship-
related” issues and events, representative of those in the media, and participants 
respond to these and in so doing help develop social rules and contribute to a partici-
patory community environment. Participants are asked to comment on scenarios 
with a view to reaching a communal agreement about them and their social implica-
tions. Participants can suggest additional scenarios. This approach is designed to 
minimise the possibility of assumptions being inferred by participants from the 
nature and design of the experimental environment about whether moral develop-
ment proceeds universally from concrete to abstract thinking (Kohlberg 1976), or 
may be differentiated by gender (Gilligan 1982) or is conditional upon particular 
different ways of individual thinking (Papert 1987; Turkle and Papert 1992).

Participants keep a semi-structured private online reflective diary that encour-
ages them to note ideas, thoughts and observations using guide headings. At the 
end of the experiment, participants complete a “legacy document” for subsequent 
 visitors, which asks them to summarise what they have learned about citizenship 
and themselves through using this technology and invites comment about compari-
sons with their more usual experiences of citizenship education. At this time, they 
also become “virtual tourists” in the “homes” (or of the installations) created by 
others and produce a written response to each of them. Participants complete an 
exit interview (structured questionnaire, given verbally, with some pre-coded 
answers) to gather opinions and user experiences of the project and reflections on 
the comments of others about their created home. This method of data collection is 
effective with young people who may need prompting and encouragement to artic-
ulate abstract ideas and insights into how they see their own identity, and needs 
experienced research staff to facilitate this. Analysis of this data will inform the 
project’s future work, aid understanding of how individuals construct citizenship 
identity and how personal, religious and cultural values inform this. Implications 
for citizenship and citizenship education will be explored. Ready for later recon-
struction and evaluation, the environment logs all user activity, “chat” and action, 
with dates and times to enable classification and ordering of activity and events. 
Participant activity is monitored (tracking the frequency of use of “negative” emo-
tional icons) to ensure that participants do not experience distress. Exit interviews 
are used to identify and offer appropriate support to those who report negative 
effects from participating.
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Discussion and Conclusions

Key project partners include schools and colleges in the northeast of England, whose 
teachers and students are collaborating with the research team to explore, develop 
and articulate new ways for learning about adolescents’ emerging adult identities 
and for developing more effective pedagogies and technologies for teaching citizen-
ship in the twenty-first century. These kinds of collaborative engagements are 
 essential if researchers are to bridge the traditional gulf between their work and 
educational policy and practice. This gulf is well documented within the UK where 
in education we seek to overcome the historically strong influence of a utilitarian 
approach to educational pedagogy (Alexander 2008), but the deep disconnect 
between research, policy and classroom practice also appears to be an international 
phenomenon of some concern (Hattie 2009). The current project aims to bridge this 
gulf and demonstrate to teachers and policy makers the advantages of evidence led 
practice that is informed by research rather than by inherited views of “what works” 
or political dogma.

The project expects to produce impact not only within the formal educational 
curriculum but also more widely within local and faith communities and at the 
 policy level within national government. For projects such as the one reported here, 
the engagement of an appropriate audience to ensure full dissemination, local and 
national influence, the clear identification of immediate and potential future benefit 
and a sympathetic reception with the national political discourse is of great impor-
tance. The project is producing greater understanding of how individuals construct 
their internal sense of identity in the context of wider social structures and cultural 
influences, and how novel uses of emerging technologies can be applied to the 
experimental study of these areas. The technical innovations embedded in the design 
of the virtual environment and the project’s use of mixed-methodology will be 
 relevant to researchers working in fields exploring the individual–social interface 
and to researchers in other disciplines such as computing, sociology and psychology 
who will gain more understanding of how experimental designs can be realised to 
explore individual and collective values and behaviours, and model these in simu-
lated real-world contexts, using immersive virtual worlds.

Preliminary findings from the current project are drawn from 705 students aged 
between 12 and 19 (male = 24%, female = 76%; white = 60%, Pakistani = 18%, other 
Asian or African = 22%) in over 40 “virtual” focus groups in schools and colleges in 
the northeast of England. Most said their ethnic origin had little impact on their 
everyday life (54%), 34% said it had an impact “sometimes” and 11% said it had a 
lot of impact. Students in the sample gave their religion as: none (38%); Christian 
(26%); Muslim (24%); Sikh (6%); Jewish (1%); other (4%). Most said their religious 
orientation had no influence on their daily life (56%), while 29% said it had some 
impact, and 15% said it often or always had an impact on this (all figures rounded).

Young people did not find it easy to find consensus on criteria for national identity 
(“being British”) and became conscious that for most suggested criteria there were 
many circumstances under which each could not apply. Criteria that initially seemed 
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useful became less reliable when participants realised that classmates who they 
thought of as sharing their own national identity were excluded when sorted by cri-
teria such as “place of birth” – i.e. classmates born outside the UK because their 
parents had been on holiday or working abroad, or because parents had been in the 
armed forces or diplomatic service. Despite these exceptions, most young people 
characterised being British as largely defined by residence or birthplace (24%). 
However, some felt that national identity required a preference for a certain diet 
(14%) or particular shared beliefs or allegiances such as support for law enforcement 
agencies or the military (13%). Many young people associated national identity with 
patriotism, support for the principles of free speech and equality and an acceptance 
of other cultures. Significant minorities also prioritised the possession of a relatively 
neutral accent and high verbal fluency in the dominant national language (11%) or 
possession of legal documentation such as a UK national passport (9%). These five 
criteria covered 71% of the responses. Much less emphasis was given to criteria 
based on appearance (white or non-white), lifestyle, religion, wealth or education.

Criteria for “a good citizen” attracted much greater consensus across fewer 
domains. Over 83% of young people in the virtual focus groups concluded that a 
good citizen was defined mostly by personal behaviour and character, key elements 
of which (in order of priority) included being helpful, friendly, kind, polite, caring, 
honest, respectful, law abiding and trustworthy. The emphasis throughout was that a 
good citizen was essentially someone who was morally good, fair and compassionate 
and was tolerant and unprejudiced in their approach to others. Next in importance 
were closely related behaviours and actions (11%) such as involvement in voluntary 
activity that helped the community or individual groups such as the elderly, caring for 
the environment (not “green” but averse to graffiti, litter, etc.) and generally not 
indulging in anti-social behaviour (i.e. being non-confrontational; not behaving badly, 
not taking drugs or committing crime). Deemed of much less importance to being a 
good citizen were an individual’s job, appearance, education, religious beliefs or 
abilities and skills and this group of factors accounted for less than 6% of responses.

These focus groups also discussed the Life in the UK examination that all aspi-
rant citizens and permanent residents are required to pass (Stationery Office 2011a), 
and the preparation booklet for it published by the government (Stationery Office 
2011b). These tests include questions on a range of topics from knowledge of civic 
institutions and responsibilities to questions about historical issues or statistical 
information about contemporary society. These questions and the criteria they 
 supported were in many cases rejected by young people, who saw many of them as 
unworkable or ridiculous, irrelevant, elitist and likely to be failed by a majority of 
existing UK citizens; examples particularly criticised included questions requiring 
knowledge of why the Huguenots left France for Britain in the sixteenth and 
 eighteenth centuries and whether more boys than girls smoke in the UK.

Because of its exploration of whether the developed technology and its design has 
potential to promote empathy with others and better management of intolerance, com-
munity and Faith groups (local and national) also anticipate that they will benefit from 
greater awareness of how faith and cultural heritage support civil society and of how 
individuals see themselves and the impact of culture and belief on their self-identity.
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A greater understanding of how cultural values and heritage contribute to group 
and individual identity may help illuminate the impact of these factors on an 
 individual’s construction of national identity and by more clearly articulating the 
dynamics within this help to map the possibilities for an inclusive sense of 
“Britishness”. For politicians, community and faith representatives and educa-
tionalists alike, these issues are of more than passing interest in a modern post-
industrial pluralist democracy where there is uncertainty as to how individuals 
understand and relate to community, politics and values and how these influence 
identity and citizen ship.

The policy makers and charities who form the community of direct interest for 
the research project and who are involved in its development through representation 
on its steering group also have a direct interest in seeing how this research may 
improve understanding of how social policy is articulated in civil society, how it 
shapes citizenship and how perceptions of individual rights and responsibilities are 
active in framing citizenship identity. The relationship between personal responsi-
bility and engagement with political issues in a participatory democracy is a source 
of continuing tension and intervention not just within the UK but more widely where 
countries have at times adopted highly directive approaches to citizenship education 
(Martin and Feng 2006).

By the completion of this 18-month project, the technology will be refined to the 
point where its software and associated resources can be used in educational insti-
tutions, by faith groups and registered charities and be exploited commercially. 
By the end of this phase of the project a model of citizenship identity formation 
will be developed that aids our understanding of the complex processes at work 
within young people from a variety of backgrounds as they reflect upon their entry 
into the adult world and especially as they approach or undertake their first expe-
rience of democratic participation through voting. This model will map the key 
contribution to citizenship identity that is made by cultural, religious and other 
values and will contribute to the development of an understanding of how these 
articulate within the family, the local community and civil society more generally. 
This model and its associated instrumentation will provide the foundation for 
wider studies to follow and will aid the construction of a unidimensional Citizenship 
Assessment Scale to be used in that phase, which by the use of methodologies such 
as item response theory will generate a data set that will inform an understanding of 
national identity in young people and illuminate more clearly our understanding 
of national identity and its implications for a pluralistic capitalist democracy.
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Introduction

The Internet and all services on it have changed and are continuously changing 
mankind and human society, due to the effects they have on information management 
and communication; otherwise stated, they are influencing individuals’  learning, 
knowledge development and, more generally, interpersonal and intra- personal rela-
tionships. The phenomenon has been widely analyzed since its origins, and many 
studies have confirmed that the IT/ICT provided deep changes on learning environ-
ments, either formal, non-formal or informal (Conner 1995, 2004); it is  useful to 
recall here, that the influence of the above environments on the different stages of 
human development is changed too, together with the effects of digital technologies 
on intentional and unexpected learning.

Furthermore, the Internet has been considered responsible for the differences 
affecting people in their access to information and its management. More specifi-
cally, the words “digital divide”, once identifying the lack of communication equip-
ment in underdeveloped countries, are today used to describe a growing problem in 
the developed countries (Bindé et al. 2005; Guidolin 2005); they describe at least:

 (a) The gap in the pre-existing personal differences, between people who can use 
technologies (i.e. those who are able in the use of IT/ICT), and those who cannot

 (b) The gap in the content management between people who master it (i.e. they can 
use the IT/ICT to manage information, knowledge, know how etc.), and those who 
do not

In this context, the analysis of Bauman (2006) regarding today’s society has a  special 
relevance, together with his definition of “liquid modernity”; following Bauman’s idea, 
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the destruction of the certainties in the liquid life forces the subjects to adapt to group 
behaviour, to avoid exclusion. It well explains the explosion of the phenomenon of 
social networks and the reinforcement of the definition of “digital natives” (Prensky 
2001), for the young generations, against the definition of “digital immigrants”, used 
for elder people or at least for those who were not born in the digital era.

As a result of the above issues the following questions arise:

How many theories and models coming from educational research are used by 
public institutions and governments to produce real innovation or, at least, better 
results in everyday teaching?
What role the school has in today’s society in helping students to develop self-
learning skills, meta-cognitive abilities and lifelong learning strategies?
What role do digital technologies have in everyday teaching-learning processes 
for the improvement of the quality of teaching and to help students overcome 
their problems and difficulties?

A first answer to the above questions has been given by Galliani (2004), who 
proposed an integrated model for the e-learning instruments and methods to be used 
at school. In his model two main elements determine the development of students’ 
knowledge, skills and competences: web-based learning (WBL) and computer-
mediated communication (CMC).

Both of them have a complex structure and are based on other elements. For the 
features of the web, the most relevant elements to be used for students’ learning are 
in the following: information retrieval (IR), knowledge management (KM) and the 
use of learning objects (LOs). The CMC, on the other hand, induces and improves 
social actions, like computer supported collaborative learning (CSCL), computer 
supported collaborative work (CSCW) and action research (AR). Figure 1 synthe-
sizes the structure of that model, which is used here as framework for the analysis 

Fig. 1 Model for integrated 
e-learning strategies  
(by L. Galliani)
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of the experience the author had with the schools taking part in an Italian project for 
teaching innovation (i.e. the Innovascuola project).

The most relevant aspects to focus on in that experience have been:

 (a) The involvement of the author in the schools’ projects, that is: the analysis of 
teachers’ backgrounds, the planning of training activities, the proposal of the 
instruments and strategies to be adopted and the support to the creation of 
 learning units for students

 (b) The results from an investigation on digital competence assessment, which has 
been used to obtain suggestions and ideas on new teaching units of learning in 
everyday school work

Each of them will be better analyzed in the following sections.

The InnovaScuola Project and the Teachers Working on It

The work the author made with the teachers engaged in the Innovascuola project 
has been the result of the agreement between the Laboratory for Teaching and 
Learning Technologies, in the University of Cassino, and the funded schools.

The laboratory, managed by the author, had to support the schools in the choice 
of the instruments to be used for teaching, helped them in planning the strategies to 
be adopted in everyday school work and supported them in the production of 
 learning units.

The constraints for the decisions to be adopted by the teachers were as follows:

The introduction of new instruments and processes in the schools had to respect 
the commitment of the projects, which were approved by the Public Agency 
charged of their evaluation
Teachers’ training had to be based on the knowledge and skills that the same 
teachers involved in the project already had

The InnovaScuola Project

Since 2006, the Italian Ministry of Education has proposed the introduction of 
Interactive Whiteboards (IWBs) in the schools, to produce direct and effective 
changes in teaching-learning processes. This choice came after may be 20 years of 
projects for the introduction of computer science, and more generally multimedia, 
IT/ICT and new technologies in education (Cartelli 2002). The main differences 
with past experiences were as follows: (a) no computing topics (i.e. computer struc-
ture and functions, algorithm development, computer programming etc.) were now 
introduced in study curricula, (b) teachers were directly involved in the digital revo-
lution, which had the students at its core attention, because they had to actively and 
collaboratively involve students in the construction of their knowledge and skills, 
and had to use the strategies of web 2.0 for hitting this target (DIT 2010).
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The project started in 2008, when the Ministry of Education provided the 
 equipment and the funds to the schools winners of the national competition for the 
best teaching projects. Main obligations for the competitor schools were:

To propose and carry out a biennial educational project, centred on the use of 
learning objects (LOs)
To make up at least 20 LOs/year (by each school) and upload them on a national 
virtual space (i.e. on a platform for LOs distribution)
To make LOs Scorm 1.2 compliant and based on Open Source software

The schools could subscribe agreements with firms, corporate, associations and 
universities to carry out their projects; the agreements had to guarantee the support 
for the choice of the equipment and the training of the teachers. At last, it has to be 
noted that teachers could be rewarded for the extra work they made to create LOs.

The Schools and the Teachers Involved in the Project

As soon as the competition ended, four school networks (i.e. groups of schools 
made of at least one public institution), three in Southern Latium and one in Molise 
(Central Italy regions), could start their projects in cooperation with the laboratory 
managed by the author.

In the first joint meeting with all stakeholders a survey was made to investigate 
teachers’ features and basic skills, and the following data were collected:

Thirty-six teachers (may be 10% of the whole set of teachers in the schools), 
were working on the school projects; they were from Primary Schools and Junior 
High Schools
The answers to the questionnaire showed that almost all the teachers had the 
basic computing skills and knowledge, but only a little minority among them had 
the pre-requisites for their immediate involvement into the projects. The data 
from the questionnaire are synthesized in Table 1, where the percentage of 
 positive answers to the various questions is reported

Table 1 Basic computing knowledge and skills held by teachers

Topics and skills needed % of positive answers

1. Basic structure and operation of a computing system (creating folders, 
copying files, saving information etc.)

100

2. Advanced operation on a computing system (back-up and restore  
of data, clearing and defrag menting the system, connecting and 
managing devices etc.)

  9

3. Using a word processor (at home and at school) 100
4. Using a spreadsheet (at home and at school)  31
5. Using a presentation manager (at home and at school)  56
6. Browsing the web frequently  75
7. Communicating by e-mail periodically (at least once or twice a week)  53
8. Editing of images  12
9. Web editing   3
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The interviews the author had with the teachers, after they answered the 
 questionnaire, produced the following supplement of information:

Only three teachers (9%), knew of the existence of Open Source software (e.g. 
the suite of office automation Open Office), and only one teacher really used it
Those who responded positively to question eight had in mind MS Paint (included 
in the MS Windows operating system), which is not a proper image editor
No teacher had former experiences with e-learning platforms
Almost all teachers had preconceptions on the use of IWBs (Interactive White 
Boards); they thought they could use IWBs only to show multimedia materials 
to the class

As a result, teachers had to be trained on the use of most common digital instruments 
and on their introduction in teaching processes. On the side of the instruments the 
following Open Source tools complying to the requests of the project were adopted: 
Open Office, as the tool for office automation; Gimp and/or Paint.net, for image 
editing; Exe-learning, for learning objects management (it can create LOs SCORM 
1.2 compliant), Moodle has been the e-learning platform suggested to teachers for 
online activities.

To let teachers experience the features of the e-learning platform they were 
allowed access to a Moodle platform, and all the materials used both in the kick-off 
meeting and during the different lectures have been put online and made available 
in that environment.

A few meetings on the description of the features of the software followed, and 
two lectures with the main aim of soliciting the teachers’ interest on the following 
topics were made. First, the dependence of the creation of learning objects from the 
different involvement of the various actors (i.e. students and teachers) was showed; 
otherwise stated, different psycho-pedagogical paradigm which could inspire the 
use of LOs were reported, depending on the students and teachers involvement in 
teaching-learning work. Second, suitable topics to focus on for the planning and the 
development of suitable disciple and cross-discipline units of learning in the classes 
had to be found (all based on the creation of LOs and the use of IWBs).

The approach described above led teachers to be persuaded that:

The equipments and the LOs could be used in different ways in the classes
The choice of a given psycho-pedagogical approach in teaching–learning activity 
does not exclude other approaches (i.e. other psycho-pedagogical paradigms), 
also in the same activity

Before passing to the planning and creation of LOs by the teachers, the following 
topics were proposed for discussion:

The results from the OECD-PISA surveys, which showed the low level of the scores 
obtained by Italian students to verbal-linguistic and logical-mathematical questions
The data coming from an international competition called “Beaver”, used for the 
assessment of students’ digital competences. This last issue was the natural con-
sequence of the discussions on the features of the net generation and the differences 
between digital natives and digital immigrants (Prensky 2001; Mantovani and 
Ferri 2008)
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The last two arguments are widely analyzed in the next section and the  guidelines 
for the development of learning objects to be created collaboratively in the classes 
are proposed soon after.

Students’ Learning and Digital Competence Assessment

The discussions on the low level of the Italian students’ performance in the OECD-
PISA surveys have been very useful to introduce the more general question of 
 students’ learning difficulties.

Knowledge Construction, Meaningful Learning and Students’ 
Problems

When looking at knowledge construction, two main positions must be considered. On 
one hand, individuals’ learning is compared with the structure of scientific disciplines 
and evaluation/assessment strategies are used to express the compliance of the sub-
ject’s personal knowledge with the scientific knowledge. On the other, when knowl-
edge development is mainly analyzed from social constructivist and cultural viewpoint, 
the comparison with scientific knowledge is on the background, and self-consistency, 
activity, support and scaffolding elements are paramount. Otherwise stated, in the first 
case the teachers/scholars attention is centred on discipline knowledge, in the last case 
individual knowledge phenomena are the main object of analysis.

The above approaches have their counterpart in the definitions used to describe 
the problems that students meet in explaining natural phenomena, especially when 
there is a comparison with the right scientific explanations.

By adopting the first viewpoint, Driver and Erickson (1983) defined nomothetic – 
the studies which evaluate the correctness of people’s ideas with respect to the 
 scientifically accepted paradigms; on the other hand, they called ideographic – 
the studies on the ideas that people show when they explain phenomena with no 
dependence from scientific paradigms (i.e. only the internal coherence of the peo-
ple’s concepts and ideas is evaluated).

Together with the work of Driver and Erickson, many investigations and 
researches have been made all over the world in the 1970s and in the 1980s, to find 
instruments and strategies helping people overcome the difficulties they meet in the 
study of scientific disciplines and in learning new topics (i.e. recent investigations 
have shown that misconceptions and mental schemes do not affect only natural 
 sciences and/or technical knowledge like IT and ICT, they are also present in  history, 
literature and other cross-disciplinary fields).

Despite the lack of a unique approach to the solution of the students’ learning 
problems, many situated analyses and ad hoc instruments and strategies (Jonassen 
1994) have been proposed during last decades (i.e. those experiences were mostly based 
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on interactive and social constructivist approaches, often based on the use of special 
equipments, and produced very good effects on the classes involved in the experi-
ments). Traces of the fragmentation of the interventions can be found in the educa-
tional chapters and special interest groups of the different scientific associations (like 
those of mathematicians, physicians, biologists, computer scientists etc.). The most suc-
cessful experience in the creation of a cross discipline, which studied people’s learn-
ing, has been made by the Meaningful Learning Research Group (MLRG, http://
www.mlrg.org); within it, four international conferences were organized, many hun-
dreds of papers on the above topics were published, and Novak ideas on knowledge 
maps were developed and proposed to teachers (Novak and Gowin 1984).

At last, it must be noted that no final answer has been given to students’ learning 
problems. An explanation for the above statement can be found in the result from 
the studies the author lead in computer science with high school students (Cartelli 
2003): when preconceptions and misconceptions appear defeated, also by the use of 
technology and the application of constructivist strategies, they can reappear in 
 special cases.

Digital Literacy, Digital Competence and Beaver Competition

On the basis of the issues reported above, the different meanings of digital divide 
proposed in the introduction assume now the features of special learning difficulties 
that people may have. With respect to other knowledge fields, different proposals of 
literacy have been recently developed, with the help of computer science and informa-
tion technology, under the hypothesis that they could prevent people’s difficulties.

Computing literacy, information literacy, IT/ICT literacy and media literacy are 
the most famous ones, and they have also been compared by Tornero (2004), who 
proposed the definition of digital literacy as the literacy for the knowledge society.

The most recent and comprehensive definition for this literacy is as follows: 
“Digital Literacy is the awareness, attitude and ability of individuals to appropriately 
use digital tools and facilities to identify, access, manage, integrate, evaluate, analyze 
and synthesize digital resources, construct new knowledge, create media expres-
sions, and communicate with others, in the context of specific life situations, in order 
to enable constructive social action; and to reflect upon this process” (Martin 2005).

Very recently the attention of researchers and institutions has focussed on how 
people use digital resources and processes, more than on the things they must know 
and be able to do with technologies. This new approach to the analysis of the impact 
of new technologies on mankind led to the concept of competence, and on the active 
involvement of subjects in the interaction with digital equipments, without forget-
ting the representations of reality, the knowledge and the skills that people mani-
fested (Le Boterf 1990).

On this side, the European Commission issued in 2005 the “Recommendation on 
key competences for lifelong learning” and stated the features of the digital compe-
tence, the fourth among them (Commission of the European Parliament 2005). 
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For the European Commission, the development of digital competence is based on 
the confident and critical use of Information Society Technology (IST) for work, 
leisure and communication and is underpinned by basic skills in ICT: that is the use 
of computers to retrieve, assess, store, produce, present and exchange information, 
and to communicate and participate in collaborative networks via the Internet.

The above issues have led to the definition of work plans for the creation of suit-
able frameworks for digital competence assessment and the development of strate-
gies helping students build sound digital competence. Among the most recent 
proposals there is one that is reported in Fig. 2 (Cartelli 2010). It is based on three 
dimensions (strictly related to well-known taxonomies): cognitive, affective and 
socio-relational. The cognitive dimension is the better analyzed and is made of three 

Fig. 2 The digital competence assessment framework
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main sections: technological, verbal-linguistic and logical-mathematical (the last 
two mostly due to Gardner (1993)), all under the umbrella of the categories of 
space, time and causality (Piaget 1970).

It is behind the aims of this chapter the detailed discussion of all the features of 
the framework, but it has to be remarked here that cognitive dimension is very 
important in the analysis of people’s ways of thinking and knowing. It can suggest 
hypotheses for the mistakes and the errors that people make in interpreting natural 
and scientific phenomena.

The Beaver competition, the international contest for the assessment of computing, 
logic and mathematical skills in the students of the 15 countries today involved in the 
same competition, has been used in 2009 by the author to verify the structure of the 
model, and especially the correctness of the structure of the cognitive dimension.

In the Italian experience of the Beaver competition, which has been held the first 
time in 2009, two different categories of students have been investigated: Benjamins 
(10–12 years old) and Juniors (13–15 years old). From the solutions the students 
gave to the different problems emerged very similar behaviours; in both cases, in 
fact, there was a relevant number of positive answers to single questions, but only 
3–5% of the students gave the right answers to all the questions. More specifically, 
it could be shown that in both categories of students, less than 50% of them suc-
ceeded in managing the same information through different languages (i.e. the ver-
bal and iconic languages), and may be 50% among them did not use space, time and 
causality categories of the cognitive dimension in the right way.

The above data led to the following conclusions:

The structure of the cognitive dimension looked good enough to show that the 
students are differently skilled in each section
The less developed sections and categories in the cognitive dimension are the 
possible reason for students’ problems in knowledge development and in the 
acquisition of meaningful knowledge
Sound teaching–learning activities can be planned and carried out to help stu-
dents recover the gap in the underdeveloped dimensions and build the digital 
competences needed in the knowledge society

The main consequence of the above issues for the InnovaScuola project has 
influenced teachers’ work by leading to the collaborative creation of at least two 
learning objects:

The first one centred on binary logic and its use in the research and affordability 
of information
The second one focussed on the representation of reality (i.e. texts with different 
subjects and actions) by means of different languages (especially verbal and 
iconic) and on the use of instruments and strategies for the hitting of this target

Both of them have been developed by teachers in the second part of the project 
and the corresponding LOs have been made publicly available on the Internet (http://
elf.let.unicas.it).
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Conclusion and Future Work

The above issues led to the following remarks, especially centred on to the 
 instruments proposed for the InnovaScuola project and the definition of strategies 
and processes for teaching innovation. On the side of the instruments proposed for 
teachers’ training the following elements were judged by teachers very positively:

The framework centred on the integrated e-learning environment (i.e. the model 
based on WBL and CMC), which has proven very successful for the proposal of 
materials and the development of the activities in the project
The Open Source instruments were considered very useful and would have been 
adopted for everyday work by the teachers
The framework for digital competence assessment, and especially its cognitive 
dimension, which has been considered very useful to discover undeveloped or 
less developed languages and skills in the students

As regards the processes experimented in the teachers’ training activity the 
 following issues emerged:

The use of the integrated e-learning environment was considered useful for the 
introduction of deeper innovation in the class work, but adequate help was needed 
from teachers for the management of the e-learning platforms and for the use of 
social networking instruments
The lack of instruments involving students and families in the continuous moni-
toring of school processes and in the updating of students learning and educa-
tional data, was considered negatively affecting the evolution of teaching-learning 
activities
The planning of teaching activities based on problem finding, problem searching 
and problem building, has been considered essential for students’ successful 
learning (i.e. for their direct connection to the development of problem solving 
features); the hypothesis underlying this issue is that contextual and situated 
learning can be reconciled with scientific/discipline learning and, what is more, 
students can be helped in the overcoming of the problems they usually show 
when approaching scientific knowledge

What has been reported in the above issues has also been considered a very good 
basis for future development. It is especially true for the possible influence of 
 problem solving based teaching on the development of students’ autonomous 
 strategies and ways of learning.

The main topics considered here are Personal Knowledge Management (PKM) 
and Personal Strategic Thinking (PST), both strongly based on digital technolo-
gies and skills. As showed by the scholars who introduced the first definition at 
UCLA and Millikan University (Sorrentino 2008), the instruments and the infor-
mation skills that people need for retrieving, storing, analyzing and more gener-
ally  managing information, can help them in improving individual’s performances 
and  intra-personal/inter-personal relations. Furthermore, it has to be noted that 
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the instruments and the tools that people use for PKM, rarely motivate the actions 
that people  undertake, not necessarily imply the thinking about the processes 
people are involved in and, what is more, do not help the creation of knowledge 
management strategies. For those reasons, the application to subjects of the ideas 
developed for corporate and firms on strategic thinking have been hypothesized 
(Cartelli 2008).

Table 2 reports on the right column the translation and application to subjects of 
the well-known features of corporate strategic thinking. Furthermore, the features 
of the processes that corporate must carry out can be applied to subjects; that is, they 
must be aligned, goal-oriented, fact-based, lying on broad thinking, focused etc.

The questions to be answered in further studies become:

How much digital competences are useful for the development of PKM?
How much digital competences can influence the development of PST?

Otherwise stated, if it is true that further studies are needed to better analyze the 
features of the framework for digital competence assessment and the relevance of 
the impact of LOs introduction on students learning, they have also to analyze the 
influence they can have on the development of PKM and PST.
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Introduction

The emergence of the Information and Communication Technologies (ICT), their 
dramatic diffusion, and the growth of the Internet as an information conduit were 
accompanied by a general enthusiasm concerning their exploitation in education. 
According to the official rhetoric, in the modern knowledge and information societies, 
ICT constitute an extremely useful tool in education, which can improve students’ 
academic performance and help young people in the transition to the labor market 
(Eamon 2004). It has been suggested that the exploitation of the Internet and inter-
active multimedia, in particular, can improve teaching, increase the sources of 
knowledge and promote students’ engagement and motivation to learn (Pascarella 
and Terenzini 1998; Bransford et al. 1999; Chen 2008). They provide all students, 
regardless of socioeconomic background, with the opportunity to access a vast bulk 
of information, which can help them improve their academic achievement and can 
therefore contribute to the reduction of social inequalities in education (Heemskerk 
et al. 2005).

Such views are based on ideas concerning the future of industrial societies elabo-
rated since the 1970s and the transition from the industrial to the knowledge and 
information society. In this society, the social and economic relationships are not 
organized on the basis of material goods but on the basis of the exploitation of knowl-
edge and information. At the “heart of information society (as mediated by the 
Internet) is a radical decentring of communication,” and in the information economy 
“we work primarily with our minds rather than with our hands” (May 2002, p. 10, 14). 
According to Van Dijk (2005, p. 133), the notion of the information society is “a 
substantial characterization of societies in which information increasingly is the 
primary means and product of all processes” (emphasis in the original).
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The concept of knowledge society was introduced by Drucker who argued that 
in modern societies the basic financial resources are not the capital, nor the natural 
resources, nor work, but knowledge. Developments after World War II and espe-
cially the emergence of new technologies have led to “the emergence of knowledge 
as the new capital and as the central resource of an economy” (Drucker 1992, p. xiii). 
Daniel Bell uses the term post-industrial society to refer to a new form of society, 
the post-industrial society, in which the basis is not “raw muscle power, or energy, 
but information” (Bell 1976, p. 127). The new society is now defined “by its novel 
methods of acquiring, processing and distributing information” (Kumar 1998, 
p. 97). As a result, young people should “be able to access, understand, and use the 
computer and Internet in order to develop the skills necessary to succeed individu-
ally and to contribute to future growth and prosperity of the information society” 
(Cleary et al. 2006, p. 354).

In this framework, Castells (1996) has proposed that ICT create a new kind of 
social structure, the network society. His core argument is that we are undergoing a 
shift from the industrial mode of development, in which the main source of produc-
tivity is the introduction of new sources of energy, to the informational mode of 
development in which “the source of productivity lies in the technology of knowl-
edge generation, information processing, and symbol communication” (Castells 1996, 
p. 17). The network society consists of “networks of production, power and experi-
ence, which construct a culture of virtuality in the global flows that transcend time 
and space” (Castells 2000, p. 381). This is likely to accentuate social inequalities, 
since the networks have the ability to transcend place and time compared to other 
ways of organization, while not all workers are connected to networks or have 
positions with few connections (Castells 2000; Van Dijk 2005).

The information society idea has been severely debated. Frank Webster, for instance, 
reviews varying definitions of the concept of information society and concludes that 
“whether it is a technological, economic, occupational, spatial or cultural conception, 
we are left with highly problematical notions of what constitutes, and how to distin-
guish, an information society” (Webster 2006, p. 21). Similarly, it has been argued 
that there is not enough evidence to support the argument that we are moving 
towards a knowledge society (Sianou-Kyrgiou 2006).

The Digital Divide

The “optimist rhetoric” concerning technology-enhanced learning, which argues that 
ICT has the capacity to increase pupil achievement underpins the policies adopted by 
governments in many countries, their commitment to promoting ICT and the vast 
amounts of money allocated for the incorporation of new technologies in all stages 
of education (Reynolds et al. 2003). In Britain, for example, the government is equip-
ping schools with multimedia blackboards (Hall and Higgins 2005), and is investing 
45 billion in the “Building Schools for the Future” program (Facer and Sandford 

2010, p. 74), with the hope of improving students’ academic performance. In Greece, 
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the effective pedagogical exploitation of ICT in education is considered a basic priority 
of the “New School” announced recently by the Ministry of Education, Lifelong 
Learning and Religious Affairs. Substantial investments target at equipping all 
schools with interactive whiteboards and broadband Internet access.

From the end of the 1990s, however, a critical issue of the rise of ICT appeared 
on the scene and became the focal point of the public, political, and scholarly debate, 
the issue of the so-called digital divide (Van Dijk 2005). The term was originally 
used in the mid-1990s to refer to “the divide between those with access to the 
Internet and those without” (Witte and Mannon 2010, p. 4) in relation to age, race, 
gender, and socioeconomic background (Mason and Hacker 2003; Van Dijk 2006). 
The concept of the digital divide comprises three distinct aspects: (a) the global 
divide, (b) the social divide, and (c) the democratic divide, which refers to “the 
differences between those who do, and do not, use the panoply of digital resources 
to engage, mobilize, and participate in public life” (Norris 2001, p. 4). According to 
OECD, the “digital divide among households appears to depend primarily on two 
variables, income and education. Other variables, such as household size and type, 
age, gender, racial and linguistic backgrounds and location also play an important 
role” (OECD 2001, p. 5).

In recent years, with the rapid spread of Internet technology and the fact that it 
constitutes an important part of the daily lives of many people, the interest has 
shifted towards the difference in use among individuals from different socioeconomic 
backgrounds (Bonfadelli 2002; Warschauer 2004; Van Dijk 2005; Peter and 
Valkenburg 2006; Livingstone and Helsper 2007; Hargittai 2008). It has been argued 
that beyond differences in access to ICT, differential uses are also likely to contribute 
to social inequality, since the effective exploitation of the Internet is related to a 
person’s socioeconomic status (Hargittai 2007; Hargittai and Walejko 2008, p. 240). 
ICT may exacerbate existing social inequalities, since computer and Internet skills 
are essential in education and the labor market (Attewell and Battle 1999; Rideout 
2000; DiMaggio et al. 2001), in “the service and trade sectors and most jobs in the 
finance, technology, and manufacturing sectors” (Cleary et al. 2006, p. 355). A society 
characterized by differentiated skills in the use of ICT, and especially the Internet, 
may lead to different and unequal positions within it (Van Dijk 2005). It is now 
widely recognized that “the digital divide must be understood as incorporating a 
broad range of variables,” such as “language and literacy ability, computer skills, 
suitability of online content, and availability of instruction or social support that 
enable or constrain meaningful ICT use” (Warschauer 2010, p. 1552).

Inequalities of ICT Access and Use in Higher Education

The study of digital inequalities in education has expanded to include higher educa-
tion (HE). It is widely recognized that digital technology has affected HE, and that 
within it there has been more technological change compared to other sectors of 
education (Selwyn 2010). HE institutions are now investing substantial resources to 
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provide students with Internet-based information and to equip classrooms and 
libraries with high-spec Internet connectivity (Selwyn 2008). Indeed, it has been 
suggested that “Information and communication technologies have become nearly 
as integral to teaching and learning as books. Rare is the course that does not utilize 
some form of IT, from using electronic resources in the library to conducting Internet 
research to delivering grades and other content through a course management sys-
tem” (Smith and Caruso 2010, pp. 73–74). It is often thought that ICT can support 
learning in HE more effectively than traditional recourse-based learning methods 
(Breen et al. 2001). In addition, since “the worldwide web is now established as a 
key setting where students access and interact with information” it could be argued 
that ICT use is increasingly linked to their academic performance, their employ-
ment, and their social, political, cultural and political involvement in modern 
society and HE (Selwyn 2010, p. 35).

Research has also dealt with inequalities in ICT access and use within HE. In 
Smith and Caruso’s recent survey of college and university freshmen at over 100 
institutions, it was found that “respondent ownership of computers has remained 
steady at around 98% for the last four years” (Smith and Caruso 2010, p. 9). They 
also found that students report spending 21.2 h/week on the Internet for school, 
work or recreation, while they report persistent gender differences in the use of 
certain technologies. Using data gathered by a web-based survey conducted on 232 
college freshmen in the United States which was designed to determine whether a 
digital divide in Internet usage exists among college students, Cotten and Jelenewicz 
report differences in terms of race, and conclude that “Internet experience and 
gender affect particular types of Internet usage, suggesting that the digital divide is 
multilayered” (Cotten and Jelenewicz 2006, p. 497). Nevertheless, although 
“digital technologies are felt to support forms of university teaching and learning 
that are more efficient, engaging and equitable,” the notion of the digital divide 
in HE “is now notable only by its absence in contemporary education debate” 
(Selwyn 2010, p. 34).

Conceptual Frameworks

The above concerns lie at the heart of the scholarly debate about the digital divide 
and the interplay between Internet access and use and social inequalities. The issue 
is usually examined on the basis of the classic sociological perspectives, such as the 
functionalist, the conflict, and Bourdieu’s cultural perspective.

According to the functionalist perspective the digital divide can decrease when the 
disparities in Internet access decrease. When access differences become minimal, 
all people regardless of socioeconomic background will have equal opportunities to 
use the Internet as a source of information, learning, and communication (Compaine 
2001). This is already happening to young people who have familiarized themselves 
with the Web (Negroponte 1995). Explanations which draw from the conflict 
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perspective point to the relationship between the digital divide and social inequalities 
and support the view that new forms of digital inequalities emerge. If the inequalities 
in Internet access decrease, then new divides will be created, so that people from the 
most privileged social classes will be at an advantage. As a result, the reduction 
of Internet inequalities is important, since Internet inequalities deprive a great 
 number of people of access to knowledge, information and lead to social exclusion 
(Van Dijk and Hacker 2003; Peter and Valkenburg 2006).

Some researchers who examine the digital divide in education draw on Bourdieu’s 
theory of the different forms of economic, social, and cultural capital (Bourdieu 
1998; Bourdieu and Passeron 1977). Cultural capital exists mainly in the form of 
academic qualifications, while social capital refers to “the actual or potential 
resources which are linked to possession of a durable network of more or less 
institutionalized relationships of mutual acquaintance and recognition” (Bourdieu 
1998, p. 51). Economic capital, that is, money wealth can be “‘cashed’ in any part of 
society” (Grenfell and James 1998, p. 20). There is a relationship between the 
students’ academic performance and the economic, cultural, and social capital of 
their family. These forms of capital are interconnected and can convert “from one 
type to another” (Bourdieu 1998, p. 54). For example, the economic capital can be 
used to buy computer and Internet access, educational goods and services so that it 
becomes cultural capital (Grenfell and James 1998).

The above conceptual approaches provide useful contributions to the under-
standing of the relationship between the Internet and inequality and also highlight 
the importance of examining ICT access and use from a sociological perspective. 
However, a constructive scholarly debate has not flourished in Greece. Most 
research studies focus on statistical analyses concerning Internet access, or the 
effective exploitation of ICT in the classroom. While useful, this body of litera-
ture concentrates on technical issues, and is usually technocratic and simplified 
(Gouga and Kamarianos 2007). It also focuses on primary or secondary school 
students, and fails to take into account the digital divisions in HE. There is, there-
fore, a gap of solid empirical data that could examine, for example, what HE 
students actually do when they are connected to the Internet and the relationship 
between Internet use and socioeconomic background. We also aim to contribute 
to the international debate by providing useful insights into the interplay between 
HE students’ use of the Internet and their socioeconomic background. The research 
study we present here is distinctive in that it can provide policy makers with a 
useful tool in their effort to reduce disparities in Internet access and use among 
HE students. In addition, collecting both quantitative and qualitative data enables 
us to uncover the students’ attitudes toward modern technology, at a time when 
household Internet access and especially broadband connection has increased 
significantly in recent years (Greek Information Society Observatory 2008, 2010). 
For example, broadband connections marked a considerable increase going from 
56% in 2007 to 67% in 2008 and, by now, they constitute “the more popular 
connection type,” although well below the EU27 average (Greek Information 
Society Observatory 2008, p. 6).
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The Research Study

Research Questions

The theoretical considerations outlined above and the lack of empirical studies 
about the digital divide in HE from a sociological perspective in Greece, led us to 
pose the following research questions:

 (a)  Is there a relationship between socioeconomic background and access to a 
computer and the Internet?

 (b) Is there a relationship between socioeconomic background and Internet use?

We hypothesize that students differ in terms of Internet access and use, and that 
socioeconomic background explains the greater part of this difference.

Data and Methodology

The sample included 100 first year students, 50 from the Medical School of the 
University of Ioannina and 50 from the Department of Early Childhood Care and 
Education from the Technological Educational Institute of Epirus. The sample 
included equal numbers of male and female participants. We decided to focus on 
these two departments for the following reasons. First, because according to official 
data they have different social class composition of students. More specifically, the 
Medical School is dominated by upper middle-class students, while the majority of 
students in the Department of Early Childhood Care and Education come from 
lower middle-class or working-class backgrounds. Second, these two departments 
admit students with different performance in the national university entrance exami-
nations. In the academic year 2009–2010, the medical school in the University of 
Ioannina admitted students who achieved a general access mark of 19,105 points 
and above, out of a maximum possible number of 20,000 points. Students who were 
admitted in the Department of Early Childhood Care and Education achieved a 
general access mark of 13,847 points and above, a difference of 5,258 points.

Both qualitative and quantitative methods of data collection were employed, since 
“they involve differing strengths and weaknesses” and “constitute alternative, but 
not mutually exclusive, strategies for research” (Patton 2002, p. 14). A self-completed 
questionnaire was administered to first-year students in the spring semester of the 
academic year 2009–2010. It consisted of a number of predetermined response 
categories with close and open questions with the aim of investigating students’ 
experiences and attitudes towards the Internet and the impact of their socioeconomic 
background. We also conducted ten semi-structured interviews. Semi-structured 
interviews were utilized because they “result in a true and accurate picture of the 
respondents’ selves and lives” (Fontana and Frey 2005, pp. 698–699) and provide 
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in-depth, detailed data collection, and allow researchers “to enter into the other 
person’s perspective” (Patton 2002, p. 341).

In our study we used the OPCS (1991) scale to assign socioeconomic status based 
“on occupation in the Standard Occupational classification system developed by the 
Office of Population Censuses and Surveys” (Power et al. 2003, p. 161). We employed 
this scale because it is widely employed in many empirical studies. We also accept that 
for people under the age of 25 their position is defined in relation to their parents’ occu-
pation. To assign social class we used parental socioeconomic status. We have employed 
a pattern of six social and occupational categories that involves the hierarchical classi-
fication of occupations on the basis of education and professions (Crompton 1998).

As far as the social composition of the students in the sample is concerned, the 
Department of Early Childhood Care is dominated by lower middle-class or 
working-class students, while the majority of the students in the Medical School 
come from upper middle-class or middle-class backgrounds. More specifically, 4% 
of the students from the Department of Early Childhood Care come from the 
upper middle-classes, 26% are middle-class students, while 70% are working-class 
students. By contrast, 10% of the students from the Medical School come from the 
upper middle-classes, 54% are middle-class students, while 36% are working-class 
students.

Findings

Computer and Internet Access

All but 2% of the sample reported having access to a personal computer at home. 
This is not surprising, given the fact that in recent years prices have fallen, so that 
even students from poorer families can afford a personal computer. However, different 
findings emerge if we examine the relationship between Internet access at home and 
students’ socioeconomic background. Research data show that all upper middle-
class students have Internet access. By contrast, 70% of middle-class students have 
Internet access at home, while for working-class students the percentage is only 
53%. According to official data for 2010, 46.4% of Greek households have an 
Internet access at home, while 53.4% of households have a computer, of any type, 
at home (Hellenic Statistical Authority 2010). As far as the diffusion of new tech-
nologies is concerned, in the last 5 years Internet access at home increased by 100%, 
computer access has increased by approximately 45%, and broadband connections 
have increased by approximately 435% (Hellenic Statistical Authority 2010).

When asked whether their parents are familiar with Internet use, 71.5% of upper 
middle-class respondents reported that their parents can use the Internet, while the 
percentages for middle-class students and working-class students are 55% and 21%, 
respectively.
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Internet Use

Research findings provide evidence of a relationship between the students’ socio-
economic background and Internet use. Upper middle-class students reported a 
wider range of Internet uses compared to students from the lower middle-class and 
working-class students. More specifically, the former reported the following Internet 
uses: downloading software, online submission of forms, communication via e-mail, 
Internet telephony, voice calls, video calls via the Internet, reading online newspapers, 
reading online books, blogs, discussion forums, accessing websites which will help 
them for their university assignments, seeking information about goods or services, 
using RSS service, buying goods from online stores, creation of a personal website, 
listening to Internet radio stations, etc. By contrast, lower middle-class and 
working-class students have a more restricted Internet use. They use it primarily for 
communication through e-mail, discussion forums, playing online video games, 
downloading music, and blogs. They also use it to read the news and to find infor-
mation, but they do it far less frequently. Few students reported that they use it for 
online buys or in order to find information relevant to their studies.

Apart from the variety of Internet uses, interesting findings emerged in relation 
to the use of the Internet for educational purposes. All but one upper middle-class 
students reported using the Internet frequently in order to find information from 
scientific journals, scientific articles and for buying books from online stores. They 
also reported that they use it to find information about their studies and university 
assignments, and that they visit the official website of their university department or 
the website of the university library almost every day. The percentage is 47.5% for 
middle-class students and 40% for lower middle-class and working-class students. 
A significant finding was that working-class students often respond that they do not 
distinguish between reliable and not reliable websites in relation to information 
finding, while very few mentioned the reliability of the Internet-based sources they 
use. As a working-class student from the Department of Early Childhood Care and 
Education said: “I use search engines to find information for my assignments … 
I simply type the word I am looking for.” By contrast, students from more privileged 
social classes often report that they look for information: “from international medical 
websites … information from Medical Schools abroad” (female Medical School 
student with a mother with postgraduate studies). These students seem to be more 
able to distinguish between reliable and not reliable websites. It is also interesting 
to note that, at least as far as educational uses of the Internet are concerned, students 
from higher socioeconomic backgrounds seem to have more Internet literacy skills, 
being “computer virtuosi,” while students with families with a lower educational 
background are simply “ordinary computer users” (Attewell 2001, p. 257).

This differentiation is significant, as an important aspect of the digital divide 
concerns the differentiation of Internet users in relation to the ability to assess and 
evaluate the reliability of the information contained in it (DiMaggio et al. 2001). 
Such disparities in Internet skills are important because they have consequences 
for the academic performance of students. Given the fact that Internet skills are 
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indispensable for university assignments, searching for bibliography, students who 
are not able to have access to reliable sources of information will be at a disad-
vantage compared to students who have access to reliable information sources.

Research data also revealed that use of the Internet as an information medium is 
patterned according to students’ socioeconomic background. For example, most 
upper middle-class students reported that they use the Internet frequently to read the 
news from online newspapers/magazines. As a Medical School upper middle-class 
female student said: “I rarely watch the news on TV, I trust the Internet most.” 
The percentage was 35% for middle-class students and 21% for working-class 
students. Similar results have been found in other studies. Peter and Valkenburg 
(2006, p. 300) examined Dutch adolescents’ Internet use and found that “adolescents’ 
use of the Internet as an information medium was influenced by their socioeco-
nomic and cognitive resources.”

As far as using the Internet as a means of communication is concerned, differences 
were also found. While most students in the sample use the Internet for communica-
tion, regardless of socioeconomic background, the majority of working-class 
students prefer more “traditional” uses, such as the e-mail, while students from the 
upper social classes more often use more sophisticated ways of communication 
through the Internet, such as video conferencing.

Finally, as regards the use of the Internet as a source of entertainment, little differ-
ences were found among students from different socioeconomic backgrounds. More 
specifically, about 85% of the students in the sample reported that they often use 
the Internet for entertainment purposes, regardless of socioeconomic background. 
The following response of a working-class student is a recurring pattern of attitudes 
toward the Internet “You can have a good time, listen to music, play games, it’s just 
so good.”

Discussion and Conclusion

The first research question we posed concerned HE students’ socioeconomic back-
ground and access to a computer and the Internet from home. The research findings 
suggest that disparities in access to computer technology are almost nonexistent and 
that the penetration rate of computer technology is very high. The narrowing of the 
divide in access to a computer can be attributed to the fact that prices have fallen 
significantly in recent years. Another factor is that most families buy computers for 
their children because computers are considered as a means that will increase their 
children’s academic performance and provide them with more educational opportu-
nities and useful, lifelong skills. Research data also show that there is still a divide 
in relation to Internet access at home among students from socioeconomic background, 
especially for working-class students.

An important finding was that HE students from more privileged socioeconomic 
backgrounds make more frequent use of the Internet for educational and academic 
purposes. It could be argued that they are more likely to gain more educational 
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benefits from it, for the following reasons. First, effective use of the Internet as a 
medium for accessing information is indispensable for successfully completing 
university assignments. Second, divisions in Internet use for accessing information 
are important for the students’ transition to the labor market, since “employers 
increase the emphasis they place on the ability to acquire, manipulate and apply 
information, and reduce the emphasis on memorizing facts” (Breen et al. 2001, p. 96).

Findings also provide preliminary evidence that students from families with 
higher socioeconomic background are more critical users of the Internet and have 
more skills than their counterparts from families from lower socioeconomic back-
ground, or with no history of participation in HE. Similar results were found in 
other studies which document “the appearance of a usage divide between parts of 
the population systematically using and benefiting from advanced digital technology 
and the more difficult applications and services, and other parts only using basic 
digital technologies for simple applications with a relatively large part of entertainment” 
(Van Dijk and Hacker 2000).

Even if the small sample means that care should be taken in generalizing the 
research findings, the empirical data presented provide evidence that universal 
access to computers and the Internet does not necessarily lead to a reduction in the 
digital divide. We argue that the digital divide widens, despite the fact that the problem 
of physical access to a computer no longer exists. The digital divide is now a divide 
in use rather than access (Bucy 2000; Warschauer 2003; Peter and Valkenburg 
2006). Our research findings are in line with other studies which conclude that 
“Internet access alone obviously does not automatically guarantee an informed and 
knowledgeable public” (Bonfadelli 2002, p. 81) and that “obtaining a PC does not 
confer, at a stroke, the skills and experience enjoyed by those who have a longer 
standing acquaintance with such technology” (Hull 2003, p. 132). The increasing 
diffusion of the Internet among the population means that in the examination of 
inequalities in relation to the Internet it becomes less useful to simply focus on 
binary classifications of who is online, but rather we need to start examining differ-
ences in how those who have access make use of the medium, that is, differences in 
people’s online skills (Hargittai 2002).

In relation to the opposing arguments about the “social consequences of Internet 
use,” we found initial support for the view that socioeconomic background remains 
a key parameter of differential Internet use, since research findings do not seem to 
support the argument that widened access to the Internet is “enabling and egalitarian, 
promoting social inclusion” (Willis and Tranter 2006, p. 43). We therefore propose 
a new interpretation of the concept of digital divide in contemporary HE. We need 
to take into account the emerging digital inequality which refers not only to differ-
ences in access, or binary distinctions between “information-rich and the information-
poor” (Angus et al. 2004, p. 3), but also to “the purposes for which the technology 
is employed” (DiMaggio and Hargittai 2001, p. 1). In other words, the divide 
acquires qualitative characteristics and is related to social class (Iske et al. 2005). 
We argue that any attempts to examine social inequalities in HE need to examine the 
issue of the digital divide in relation to Internet use, as it constitutes a critical 
parameter which has an effect on academic knowledge, students’ academic performance, 
and their transition to the labor market.
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Implications for further research are clear. Since our study provided evidence 
that inequalities in modern technology use in HE are not diminishing, there is a 
clear need for the debate to address the issue of digital divide within HE in more 
sophisticated terms. Researchers should focus on the digital divide in relation to 
such factors as household residence, and examine who uses the Internet, for which 
purpose and in what ways, as well as the ways through which social inequalities are 
exacerbated (Chen and Wellman 2005). The investigation of the characteristics of 
digital divisions which manifest themselves among HE students, such as inequalities 
stemming from effective use of ICT to access information, gender, race, and/or 
technological experience, also merit a sustained program of future research 
(Selwyn 2008, 2010). In addition, this study has not examined all four dimensions 
which make up digital inequality: access, digital literacy, intensity of use, and 
purpose of use (Castaño-Muñoz 2010, p. 45); nor has it dealt with parameters such 
as “age, gender, race, ethnicity” which are “relevant to one’s ICT experiences” 
(Hargittai 2008, p. 939). Future research should thus focus on these parameters.

Finally, in relation to policy implications, we believe that disparities in Internet 
use among HE students merit policy attention. Second, public policy needs to target 
both Internet access and use, since factors such as educational background, income, 
occupation, age, gender, and race impact strongly on the instrumental uses of the 
Internet. There is an urgent need for policy efforts to focus on helping students from 
disadvantaged socioeconomic backgrounds to acquire not only physical access to 
the Internet, but also information-age skills necessary for its effective exploitation. 
Of course, as it is widely accepted, no intervention will be effective unless measures 
are introduced which aim at reducing existing social inequalities.
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Introduction

A pedagogically effective and sustainable use of Information and Communications 
Technologies (ICT) in education is far from being a reality, in spite of the huge 
advances in ICT, the investments and political plans, and especially all promising 
research results in the field (Cuban 2001). One of the reasons for such a delay can be 
found in the lack of understanding on how teachers orchestrate their classrooms, 
 taking into account the technology-enhanced classroom complex ecosystem 
(Dillenbourg et al. 2009). Teachers have to deal with context factors, such as time 
pressure and insufficient infrastructure or deficiencies in knowledge about technology  
affordances and in skills for ICT management. The introduction of ICT in class-
rooms, with face-to-face, blended, or remote interactions, has added several degrees 
of complexity, since the new technology affordances allow for new teaching/learning 
opportunities. These problems are getting even worse when innovative pedagogies 
are sought, such as those of collaborative, inquiry, or project-based learning. 
Knowledge, Goals, and Beliefs (KGB) of the teachers have to match the new techno-
logical affordances (Chen et al. 2009), together with an efficient classroom manage-
ment at several social levels in order to increase the chances of pedagogical 
effectiveness. Thus, teachers need to accomplish a very difficult task, i.e., to orches-
trate their technology-enhanced classrooms dealing with ICT and non-ICT artifacts 
and tools, as well as social interactions at various levels (Dillenbourg et al. 2009).

The case of computer-supported collaborative learning (CSCL) has attracted a 
lot of attention in the last two decades with promising results at a research level 
(Stahl et al. 2006; Dillenbourg et al. 2009). However, the production of effective 
learning interactions is not guaranteed in a “free” and unconstrained environment. 
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Scaffolding of learners in such an environment, either by the teachers themselves 
and/or the technological system has been found to be especially helpful, while 
scripting has been used as an alternative term to express structuring of groups, 
 timing, tasks, or resources (Fischer et al. 2007).

Independently of the term employed, scripting, or scaffolding, there is a wide 
consensus that there is a need for additional planning for CSCL based on good prac-
tices and existing knowledge in order to increase the chances of effective teaching/
learning processes. However, there is a need to solve several important tensions 
(Tatar 2007) and achieve in practice a balance between a flexible and creative 
 constructivist class and one guided by effective knowledge stemming from instruc-
tional design-oriented practices (Dillenbourg 2002).

Orchestration of CSCL classrooms requires a careful production of lesson plans, 
scripts, or scaffolds that need to be enacted and managed in concrete context 
 conditions. However, as mentioned above, there exist several challenges for an 
effective and sustainable support of the complete lifecycle of such an orchestration. 
There is a need to understand better existing practices probably through ethno-
graphical studies, analyze the alternative mediating artifacts that may support a more 
effective and efficient lifecycle, and eventually construct and evaluate the most 
appropriate mediating artifacts.

This paper, as a support and evolution of the associated keynote talk at the 
HCICTE 2010 conference (HCICTE 2010), addresses some of the aforementioned 
challenges related to the effective and sustainable support of orchestration in CSCL 
classrooms. It aims to provide a better understanding of such a problem, in both 
theoretical and practical terms, together with some proposals that have been  analyzed 
during the last decade in the frame of the GSIC/EMIC group (GSIC/EMIC 2011) 
and the broader research and practice CSCL and TEL communities.

The following section deals with the concepts of orchestration, learning design, 
and the lifecycle of CSCL scripts so that we can get a better understanding of the 
most appropriate mediating artifacts for the support of CSCL scripting. Later, some 
specific proposals are studied in light of experiences and cases studies. Special focus 
is put on the use of learning and assessment patterns in higher education at the 
University of Valladolid, Spain, as well as design and enactment routines in a  primary 
school at Cigales, Spain. A broader literature review and similar research efforts are 
presented and discussed in the next section. The lifecycle of CSCL scripts in blended 
environments is discussed with a special focus on the sustainability issues, which 
may be dealt through the Glue! Architecture proposed by the GSIC-EMIC group.

Mediating Artifacts in CSCL Scripting

A CSCL classroom, in its broad sense employed in this paper, may involve various 
elements that have to be taken into account in its management. These elements of 
CSCL classrooms include: ICT-based (e.g., a generic concept map tool, an  interactive 
digital blackboard or a learning management system) or non-ICT-based (e.g.,  post-its 
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or traditional blackboards) tools; face-to-face, distance or blended  interactions at 
home, classes or museums through different media; and work in small groups, at a 
whole-class classroom and community level, or individually.

Orchestration of all these elements has been acknowledged as one of the major 
research challenges in the technology-enhanced learning (TEL) field by the Stellar 
network of excellence (Stellar 2010). The effective “coordination of supportive 
interventions across multiple learning activities occurring at multiple social lev-
els” (Dillenbourg et al. 2009) by teachers is especially complex, given the great 
number of elements to be controlled and the associated trade-offs. The term of 
“orchestration” has attracted a lot of attention recently in the TEL community, 
although there are several interpretations assigned to it (Prieto 2010; Prieto et al. 
2011b), either at the musical metaphor, or at the instructional design and computer 
science levels. The metaphor of musical orchestration may be attractive given the 
role of the teacher as “director” of the classroom, or of the students as self-orches-
trators of their own activities. However, the metaphoric use of the term in TEL 
may be  inspiring but at the same time it can be misleading and confusing, as the 
ones of theater plays or choreographies. Some more useful interpretations of the 
term may be related to the real-time monitoring and adaptation of teacher inter-
ventions in a computer-integrated classroom (Dillenbourg and Jermann 2010) or a 
more general view that includes modeling, planning, enacting, adapting, and eval-
uating lesson plans. In any case, it is expected that the TEL and CSCL communi-
ties may reach a consensus in the short term, based on peer-reviewed publications 
(Dillenbourg et al. 2009) or face-to-face interactions in conferences (Dillenbourg 
2009; Nussbaum et al. 2011).

Scaffolding of learners may be based on micro- or macro-scripts that regulate the 
processes, through the sequencing and distribution of roles and activities (Weinberger 
et al. 2009). However, such regulation should be sufficiently flexible and adaptable, 
fading in time as learners internalize the external scripts. Additionally, such guid-
ance should not be excessively prescriptive and reflect existing research knowledge 
that could be understood by the educational practitioners. From a technical point of 
view, these scripts might be partially or completely formalized using an appropriate 
educational modeling language (EML), such as IMS-LD (IMS 2003), so that they 
can be interpreted by computational systems. In this case, teachers should be able to 
find the balance between socially and technologically mediated coordination, so 
that emergent situations could be adequately handled.

In any case, independently of the use of terms and metaphors, such as scaffolds, 
scripts, or orchestration, expert instructional designers or educational practitioners 
need to produce learning designs or lesson plans for their CSCL classes. At the 
same time, they have to choose adequate tools, think of the specific conditions of 
their classes, and instantiate their designs while being able to reuse their generic 
designs. Finally, practitioners have to enact their instantiated designs, being able to 
monitor and regulate the evolution of the interactions. There is no consensus in the 
literature on the model and stakeholders of the lifecycle of orchestration or  scripting, 
but it is generally accepted that it is complex, nonlinear, and iterative (Gómez-
Sánchez et al. 2009; Jullien et al. 2009).
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Although there are several educational, technological, and research trends, 
one framework for the analysis of the aforementioned issues is the Cultural Historical 
Activity Theory (CHAT). The associated concept of “mediating artefacts,” 
i.e., instruments, signs, language, and machines has been analyzed especially in the 
task of learning design (Conole 2008). Thus, our research objective is to understand 
the processes and the mediating artifacts that are currently employed, using 
 ethnographical methods, formalize them, and eventually construct mediating tools 
that might better support the lifecycle of orchestrating CSCL classes. Conole (2008) 
identifies several mediating artifacts that correspond to models, vocabularies, 
 patterns, iconic representations, or case studies. Such artifacts support the decisions 
made by the practitioners, either isolated or aggregated to other artifacts, thus 
 forming meta-mediating artifacts. Examples of meta-mediating artifacts include 
repositories of patterns, toolkits, pedagogical planners, or scaffolds in the form of 
hints, advisors, etc. Isolated or aggregated artifacts are typically implemented in 
software tools that are especially adequate for a technology-enhanced class.

In the following section, we focus on one type of artifacts, i.e., pedagogical 
 patterns (Goodyear 2005) as a means to support the design and enactment phases of 
the lifecycle.

A Pattern Oriented Approach to CSCL Scripting

Pedagogical patterns form a special category of design patterns, and as such they 
capture and communicate good practices in learning and teaching processes 
(Dimitriadis et al. 2009a). Design patterns have been used broadly in several fields, 
starting with the pioneer work of Alexander in architecture and going through 
Human Computer Interaction to the Gamma design patterns in software  engineering. 
They capture reusable knowledge about a contextualized problem and its  associated, 
broadly accepted, solution. Although patterns may be used individually,  typically 
they are grouped in networks of interconnected patterns, thus forming  pattern 
 languages that provide solutions to broader problems.

Pedagogical patterns are especially relevant to our research objective, since the 
ultimate actors in CSCL classroom orchestration are educational practitioners, who 
might be more familiar with the practice-oriented knowledge represented in peda-
gogical patterns. According to Retalis et al. (2006), pedagogical design patterns 
could be elicited in a lifecycle that merges bottom–up and top–down approaches. 
On the one hand, case studies in authentic contexts or other more controlled experi-
ences capture practices, while literature and theory-driven work looks for evidence 
and wider support of these patterns and the associated pattern languages.

In our case, a CSCL scripting pattern language was proposed in (Hernández-Leo 
et al. 2010a) that focuses on Collaborative Learning Flow Patterns (CLFP), i.e., 
flows of activities, such as jigsaw, pyramid, or think-pair-share. This type of  patterns, 
whose visual representation is shown in Fig. 1, has been shown to be effective in 
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several contexts, as e.g., in repurposing existing Open Educational Resources for 
collaborative learning (Dimitriadis et al. 2009b). Later, such a pattern language 
evolved in an assessment-aware scripting language that includes assessment  patterns 
(Villasclaras-Fernández 2010). The following subsection discusses the use of the 
learning and assessment pedagogical patterns and the associated software tools in the 
context of higher education. On the other hand, similar research has been  conducted 
in a primary school environment with respect to design and enactment patterns. A 
brief report of the associated research is presented in the second subsection.

Learning and Assessment Patterns in Higher Education

Use of ICT in higher education is typically associated with blended (or distance) 
learning settings in which courses are delivered using Learning Management 
Systems (LMS). While collaborative activities are especially appropriate for prob-
lem- or project-based learning, university professors are reluctant and several times 
unaware of collaborative techniques, such as the ones described in CLFP.

On the other hand, technology mediated coordination in CSCL scripting could 
be especially appropriate for the production and delivery of such courses. However, 
existing EML, and especially IMS-LD, are rather far away from a practitioner’s 
mindset, and therefore they should be “hidden” to final users. Thus, it seems reason-
able to think of employing CLFP and other elements of the CSCL scripting lan-
guage as mediating artifacts for design and enactment of collaborative learning 
activities in higher education.

The first generation of tools created in the context of the GSIC/EMIC group 
included Collage (Hernández-Leo et al. 2006) for the support of the authoring phase 
and InstanceCollage (Villasclaras-Fernández et al. 2009) for the instantiation phase, 
while scripts could be deployed either in an LMS with an IMS-LD player or in a 
service-oriented environment, such as Gridcole (Bote-Lorenzo et al. 2008). Thus, 
the complete lifecycle of CSCL scripting and orchestration can be supported by this 

Fig. 1 Visual representations of collaborative learning flow patterns (CLFP)
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set of tools, or meta-mediating artifacts. Figure 2 illustrates part of the pattern-based 
design process supported by Collage for a CSCL script used in the context of a real 
course in University of Valladolid (Hernández-Leo et al. 2010b).

In this case, the teacher is using the jigsaw CLFP so that students may work on 
different parts of a complex technical document. Such pattern is adequate since the 
aforementioned document is divisible and the teacher wants to promote positive 
interdependence together with individual accountability. Thus, students need to 
work individually and then join the expert groups for each part of the document, 
while in the last phase super groups are formed in order to deal with the complete 
document. However, the teacher does not want to have expert groups with many 
students that are not typically effective in tasks of joint production. Thus, she selects 
the pyramid CLFP in order to implement the expert phase of the jigsaw CLFP, hop-
ing that it will promote the quest for consensus among students.

The Collage tool supports this process of selecting patterns, combining and con-
figuring them, assigning adequate services (tools) for the activities, and finally pro-
ducing a reusable IMS-LD compliant file. Such support is implemented through 
advices and empty building blocks, with a strong emphasis in visual representa-
tions. Finally, the InstanceCollage tool is employed in order to instantiate this script 
for a specific context, taking into account all intrinsic features of the patterns, while 
Gridcole or an LMS such as .LRN and the associated IMS-LD player are employed 
for the enactment of the CSCL script.

From the above short presentation of the illustrating example, it can be seen that 
this set of ICT-based tools may be effective and efficient as mediating artifacts for 
orchestration of CSCL classes. Indeed, the process has been evaluated through a 
multi-case study that covers seven experiences that took place in the period 2005–2007 

Fig. 2 Authoring a computer-supported collaborative learning (CSCL) script based on the Jigsaw 
and Pyramid CLFP in Collage
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(Hernández-Leo et al. 2010b). The first set of workshops with professors at several 
Spanish universities showed that practitioners were able to create CSCL scripts for 
their own context. On the other hand, a workshop held in an international confer-
ence allowed us to show that the tools were able to implement a scenario proposed 
by a third-party, while several case studies in courses showed that the whole process 
could be carried out in real settings.

However, several elements were missing from the above process and the 
 associated toolset, and especially in relation to adaptation (Karakostas and 
Demetriadis 2009) and flexibility (Dillenbourg and Tchounikine 2007), or the 
 effective use of monitoring and regulation (Soller et al. 2005). The second genera-
tion of tools focused on the inclusion of assessment plans in the scripts. It is widely 
accepted that assessment is an integral part of any teaching/learning process and 
there is a significant body of knowledge related to production and use of assessment 
(Chan and Van Aalst 2004). We were especially interested in understanding and 
supporting the alignment between learning and assessment flows in scripts. In 
 collaborative learning settings it is expected that formative assessment may be used 
employing assessment evidence produced in various activities. The use of appropri-
ate assessment techniques could provide input for the adoption of further actions in 
other learning and support activities.

As mentioned above, the pattern-based approach was used again in order to 
formulate a set of assessment patterns and produce an expanded assessment-
aware CSCL scripting language. On the other hand, a new information model has 
been proposed together with a design process that aligns learning and assess-
ment patterns. This proposal has been implemented in the new WebCollage tool 
and has been evaluated through four workshops with university professors, two 
complete case studies in real settings, as well as a controlled evaluation expe-
rience with practitioners and experts in the period 2007–2010 (Villasclaras-
Fernández 2010).

Figure 3 illustrates the interweaved learning and assessment flows for a concrete 
script implemented through WebCollage. The results (reports) of the first phase of 
the jigsaw CLFP are used as a source for the assessment pattern REPORT REVIEW 
(top-right icon) while the expert phase is employed as a source for the pattern 
OBSERVATIONS OF COLLABORATIVE WORK (bottom-right icon). WebCollage 
supports visualization of the complete set of patterns and the associated documenta-
tion, configuration of the templates for each pattern, and especially provides advices 
on the set of actions for an effective use of the patterns, the information model and 
the design process (see e.g., the advice provided through an exclamation mark for a 
missing element in the first phase of jigsaw).

The evaluation process confirmed that the process is especially complex, when 
learning and assessment are considered together in collaborative settings. 
Practitioners and experts acknowledged the usefulness and effectiveness of the sup-
port provided by WebCollage, although several actions were recommended with 
respect to user interface or even the process itself.
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Design and Enactment Patterns in a Primary Education School

Another parallel thread of our research in CSCL classroom orchestration refers to 
primary education classrooms that are significantly different from those described 
in the previous subsection. We have been conducting since 2008 a long case study 
in the “Ana de Austria” rural school at Cigales, Spain. In this case, we have focused 
on the problems of orchestrating face-to-face interactions in K6–8 classes, using 
typical non-ICT tools and communication media, together with wireless tablet PCs 
connected in a local network and interactive digital boards. We were especially 
interested in understanding improvisation and social coordination mechanisms, 
through the introduction of the GroupScribbles collaborative learning software tool 
(SRI 2006). Additionally, the qualitative case study that took place aimed at detect-
ing routines (or patterns) that are recurrently used during the design and enactment 
of collaborative activities. Finally, we have been looking for an effective use of 
these patterns by teachers in new activities.

A significant result of this study shows that several patterns have been detected 
in both design and enactment phases (Prieto et al. 2010) in line with independent 
research results published by SRI research staff (DeBarger et al. 2010). A joint 
analysis of the GSIC/EMIC and SRI projects (Prieto et al. 2011a) has shown that 
such good practices may enable effective teaching strategies or moves in a contin-
gent pedagogy context. Also, results from a recent workshop with teachers have 

Fig. 3 Defining learning and assessment flows in WebCollage
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shown a clearly positive perception of the usefulness of these patterns as means to 
enrich new collaborative learning activities (Prieto et al. 2011c).

As an illustration of the orchestration held in classroom and the associated routines, 
Fig. 4 presents a visualization of an activity carried out in the “Ana de Austria” 
primary school during the 2008–2009 academic year. We may observe the different 
social levels of interaction (individual, small group and whole classroom), as they 
are unfolded in time. On the other hand, we may notice the phases in which the 
activity (script) was based, as well as the enactment routines that were associated to 
each phase. In bold, we can also detect some elements that were not designed by the 
teacher and therefore they emerged during enactment. Such emergent/improvisation 
actions could be better understood within the “disciplined improvisation”  framework 
(Sawyer 2004). Overall, it can be seen that orchestration in CSCL classrooms is 
complex enough, although there are recurrent routines/patterns that enable a 
 compact description of the activities. Recent evidence shows that these patterns 
were adequate mediating artifacts that enabled better orchestration by the teachers 
(Prieto et al. 2011c).

Conclusions

This paper based on the associated keynote talk (HCICTE 2010) deals with some 
issues related to orchestration of CSCL classes, and especially in supporting educa-
tional practitioners through appropriate mediating artifacts. Orchestration of tech-
nology-enhanced classes is relevant in the case of collaborative learning activities, 

Fig. 4 Visual representation of orchestration in a face-to-face CSCL activity, together with the 
design, enactment, and improvisation routines
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due to the complexity of this pedagogical approach and the excessive number of 
aspects and trade-offs that have to be controlled by the teachers.

Patterns have been analyzed as a particularly promising set of mediating arti-
facts, for the support of the design, instantiation, and enactment phases of the 
orchestration lifecycle. In spite of the positive results of the evaluation studies, many 
issues are still open. Flexibility, adaptation, and improvisation need to accompany 
adequately these structuring, scaffolding, or scripting approaches. On the other 
hand, other mediating artifacts, such as visual representation or social software may 
be analyzed and integrated (see the CompendiumLD and Cloudworks tools devel-
oped in the Open University). Also, a seamless integration of scripts, LMS, and 
external tools has to be accomplished in order to provide a sustainable use of these 
solutions (see the Glue! Architecture proposed by the GSIC/EMIC research group, 
or similar initiatives at the IMS Global Consortium). Finally, the complexity of the 
orchestration process has to be handled adequately in the framework of pragmatic 
theoretical approaches.
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Introduction

UNESCO (2006) indicated that Faculties of Education and teacher training institu-
tions, in particular, need to reorient their study programs to address the quest for 
Sustainable Development. The latter is an evolving and dynamic concept in terms of 
its conceptual definition. According to the World Commission on Environment and 
Development (1987, p. 43) “Sustainable development is development that meets the 
needs of the present without compromising the ability of future generations to meet 
their own needs.” In a recent panel review of 37 experts (Makrakis 2011, p. 411) 
sustainable development was consensually defined as “to making informed, contextual 
and conscious decisions driven by the principles of solidarity, justice, accountability, 
equity and transparency for the good of present and future generations, locally and 
globally and to act upon those decisions for advancing social, economic and environ-
mental wellbeing.” The link between Information and Communication Technologies 
(ICTs) and sustainable development is being addressed by extensive debates and 
research which recognize the challenge new technologies bring to the reorientation 
of education towards learning to live sustainably (Makrakis 2006, 2008, 2011; 
Paas 2008). Sustainable development is generally perceived as an overlapping of 
four pillars, dimensions or components, namely environment, society, culture, and 
economy. According to UNESCO (2005), environmental dimension encompasses 
key areas such as natural resources, climate change, rural transformation, sustainable 
urbanization, and disaster prevention and mitigation, while societal dimension 
embraces human rights, peace and human security, gender equality, indigenous 
knowledge, cultural diversity and intercultural understanding, health, HIV/AIDS, and 
governance. Economic dimension, by contrast, includes poverty reduction, corporate 
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responsibility and accountability, fair trade, and market economy. Finally, cultural 
dimension is referred to as both “an underlying dimension of and ‘inter-linkages’ or 
‘inter-connections’ between the other three pillars of sustainable development” 
(UNESCO 2008). In fact, cultural elements are indeed present in each of the environ-
mental, economic, and social pillars of sustainable development.

The United Nations passed a resolution in December 2002 to adopt the Decade of 
Education for Sustainable Development (DESD) as endorsed by the Johannesburg 
World Summit on Sustainable Development (WSSD). The DESD (2005–2014) was 
adopted as a Resolution 57/254 at the UN General Assembly 57th Session in 2002. 
According to the Resolution, education is considered as a primary capacity to trans-
form their visions for society into reality. It has been also stated that education not only 
provides scientific and technical skills, it also provides the motivation, justification, and 
social support for pursuing and applying education for sustainability (UNESCO 2005, 
2006; Lawale and Bory-Adams 2010). Education for sustainability has been defined 
“as the learning needed to maintain and improve our quality of life and the quality of life 
of generations to come. It is about equipping individuals, communities, groups, 
businesses and government to live and act sustainably, as well as giving them an 
understanding of the environmental, social and economic issues involved” (Makrakis 
2011, p. 411). This vision of education emphasizes a holistic, interdisciplinary, and 
cross-disciplinary approach to developing the knowledge and skills needed for a sus-
tainable future as well as changes in values, behavior, and lifestyles.

Hence, in order to achieve sustainability through education, we need teachers 
who are well-prepared and committed to the principles of sustainability (UNESCO 
2006; Makrakis 2010b). In this context, the use of ICTs, can offer exciting new 
possibilities to promote the changes in teaching methodologies called for education 
for sustainable development (ESD) (Makrakis 2008; Paas 2008). However, when 
looking specifically for research on the use of ICTs in ESD, including educational 
policies, pedagogical approaches and classroom uses of ICTs for ESD, there is not 
much available to date (Tella and Adu 2009). Integration of ESD in higher education, 
especially as it concerns pedagogical practice, has been slow (Everett 2008; Rode 
and Michelsen 2008); except initiatives for campus greening and research where 
there is more progress (Sterling and Scott 2008; Wals 2009).

In recent years, the concept of WikiQuESD has been developed by the author to 
combine a Wiki platform and its technologies, the idea of WebQuest (Dodge 1998) 
and an ESD approach. The template developed is divided into three parts (Fig. 1). 
The left hand side displays five main nodes: (1) activation, (2) learning tasks, (3) learn-
ing processes, (4) reflective feedback/assessment, and (5) extensions, each of which 
can be used for planning and constructing WikiQuESD lesson interventions. There 
are also secondary nodes, which provide information about the sources (learning 
objects) used and creators. The main right pane is the screen that holds the HTML 
content associated with each node. In the upper bar space, the creators place the title 
of the instructional project and in the right part, the UNESCO Chair’s logo as well 
as additional nodes related to online tools that can be used such as Cmap; Blog etc. 
These mindtools repurpose ICTs to engage learners in critical and reflective thinking 
(Jonassen 1996; Jonassen and Reeves 1996) and ESD (Vanhear and Pace 2008). 
WikiQuESD is envisioned to contribute into bridging this gap.
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WikiQuESD is based on theoretical insights from critical or emancipatory con-
structivist research and transformative/reflective learning with particular reference to 
education for sustainability (Sterling 2001; Wals and Blaze Corcoran 2006; Huckle 
2010). Emancipatory constructivism implies that meaning is shaped and knowledge 
is constructed through discussion with peers and teachers, and through reflection that 
leads to learning-based change (Kostoulas-Makrakis and Makrakis 2008).

The principal idea behind WikiQuESD is that teaching and learning should focus 
on the study of real-life problems and the learning process should be learner- 
centered. To support these features, WikiQuESD includes strategies such as: activa-
tion though various means such as conceptual mapping, Webloging, brainstorming 
etc. It continues through problem identification, identification of learning needs and 
tasks, processing and refinement of needs and tasks, construction and reconstruction 
of new knowledge, and continuous reflective feedback. These descriptors clearly 
call for pedagogical processes that are participatory, reflective, and emancipatory. It 
also assumes that an attempt to reorienting teacher education to address sustainabil-
ity needs to be based on three interrelated pedagogical concepts: (1) contextual 
learning, (2) authentic learning, and (3) transformative learning (Makrakis 2006). 
All of these are critical to transforming unsustainable values and actions into sus-
tainable ones. The main technological and pedagogical characteristics built into 
WikiQuESD can be summarized as follows (Makrakis 2010a):

Multiple types and levels of scaffolding: Support comes from online instructional 
material (http://www.wikitipsgr.wikidot.com) that is monitored by a mentor or 
facilitator to assist our preservice teachers’ engagement in producing WikiQuESD 

Fig. 1 WikiQuESD template
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learning activities. Some of the examples include templates, descriptive assessment 
rubrics, and guidelines that help them develop and design their WikiQuESD 
instructional projects.
Authentic content, curriculum, and learning tasks: To ensure that content is 
authentic and learning is meaningful, preservice teachers are encouraged to 
select and/or negotiate an ESD local/global topic and engage in learning tasks 
which are real-world and situated within realistic contexts. Content is thus 
learner-generated, interdisciplinary, and hypermedia-based largely built through 
multimodal open education resources available in the Web.
Multimodal texts and literacies: Using the affordances available in the source 
social software of the WikiQuESD learning and authoring environment, preservice 
and in-service teachers are guided to develop web-based instructional interventions 
merging various modes of representation such as spoken and written language, 
still or moving images, sounds, designs, animation, and videos.
Reflective feedback/assessment: Through a set of guiding questions, pre/in-service 
teachers are empowered to monitor and take ownership of their learning guided 
by prompt questions.
Active constructive and meaning making reflective process: Pre/in-service teachers 
are guided to actively engage in knowledge and meaning construction through 
reflection.
Meaningful cooperation, collaboration, and communication: This process engages 
pre/in-service teachers to learn to negotiate, compromise, compare, share, revise, 
and scaffold each others’ learning.
Transferability and replicability: Pre/in-service teachers working within the 
WikiQuESD learning and authoring environment produce multimodal content 
that can be up-scaled, adopted and adapted to various settings and to suit 
social, cultural and language learner’s needs and making learning more 
customized.

Learning and behavioral change are essential for achieving sustainable thinking 
and living (learning to live sustainably), which is inextricably connected to trans-
formative perceptions of learning (Aubusson et al. 2007; Goodfellow and Sumsion 
2000; Pilling-Cormick 1997). Transformative learning, in that sense, focuses on 
learning-based change that involves “learning to be,” “learning to live together,” 
“learning to know” and “learning to do” (Delors 1996). It is a shift of conscious-
ness that alters: our way of being in the world (learning to be), our way for discov-
ering others by discovering ourselves (learning to live together), our way of learning 
how to learn as well as acquiring, constructing, disseminating and managing 
knowledge (learning to know), and our way of putting knowledge into action 
(learning to do). It is above all learning that “transforms problematic frames of 
references – sets of fixed assumptions and expectations – to make them more inclu-
sive, discriminating, open reflective and emotionally able to change” (Mezirow 
2003, pp. 57–58). To put all these together, all these educational goals or pillars for 
the twenty-first century need to be integrated with another pillar that is “learning to 
transform oneself and society.”
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Context of the Study and Method

This study examined preservice teachers’ use of WikiQuESD Web 2.0 environment 
in an undergraduate education course entitled “Design and Develop Web-based 
Instructional Material” at the Department of Primary Education, University of Crete 
during the fall of 2009 semester. The course took place over a 13-week period and 
consisted of a weekly 3-h lecture supplemented by five 2-h tutorials. The teaching 
process was supported through online instructional material (http://www.wikitipsgr.
wikidot.com) that was monitored by a mentor or facilitator. Participants in the 
course were 30 preservice teachers: 90% were females and 100% had access to 
Internet either at the University and/or at home and all of them had previous experience 
using ICTs. Only, a 4% had previous experience with Wikis. The course activities 
were designed to promote ESD across the primary school curriculum through the 
support of ICTs integrated into the WikiQuESD authoring environment. It was also 
designed to promote critical reflection and collaborative learning through the 
affordances (e.g., weblogs, Cmap, Hotpotatoes) integrated into the WikiQuESD 
platform (Makrakis 2010a).

A naturalistic inquiry was used to guide the research process for this study. This 
approach implied that meaning was socially constructed by individuals through 
interaction with the setting environment and their personal beliefs, theories, practices, 
and perceptions (Creswell 2003). The research methods used were: participant 
observation, focus group discussions, reflective journals prepared by course participants, 
and project-based assignments (Ellis and Weekes 2008; Everett 2008; Clarke 2004). 
Priest and Sturgess (2005, p. 2) claim that reflection in a group setting provides a 
richer experience by enabling “the individual to subject their personal beliefs to 
critical analysis in a safe environment.” Sockman and Sharma (2008) show that 
through peer feedback and reflective journal writing, teachers could uncover the 
obstacles and discover how their personal learning theories and teaching beliefs 
need to change in order to implement transformative teaching strategies. Brandt (2008) 
also indicates that when feedback and reflection are integrated in the form of reflec-
tive conversations between teachers and students, both teachers and students could 
benefit from the reflective practice. Therefore, reflective practice not only makes 
change possible, but also provides necessary information to develop guidelines for 
setting new needs, goals, and plans (Liou 2001; Yang 2009). Content analysis was 
used to analyze the presence, meanings and relationships of key words, and concepts 
related to constructs or categories and then make inferences about the messages  
(Krippendorff 2004). A category was defined as a group of words with similar 
meaning or connotations, which must be mutually exclusive and exhaustive. Three 
types of texts were used: (1) texts derived from the participants’ answers to a set of 
open-ended questions elicited through focus group discussion and reflective journals, 
(2) the instructor’s notes taken through participant observation, and (3) the texts of 
the 16 submitted WikiQuESD projects. Some of the questions asked during the 
focus group discussions were: What did you expect from the course? What has 
changed in terms of pedagogy and personal theory after finishing the course? 
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If something changed, why did it not happen before? The content was examined 
using two methods: conceptual analysis and relational analysis (Carley 1993). 
The former was used to look into the existence of concepts associated with critical 
constructivism in the texts. The latter was used to examine whether the instructional 
strategies and the activities adopted, especially in the WikiQuESD projects were 
related to critical constructivist principles.

To make valid inferences from the content of the projects examined, double 
checking has been carried out and no ambiguity of word meanings and category 
definitions had been revealed. To cross-validate the findings, two techniques were 
employed: first, the results were communicated to a sample of respondents to get a 
sense of the extent to which they are truly reflected in the project works and second, 
the project works and the open-ended questions upon which analysis was made 
were cross-referenced (Miles and Huberman 1994). Both revealed a high consistency 
with the constructs developed and the interpretations and inferences made.

Results of the Study

The themes or main categories that emerged from the analysis could be assigned to 
the following concepts: motivation, multimodality, authenticity, interdisciplinarity, 
use of distributed resources, transferability, empowerment, and meaningfulness. 
Motivation was enabled through using stories, videos, pictures, or cartoons. It was 
assumed that such anchors could stimulate the learners’ curiosity about the topic, 
challenge their perceptions, and motivate them to explore further the sustainability 
issue. In some cases, the use of video-clips was used together with the use of blogs 
or forums. Previous research shows that the use of such networking media contrib-
utes positively to empowerment and learning (Williams 2004). These results can be 
substantiated by previous research which shows that it can be difficult to motivate 
learners when it comes to reading texts (Dewitt 1996; Davis 1997) and that Internet 
access and use could motivate students (Stiler and Philleo 2003; Liaw et al. 2007).

To ensure that content is authentic and learning is meaningful, preservice teachers 
participated in the study were encouraged to select and/or negotiate an ESD local/global 
topic and engage in learning tasks which were real-world and situated within realistic 
contexts. Themes developed in the project works dealt with types of energy, desertifica-
tion, renewal resources, overconsumption, bioclimatic schools, and climate change. 
The content of the WikiQuESD projects submitted was interdisciplinary and largely 
built on multimodal open education resources available in the Web. A sample of repre-
sentative projects developed can be accessed from the following URL addresses:

http://aioliki-energeia.wikidot.com
http://desertification-energy.wikidot.com
http://overconsumption.wikidot.com
http://bioclimatic-schools.wikidot.com
http://renresources.wikidot.com/start
http://energy-ngos.wikidot.com
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http://recycle-saveenergy.wikidot.com
http://energy-green-health.wikidot.com
http://bioclimatic-houses.wikidot.com
http://energy-globalwarming.wikidot.com
http://energy-airpollution.wikidot.com
http://saveenergy-recycling.wikidot.com
http://climatechange1.wikidot.com

The WikiQuESD projects submitted show that the learning activities integrated 
into projects were associated with an extensive use of ICT affordances and extensive 
use of Web-based open education resources. The amount of open education resources 
integrated into the WikiQuESD projects ranged about 40–50% of the total content. 
All of the participants used both home and university campus networked facilities, 
mostly for asynchronous collaborative learning, although synchronous collaborative 
networking facilities were available through the WikiQuESD platform. This is largely 
due to the fact that most participants were not accustomed to this type of communica-
tion; added to that such activity was not demanded by the course.

Based on the analysis of focus group discussions, course participants’ instructional 
design models elicited at the beginning, in the middle, and at the end of the course 
changed significantly. When participants were asked to indicate their instructional 
design model at the start of the course, the most common instructional design models 
exhibited were largely divided into four stages: stating goals and objectives, turning 
objectives into learning tasks, use of ready-made content, and learning assessment at 
the end to be delivered mostly through structured tests. This reflects a traditional 
objectivist instructional design model that has the following characteristics: the pro-
cess is sequential and linear, predefined learning objectives guide lesson planning and 
development, didactic material is prescribed, and implementation is largely teacher-
centered and summative learning assessment is dominant. The shift to an alternative 
instructional design model was evidenced in the middle of the course when partici-
pants were asked to present the progression of their projects tasks. By the end, almost 
all WikiQuESD projects developed can be characterized by the following design char-
acteristics: recursive and nonlinear, learning objectives are negotiated (emerge through 
activation and learning processes), didactic material is constructed and reconstructed 
based on OERs, and instruction focuses on contextual and meaningful learning.

This shift in instructional design paradigm also reflects a “change agency” principle 
that can be interpreted in a threefold way. First, all the participants in this study 
expressed a positive image about themselves and confidence in their engagement 
with WikiQuESD technologies. Indicative expressions supporting this assumption 
elicited through focus group discussions and the personal reflective journals are the 
following: “Feel more confident,” “can do things without support,” “I will use wiki 
in class” etc. Second, it was also revealed that merging ICT-based reflective pedagogies, 
such as webloging was perceived as a tool that can empower them to change their 
personal theories and practices.

The following replies elicited through focus group discussions and reflective 
journals seem to be indicative in supporting this assumption: “using themes that 
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reflect real-life problems, teachers take investigative roles that help them discover 
and construct new understandings and knowledge,” “real-life problems made me 
think over of my personal beliefs and actions.” It is also worth pointing out that 
almost all participants indicated that through this course they learned how to 
construct knowledge rather than acquiring knowledge. It was also revealed by more 
than half of them that the knowledge and skills acquired through the WikiQuESD 
projects could be transferred to other situations. The core assumption of constructivism 
is that learners actively create their own knowledge, vs. acquiring it, and that this 
active engagement is thought to promote a deeper understanding that may be transferred 
to new and different situations (Tobias 2010; Evans 2006). Looking into the 
WikiQuESD projects, it is also evidenced that participants used a mixture of assessment 
tools such as concept mapping, weblogs, and interactive exercises. Previous research 
shows that concept mapping has been used extensively in teaching and learning 
(Raymond 1997; Novak 1990; Novak and Cañas 2008) as well as a tool to monitor 
and promote meaningful learning, thinking, and acting in courses related to sustain-
able development for teacher education (Åhlberg 2004).

Evidence through focus group discussions shows that the paradigm shifts have 
been empowered by discussions on the three dominant paradigms of learning 
(transmissive, transactual and transformative) in the context of three corresponding 
models of curriculum: (1) product, (2) process, and (3) praxis (Grundy 2003). 
However, the reflective journals submitted by participants varied: a few revealed 
deep and critical reflection but most focused on describing events, with relatively 
narrow analysis. However, almost all the participants stated that they plan to inte-
grate WikiQuESD in their future work. In terms of problems encountered, the great 
majority of participants indicated that the most demanding in working with 
WikiQuESD is the learning of codes. This may be explained by the fact that most of 
the participants had little previous experience with wiki environments.

Conclusion

Three of the major forces shaping and driving the twenty-first century education are 
(Makrakis 2008): (1) the development and diffusion of ICTs, (2) the increasing 
demand for new educational approaches and pedagogies that foster transformative 
and lifelong learning, and (3) the reorientation of educational curricula to address 
sustainable development (SD). Education systems, at all levels, and especially 
Higher Education and Teacher Education bear their own responsibility for building 
a more sustainable future. If higher education fails to educate students for sustain-
ability, future teachers and leaders cannot be qualified agents for sustainable devel-
opment. In the field of education, ICTs are increasingly deployed as tools to extend 
the learner’s capacity to learn and teacher’s capacity to deliver quality teaching and 
develop professional skills. One emerging area concerns merging ICTs with the 
United Nations (UN) call for the DESD to create a more sustainable development 
future. While increasing the quality of education through ESD, the use of ICTs pose 
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many challenges for innovative and creative ways in reorienting teacher education 
to address sustainability. From this study, although limited to a case study, it is quite 
clear that building constructivist learning environments enabled by ICTs had an 
important influence on the preservice teachers’ learning both in terms of what and 
how to teach. Analyzing the content of the WikiQuESD projects submitted at the 
end of the course, it is evident that ICTs when merged with sound pedagogical 
principles may contribute to educational innovative and education for sustainability. 
Besides the learning outcomes gained by preservice teachers while developing these 
projects, they can also be seen as good examples of curriculum innovation and 
evidence of the changing their instructional design roles. These projects can also 
provide a useful teaching resource for other preservice and in-service teachers to be 
used for modeling similar developments. Rethinking and revising education to 
address the knowledge, skills, perspectives, and values related to sustainability is of 
paramount importance to current and future societies. This implies a review of existing 
curricula in terms of their objectives and content with the aim to develop interdisci-
plinary and cross-disciplinary understanding and knowledge of social, cultural, 
economic, and environmental sustainability. These include skills for problem-based 
learning (PBL), creative, reflective and critical thinking, using appropriate ICTs, 
and reforming teacher training practices so that transformative lifelong learning is 
fostered. PBL is preferred as the methodology because of its compatibility with 
ESD and the strengths and advantages it offers for supporting teachers’ professional 
development and learning. First, PBL builds on the use of learners’ reflective practice 
in teaching and learning based on real-life and authentic problems and issues 
(Stewart et al. 2007; Neo and Neo 2001). Through this, teachers are encouraged to 
take more ownership of their professional development in a highly creative and 
stimulating way supported by hypermedia-based cognitive tools (Jonassen et al. 2003; 
Brush and Saye 2002).

Through a PBL process, teachers have an opportunity to develop skills in problem 
definition and problem solving, to reflect on their own learning, knowledge and 
practices, and develop a deep understanding of the content domain learning. In a 
PBL approach, the problem is often stated in the form of key questions, such as the 
following:

How can I use computerized graphic organizers to teach vocabulary relevant to 
environmental sustainability issues?
How can I use datahandling tools (e.g., Excel) to construct knowledge and pro-
mote learning-based action on ESD local/global issues?
How can I use ICT to develop my ecological footprint towards sustainable water 
use?

In light of these questions, there is need to merge new technology with new 
pedagogy that addresses sustainability. Teaching local/global sustainable issues 
also requires teachers to be creative, critical, resourceful, and informed on these 
issues. The interactive nature of hypermedia technology provides unique capa-
bilities for the implementation of problem-based environments. This suggests a 
high degree of learner control. Hypermedia tools, such as video-based scenarios, 
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ecological footprints, visual graphic organizers, electronic notebooks, and commu-
nication tools help learners explore and address problems in a real-life situation 
as well as being used as critical reflective scaffolds on the problem-solving pro-
cess. Media, interaction tasks, navigation etc. should follow sound interface 
design principles.

Our experiences in carrying out teaching interventions dealing with ESD themes 
and PBL methods supported by ICTs indicate that such an interface should take into 
consideration: (1) using PBL scenarios linked to local sustainability issues in audio-
visual/hypermedia format, (2) employing critical thinking scaffold as knowledge 
elicitation systems that could also assist teachers as action researchers, (3) exploring 
the advantage of technology to provide opportunity for support and reflection on 
both the content learned and the learning process, and (4) connecting ICTs with 
learning techniques that foster higher-order thinking skills, support decision making 
and involve participatory learning. Our teaching and research experiences through 
this study imply that there is need for teacher education curriculum revision which 
will aim at:

Empowering future teachers to develop their instructional skills actively and 
experientially, in a variety of learning environments, both individually and 
collaboratively.
Providing an authentic learning environment so that future teachers engage in 
concrete tasks within realistic and problem-solving learning scenarios.
Emphasizing ways that technology can facilitate and enhance future teachers’ 
professional roles.
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Introduction

A paradox has arisen in the literature on information and communication technologies 
(ICT) appropriation by teachers during their internship and professional induction. On 
the one hand, some studies show that, at the completion of their basic training, new 
teachers have a good grounding in technology skills (Clausen 2007; Karsenti et al. 
2007), feel fairly confident about using ICT (Moore and Chae 2007; Slaouti and Barton 
2007; Russell et al. 2003), and use ICT regularly in their personal life and professional 
practice, albeit mainly for lesson planning (Clausen 2007; Karsenti et al. 2007; Slaouti 
and Barton 2007). On the other hand, studies show that new teachers hold more nega-
tive beliefs about how ICT impact students than more experienced teachers do (Russell 
et al. 2003). They also show little ability to integrate ICT pedagogically and a low 
tendency to introduce them into the classroom (Karsenti et al. 2007). Here again, there 
is a significant difference from experienced teachers (Russell et al. 2003).

This finding is all the more surprising in light of the fact that new teachers have 
been trained according to a socioconstructivist vision of learning, as defined by the 
ministry of education in Quebec, Canada (Ministère de l’Éducation du Québec 
(MEQ) 2001a, b). According to some authors, teachers who adhere to this approach 
should be in favor of the pedagogical integration of ICT (Becker 2001; Ravitz et al. 
2000). They would also be expected to turn to their peers to help them learn how to 
do this. However, this is apparently not happening.

In fact, the recent research has shown that, in addition to being somewhat reluctant 
to integrate ICT pedagogically, new teachers are also slow to use ICT for their pro-
fessional development and to seek support when they need it (Moore and Chae 2007; 
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Schuck 2003). On this subject, Schuck (2003) confirms that new teachers use the 
Internet in the same way they used it during their basic training, that is, mainly to 
look for information and resources, and considerably less to keep in touch with their 
peers through online communities.

This underuse of ICT to obtain support is particularly troubling during the 
 professional induction phase, referred to by some as the “survival” period, when 
inexperienced teachers are especially in need of backing and encouragement. The 
problem can be seen in the excessively high numbers of teachers who quit the 
 profession in the first 5 years, not only in Quebec [between 15 (MELS 2006, cited 
in Martineau et al. 2008) and 25% (Tardif 2001)], but also in North America [46% 
in the U.S. (Ingersoll 2002)], and around the world [40% in the first 3 years in the 
U.K. (Stoel and Thant 2002)]. Moreover, teaching has one of the highest drop-out 
rates of all professions (Ingersoll 2002).

For all these reasons, the Conseil supérieur de l’éducation (Quebec’s superior 
council of education) (CSE 1997), the MEQ (1992), and the Ontario College of 
Teachers (2003) have addressed the issue of professional induction and recognized 
the urgent need for action. In the wake of their pronouncements, the Comité 
d’orientation de la formation du personnel enseignant (Quebec’s advisory  committee 
on teacher training) (COFPE 2002) drew up a set of recommendations for 
the  professional induction of teachers and submitted them in a brief to the MEQ. 
The brief included a specific recommendation for “a process for induction into the 
teaching profession” (Recommendation 9). On this point, Chen (2008) affirms that 
it is important for researchers to help teachers “to cope with the difficulties and the 
complexities of classroom life” (p. 74). In this empirical study, we take a look at 
how ICT can support teachers in the professional induction phase.

Objective

We wanted to deepen our understanding of the potential benefits of ICT for practical 
teacher training and professional induction. More specifically, we aimed (1) to iden-
tify the difficulties that interning and new teachers encounter; and (2) to better 
understand how ICT can help them overcome these challenges. Results are pre-
sented from two pilot studies conducted in Canada during the internship of student 
teachers and the professional induction of new teachers.

Context

To set the context for our study, we begin by underscoring the important role of the 
internship in initial teacher training programs in Quebec and some of the inherent 
problems. We then discuss the issue of teacher drop-out during the professional 
induction. Finally, we discuss the potential of ICT to support student teachers and 
new teachers.
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The Teaching Internship in Quebec: A Challenging Context

Practical training is an important aspect of university teacher training programs 
in Quebec, Canada. Student teachers spend 120 days of their 4-year university 
 program interning in secondary schools to develop their professional skills. 
According to Nault and Nault (2001), internships give teachers-to-be an opportunity 
to test themselves in real schools. In Canada, teacher training programs focus on the 
development of professional skills that are grounded in professional practice. School 
internships are opportunities to apply professional competencies to real situations 
and assess performance. Therefore, it became essential that “the university com-
munity must have more opportunities to experience real-life teaching firsthand” 
(MEQ 2001, p. 27). This gives student teachers a chance to show that they possess 
the skills to become effective professionals.

During the internship, student teachers are supervised by two educators: (1) the 
university supervisor, who makes regular visits to observe student teachers in 
 practice; and (2) the cooperating teacher, usually a classroom teacher, who 
 temporarily mentors the student teacher. The university supervisor is therefore key 
to helping future teachers transfer their academic knowledge into practice. At the 
other end, the cooperating teacher plays a front-line role, coaching future teachers 
day-to-day and integrating them into the classroom and the teaching team. These 
two educators collaborate to assess the student teacher. The assessment is based on 
a set of 12 professional teaching competencies, each made up of various compo-
nents (MEQ 2001). The eighth competency is “To integrate ICT in the preparation 
and delivery of teaching/learning activities and for instructional management and 
professional development purposes” (MEQ 2001). Thus stated, ICT skills are trans-
ferable skills that can be applied to several teaching areas.

Nault and Nault (2001) point out that university supervisors are often required to 
leave the university in order to observe interning students in the classroom, even 
when the schools are located far away. In Quebec, aside from the traveling that 
generates considerable time loss, supervisors have increasing numbers of interns 
and are required to visit each one more often. When students intern in areas so 
remote that a visit can take all day, assuming that the weather allows a same-day 
return, supervision can be a daunting task. In these circumstances, it is also difficult 
for university supervisors to maintain continuous collaboration with the cooperating 
teachers and their students between visits.

This situation is not only highly inconvenient for university supervisors, it is also 
frustrating for the students and cooperating teachers, who have complained about 
the decreased availability of professors and other university staff (Bourbeau 1997). 
Furthermore, many studies, e.g., by Barker (1986), Zeichner (1992), O’Neill (1996), 
and Venn, Moore and Gunter (2001), have shown that interns often feel isolated 
during their internship, when they have few, if any opportunities to share their expe-
riences with their peers. Nault and Nault (2001) suggest that one way for students to 
escape this isolation would be to share their daily classroom experiences with others 
in the same situation.
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Professional Induction of Teachers in Quebec  
and the Problem of Teacher Drop-Out

Drawing from Macdonald (1999), we define teacher drop-out as premature  departure 
from the teaching profession, whether voluntary or not. In fact, the studies we con-
sulted (see Karsenti et al. 2008) clearly show that teacher attrition (referred to as 
drop-out in the present study), far from being confined to retiring veterans, is 
 connected to the issue of induction into the teaching profession. In this perspective, 
novice teachers (those having less than 7 years of experience), not experienced 
 veterans, are the ones who are quitting most frequently. Teacher drop-out is not 
without consequences in terms of both education costs (Alliance for Excellent 
Education 2004; OECD 2005) and education quality (OECD 2005; Stoel and Thant 
2002). This is particularly due to the need to hire more teachers, who are themselves 
in the process of building their skills, such that they have not yet developed optimal 
teaching practices. Moreover, teacher drop-out is also an international problem (see, 
e.g., Borman and Dowling 2008; Dolton and Van der Klaauw 1995; Ingersoll 2002; 
Stoel and Thant 2002), albeit to a varying degree. The question therefore arises as 
to why new teachers drop out, which leads in turn to the question of drop-out  factors. 
The literature on teacher drop-out reveals a number of factors, as follows:

 (a) Task-related factors: a demanding and time-consuming job, management of 
 difficult classrooms, unsatisfactory work conditions, inappropriate teaching 
 subjects, restrictive administrative policies, and unappealing tasks.

 (b) Individual factors: emotional and psychological characteristics those are incom-
patible with the teaching profession, and sociodemographic and professional 
factors.

 (c) Social environment factors: difficult relations with education and social actors 
and difficult students and workplace conditions.

 (d) Socioeconomic conditions.

We also decided to add a fourth, more general category called socioeconomic 
conditions. Macdonald (1999) notes that socioeconomic conditions can be more or 
less conducive to attrition in young teachers. In other words, tough economic times 
might compel some young teachers to remain in the profession, despite any difficul-
ties encountered. Alternatively, very positive economic conditions, in which other 
jobs are easy to find, might encourage teachers to quit.

Integrating ICT: How Do They Support Interning  
and New Teachers?

With the increasing disparity between technology’s relatively modest presence in 
the classroom and its ever increasing popularity in society at large, it has become 
imperative for universities, and especially education faculties and departments, to 
bridge this technological gap. In the wake of the reform of teacher training  programs 
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in 2001 (MEQ 2001), and considering the importance placed on integrating ICT 
into these programs, the need to promote the potential benefits of ICT and their use 
by future teachers is self-evident. They should not be introduced as an appendage to 
academic training, but rather as an integral component of a global, cross-curricular 
approach throughout the entire teacher training process. In this perspective, the 
pedagogical integration of ICT into teacher training programs is promising for two 
reasons: (1) it gives future teachers a chance to develop their skills in integrating 
ICT into their teaching practice in real classroom situations; and (2) it could help 
them overcome some of the problems identified in this study. For example, online 
interactive environments would enable future teachers to escape the isolation of 
their internship, in addition to making it easier for university professors to monitor 
their progress (Karsenti et al. 2002). The potential of ICT support would apply 
equally to new teachers in the professional induction phase. Studies have shown that 
two of the most important factors in adequate mentoring are access to computer 
equipment and human support at all times. Almås and Krumsvik (2007) reported 
that the most effective way to foster skill development in teachers was to provide 
them with a laptop computer. Schuck (2003) even recommended giving a laptop 
computer with Internet access to all new teachers for the duration of the profes-
sional induction year, to provide them with continuous access at any time and in any 
place. Many studies have confirmed that continuous access to pedagogical and tech-
nical support is a crucial facilitating factor in overcoming obstacles (Allaire 2006), 
for both ICT integration (Granger et al. 2002) and professional induction (Nault 
2005). In addition, some support mechanisms, including mentoring (Vallerand and 
Martineau 2006), online practice communities (Nault 2005), and a virtual teachers 
group (Shoffner 2009) appear to facilitate professional induction. Thus, as the entry 
into teaching is often marked by professional isolation, ICT can be used as network-
ing tools to help new teachers buy into a collective vision of peer-supported profes-
sional development (Lieberman 2000).

Method

The aim of this study was (1) to identify the difficulties that interning and new 
teachers encounter; and (2) to better understand how ICT can help them overcome 
these challenges. This section presents the methodology used in two exploratory 
empirical studies: one addressing teacher internship and the other, the problem of 
new teacher drop-out.

Subjects and Data Collection

Study on teacher internship: A total of 800 preservice teachers (682 women, 118 
men) enrolled in a 4-year teacher training program were selected to participate in 
the study. Subjects had a mean age of 22 years. They were enrolled in the second, 
third, and fourth year of a 4-year secondary school teacher-training program. 
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 First-year students were not included in the study because they have little internship 
experience at that stage. A questionnaire was administered to all teacher interns in 
the second, third, and fourth years of a secondary school teacher training program, 
for a total of 1,140 potential participants. We received 800 completed question-
naires, which is 70% response rate. The questionnaire comprised two main sections: 
one addressing problems that teacher interns encountered in their internship, and 
the other addressing the role and importance of ICT in overcoming these problems. 
Most of the questions were open-ended (aside from those designed to gather socio-
demographic information) so as not to direct the respondents’ answers. This was 
consistent with our exploratory approach. We then performed a content analysis of 
the responses, as described below.

Study on new teacher drop-out: To better understand the factors at play in the 
problem of new teacher drop-out, we used an online questionnaire, which has the 
advantage of being administered via the Internet, thereby, transcending limitations 
of time and space. The questionnaire is based primarily on our literature review, 
from which we retained the most frequently cited drop-out factors. It was tested on 
26 teachers and 11 school staff (school principals and pedagogical counselors), 
whose comments helped us improve the questions. Several themes were addressed, 
such as reasons for quitting, conditions for preventing drop-out, human support 
available to drop-out teachers experiencing problems, teaching as a career choice, 
professional aspirations to become a teacher, and the degree of satisfaction of 
 drop-out teachers prior to leaving the profession. The questionnaire contained both 
open-ended and closed questions. We mobilized all the members of the Canadian 
Association of Immersion Teachers so that the questionnaire would be widely 
 distributed. To complete the distribution procedure, we published ads in five news-
papers in two languages (French and English) in the cities of Halifax, Toronto, 
Calgary, Vancouver, and Montreal. In this way we were able to reach participants 
across the country for a Canada-wide survey. The questionnaire was posted online 
for 3 weeks, and 34 drop-out teachers responded.

Data Analysis

Study on teacher internship: Data were analyzed using a grounded theory approach, 
more precisely, an ethnographic content analysis (Altheide and Johnson 1994). This 
type of content analysis includes many of the traditional content analysis proce-
dures (e.g., Huberman and Miles 1994) in addition to a group feedback analysis and 
constant comparison methods, as used in grounded theory studies (Tesch 1990). 
Under this general qualitative analysis framework, the collected data were coded in 
order to generate concepts. “Coding represents the operations by which data are 
broken down, conceptualized, and put back together in new ways. It is the central 
process by which theories are built from data” (Strauss and Corbin 1990, p. 57). 
We performed the data coding in three phases: induction (reading all the data to 
allow concepts or codes to emerge), deduction (coding all data and labeling each 
 segment), and verification (verifying all coded data). We used an initial analytical 
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induction (e.g., Strauss and Corbin 1990) to derive categories of meaning from the 
data, called coding concepts. We then reiteratively verified the coding to further 
define and refine the concepts. In the end, nine concepts emerged to represent the 
problems that teacher interns encountered in their internship (see section “Results” 
below), as well and the potential for ICT to overcome these problems.

Study on new teacher drop-out: The data obtained from the questionnaires com-
prise both Likert scores and open-ended responses. Accordingly, the analysis of 
results is mixed. The quantitative analysis includes descriptive and inferential sta-
tistics, developed using SPSS 13. This enabled us to draw a sociodemographic por-
trait of the participants and uncovered some interesting facts concerning teacher 
drop-out. The initial results were further investigated by a qualitative analysis using 
QDAMiner. It consisted of a content analysis (see Huberman and Miles 1994; 
L’Écuyer 1990) with semi-open coding, initially constructed from the various fac-
tors influencing drop-out (see the section “Professional Induction of Teachers in 
Quebec and the Problem of Teacher Drop-Out”), as follows: task-related factors, 
individual factors, and social environment factors. The qualitative analysis aimed to 
highlight the relationships between the different moderators of drop-out identified 
in the quantitative analysis.

Results

In this section, we first present a summary of the challenges that teacher interns and 
new teacher drop-outs encountered during the internship or profession induction, as 
reported in the questionnaires. We then outline how ICT could help them overcome 
these challenges.

Main Challenges Encountered by Teacher Interns  
and New Teacher Drop-Outs

As shown in Table 1, the main obstacle that teacher interns faced in their internship 
was overall classroom management. Thus, almost 37% of respondents reported 
classroom management as a major difficulty. Assuming authority, being assertive, 
enforcing rules, and dealing with difficult students are some examples of classroom 
management challenges. Almost 25% of respondents mentioned planning and 
 evaluation. The quality and quantity of material resources were also problematic. 
More than 10% of respondents stressed that teaching materials were often outdated, 
inaccessible, or imposed by the cooperating teacher. The school where the  internship 
took place, including the school’s pedagogical organization (e.g., number of  students 
per class), and student or community characteristics (multi-ethnic clientele, at-risk 
students, underprivileged environment) posed further challenges. About 14% of the 
respondents mentioned at least one of these characteristics as a problem. It is 
 noteworthy that a significant number of respondents (3%) reported that the greatest 
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challenge was their insufficient mastery of the teaching language, oral or written, in 
order to carry out their teaching activities.

Another problem stemmed from the internship experience itself. 13% of  respondents 
mentioned that the cooperating teacher (and less often, the university supervisor) 
posed an obstacle by providing insufficient guidance in terms of feedback, support, 
availability, or interest; by granting the student teacher insufficient leeway; by pre-
senting a counter-model, with a negative, bitter, or inappropriate attitude toward the 
students; or by creating conflicts between the cooperating teacher and the student 
teacher. Other aspects related to the internship arrangements created problems for 
approximately 7% of respondents, particularly the distance between their home and 
the school, as well as certain internship requirements (e.g., writing a report, attending 
seminars). Finally, more than 10% of respondents mentioned personal problems, such 
as lack of self-confidence, stress caused by the internship arrangements, or financial 
difficulties and the challenge of reconciling internship requirements with paid employ-
ment. Note that other problem categories were cited, but by fewer respondents, for 
instance, the challenge of fitting in with the school staff.

It is noteworthy that the difficulties encountered by new teacher drop-outs 
(see Fig. 1) are similar to those encountered by teacher interns, as we explore next. 

Table 1 Main problems encountered by student teachers during the internship (n = 800)
Problem Percentage

Classroom management 36.4
General teaching abilities (planning, evaluation) 24.9
Guidance provided by and teaching philosophy of cooperating teacher or university 

supervisor
13.7

Teaching circumstances (e.g., number of students per class, social and cultural 
context, multi-level classrooms, parents, types of students, teaching subjects)

13.5

Teaching resources 11.1
Personal characteristics (e.g., self-confidence, anxiety, openness)  8.8
Internship organization (e.g., placement, distance, evaluation, length)  6.1
Integration into the workplace (e.g., communication with other teachers in the school)  3.4
Language (e.g., code mastery, communication)  2.6

Fig. 1 Main reasons for leaving the profession according to the drop-out teachers (n = 34)
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Thus, the first set of drop-out factors includes difficult students, relationships with 
parents, and students in difficulty or with mixed needs, all of which are closely con-
nected to the problems of classroom management and the teaching circumstances 
mentioned by teacher interns (see Table 1). All these factors are related to the social 
environment factors presented in the section “Professional Induction of Teachers in 
Quebec and the Problem of Teacher Drop-Out.” The second set of drop-out factors 
concerns the overall lack of support, and more particularly support by the school 
administration, which may be related to the problems with the mentoring teacher or 
the  university supervisor and integration into the workplace encountered by teacher 
interns (see Table 1). These factors are again related to the social environment 
 factors. A third set of drop-out factors concerns problems related to professional 
induction, such as the workload and the lack of time that stresses new teachers, 
especially as they are in the process of building their professional skills. These fac-
tors may also be related to the inadequate teaching skills that hinder teacher interns 
(see Table 1). This set of factors relates to the task-related factors mentioned in the 
section “Professional Induction of Teachers in Quebec and the Problem of Teacher 
Drop-Out.” Still other factors identified by new teachers, such as stress, fatigue, and 
the lack of instructional materials, are also factors that affect teacher interns (see 
Teaching resources and Personal characteristics, Table 1).

In view of the similarity observed between the problems encountered by teacher 
interns during the internship and the drop-out factors for new teachers, we may 
posit that the challenges of the internship remain much the same during professional 
induction.

How ICT Helped Teaching

As shown in Table 2, ICT appear to have helped student teachers cope with many of 
the teaching tasks and challenges encountered during the internship. The greatest 
advantage of using ICT appears to be the variety of activities that teachers can do in 
the classroom, as reported by 60% of all respondents. ICT appear to help them 
diversify both their teaching strategies and their students’ tasks.

As reported by 29% of respondents, ICT helped them to be more professional 
and gave them increased access to a wide variety of up-to-date resources, so they 
could improve their teaching and learning activities. More than 20% of the 

Table 2 How information and communication technologies (ICT) helped teaching, as reported by 
student teachers (n = 800)
How ICT helped teaching Percentage

Helped them create a variety of learning activities 60.0
Increased access to a variety of teaching resources 29.0
Helped them present new concepts, theories, ideas, etc. 22.0
Helped motivate learners 21.0
Helped them communicate with education and school stakeholders 15.0
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 respondents emphasized that ICT helped them present new concepts, theories, and 
ideas. Many noted that ICT helped them motivate their students, a considerable 
challenge, especially in secondary school. Moreover, 21% reported that their 
 students were interested in ICT, and that ICT made learning more relevant and fun. 
Some respondents (15%) also reported that ICT were very useful ways to increase 
their communication with the various actors involved in their internship (e.g., coop-
erating teacher, university supervisor, colleagues, other teachers, parents). They 
appreciated having ICT to communicate, as it allowed them to share ideas, talk over 
problems, and get past difficult moments, which, according to most, were easier to 
deal with when they knew that others were facing them as well. Finally, it is note-
worthy that less than 4% of respondents reported that ICT were useless in helping 
them overcome the teaching challenges they encountered in their internship. Our 
findings on the number and content of interactions reveal that student teachers tend 
to participate actively in online interactions, wherever they are located. The fre-
quently mentioned collaboration and sharing of experiences promote  solidarity and 
mutual assistance. Teacher interns develop bonds within a dynamic learning com-
munity, providing them with the encouragement and confidence to develop their 
professional skills.

Discussion and Conclusion

Based on the literature, our findings on the problems of teacher interns are similar 
to those for teachers in the transition to professional practice, and are particularly 
relevant to the issue of teacher drop-out. Classroom management heads the list of 
problems reported by our surveyed teacher interns. This result is consistent with the 
literature on new teachers, for whom classroom management is the greatest concern 
(Evertson and Weinstein 2006; Kagan 1992; Veenman 1984). Other general teach-
ing abilities, such as planning and evaluation, are also considerable problems for 
teacher interns. This is understandable, given that they are in the process of building 
their professional skills at this point. The lack of guidance and the teaching philoso-
phies of cooperating teachers and university supervisors constitute the third most 
often reported problem by our teacher interns. The literature review by Hobson 
et al. (2009) on mentoring beginning teachers concurs with this finding. These 
authors noted that successful mentoring depends on a number of conditions in the 
environment, and that these conditions vary considerably across educators. They 
identified three potential limitations of mentoring: lack of support by the educator; 
inversely, lack of autonomy granted to the teacher intern in developing professional 
skills; and an exaggerated focus on technical aspects of teaching, to the detriment of 
more fundamental pedagogical issues.

In our case, some of the results, such as lack of feedback, support, availability, or 
interest and insufficient leeway granted to the teacher intern, appear to fall under the 
first limitation identified by Hobson et al. (2009) (lack of support). On the other 
hand, we obtained some more extreme results that were not covered in the literature 
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review by Hobson et al. (2009). For instance, one educator was characterized as a 
counter model: someone who is negative, bitter, or who displays an inappropriate 
attitude toward the students or who creates conflicts between cooperating teachers 
and student teachers. The challenge of teaching circumstances, which we identified 
as the fourth problem that teacher interns encountered, appears to echo several 
motives cited in the literature on teacher drop-out, for example, difficult relation-
ships with parents (Certo and Fox 2002; Gonzales 1995; Macdonald 1999; OECD 
2005) or with students (Chaplain 2008; Gonzales et al. 2008; Kirsch 2006; Ingersoll 
2001; Macdonald 1999; OECD 2005). From the similarities between the problems 
encountered by teacher interns and new teachers, we may cautiously argue that the 
problems that future teachers face in their internships remain much the same as they 
enter professional practice. In this view, the teaching internship would be an integral 
part of the transition to professional practice, i.e., professional induction.

Concerning the potential of ICT to overcome problems encountered by teacher 
interns, it is noteworthy that the second potential benefit of ICT (increased access to 
a variety of teaching resources) appears to respond directly to the fourth most often 
mentioned problem by teacher interns (teaching resources), and to the seventh drop-
out factor mentioned by new teacher drop-outs (instructional materials). ICT as a 
source of motivation for learning constitutes our fourth potential benefit. This find-
ing is well supported by the literature on ICT in education (see the literature review 
by Balanskat et al. 2006). The same holds true for the last potential benefit of ICT 
(helped them communicate with education and school stakeholders), which is also 
frequently cited in the literature (Karsenti 2005; Lameul 2008), and which appears 
particularly relevant for rural schools (Fry and Bryant 2007).

An analysis of the data gathered so far suggests that ICT help student teachers 
cope with pedagogical and other challenges encountered during their internship and 
the professional induction in various ways. ICT allow student teachers to take advan-
tage of a vast network in order to maximize their academic performance and to 
become more confident and comfortable in the sometimes difficult situations that can 
occur in schools. This also holds true for new teachers during professional induction. 
Although ICT may be challenging for internship supervisors, these challenges should 
be met head-on through innovative pedagogical practices and further research.
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Introduction and Theoretical Background

Factors That Influence Technology Integration  
in Education: Teachers’ Role

A result of the invasion of Information and Communications Technology (ICT) in 
society is that the education agendas of world organizations and curricula of a lot 
of countries include the embedding of new technologies in schools. More than a 
few studies (Earle 2002; Eteokleous 2008; Angeli and Valanides 2005) evaluated 
ICT integration in different educational settings, suggesting that elementary teach-
ers use technology rather extensively for personal and classroom preparation 
purposes and less frequently for teaching and learning purposes. Additionally, when 
they do use them in their classroom practices, it tends to be in a rather sporadic 
fashion, more as “extras” or fancy chalkboards than as true learning tools. Few 
teachers were found to use computers as learning tools in any sort of constructivist 
or progressive way. The above happens due to a number of factors such as: lack of 
equipment, support and help from the officials, inadequate training, teachers’ peda-
gogical beliefs, knowledge, skills, and attitudes toward technology integration 
within classroom practices (Carvin 1999; Earle 2002; Eteokleous 2008). In addi-
tion, researchers (Ertmer 2005; Carvin 1999) argue that teachers’ instructional 
styles, pedagogical beliefs, and teaching philosophies influence the way technology 
(patterns of technology) is integrated and the degree of technology integration 
success within classroom practices. A well-known differentiation related to the 
above is: teacher-centered and traditional-pedagogical beliefs, and learner/student-
centered and constructivist-oriented belief (Schuh 2004). Thus, teachers whose 
philosophies favor constructivist-oriented beliefs and student-centered approaches 
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are more likely to integrate technology in their classrooms in a substantial and intel-
lectually fruitful way (Ertmer 2005; Eteokleous 2008). Finally, it is suggested that 
successful technology integration into classrooms requires the continuous and adequate 
professional development and training of teachers (Carvin 1999). More important 
than simply learning how to use technology is the training in technology curriculum-
integration. Consequently, teachers who had received both kinds of training are 
likely to feel more prepared and comfortable to integrate technology in their class-
room practices (Carvin 1999; Earle 2002). Given the above, in-service teacher 
training and pre-service teacher training are equally important. This study, therefore, 
qualitatively examined pre-service teachers’ experiences, while using three online 
language tools within an interdisciplinary environment.

Technological Acceptance

Teachers’ contribution is very important for the implementation and success of 
any innovation, thus the investigation of their perceptions and attitudes toward 
technology integration is extremely valuable (Mitra 1998; Rozell and Gardner 2000). 
A similarly important element in the literature related to technology and education 
is the acceptance and actual use of technology by school teachers. Another group of 
studies examined factors that affect teachers’ attitudes toward computers (e.g., Seyal 
et al. 2002) and teachers’ actual use of computers (e.g., Mitra 1998; Rozell and 
Gardner 2000). Studies examined the influence of numerous variables on computer 
use such as age, prior computer training, computer literacy (e.g., Seyal et al. 2002), 
gender (e.g., Whitley 1997), computer experience (e.g., Rozell and Gardner 2000), and 
openness to experience. Equally important is the investigation of future teachers’ 
perceptions and attitudes toward technology integration. Several studies (Ma et al. 
2005; Hu et al. 2003) consider in their findings and adopt the Technological 
Acceptance Model (TAM; Davis 1989), suggesting that teachers’ perception in 
regards to the usefulness of new technologies is direclty related to the intention of 
use and indirectly with the ease of use. This model has been widely used to investigate 
various ICT integration approaches (computer, internet, or any educational software), 
as well as various factors that might influence users’ perceptions regarding the ease 
of use and usefulness (see Fig. 1).

Technology and Literacy Education

An accumulating body of research has produced useful conclusions concerning the 
use of computers in various aspects of literacy education (Coiro et al. 2008; 
Koutsogiannis 2001, 2002). Furthermore, a number of studies highlight the connection 
between the broad diffusion of ICT and the notion of literacy (Cope and Kalantzis 
2009; Lemke 1998). It is usually pointed out that because of the great changes in the 
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social and technological characteristics of communication, there is a need to extend 
the range of literacy pedagogy so that it does not unduly privilege alphabetical 
representations but bring into the teaching practice representations typical of the 
new, digital media. In a context like this, the familiarization with the use of tools 
like the online dictionaries (OD) and text corpora (TC), as well as the critical 
technological currency should become basic elements of a modern curriculum 
(Koutsogiannis 2007). According to Kazazis and Koutsogiannis (2002), the ulti-
mate goal of the development of the Online Dictionary of Standard Modern 
Greek (2002) and the Modern Greek Text Corpora (2002) by the Centre for the Greek 
Language was not merely to serve current school practice but to help change it in 
accordance to modern trends in literacy education, or, in other words, to transform 
a closed teacher-centered approach into an open student-centered work environment 
conduced to the encouragement of discovery learning and the creation of a new 
generation of students, with skills such as analytical-critical thinking and combinatory-
synthetic reasoning.

Concerning concrete pedagogical applications of TC, there is an accumulating 
body of research (Giagkou 2009; Tan 2002). According to Conrand (1999) at least 
until the 1980s publications addressed to teachers were focusing almost entirely on 
concordancing and lexical or lexico-grammatical studies and they were not intro-
ducing teachers to more comprehensive types of corpus-based studies. This changed 
in 1990s, where text corpora could be used in studying multiple characteristics 
(frequency, semantic category, grammatical structure, placement within the clause, 
the specific item used, and variation across registers) of English linking adverbials 
i.e., connecting expressions such as therefore and in other words. Applications like 
this made some researchers to speak about “corpus revolution” (Rundell and Stock 
1992) or “pedagogical revolution” leading to a shift from the teacher seen as consumer 
to the teacher as participant in the corpus revolution: TC help teacher not only in 
deciding what he should teach but also to become a better coordinator or facilitator 
of the learning process and to stop pretending to be a source of absolute and limitless 

Fig. 1 The Technology Acceptance Model (TAM)
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knowledge or an authority which should be unquestionably trusted (Gavioli and 
Aston 2001). In Greece or Cyprus this “revolution” is indisputably connected to 
the development of three major electronic corpora: the Hellenic National Corpus 
(http://hnc.ilsp.gr/) by the Institute of Language and Speech Processing, the MGTC 
by the Centre for the Greek Language, and the Corpus of Greek Texts (CGT; http://
sek.edu.gr) by the University of Athens and the University of Cyprus (Giagkou 
2009). The pedagogical applications of these TC are related mainly with vocabu-
lary teaching (Goutsos 2003; Goutsos and Koutsoulelou-Michou 2009), syntax, 
and morphology (Giagkou 2009) or, generally, every level of linguistic analysis 
(Chalisiani 2010).

Technology and Physical Education

In what concerns Physical Education (PE), recent studies: (1) have argued that, 
because its form includes instructional teaching, demonstration and movement 
activities’ implementation, it seems to constitute a unique field where technology 
can be used as an instructive tool for teaching cognitive issues and motor skills both 
in relation to physical activity and sports, and (2) have shown that PE could benefit 
from the integration of ICT into the educational process, since New Technologies 
can be a useful tool, affecting and enhancing both the way of teaching and the learning 
result (Apostolakis et al. 2006; Antoniou et al. 2009).

Main Aim

The study aims to explore and evaluate the educational use of the text corpora and 
online dictionaries within the educational practice by pre-service teachers. 
Specifically, the research objectives of the study are the following: (1) to investigate 
and explain pre-service teachers’ experiences, attitudes, and perceptions in relation 
to the use of the above mentioned electronic language resources for preparation, 
teaching, and learning purposes; (2) to examine the exploitation of these electronic 
language resources within the lessons of Literacy and Physical Education, employing 
an interdisciplinary approach; and (3) to identity the factors that influence teachers 
integrating technology in the educational practice.

Methodology

A case study design was applied, aiming to collect qualitative data through semi-
structured interviews (Kvale 1996; Creswell 2003) as the primary source of data in 
order to gain thorough understanding of pre-service teachers’ experiences. A ques-
tionnaire was also used in order to collect basic demographic data (i.e., gender, age, 
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computer use, and ownership). The study focuses on examining and conducting an 
in-depth analysis of a single process, which, in this case, is the use of the ODSMG, 
the MGTC, and the CGT as alternative tools for teaching basic notions of PE 
within a Literacy lesson. The sample of our study was 16 pre-service elementary 
teachers who were attending the modules of Educational Technology and of 
Specialization in PE in Frederick University Cyprus during the spring semester 
of 2010. During the module of Educational Technology, the students developed 
knowledge and skills related to technology integration within the teaching and 
learning process. Specifically, they were taught how to use the TC and OD, as 
well as study and discuss numerous exercises and applications of the TC and OD. 
During the module of Specialization in PE, the students got acquainted with basic 
concepts of PE and techniques regarding the teaching of PE in Primary Education. 
After four to five lectures in every module, a lecture was scheduled, where pre-
service teachers (as if they were students in a Literacy lesson) used the TC and 
OD as learning tools to perform in-classroom activities. Specifically, the pre-
service teachers were asked to: (1) search in the OD for entries related to concepts 
such as “physical activity,” “athletics,” “health,” and “physical fitness”; (2) exam-
ine if these entries (or at least certain parts of them) could be used during the 
teaching or the explaining of the above mentioned concepts. In case that for some 
concepts there were not proper entries, the students were asked to compose an 
entry using the material of the Specialization in PE module and the TC, in order 
to find texts, phrases or sentences where the concept under examination appeared. 
Pre-service teachers had the chance to practice numerous uses of TC and OD for 
preparation and teaching purposes (see Figs. 2–4).

The data collection process took place in March 2010. Four semi-structured 
group interviews were conducted, where all pre-service teachers participated. 
On average, the duration of each group-interview was 1 h. Open-ended questions 
were included in the interview protocol in an attempt to provide the opportunity to 
pre-service teachers to freely express themselves (Kvale 1996). The interviews 
included questions such as: What are your impressions of the online language 
tools integration within the teaching and learning process? Did you face any diffi-
culties in learning how to use the tools? Did you face any difficulties while using 
them as learning tools? Would you use them in developing learning environments 
enhanced with technology? Why yes? Why not? Would you use them for any other 
purposes? Follow-up questions occurred naturally to clarify answers and build on 
the responses. The group interviews were recorded and converted to text. After 
transcribing the digital audio files, the researchers analyzed pre-service teachers’ 
responses using the method of continuous comparison of data (Maykut and 
Morehouse 1994). The researchers read and reread the transcriptions of the group 
interviews, assigning codes and classifying data into categories in order to identify 
emergent themes. As the analysis progressed, researchers needed to revise the 
coding system and the categories in order to reflect the emerged themes related to 
pre-service teachers’ experiences. As aforementioned, 16 pre-service teachers 
participated in the interviews. Ten of them (63%) were girls and the rest six were 
(37%) boys. All of them were juniors (in their third year of study), and their age 
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Fig. 2 The lemma “athletics” in ODSMG

Fig. 3 Data from MGTC concerning “athletics”

ranged from 21 to 25 years old. They were using technology from the age of 15 to 
16. All of them owned a personal laptop for the past 3–5 years, using it daily for 
various purposes. Regarding computer training, they all attended computer lessons 
at high school and then through the university program of study, they attended the 
following two courses: Introduction to Information Communication Technology 
and Educational Technology.
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Results-Discussion

Pre-Service Teachers’ Attitudes Toward Technology Use

Pre-service teachers’ responses can be grouped in parameters, where three of them 
seemed to influence their attitudes toward technology use and consequently their 
future actual computer use. Those parameters are: (1) pre-service teachers’ views 
about the usefulness of the tools, (2) the difficulties concerning the educational use 
of the tools, (3) pre-service teachers’ teaching philosophies and pedagogical beliefs, 
and (4) Educational use of the tools. Three of the above parameters are directly 
related to the TAM model (see Fig. 1). Also, the results of the study revealed two 
pre-service teachers’ profiles. Five of the students participating in our study could be 
characterized as technology-supporters or techno-positives and the rest could belong to 
the category of social-skeptics or techno-skeptics (see Eteokleous and Pavlou 2010; 
Raptis and Raptis 2004). The study attempts to relate the aforementioned parameters 
and pre-service teachers’ profiles (see Table 1).

Usefulness of the Tools

Overall, pre-service teachers realize the usefulness and value of both tools; however, 
several differences revealed between the two groups (see Table 1). Specifically, 
pre-service teachers, under the social-skeptics group found difficulties in realizing 

Fig. 4 Data from Corpus of Greek Texts (CGT) concerning “physical activity”
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the added value and possible applications of these two tools within the teaching and 
learning process. In addition, the social-skeptics stated that they would only use the 
OD during teaching practice, because it was more user-friendly and less time 
consuming than the TC. One of them mentioned that students using the TC, could 
not easily distinguish what they are looking for, in contrast to the OD, where they 
could be helped by the definitions provided in the lemmas. Generally, they argued 
that it would take the students too long to find and select from the TC, the data that 
could be relevant, with concepts discussed during the lesson. This point of view 
resembles traditional pedagogical beliefs and teacher-centered approaches (Schuh 
2004). On the contrary, in technology-supporters’ point of view, this “waste of 
time” was an advantage, because they believe that a teacher should give students the 
chance to search, investigate, select, decide, and choose. Going through the above 
process, students develop higher-order skills and specifically critical thinking skills 
(Kazazis and Koutsogiannis 2002).

Generally, their views about the TC as a tool within the teaching and learning 
practice were more positive, having less difficulty in realizing its usefulness and 
value. The technology-supporters also emphasized not only on what is taught but 
also on how it is taught (Gavioli and Aston 2001) focusing more on constructivist 
practices and student-centered approaches (Schuh 2004).

Difficulties Encountered

Pre-service teachers’ responses in both groups were in great alignment regarding 
this parameter (see Table 1). Overall, they did not encounter any serious difficulties 
in using the OD and the TC, and they understood relatively easy the application of 
these tools within the educational practice. Although the vast majority of the pre-
service teachers did not know and had never used a TC and many of them had never 
used an OD of such size and complexity, they easily realized their use and func-
tions, and with not much trouble, they managed to find the answers to the exercises 
that were given to them during the lesson. Additionally, they reported that both 
tools would be user-friendly for the students, on the presupposition that they would 
be acquainted enough with ICT.

As mentioned above, both groups of teachers agreed that the increased time 
needed in using these tools within the teaching and learning process was another 
factor to negatively influence their in-classroom integration, however, supporting 
that these tools would be time-savers for preparation purposes. In addition, time was 
related to the “tyranny of the National Curriculum,” that is, a high volume of educa-
tional material to be covered and a demand by education officials that it would be 
covered on a regularized nationwide basis, something which (in contrast to various 
government announcements about the need for integration of ICT into the teaching 
practice) is not aligned with progressive instructional practice and does not really 
support technology integration (Eteokleous 2008).
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Finally, another difficulty revealed was that, although pre-service teachers were 
familiar with the interdisciplinary approach concept, they found difficulties in giving 
examples of using the OD and the TC in other subjects besides Linguistics and 
Literacy or in realizing how PE could be easily related to other subjects. The above 
could be explained because of pre-service teachers being used to view PE as an exclu-
sively oral process which had nothing to do with the other subjects of an educational 
system where the emphasis is practically put on the written expression. We could say 
that the strength of PE’s boundary, its classification in relation to the other subjects of 
Primary Education, leads students to keep a traditional view about “teaching” PE in 
Primary Education (Bernstein and Solomon 1999).

Pedagogical Beliefs and Teaching Philosophies

Pre-service teachers’ pedagogical beliefs, and teaching philosophies were revealed 
through the data analysis, seemed to be quite different within the two groups of 
pre-service teachers (see Table 1). More specifically, pre-service teachers’ already 
developed teaching-philosophies, or maybe what we – as teaching staff – had taught 
them in other modules, as well as the knowledge and the skills they achieved through-
out their previous education (using a way of teaching which was similar to the 
traditional way of teaching in a school), were clearly showed through their approaches 
toward using the TC and the OD within their future profession as educators (for prep-
aration purposes and as teaching and learning tools). The technology-supporters 
appeared to be more open-minded, preferring more constructivist practices and 
student-centered approaches (Schuh 2004), while on the other hand the social-
skeptics were thinking more traditionally and conservatively, focusing more on 
traditional pedagogical beliefs and teacher-centered approaches (Schuh 2004). 
The social-skeptics preferred to use what they had already learnt and they were 
afraid of not following the “already-known” method of teaching, and not covering 
the curriculum. They expressed concerns in integrating the TC and OD as educa-
tional tools, since they would be implementing an approach which would increase 
students’ initiatives, flexibility and freedom as well as provide them with the oppor-
tunity to search, discuss, choose, and at the same time decrease teacher’s control. 
Consequently, they supported the limited use of the OD and especially TC as 
learning tools.

On the contrary, the technology-supporters even stated that they were willing to 
deviate from the traditional way of teaching or from the dictates of the curriculum. 
This is connected with the fact that they perceived more easily the added value of 
these tools for the students, since they believed that through the use of this kind 
of applications students acquire and develop skills and abilities which are important 
for our era and its challenges. The modern Greek school curricula and the educational 
legislations always place the development of critical thinking among the priorities 
of formal education. In practice, however, teaching is based most of the time on the 
mnemonic abilities of the students. Apparently the technology-supporters emphasized 
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on this matter and realized the effectiveness of using OD and TC in promoting the 
involvement of students in learning activities which engage in critical thinking 
(Koutsogiannis 2007).

Use of Technology

In accordance to the existing literature, both pre-service teachers’ profiles stated 
that they would use the tools more for lesson preparation and less during the 
teaching and learning process (Earle 2002; Eteokleous 2008; Angeli and Valanides 
2005). To support the above, they mentioned that through these applications a 
teacher not only could find a lot of language material which could be easily inte-
grated into the already prepared teaching material, but also he/she could develop 
new ideas about how to teach, altering at the same time teachers’ role to that of a 
knowledge facilitator (Gavioli and Aston 2001). The views expressed by the pre-
service teachers in regards to the use of the technology-based tools are in alignment 
with the current literature and can be explained based on their pedagogical beliefs 
and teaching philosophies (Ertmer 2005; Becker and Reil 2000; Carvin 1999) where 
those that favor constructivist-oriented beliefs and student-centered approaches are 
more likely to integrate computers in their classrooms in a substantial and intel-
lectually fruitful way (Ertmer 2005; Eteokleous 2008). In addition, the TAM model 
helps also in explaining and predicting pre-service teachers’ use of technology in 
their practices.

The Suggested Model

Based on the aforementioned results, the study suggests a model (adjusting the 
TAM model) to be statistically tested (see Fig. 5) in order to measure the factors 
that influence pre-service teachers to use technology within their educational prac-
tice. The study suggests a number of parameters to be added to the original TAM 
model. Firstly, it recommends the addition of the internal variables such as teachers’ 
pedagogical beliefs and teaching philosophies. Additionally, the model should be 
examined in relation to the social-cultural environment, the university program of 
study and the interdisciplinary approach. The above influence the rest of the model 
parameters (i.e., internal and external variables) and are vital to be included in the 
analysis in order to reflect society’s social-cultural configuration and constant 
changes. The programs of study at the university should be re-designed in order to 
educate pre-service teachers on designing modern learning environments enhanced 
with technology, while employing the interdisciplinary approach. We are in the 
process of designing the appropriate questionnaire integrating elements from various 
studies (i.e., Roussos 2003; Pavlou and Vryonides 2009).
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Conclusions

On the whole, a positive attitude from future elementary teachers was revealed 
toward the use of these tools, however, some of them appeared to be somehow hesi-
tant in integrating technology in the teaching and learning process, confirming one 
more time their preference to using technology as a preparation tool instead as a 
learning tool. In addition to this, the study’s results showed that pre-service teachers’ 
personal teaching philosophies directly influence their beliefs/opinions toward the 
use, usefulness, and value of the using technology as educational tools. Consequently, 
it is extremely important for pre-service teachers (future educators) to experience the 
integration of these internet-based tools, and overall technology, in their teaching 
practice during their studies at the university. The above would create a strong foun-
dation in developing the appropriate circumstances in integrating technology as a 
learning tool in their professional teaching career. To achieve the above, pre-service 
teachers need to further develop their technology literacy level, be trained on how to 
integrate technology within the curriculum, and realize its value and importance 
when enclosed in the teaching practice (Carvin 1999; Earle 2002).

Given the above, the study highlights the Schools of Education’s decisive role in 
appropriately preparing pre-service teachers in integrating technology in their 
teaching practices (Carvin 1999; Earle 2002; Eteokleous and Pavlou 2010). Changes 
in the philosophy of the School of Education toward technology integration within 
their programs of study would help to achieve the above. Besides the Introduction 
to Technology and the Educational Technology courses, the following could also 
be suggested: offer “Teaching with technology” specialization courses, employ an 
interdisciplinary approach throughout the School of Education courses concerning 
technology integration as a learning tool by the lecturers, give the opportunity to the 
pre-service teachers to experience technology integration in their teaching and 

Fig. 5 Factors that influence pre-service teachers’ future technology use
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learning practice in the elementary schools. It is vital that pre-service teachers make 
this new learning, communication, work, and collaboration culture their own reality 
on a personal and professional level prior to transferring it to their students. In this 
ever-changing, rapid-changing, high-tech, interconnected world we believe that the 
role of Schools of Education is vital and extremely important to be able to appro-
priately prepare pre-service teachers to face the challenges of their profession. 
The pre-service teachers should be provided with these opportunities and experiences 
since they are one of the most influential factors to technology integration.

Finally, the study not only suggests the need to develop an effective pre-service 
teachers’ training program, but also proposes a model and highlights the need of a 
quantitative study, where the model will be statistically tested. It constitutes the foun-
dation for further research to be conducted regarding the examination of the factors 
that influence future technology used by pre-service teachers. Additionally, there is 
a need to relate the suggested model and the factors that influence teachers to teachers’ 
profiles regarding technology use and consequently reveal elements that might 
characterize each of the profiles based on the model parameters.
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Introduction

Information and Communication Technologies (ICT) integration in public primary 
schools is a major priority of the Ministry of Education and Culture (MOEC) of 
Cyprus. Following the guidelines of the European Union (EU), which promoted the 
strategic framework “i2010-A European Information Society for growth and 
employment,” many millions of euros have been spent and many more are about to 
be invested in order to equip schools with the necessary infrastructure, hardware 
and software; organize in-service training (INSET) for teachers; develop a Learning 
Management System (LEM) and a School Management System (SMS); create a 
broad network among schools; and enrich the curriculum with specific goals and 
activities on ICT (Doratis 2007).

However, results from various studies indicate that ICT integration in primary 
schools of Cyprus can not be considered as successful yet. A survey from Empirica 
(2006) revealed that only 7.9% of the primary school teachers use computers in 
class in more that 50% of their lessons, whereas more than 35% of the primary 
school teachers use computers in class in less than 10% of their lessons. Moreover, 
another study that was conducted among primary school teachers in 2004 revealed 
that 53% of the teachers hold negative attitudes toward computer technology inte-
gration in their classroom practices (Eteokleous 2008).

The success or failure of this innovation is very much dependent on the efforts and 
competence of the school principals. According to Anderson and Dexter (2005) 
“school’s technology efforts are seriously threatened unless key administrators become 
active technology leaders in a school” (p. 74). Like every innovation, school leaders 
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are expected to lead the efforts acting as “change agents” (Murphy and Shipman 1999, 
p. 213) transforming their schools into learning organizations (Reezigt and Creemers 
2005) by promoting internal training and an ongoing professional development and 
by “providing opportunities for meaningful student involvement, developing staff 
collaboration, securing outside resources to support the school and the forging of links 
between home and the school” (Reynolds and Teddlie 2000, p. 144).

This study aims to reveal the Cyprus public primary school principals’ self- 
perceived competence and use of ICT for personal, learning, and administrative–
managerial purposes and how this competence might influence their workload. In 
addition, it examines which independent variables (gender; years of service; years 
of experience as a principal; academic qualifications; access to computer and the 
Internet at home; INSET on ICT for personal, teaching and learning, and adminis-
trative purposes; existence of a computer at the principal’s office and the staff room 
as well as the existence of a computer lab at school; years learning about or working 
with computers) affect the primary school principals’ attitudes toward ICT. The cur-
rent study is the only one carried out in Cyprus regarding principals’ self-perceived 
ICT competence. Therefore, its results might throw some light to identify whether 
primary school principals are ready to lead this innovation or whether policy mak-
ers should focus their efforts on amplifying principals’ capacity to lead effectively 
ICT integration in schools.

The Educational Context of the Study

The Role of Primary School Principals in the Educational  
System of Cyprus

The centralized structure of the Cyprus Educational System (CES) deteriorates the 
role of principals in primary schools. According to official regulations of MOEC 
about the functioning of public primary schools, the main responsibilities of school 
principals are to: run their school effectively; promote the implementation of the 
national curriculum; undertake instructional duties; keep school records, school 
register, and attendance records; etc. On the other hand, they do not have a say in 
which school they would like to be appointed. Moreover, they do not have the 
authority to recruit their teaching personnel and of course, they have no apposite-
ness about the salary of their staff. Additionally, principals – like teachers – are not 
allowed to stay in a school for more than 6 continuous years. It should also be men-
tioned that the principals’ involvement in curriculum development is very limited  
(Theofilides et al. 2006). Kithreotis and Pashiardis (2006) concluded that the inflex-
ibility of the centralized educational system of Cyprus is one of the biggest barriers 
in the efforts of the principals to create effective leadership and to shape a strong 
positive culture in a school.
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The History of ICT Implementation in Primary Schools of Cyprus

MOEC following a centralized approach introduced ICT in primary schools in the 
early 1990s. Although the innovation was top–down “the strategy for ICT integration 
involved a combination of centralized initiative and largely decentralized implemen-
tation policy” (Karagiorgi and Charalambous 2004, p. 22). According to MOEC, ICT 
should not be used as a discrete subject but “as a dynamic tool in the teaching and 
learning process aiming at a more effective implementation of the school curriculum 
and developing of skills such as problem solving, decision making, communication 
and information handling” (MOEC 2007, p. 274). Today, almost 20 years after the 
initial efforts for ICT integration, all classrooms have at least one computer, a scan-
ner, and a printer. It should also be mentioned that INSET programs for using ICT 
have been developed by the Pedagogical Institute.

Literature Review

The dominance of ICT in schools has inevitably altered the way principals execute 
their teaching and administrative duties. Using a computer is no longer a benefit for 
the few gifted ones but a necessity for almost all of those who wish to be effective 
leaders of their school. Nowadays, the vast majority of principals in developed 
countries have access to a computer at school. But having access to a computer is 
not of such importance as using the computer productively for teaching and admin-
istrative purposes. Many scholars emphasize that principals must not only use com-
puters extendedly, but additionally they must act as role models (Anderson and 
Dexter 2005; Gurr 2000) providing to their teachers “visible support and encourage-
ment for the use of the technology” (Murphy and Gunter 1997, p. 138). Stegall 
(1998) suggested several actions for school leaders who wish to model technology 
use in their school including: participating in professional training, reading books 
and journals about computers, going to technology conferences, joining technology 
organizations, using the Internet, visiting innovative schools, forming a technology 
committee, finding “experts” to help them, writing a technology plan, etc. BECTA 
(2003) concludes that school leaders “personally using the technology in their 
everyday working lives, raise the profile of ICT in their schools” (p. 3).

A main question that emerges is what impact does the use of ICT by the principals 
have on their work? Does technology really reduce the principals’ heavy workload or 
does it make things worse? Gurr (2000), who interviewed principals from Australia, 
found that the use of ICT had not necessarily resulted in a decrease in the workload 
of principals and concluded that “it is not so much that technology has decreased 
workload, but that technology has facilitated new work, and has improved older work 
patterns” (p. 16). The above finding is consistent with findings of other researchers 
who also found out that principals do not necessarily have a decrease in their 
workload as a result of their use of technology (Bishop 2002) but, on the contrary, 
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the integration of ICT results in an increase of their workload (Schiller 2003). 
Of course, there are researchers who do not agree with the above findings claiming 
that technology can reduce the workload of the principal (BECTA 2004; Felton 2006).

The level of ICT use by principals is very much dependent on their self-perceived 
competence in using ICT. Self-perceived competence in using ICT or computer 
self-efficacy refers to the belief that individuals hold about their own ability to operate 
successfully with technology. Bandura (1991) defines self-efficacy as the peoples’ 
“beliefs about their capabilities to exercise control over their own level of function-
ing and over events that affect their lives” (p. 257). The school leaders’ computer 
self-efficacy is very important for the ICT integration efforts because the stronger 
the perceived efficacy the higher the goal challenges people set for themselves and 
the firmer their commitment to them (Bandura 2002).

Increasing their own competence in using ICT is of vital importance for the 
school leaders who wish to successfully integrate ICT in their school. Actually, 
principals have a dual role to play concerning the INSET in their school. First, they 
must ensure that they receive the appropriate training on ICT (BECTA 2007; 
Dawson and Rakes 2003; Flanagan and Jacobsen 2003) in order to increase their 
skills and knowledge and effectively inspire and lead the staff in integrating technol-
ogy across the curriculum (Flanagan and Jacobsen 2003). Dawson and Rakes 
(2003), through their study on principals’ training, came to the conclusion that “the 
type and amount of technology training principals receive, can make a positive dif-
ference in schools” (p. 46) toward ICT integration. Second, principals must promote 
the professional development of their staff in order to help them integrate ICT suc-
cessfully in the teaching and learning process (Balanskat et al. 2006; Flanagan and 
Jacobsen 2003; Mueller et al. 2008).

Research Methodology

The population was comprised of 336 principals who were serving in public pri-
mary schools of Cyprus at the school year of 2007–2008. The sample was chosen 
randomly and was consisted of 250 school principals all over Cyprus. Data were 
collected through questionnaires, which were mailed to the principals. One hundred 
and thirty-one questionnaires were received completed (return rate 52.4%).

In order to assess the principals’ competence and use of ICT, a special survey 
instrument was developed. The first part consisted of nine close-ended questions 
which were relevant to the principals’ demographics information (Table 1). The 
second part contained four questions which investigated the principals’ self-perceived 
competence in using ICT and the frequency of ICT use for personal, teaching, and 
administrative purposes. Descriptive statistics (means, standard deviations, minimums, 
maximums, frequencies, percentages) and inferential statistics (t-test, one way 
ANOVA, and Chi-Square tests) were used to analyze all the variables and assess the 
principals’ self-perceived competence, principals’ self-perceived competence in 
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undertaking several tasks on computers, principals’ frequency of computer use at 
school and at home, and computer applications that are used for teaching, adminis-
trative, and personal purposes by principals. The reliability coefficients were 
assessed using Cronbach’s alpha on the four questions of the second part of the 
survey instrument. Results indicate that the coefficients were very high for all four 
questions, i.e., 0.954, 0.912, 0.887, and 0.911 respectively.

Table 1 Frequency distribution of principals’ and schools’ demographics

Variable N(131) %

Gender
Males 46 35.1
Females 85 64.9

Years of service
18–25 19 14.6
26–30  5  3.8
31–35 62 47.7
36+ 44 33.8

Highest academic qualification
Pedagogical Academy 93 71.0
Bachelor 14 10.7
Master’s 19 14.5
PhD 5  3.8

Access to a computer at home
Yes 111 84.7
No 20 15.3

Access to the Internet at home
Yes 104 79.4
No 27 20.6

In-service training (INSET) for using information and communication 
technologies (ICT) for personal purposes

Yes 103 78.6
No 28 21.4

INSET for using ICT in teaching and learning
Yes 83 63.4
No 48 36.6

INSET for using ICT for administration and management
Yes 23 17.6
No 108 82.4

Computer experience (years learning about or working with computers)
1–5 31 27.0
6–10 46 42.7
11–15 19 16.5
16–20 16 13.9
21 and more 1  0.9
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Research Findings

Demographics

In Table 1 the demographics of the principals that participated in the research are 
presented. Of those principals who took part in the quantitative research – 64.9% 
were females; about eight out of ten of them had access to a computer and the 
Internet at home; and seven out of ten of them were holders of the Pedagogical 
Academy diploma only (plus 1 year of completion). Regarding INSET on ICT, the 
majority of them received training for using ICT for personal purposes (78.6%) and 
for using ICT in the teaching and learning process (63.4%). On the contrary, a high 
percentage of them (82.4%) had never attended INSET on ICT for administrative 
and managerial purposes. Finally, the principals cannot be considered as very com-
puter experienced since only three out of ten of them have been learning or working 
with computers for more than 10 years. As far as it concerns the schools’ back-
ground information – 65.6% had a computer in the principal’s office; 84.7% had a 
computer in the staff room; and 60.3% had a computer lab.

Principals’ Self-Perceived Competence in Using ICT

The results of the study indicate that, generally, principals did not feel very compe-
tent in using ICT. In particular, principals felt fairly competent in using ICT for 
personal purposes and for lesson planning and preparation (Table 2). This is not 
surprising since 78.6% have attended INSET on ICT for personal purposes. They 
felt less competent in performing their administrative duties and this has its expla-
nation since only 17.6% had attended INSET for administrative and managerial 
purposes. Finally, they perceived to be even less competent in using ICT for teach-
ing purposes, although 63.4% have attended INSET for using ICT in teaching and 
learning. This can be justified since, on average, principals teach only 11 h a week 
in classes and usually they teach lessons that are less demanding (Religion, 
Geography). These lessons have very few software programs available, and it 
depends mostly on the efforts of each educator to find or prepare the appropriate 
software. Principals, with their heavy administrative workload and their habitual 
way of teaching, find it very difficult, time-consuming, and perhaps ineffectual to 
alter their classroom practice just few years before their retirement.

Table 2 Principals 
self-perceived competence in 
using ICT

I feel competent in using ICT for N Mean SD

Personal purposes 114 3.26 1.15
Lesson planning and preparation 114 2.98 1.35
Administrative purposes 114 2.77 1.29
Classroom practice 114 2.65 1.24

Scale: 1 = not competent at all; 2 = little competent; 3 = fairly 
competent; 4 = much competent; 5 = very much competent
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Primary school principals felt more than fairly competent in using word proces-
sor and the Internet (Table 3). They also felt competent in writing and sending an 
e-mail and in creating and using a software presentation (e.g., PowerPoint). Using a 
digital camera, spreadsheets, and databases are the tasks which principals do not 
feel competent to deal with. Similar results were found in many researches in other 
countries (Bishop 2002; Felton 2006; Gurr 2000). The low competence of principals 
in creating and using spreadsheets and databases is a matter that should make policy 
makers aware, because these are applications that could facilitate principals’ work 
and decrease their heavy administrative workload.

Principals’ Use of ICT at School and at Home

Principals indicated that they use the computer at school and at home few times a 
week (Table 4). This designates that computer has become part of the principal’s life 
but, still, not a vital one. Researches around the world indicate that the majority of 
the principals use computers on a daily basis to execute their duties. An explanation 
of this difference with other countries could be the fact that only 65.6% of the 
principals had a computer in their office by the time that this survey was carried out. 
In addition, the absence of administrative software and the lack of training might be 
another rationale for this result, since principals are still enforced to perform many 
of their administrative duties in the traditional way. Only those with sufficient 
knowledge on computers have developed their own programs and use the comput-
ers, almost on a daily basis, to fulfill their administrative and managerial duties.

Table 3 Principals’ self-perceived competence in undertaking several tasks on computers

Tasks N Mean SD

Use of basic word processing (Microsoft Word) 114 3.46 1.33
Use a search engine in the Internet 114 3.39 1.40
Write and send an e-mail message 114 2.78 1.54
Create and use a software presentation (PowerPoint) 114 2.67 1.37
Use an educational software 114 2.53 1.28
Use a video projector 114 2.52 1.34
Use a scanner 114 2.50 1.43
Use a digital camera 114 2.25 1.39
Create and use a spreadsheet (Microsoft Excel) 114 2.20 1.20
Create and use a database (Microsoft Access) 114 1.78 1.02

Scale: 1 = not competent at all; 2 = little competent; 3 = fairly competent; 4 = much compe-
tent; 5 = very much competent

Table 4 Use of computer at school and at home by principals

Statements N Mean SD

I use the computer at school 114 4.03 1.18
I use the computer at home 114 3.95 1.16

Scale: 1 = never used; 2 = few times a year; 3 = few times a month; 4 = few times a week; 
5 = everyday
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Frequency of ICT Use for Teaching, Administrative,  
and Personal Purposes

Generally, principals appeared to use the computer more frequently for personal 
purposes, than for administrative purposes and lastly for teaching purposes. Word 
processor and Internet were the computer programs/applications that were most 
frequently used by principals for personal, administrative, and teaching purposes 
(Table 5). On the contrary, scanner, digital camera, spreadsheets, and databases 
were never used or were used just few times a year for personal, administrative, and 
teaching purposes. Special reference should be made to the use of spreadsheets and 
databases for administrative purposes. It is very clear that the principals were not 
aware of the potentials that these programs can offer concerning the execution of 
their administrative and managerial duties.

The Impact of the Independent Variables

In this part there will be a brief discussion about the impact of the independent vari-
ables (gender, academic qualifications, years of service, years of experience as a 
principal, access to a computer and the Internet at home, INSET on ICT, access to a 
computer at the school office, existence of a computer in the staff room, existence of 
a computer lab at school, and years learning about or working with computers). 
According to the results, male principals, compared to their female colleagues, were 
more likely to be more experienced (male: X = 11.22 years, SD = 5.35; female: X = 8.66 
years, SD = 4.69; (t(1) = 2.66, p < 0.01)); use computers more frequently at school and 
at home; have higher self-perceived competence in using ICT (Table 6); and use more 

Table 5 Computer applications that are used for teaching, administrative, and personal purposes 
by principals

Purpose

Teaching Administrative Personal

N X SD N X SD N X SD

Word processing 109 2.75 1.40 108 3.47 1.51 113 3.32 1.40
Internet (use of web  

search engines, etc.)
108 2.30 1.43 108 2.70 1.58 113 2.82 1.65

Educational software 109 2.02 1.05 107 1.64 0.93 113 1.88 1.00
Video projector 109 2.01 1.07 107 1.67 0.90
Presentation software  

(e.g., PowerPoint)
109 1.94 1.01 107 1.80 1.00 113 1.92 1.04

E-mail 108 1.77 1.17 108 2.63 1.52 113 2.73 1.55
Scanner 109 1.70 0.97 108 1.76 1.00 113 1.85 1.05
Digital camera 109 1.66 0.97 107 1.64 1.01 113 1.85 1.15
Spreadsheets (e.g., Microsoft Excel) 108 1.58 0.87 108 1.90 1.09 113 1.85 1.95
Databases (e.g., Microsoft Access) 108 1.35 0.69 108 1.50 0.82 113 1.46 0.78

Scale: 1 = never used; 2 = few times a year; 3 = few times a month; 4 = few times a week; 5 = everyday
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frequently several ICT resources and applications for teaching,  administrative, and 
personal purposes (Table 7). Principals with fewer years of service were more likely 
to perceive themselves as more competent (Table 6); use ICT more frequently at 
school and at home; and use several computer resources and applications for teach-
ing, administrative, and personal purposes more frequently (Table 7).

Principals with postgraduate studies were more likely to be more computer expe-
rienced; have higher self-perceived competence in using ICT for personal purposes, 
administrative purposes, and classroom practice (Table 6); and use the computer 
and its several resources and applications more frequently (Table 7). Principals with 

Table 7 Frequency of use of several computer resources/applications for teaching, administrative, 
and personal purposes and independent variables

Variables

Teaching purposes Administrative purposes Personal purposes

N X SD N X SD N X SD

Gender
Male 39 2.05 0.88** 40 2.49 0.78** 40 2.61 0.90***
Female 70 1.57 0.65 68 1.83 0.76 73 1.95 0.86
Years of service
18–25 19 2.04 0.86** 19 2.75 0.62*** 19 2.98 0.76***
26–30 4 2.60 1.27  4 2.75 0.84 5 2.84 1.00
31–35 51 1.72 0.71 49 1.97 0.81 53 2.06 0.89
36+ 34 1.49 0.65 35 1.79 0.73 35 1.86 0.81

Academic qualifications
Basic studies 86 1.62 0.68** 85 1.89 0.73*** 89 1.99 0.84***
Postgraduate  

studies
23 2.18 0.94 23 2.77 0.80 24 2.92 0.90

Access to computer at home
Yes 100 1.80 0.78** 99 2.16 0.81*** 104 2.27 0.91***
No 9 1.07 0.13  9 1.21 0.20 9 1.20 0.37

Access to the internet at home
Yes 94 1.82 0.79** 93 2.20 0.81*** 99 2.32 0.91***
No 15 1.24 0.35 15 1.33 0.39 14 1.24 0.34

INSET on ICT for teaching and learning purposes
Yes 79 1.87 0.82** 78 2.19 0.84 81 2.33 0.96**
No 30 1.41 0.50 30 1.78 0.72 32 1.83 0.74

Existence of a computer in the principal’s office
Yes 79 1.82 0.79 78 2.20 0.82** 83 2.31 0.93*
No 30 1.52 0.68 30 1.75 0.74 30 1.85 0.87

Years learning about or working with computers
1–5 26 1.37 0.56*** 26 1.67 0.78*** 27 1.64 0.74***
6–10 44 1.67 0.76 43 1.93 0.69 45 2.07 0.82
11–15 17 2.35 0.76  7 2.62 0.70 18 2.85 0.78
16–20 17 2.11 0.69 17 2.69 0.76 17 2.90 0.87

Scale: 1 = never used; 2 = few times a year; 3 = few times a month; 4 = few times a week; 5 = everyday
*p < 0.05, **p < 0.01, ***p < 0.001



136 K. Charalambous and P. Papaioannou

access to a computer and the Internet at home were more likely to have higher 
 computer self-efficacy (Table 6); they use the computer and its resources and appli-
cations more frequently (Table 7). Finally, principals who have received INSET on 
ICT for teaching and learning purposes were more likely to have greater self-per-
ceived competence to undertake several computer tasks for various purposes (per-
sonal purposes, administrative purposes, classroom practice, and lesson planning 
and preparation) (Table 6); use computer more frequently at school; and use several 
resources and applications of computers more frequently for teaching, administra-
tive, and personal purposes (Table 7).

Principals who have a computer in their school office were more likely to have 
higher self-perceived competence to undertake several computer tasks (for personal 
purposes, administrative purposes, classroom practice, and lesson planning and 
preparation) (Table 6); use the computer more frequently at school and at home; and 
use several resources and applications more frequently for administrative and per-
sonal purposes (Table 7). Principals who have greater computer experience were 
more likely to have higher self-perceived competence to undertake several com-
puter tasks for personal purposes, administrative purposes, classroom practice, and 
lesson planning and preparation (Table 6); use the computer more frequently at 
school and at home; and use several resources and applications more frequently for 
teaching, administrative, and personal purposes (Table 7).

Discussion and Implications

The findings of this research indicate that, generally, the principals more likely do 
not feel very competent to use ICT. They appear to feel fairly competent to use ICT 
for personal and lesson planning and preparation purposes, whereas they appear to 
feel less competent to use ICT for administrative and teaching and learning pur-
poses. Using a word processor, searching the Internet, and writing and sending 
e-mails are the computer tasks that they feel more competent to undertake. On the 
contrary, they seem that they do not feel competent at all in creating and using 
spreadsheets and databases.

Additionally, the research found that principals use ICT at school and at home 
few times a week first for personal purposes, then for administrative purposes, and 
finally for teaching purposes. Based on these findings, it can be inferred that Cyprus 
primary school principals more likely do not feel competent enough to undertake 
several tasks on computer and as a result they do not use ICT to the extent that it 
should be used, especially for administrative purposes. This can be attributed to the 
low access to a computer at the principal’s school office, the insufficient official 
INSET on ICT for administrative purposes, the absence of any specially designed 
software programs for administrative purposes, and the resistance to change that 
some principals show.

Moreover, according to the study, principals use ICT for teaching and learning 
purposes rarely, although the vast majority of them have attended relevant INSET 
sessions. Even young principals with postgraduate studies do not use ICT for teaching 
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and learning purposes regularly. The heavy workload, the kind of subjects they 
teach, the inadequate content of the INSET they received, and the resistance to 
change are the possible explanations for this reality. Nevertheless, this finding is 
very worrying, because several researches concluded that modeling computer use 
and being the instructional leader of the school are two strategies that principals 
should apply in order to enhance ICT integration in their schools (Anderson and 
Dexter 2005; Gurr 2000). These two strategies do not seem to be used by the major-
ity of the Cyprus principals. Therefore, the promotion of ICT integration in the 
teaching and learning process could be achieved only if primary school principals 
model the routine, intentional, and effective use of technology.

The study indicates that the INSET that is provided to the principals should be 
enhanced. First of all, special organized sessions about the use of ICT for administrative 
and managerial purposes should be organized by MOEC. Moreover, it has been found 
that principals have very low self-perceived competence in creating and using spread-
sheets and databases which are programs that could be widely used to fulfill several of 
their administrative duties. Thus, INSET should focus also on these programs.

A notable finding of the research is that, although INSET for teaching and learning 
purposes can make the difference, principals, who attended this kind of sessions, to a 
great extent, indicated that they do not use ICT for teaching and learning purposes in 
practice. Among other reasons, this could be attributed to the framework of the sessions 
which were mostly concentrated on providing technical skills to the participants. 
Thus, INSET sessions should mainly concentrate on practical ways that principals 
could integrate ICT in their lesson daily and not on the acquisition of more technical 
skills. Enough money has been spent until now and the desired change through the 
ICT integration in our schools has not come yet. Maybe, the time has come for invest-
ing more in the professional development of the principals in order to strengthen their 
leadership capability to lead this innovation. After all, “If school principals are to 
effectively inspire and lead a staff in integrating technology across the curriculum, 
then professional development opportunities must be available for principals to 
develop these skills and dispositions” (Flanagan and Jacobsen 2003, p. 140).
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Introduction

According to Reigeluth (1997, p. 44), instruction is “anything that is done to help 
someone learn”, and Instructional Design (ID) aims at offering “guidance for improv-
ing the quality of that help”. ID refers to the practice of analysis of the learning needs 
upon which tools and content are systematically built, in order to facilitate learning.

In recent ID, there is a shift from the system-controlled instruction to the learner-
controlled one, as learner’s control is believed to positively influence learning and 
motivation (Schnackenberg and Sullivan 2000). In particular, the factor of control 
refers to the tendency of people to control what happens to them, e.g., of a learner 
to direct his/her own learning process. Supporting this need for self-determination 
may refer to helping people to feel that they have choices when they are involved 
in an educational experience (Reeve et al. 2003). An ID that incorporates such sup-
port provides options and gives the learner the ability to control issues such as 
content, pace of learning, interfaces, and timing; thus, it helps the individual to feel 
capable of engaging in those activities (Cordova and Lepper 1996; Shroff and 
Vogel 2009) and be autonomy-oriented to use the provided choices toward his/her 
self-selected goals (Ryan and Deci 2004). From this perspective, the notion of 
adaptation can be perceived as one that is focused on the user’s control. Furthermore, 

S. Hadjileontiadou (*)
School of Humanities, Hellenic Open University, Patra, Greece
e-mail: shadji@ee.duth.gr

G. Nikolaidou
Direction of Primary Education of Eastern Thessaloniki, Thessaloniki, Greece

L. Hadjileontiadis
Department of Electrical & Computer Engineering, Aristotle University of Thessaloniki, 
Thessaloniki, Greece

Instructional Design on Controlling the Quality 
of Collaboration in a CSCL Setting Through 
Illusionary Adaptive Support

Sofia Hadjileontiadou, Georgia Nikolaidou, and Leontios Hadjileontiadis 



142 S. Hadjileontiadou et al.

research has shown that even the mere illusion of control (i.e., illusion of adaptation) 
can improve learning outcomes; in such a situation, the illusion refers to giving 
learners a feeling that they control the learning when in fact they do not (Dror 
2008). Research in this area that focuses on individual learning (Berger and 
Schnerring 1982; Vandewaetere 2009; Vandewaetere et al. 2009) reports that the 
illusion of control (i.e., adaptivity) can be perceived by the learner and trigger 
better performance, even when the choices provided are irrelevant to learning 
(Corbalan et al. 2009).

In the present study, the notion of the illusion of control is extended to Computer 
Supported Collaborative Learning (CSCL) settings, where specific design consider-
ations must be made to produce it. Research in such settings focuses on structuring 
collaboration, since productive collaboration does not occur when the learners are 
left to their own devices (Salomon and Globerson 1989). Examples of operational-
izing this approach include structuring the problem itself, process scaffolds (i.e., pro-
vision of support so as to reduce task management activities in order to allow the 
learner to focus on tasks related to learning) and scripts (i.e., scenarios that shape the 
way learners interact with each other), provision of tools, expert help, and adaptive 
feedback (Stahl 2007; Hadjileontiadou et al. 2010). It is evident that within a CSCL 
complex social system that incorporates “things”, “people”, and “outcomes” (Gabriele 
2010), ID becomes quite complicated. As far as the designing of the support of the 
collaboration is concerned, it is easily realized that the “things” (e.g., shared work-
spaces, timetables, information) are designable subsystems, whereas the “people” are 
not. However, the illusion of control resides at the “people” subsystem and this makes 
clear the need to identify the “things” to be designed in order to produce and sustain 
the illusion.

In this work, the process of making explicit this duality of subsystems is 
considered under the broad perspective of the Boulding’s typology of system 
complexity (Boulding 1956). This typology was introduced as a “skeleton” of the 
structure and function of any complex system within a hierarchy of nine level 
subsystems. Elaboration of the first three levels that comprise the “things” by 
Checkland (1981) allows for a deeper understanding of their designable character, 
whereas further elaboration of the typology by Gabriele (1997, 2010) allows for 
the realization of the structure and function of all the levels, specifically for school 
and classroom complex systems. The Boulding’s typology was extended to the 
CSCL area by Hadjileontiadou et al. (2010), with the purpose to drive an ID in 
order to test the impacts of an illusionary adaptive support on the quality of the 
collaboration (QoC) that was measured on the basis of specific indicators. The 
results of a pilot study that was conducted to test the efficacy of the proposed 
approach were promising.

This chapter extends the work of Hadjileontiadou et al. (2010), by verifying its 
results through a larger-scaled empirical study. Moreover, it presents a more detailed 
elaboration of the Boulding’s typology in the area of the CSCL, aiming at revealing 
new possibilities of ID in it.
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Theoretical Background

The Boulding’s Typology

According to the Boulding’s typology, the systems of the world are ranked from 
simple to complex in nine levels as depicted in the top view in Fig. 1 (Boulding 1956): 
(1) Frameworks (systems with static structures), (2) Clockworks (simple dynamic 
systems with predetermined motions), (3) Thermostats (cybernetic systems, i.e., self-
regulated on the basis of an external prescribed criterion), (4) Open systems (systems 
that are self-maintained on the basis of resources from the environment, e.g., the cell), 
(5) Blue-printed growth systems (systems that contain  preprogrammed instructions 
for development, e.g., the plant), (6) Internal-image systems (systems capable of a 
detailed awareness of the environment through sense organs, e.g., the animal), (7) 
Symbol-processing systems (systems that use language and other symbols, are self-
conscious, and can contemplate the past, present, and future, e.g., humans), (8) Social 
systems (comprising actors from level 7 who share a common social order and cul-
ture, e.g., social organizations), and (9) Transcendental systems (systems where the 
system goals are met prior to the individual’s). Each level in this hierarchy incorpo-
rates all below it, as depicted in the front view in Fig. 1 (Boulding 1956).

Elaborations of this typology contributed to the identification of the factors at 
each level. More specifically (see Fig. 1), levels 1–3 comprise spatial and temporal 
traits and information respectively (Checkland 1981). Examples of the first two lev-
els in schools are formal goals, participant roles, equipment and rooms for frame-
works, calendars, schedules, and routine activities for clockworks (Gabriele 1997). 

Fig. 1 The Boulding’s typology and its elaborations (Checkland 1981; Gabriele 1997, 2010)
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Examples of the third, i.e., the level with the thermostat metaphor, are evaluations of 
the recourses and needs and estimation of the workload in the classroom that leads to 
self-regulated remedy actions, if needed (Gabriele 1997). Gabrielle discusses the 
boundaries of this level and proposes to set the function of the thermostat to off while 
planning work, e.g., “when new ideas may come to light while planning a lesson”, 
and set it to on during the work process, e.g., “when the classroom interaction takes 
place” (Gabriele 1997, p. 281). The first three levels comprise the “things” of the 
system and are either externally (levels 1 and 2) or self-regulated (level 3) to exter-
nally prescribed inputs (Checkland 1981). Levels 4–7 comprise the “people”, who 
are self-regulated to internally prescribed criteria (attractors) thus, they are externally 
undesignable. In level 4, e.g., educational resources, information, and programs 
should be available to the individual who is acting according to interior criterion 
(instinct), thus, the input here is described as “intake” (Gabriele 1997). Level 5 real-
izes the variability of the interior criterion due to the differences of the people (hered-
ity), which is inherited to the response to the stimulus. Furthermore, in level 6, the 
individual perception intervenes between the stimulus and the response; hence, from 
this level on, the input/intake is described as “pickup” (Gabriele 1997). The individ-
ual “picks up” whatever he/she believes in or understands, otherwise his/her output 
will be distorted by his/her perception, e.g., instead of learning, memorizing (Gabriele 
1997). At level 7 the individual acts consciously to produce the output, not only 
according to his/her perceptions of the “pickup”, but even upon new stimulus he/she 
can create from the processing of his/her past experiences. The “people” levels are 
characterized by physical boundaries. Yet, at levels 8 and 9, where the social outcome 
is expected, only if the individual participation is voluntary and authentic the social 
intangible system will exist. Moreover, at these levels, individual goals are to be met 
before the social, otherwise the individual seeks his/her own (Gabriele 2010).

The Boulding’s typology (see Fig. 1, facts 1–3) clarifies which levels (subsystems) 
are predictable and controllable within a system and which are not (fact 1), classi-
fies the relevant types of external (inputs) or internal (attractors) stimuli for their 
function (fact 2), clarifies that when predictable and designable inputs are designed 
at levels 1–3, they are expected first to be perceived at level 6 and then reformed to 
attractors of intrinsic motivation at level 7, toward fulfilling initially individual and 
then social goals from level 8 and on (fact 3) (Gabriele 2010).

Illusionary Adaptive Support

Within the ID context, the assistance dilemma arises, i.e., when to provide support 
and when to withhold it, in order to enhance learning (Kapur and Rummel 2009). 
This dilemma introduces issues concerning the timing, the visibility, and the adaptiv-
ity of the support to be provided. Timing may vary in a continuum between the deci-
sion of the provision of the support at the beginning of the task and a delayed one. 
Visibility of the support may be connected to the timing of its provision and have 
possibly a gradually fading presence. When the timing and visibility are automatically 
decided by the system that mediates learning, according to the learner’s needs, then 
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the support that is provided is of an adaptive character. Moreover, the adaptation 
issues concerning the assistance dilemma may be extended to issues regarding also 
the level of the stimuli provision and its type according to the elaborated Boulding’s 
typology. For example, when the effort to support the learner is put at level 7 (i.e., 
the collaborative performance as outcome), the ID may foresee the design of low-
level inputs (i.e., designable “things”), which will be expected to be reformed to 
internal attractors (i.e., of the collaborating “people”) that might maximize the 
opportunities to produce intrinsic motivation and better learning (i.e., better collab-
orative performance as “outcome”). Control provided to the learners within a learn-
ing setting can serve as an input in the form of support. As Dror (2008, p. 219) states: 
“the learners’ control can take many forms and can be viewed as a continuum. At one 
extreme, control is totally surrendered to the learners, giving them full freedom to do 
(or not do) as they please. At the other extreme of the continuum, the learners have 
no control at all”. Yet, if learners are not interested in or do not understand the 
choices of control provided to them (e.g., level 7 of the Boulding’s typology), their 
involvement in learning may be decreased, which may result in poorer learning out-
comes (Paas et al. 2005). Control that is interesting and understood by the learner is 
therefore suggested as a precursor to both achievement and motivation (Kinzie 1990). 
Even more, when the offered control is illusionary, choice becomes meaningful if the 
learner perceives it as such (Corbalan et al. 2009). On the other hand, if choices 
concerning control are too many, this may cause excessive cognitive load and become 
detrimental to learning (Dror 2008). Thus, even if the degree of control may be 
designed as input at the low levels of the elaborated Boulding’s typology, be illusion-
ary, it can yet lead to quite effective learning (Dror 2008). In this case, control is 
perceived by the learners as the adaptivity of the system, which is responding to their 
choices, whereas the system actually provides only the illusion of control.

The Proposed Instructional Design

The proposed ID elaborates further the Boulding’s typology in the area of CSCL as 
follows (see Fig. 2).

Levels 1 and 2: Stability. At level 1, i.e., the collaborative framework, the individ-
ual roles and the group goal are decided. More specifically, collaborative web-based 
concept mapping, by groups of dyads, is proposed as the CSCL framework. Novak 
and Gowin (1984, p. 15) defined concept map as a “schematic device for represent-
ing a set of concept meanings embedded in a framework of propositions”. Each 
proposition is a statement that contains two or more concepts connected through 
linking words or phrases to form a meaningful statement. Thus, the role of each col-
laborator is to contribute to the common-sighted workspace through interactions 
that can be either submission of entity types, like “concept”, “linking phrase”, and 
“connection” or performance of one or more action types, upon each entity type, 
like “add”, “delete”, “move”, “resize”, “modify text”, “modify bidirectional” (for the 
“connection entity type”), and “style”. The collaborative character of these interactions 
is taken into account as a means to estimate the collaborative performance of the peers. 
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The goal of the group is to construct collaboratively a concept map upon a theme. 
At level 2, the timetable of the collaboration is set. Here, the acquaintance period 
with the CSCL framework and the duration of the main collaboration are decided. 
In the proposed ID, an intervention by the system is also scheduled at the middle of 
main collaboration, as it is described in the following level.

Level 3: Adjustability. At this level, the illusion of control is provided in the form of 
input information. In particular, the collaborators within the web-based concept 
mapping setting are free to control all the tools that are provided in order to construct 
the concept map; this control is proposed to be kept as such. An illusionary adaptive 
support can be decided to increase the perception of control concerning the participation 
of the collaborators in their evaluation, through appropriate adjustments of their collab-
orative performance decided by them (thermostat on, controlled within the boundaries 
of the level). In the middle of the predefined duration of the collaboration, the system 
can reinforce the illusion of control, by an input information in order to sustain it until 
the end (thermostat on, temporarily controlled outside the boundaries of the level).

Levels 4–7: Self-regulation and Variability. At these levels, the illusion of control is 
expected to be understood and perceived as interesting adaptivity (“intake” at level 4), 
reformed to attractors of intrinsic motivation (“pick up” at level 6) and processed by 
each collaborator toward better collaborative performance.

Levels 8–9: Intangibility. At these levels the outcome is produced at the social plain, 
which in this case of interest is the collaborative performance. Within the proposed 

Fig. 2 Depiction of the proposed ID
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setting the quality of the collaborative performance, irrespectively of the content of 
the concept map, can be promoted through the contribution of the most weighting 
entity types “concept” and “linking phrase” and the most contributing action types 
“add” and “modify text”. Moreover, a high value of Turn Taking (TT), i.e., the turn 
of submitting an interaction within the group, can also be indicative of the balance 
of the interactions between the peers, thus of the commitment to the group work. On 
the basis of these considerations, simple statistical indicators of the QoC, irrespec-
tively of the content, e.g., the TT value and the total number of the most important 
entity and action types, weighted according to their contribution to the peers’ 
 collaboration, can be calculated. It is evident that from the system perspective, the goal 
of each group is to maximize the QoC indicators, even when working at level 9.

The hypothesis (H) to be tested through the proposed ID is that the provision of 
the specific illusionary adaptive support could impact the quality of the collabora-
tive performance, as measured by the QoC indicators. In order to test H, an experi-
mental case was conducted, as it is described in the next subsection.

Experimental Case

The Participants

Two experimental collaborative uses of the IHMC CmapTools version 5.3 (Cañas 
et al. 2004) (available at http://cmap.ihmc.us) were designed, i.e., the control and 
the experimental conditions, namely EXP-A and EXP-B, respectively. The partici-
pants, who collaborated in 11 groups of dyads (namely G

i
, i = 1,2,…,11) of mixed 

gender in both experiments, were undergraduate teacher students, aged between 
19 and 20 years old. All the students were completely acquainted with the collab-
orative concept mapping using the IHMC CmapTools about a month before the 
experiments. A 15 (±1) min duration of the collaborative session was considered 
adequate enough to keep the procedure intensive, based upon the findings of a previ-
ous pilot study (Hadjileontiadou et al. 2010).

The Setting

During the EXP-A, the students collaborated without any perception of being moni-
tored by the system regarding their collaborative activity. The theme of the concept 
map was left on the choice of the peers and was decided before the beginning of the 
EXP-A. Two weeks later, the EXP-B was conducted within the same groups and the 
same content map theme per group, yet they were told that the system continuously 
monitors their QoC, estimated through their collaborative interactions. This infor-
mation was illusionary and aimed at causing intrinsic motivation (sense of control) 
toward better collaboration. The choice of sustaining the same groups and the same 
concept map theme was decided to make the monitoring of the effect of the illusion 
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of control to the peers independent from the group construction and task content. In 
order to reinforce the illusion of monitoring the peers’ collaborative activity by the 
system, a text-feedback in a reminder-like form (“Remember! The system keeps 
records of you collaborative activity”) was provided to all groups around the middle 
of the duration of the collaborative session.

Data Collection and Elaboration

The interactions in both experimental conditions were recorded in IHMC CmapTools 
and log files were exported in .txt format. For each interaction, the log files included 
the number, time stamp, user’s identity, action type (“add”, “delete”, “move”, “resize”, 
“modify text”, “modify bidirectional”, and “style”), and entity type (“concept”, “linking 
phrase”, and “connection”). The quantitative elaboration of these raw data was 
 followed by a statistical analysis using Matlab R2009b (Mathworks 2009).

Results

In order to accept or reject the H, the values of the indicators of the QoC were calcu-
lated as presented in Figs. 3–9. More specifically, Figs. 3 and 4 present the number of 
TT in both experimental conditions, for the total experiment duration of each group and 
per minute of the normalized duration (15 (±1) min represent 100%), respectively.

Fig. 3 Total number of Turn Taking (TT) during the experiment duration per group and experiment



149Instructional Design on Controlling the Quality of Collaboration…

Figures 5 and 6 depict the total number of actions and entities across all groups, 
per action and entity type, respectively, for both experimental conditions.

The reinforcement of the illusion at the middle of the normalized collaboration 
duration was considered as stimulation in EXP-B. However, Figs. 7 and 8 present 
the total number of actions and entities across all groups, per action and entity type, 
respectively, during the pre- and poststimulation periods for both the experiments 
only for comparison reasons of EXP-B to EXP-A.

The cross tabulation of the most collaboration weighting entity types (“concept”, 
“linking phrase”, and “connect”) and action types (“add”, “delete”, and “modify 
text”) are depicted in Fig. 9a–c, respectively.

Fig. 4 Number of Turn Taking (TT) per minute of the normalized experiment duration (%), per 
group (G

i
), and experimental condition (A, B)
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Discussion

The presented results support the acceptance of H, i.e., that the provided illusionary 
adaptive support could impact on the QoC. More specifically, from Fig. 3 it can be 
noticed that the TT curve (transition of interactions between the two peers) of 
EXP-B overpasses the corresponding TT curve of EXP-A, showing in 8 out of the 
11 groups, i.e., G1, G3, G4, G5, G6, G7, G8, G11, a clear increase, with the higher 
differences located at G6 and G11. This finding indicates that the total effort, in 
terms of the number of the TT of the interactions performed at the experimental 
condition, was higher than that in the control one (p < 0.05), thus the collaborative 

Fig. 5 Total number of actions across all groups, per action type and experiment
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Fig. 6 Total number of entities across all groups, per entity type and experiment

2500

2000

To
ta

l n
um

be
r 

of
 e

nt
iti

es
 a

cr
os

s 
gr

ou
ps

1500

1000

500

3000

0
Concept Linking Phrase

Entity Types
Connection

EXP-A

EXP-B



151Instructional Design on Controlling the Quality of Collaboration…

Fig. 7 Total number of actions across all groups, per action type, during the pre- and poststimulation 
periods per experiment

Fig. 8 Total number of entities across all groups, per entity type, during the pre- and poststimula-
tion periods per experiment
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performance was better balanced within these groups. From a more detailed exami-
nation of the characteristics of the collaboration concerning the TT per minute of 
the normalized experiment duration (Fig. 4), it can be noticed that the distribution 
of the TT in EXP-B is more uniform along the normalized time, for almost all 
groups. Moreover, considering the intervention at the middle of the time duration, it 
can be noticed that the reinforcement of the illusion in EXP-B contributed to the 
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control of the QoC in the poststimulation duration, by increasing the value of TT per 
minute (e.g., in EXP-B, G4, G11). Overall, the TT indicator, as it was calculated 
both for the experimental duration as a whole (Fig. 3) and as a rate per minute across 
the normalized experimental duration (Fig. 4), provides evidence of the influence of 
the illusionary adaptive support to the collaborative performance of the students. 
Two other indicators that contributed to the acceptance of the H were the total num-
ber of actions and entities, across all groups per action, entity types and experimen-
tal condition, as it is presented in Figs. 5 and 6, respectively. From both these figures, 
it can be noticed that in EXP-B the total number of interactions increases, indicating 
a positive effect of the illusion. Moreover, it can be noticed that the most contribut-
ing action types, i.e., “add” and “modify text”, and entity types, i.e., “concept” and 
“linking phrase”, are clearly increased in EXP-B. A more in depth investigation of 
the number of the above interactions could be drawn from Figs. 7 and 8, for the 
action and entity types, respectively, where the pre- and poststimulation periods 
were established for both the EXP-A (only for comparison reasons) and EXP-B (as 
experimentally performed). From Fig. 7, it can be noticed that at the prestimulation 
period, the total number of actions is higher in EXP-B than in EXP-A. However, at 
the poststimulation duration, it is realized that the “move” action type dominated, 
whereas the “add”, “delete”, and “modify text” were sustained at high values, yet 
lower than the prestimulation phase. This finding is indicative of the “mean strategy” 

Fig. 9 Cross tabulation of the entity types and action types (a) “add”, (b) “delete”, and (c) “modify 
text”, across groups per experiment
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of collaboration that was performed along the groups, i.e., domination of the inser-
tion of the information within the workspace at the beginning of the collaboration, 
for structuring the concept map (almost prestimulation period), and then improve-
ment of the spatial organization of the structure of the map, on the basis of the 
necessary movements (poststimulation period). This gradually “maturing” collabo-
ration is also verified from the findings in Fig. 8, where the most weighting entity 
types “concept” and “linking phrase”, present an increase in EXP-B as compared to 
EXP-A, in both pre- and poststimulation periods. Moreover, the illusion of control 
increased their values during the poststimulation period of the EXP-B. From the 
results presented in Fig. 9a–c, it is clear that the total number of entities is higher for 
all cross tabulation combinations of action and entity types in the EXP-B as com-
pared to the EXP-A.

The above empirical results allow the acceptance of the H within the proposed ID 
and extend the findings of Vandewaetere et al. (2009), about the enhancement of the 
learning outcome through the perceived illusion of control, from individual to collab-
orative settings. This effort was grounded on the conceptual framework of the 
Boulding’s typology and contributed to its further elaboration in the area of CSCL. 
This framework reveals dualities within the complex social system of the collaborating 
dyad, i.e., designable-undesignable inputs, stable-adjustable levels, and external 
input-internal attractors. These clarifications highly contributed to the proposed ID, 
by allowing the realization of the form of the illusion (information), the timing of its 
provision (diminishing the assistance dilemma), the understanding of its  perception 
mechanisms, and the expected impact at the social plane. This approach allowed 
handling of the intangible notion of illusion, at no cost and computational effort, within 
a CSCL setting that did not afford any adaptive character; thus, it moved the issue of 
adaptation of the support provided to the collaborators from “hard” system modeling 
designs to more “soft” ones, revealing possibilities of further elaborations of the 
boundaries and contents of the aforementioned levels.

Concluding Remarks

In this work, an instructional design (ID) was proposed that elaborates the Boulding’s 
typology in the area of CSCL. Within the hierarchy of this typology, the focus was 
put at the higher levels, where the perception of adaptivity in the form of control can 
be illusionary triggered, in order to increase the possibilities to sustain the even 
higher level of social collaborative work. Through an experimental study, this 
research verified that the illusion of the adaptivity in the form of input provided at 
the lower levels of this typology may enhance the collaborative performance. These 
empirical results need to be justified through large-scale experiments and, perhaps, 
through comparison with truly adaptive settings. Efforts toward such direction are 
on the way, embedded within a broader perspective of lowering the ratio between 
investment and result in CSCL through a minimal ID.
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Introduction

The last decade was characterized by the gradual transition from first to the second 
generation of the Web. According to O’Reilly (2005), Web 2.0 can be defined in a 
number of ways. From a technical point of view, the affordances that second genera-
tion Web tools offer are greater when compared to the first generation ones. For 
example, blogs and wikis have more affordances than content management systems 
and threaded discussions respectively (Kim 2008; West and West 2009). Despite 
major technical differences, the substantial differentiation between Web 1.0 and Web 
2.0 generations lies in the role users play (O’Reilly 2005). More specifically, while 
in the first generation of the Web users could simply read (i.e., “consume”) website 
content, in Web 2.0 users can also contribute to its creation. This possibility turns 
users from information consumers into participants and “co-producers.” Consequently, 
today the Web is best conceptualized as a platform service that relies on the architec-
ture of participation and the wisdom of crowds (Surowiecki 2004; Tapscott and 
Williams 2006; Mason and Rennie 2008). Based on this fact, two are the key prin-
ciples underlying Web 2.0: (a) users “add value” to technology and (b) users play an 
important role in content creation. For example, sites such as Wikipedia and YouTube 
would be inconceivable without the input of thousands of Internet users in terms of 
text and video respectively.

The impact of Web 2.0 on education has been substantial. This is clearly reflected 
in newly coined terms such as Learning 2.0, School 2.0, Classroom 2.0, and Education 
2.0. The idea behind this terminology shift is that Web 2.0 technologies can contrib-
ute more to learning in comparison to the corresponding Web 1.0 technologies. As 
opposed to the first generation of web tools which replicated online traditional, deliv-
ery-based modes of teaching, the second generation of Web tools presupposes the 
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active participation of students/users. This makes Web 2.0 technologies particularly 
appealing because they are perfectly compatible with constructivist conceptions of 
learning according to which students actively participate in the learning process. 
Moreover, the focus on communication and collaboration which many Web 2.0 
tools afford makes them even more promising from a constructivist point of view. 
The de facto participation of students, which Web 2.0 technologies require, enables 
innovative constructivist practices where students do not simply consume learning 
materials compiled by instructors but actively contribute to the creation and pro-
cessing of these materials (Palloff and Pratt 2007; Mason and Rennie 2008).

Wikis in Education

Wikis are amongst the most popular and well-known Web 2.0 tools. The most popular 
online encyclopedia, Wikipedia, is perhaps the prime example of wiki popularity 
and success. From a technical viewpoint, a wiki is a collection of interlinked Web 
pages the content of which can be easily modified by any user with a Web browser. 
Wikis are particularly interesting tools as they facilitate the collaborative creation of 
hypertext without the need of any previous knowledge of Hypertext Markup 
Language (HTML) or specific Web browser or operating system software.

However, wikis’ genuine potential regarding education does not lie in their tech-
nical features but in their ability to support new collaboration and communication 
practices. In an attempt to conceptualize how wikis could be used in education, 
many different approaches have been proposed. Fore example, Guzdial et al. (2001) 
outlined three major wiki uses in education: (a) distributing information, (b) collab-
orative artifact creation, and (c) discussion and review activities. More recently, 
West and West (2009), following Bloom’s taxonomy, proposed that wikis could 
be used for (a) knowledge construction, (b) critical thinking, and (c) contextual 
application. Generally speaking, wikis may facilitate learning, collaboration, commu-
nication, interaction, sharing, meaning-making, and reflection (see e.g., Guzdial 
et al. 2001; Bruns and Humphreys 2005; Lund and Smördal 2006; Nicol et al. 2005; 
Ras et al. 2007). Overall, a wiki may involve individual work (e.g., the creation of 
a webpage), collaboration (e.g., the collective creation of a text), communication 
(e.g., a discussion anchored on a specific webpage topic), and evaluation (e.g., a 
peer-review of the input made by all the members of a group).

The aforementioned pro-wiki arguments suggest that wikis have great potential. 
The problem is that there is a serious gap in the literature regarding how to realize 
their potential for educational purposes. For instance, while the model by West and 
West (2009) is very appealing, there is a lack of rigorous empirical evidence vali-
dating it. More specifically, the available research evidence is limited and suggests 
that the effective incorporation of wikis in the learning process requires radical 
course redesign (Rick and Guzdial 2006; Raman et al. 2005), scaffolding (Guzdial 
et al. 2001; Cole 2008), and high levels of course integration (Choy and Ng 2007; 
Wheeler et al. 2008; Cole 2008). This information might be useful as a set of general 
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guidelines but is insufficient for using wikis in education and especially in under-
graduate settings. This is further complicated by other literature findings. More 
specifically, research shows that students either make minimal use of course wikis 
or refuse to use them altogether (Rick and Guzdial 2006; Carr et al. 2007; Choy and 
Ng 2007; Cole 2008). Moreover, student online interaction is limited as students 
tend to (a) read their own contributions thereby ignoring the writings of others 
(Wheeler et al. 2008; Ma and Yuen 2008) and (b) make a few edits to the wiki 
pages (Ma and Yuen 2007; Ravid et al. 2008). Revisions are not appreciated 
(Wheeler et al. 2008; Vratulis and Dobson 2008) and criticism is not always well-taken 
by fellow students (Minocha and Thomas 2007). Finally, students’ perceptions of the 
educational value of wikis are not always positive. In most cases students prefer to 
work individually, rather than collaborate on-line with fellow students (Carr et al. 
2007; Ma and Yuen 2008; Ravid et al. 2008; Elgort et al. 2008). All in all, the literature 
suggests that regardless of the potential of wikis to contribute to student learning in 
higher education, their integration in courses is neither a simple nor an easy task.

Background of the Study

This work is based on data from a larger research project that explores the effective 
incorporation of wikis in undergraduate education settings. The program focuses on 
the design, development, implementation, and evaluation of wiki tasks in under-
graduate courses. Drawing on the design-experiment method (Barab and Squire 
2004; Collins et al. 2004; Design-Based Research Collective 2003; Cobb et al. 2003; 
Hoadley 2004), it aims at the design of a task that will address some of the afore-
mentioned issues regarding wiki uses in education.

The general context of the research program is provided by an undergraduate 
course on learning with Information and Communication Technologies (ICT) in 
which the wiki was introduced. The course is compulsory for fifth semester 
Preschool Education students and constitutes an introduction to the use of ICT to 
support learning. More specifically, the course has two main objectives: (a) intro-
duce students to the different educational software categories and the underlying 
learning theories and (b) render students capable of designing, teaching, and evalu-
ating an instructional unit through educational software. In this context, the wiki is 
typically one of the two main compulsory course assignments.

The first design cycle took place in the 2007 winter semester and involved 38 
undergraduate students. This first version of the wiki task included two main 
components: (a) glossary and (b) frequently asked questions (FAQs). These two com-
ponents were expected to facilitate students’ encounter with the wiki and provide 
specific and concrete routes for participation. More specifically, the writing of a 
glossary and FAQs was expected to facilitate the pooling of all relevant information 
the students as a group could access. In the process of writing concept definitions 
and answers, the students could use the communication functions of the wiki to 
discuss issues and synthesize their interpretations of the concepts and how they 
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could be applied. To address the problem of limited student participation reported 
by previous studies, a minimum number for contributions per student was enforced. 
More specifically, each student was required to create and maintain five pages related 
to course concepts and make contributions to five pages created by other students. 
Data analysis indicated that this requirement effectively resolved the problem of 
limited participation as the students conformed to the minimal participation require-
ments set. Even though student participation had significantly increased, online 
interaction was still minimal (Karasavvidis 2010a, 2011).

Based on the results of the first design cycle, the task was redesigned in order to 
address the main limitations which had emerged. Other components were also intro-
duced to provide more routes for participation. In addition to glossary and FAQs, the 
revised version of the task also comprised the following components: (a) historical 
information, (b) applications and examples, (c) interpretations and meaning-making, 
(d) lesson plans, and (e) software presentations. The rationale for the selection of 
these new components was that they would foster student participation and create 
more possibilities for online interactions. This time neither a minimal participation 
number was set for student contributions nor was the extent of participation dictated. 
The second implementation took place in the 2008 winter semester and involved 
50 students. The results indicated important improvements regarding students’ 
participation rates and the extent of contributions. However, on-line interaction still 
remained minimal (Karasavvidis 2010a, 2011).

Focus of the Study

The findings of the former design cycle informed the further adaptation of the wiki 
task and its implementation in a third design cycle. The modified task included five 
main components: (a) glossary, (b) frequently asked questions (FAQs), (c) applica-
tions and examples, (d) discussion of videotaped lessons, and (e) lesson plans. These 
components provided many different routes for student participation and online 
interaction. More specifically, the students could write up concept definitions, 
compile a list of questions and answers, describe how the concepts were applied in 
instructional and learning contexts, discuss exemplary lessons employing educa-
tional software which had been videotaped, and design ICT-based lesson plans.

In addition to making minor improvements to the task components based on 
problems which had surfaced during the previous design cycles, the main difference 
in the third design cycle involved online interaction. More specifically, the design of 
the wiki task in the third design cycle was expected to improve student participation 
and collaboration as well as promote online interaction because two of the task 
components we introduced involved either explicit discussions (e.g., of videotaped 
lessons) or reviews and feedback (e.g., of lesson plans).

This implementation took place in the 2009 winter semester and involved 56 
undergraduate female students. The participants had an average age of 20 years 
2 months and came a middle socioeconomic background. The majority of students 
owned computers (83%) and more than half (55%) could access the internet from 
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home. According to the pre-course survey, the students were computer-literate and, 
on average, used computers for more than 2 h/day. On a 5-point Likert scale, the 
reported familiarity with operating system, office, and internet software was very 
high (operating system: M = 3.89, SD = 0.91; office: M = 3.43, SD = 0.91; browser: 
M = 4.62, SD = 0.66; e-mail: M = 4.45, SD = 0.91).

The present paper draws on data from the third design cycle described above and 
aims to address the following research questions:

 (a) What is the rate of student participation in the third design cycle compared to 
the second one?

 (b) What is the rate of online collaboration in the third design cycle compared to the 
second one?

 (c) What is the level of online interaction in the third design cycle compared to the 
second one?

Method

Data Collection and Analysis

Many types of quantitative and qualitative measures were used throughout the project: 
questionnaires, interviews, the wiki texts produced, and system log files. MediaWiki 
(http://www.mediawiki.org), one of the most popular wiki clones, was the server 
software used for the purposes of the study. It provides advanced user-access 
control and keeps detailed page and user logs.

Student participation rates were operationalized in terms of page views and page 
edits, while online collaboration was operationalized in terms of collective edits. 
More specifically, the main actions a student can perform in a wiki system involve 
(a) view existing content and (b) add new content. Student participation was evaluated 
using log file information about page views and edits. The volume of page views 
provides a first gross measure of participation as it shows how often the students 
accessed the wiki pages. The volume of page edits is a more detailed measure of 
participation as it indicates the extent of processing that each page underwent. 
Finally, the number of edits per student reflects student participation levels in the 
creation of wiki content. Student on-line collaboration was evaluated in terms of 
collective page edits. We take it that the large number of student edits for a given 
wiki page suggests greater levels of shared editing and, consequently, collaboration 
for the creation of the page.

On the other hand, online interaction was operationalized in terms of the discus-
sions held per wiki page. The five most revised wiki pages were used as a represen-
tative sample considering that these were the pages which were subjected to the 
most extensive processing. For each of these pages we determined the number of 
edits as well as the number of unique editors. Moreover, we determined whether 
there was a discussion in the corresponding wiki section of each wiki page and, if 
so, the number of unique participants.
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Results

The descriptive statistics for the four main variables for the second and third design 
cycles are presented in Tables 1 and 2 respectively.

In the second design cycle the students created 49 pages that were viewed 6,521 
times, while in the third design cycle the students created 28 pages that were viewed 
8,918 times. As can be seen in the tables above, the average number of page views 
is much higher in the third design cycle. Despite this sizable difference, the non 
parametric comparison of the two means using the page as the unit of analysis did 
not turn out to be statistically significant (Mann–Whitney U = 589, z = −1,156, 
p = 0.248). However, the striking similarities that the two design cycles share need to 
be stressed. More specifically, in both cycles a small number of pages were more 
popular than most of all the others combined. For example, in the second design 
cycle 13 pages (amounting to 26% of all wiki pages) accounted for about 50% of the 
total number of page views while in the third design cycle 4 pages (14.29% of all 
wiki pages) received more than 50% of all page views. This appears to be a recurrent 
pattern which is interesting and requires further research.

The comparison of page edits between the two design cycles using the page as a 
unit of analysis indicated that the volume of edits was significantly higher in the third 
design cycle (Mann–Whitney U = 307, z = −2.47, p = 0.013). This means that the 
pages in the third design cycle were more thoroughly processed. Considering that 
the absolute number of page edits in the two conditions was approximately the 
same, this systematic difference is to be expected because the students created less 
wiki pages in the third cycle. On the other hand, the comparative examination of the 
edits per student in the two conditions using the page as the unit of analysis indi-
cated no statistically significant differences between the two cycles (Mann–Whitney 
U = 1,314.5, z = −0.541, p = 0.588). Finally, as far as online collaboration is concerned, 
a non-parametric comparison indicated no statistically significant differences between 
the two conditions (Mann–Whitney U = 208.50, z = −1.89, p = 0.059).

The main statistics for online interaction in the second design cycle are presented 
in Table 3.

As can be seen in Table 3, despite the large number of edits and the many 
students who were involved in those edits, there were only two cases of discussions. 
In the first case (wiki page on Open Software) there was no actual discussion as one 
student posted a remark which was not further taken up by other students. In the 
second case (wiki page on Vygotsky) two students wrote elaborate texts which 
referred to the concepts featuring on the wiki page on Vygotsky. While this might 
technically qualify as discussion, as it was written in the discussion section of the 
wiki page, essentially it was not a discussion. Both student contributions involved 
factual information and did not address each other directly or indirectly. Given this, 
it is quite possible that these texts were accidentally added to the discussion section 
of the wiki page instead of the main one (i.e., information section). It should be 
noted that, for the same reason, the wiki pages on Behaviorism and Vygotsky 
which also included discussion sections cannot be considered as discussions. 
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Table 1 Wiki statistics of the second design cycle

Variable Total Minimum Maximum Mean SD

Page views 6,521 1 388 130.42 95.29
Page edits 1,132 1 71 22.59 15.22
Edits per student 1,132 1 115 22.64 20.79
Users per page edit – 1 44 11.4 6.43

Table 2 Wiki statistics of the third design cycle

Variable Total Minimum Maximum Mean SD

Page views 8,918 2 2,709 318.5 523.4
Page edits 1,173 3 186 55.86 55.9
Edits per student 1,356 3 98 24.21 20.37
Users per page edit – 1 37 15.05 11.9

Table 3 On-line interaction in the second design cycle

Page title
Number  
of edits

Number  
of unique editors

Discussion 
page

Number of unique 
discussants

Cross Disciplinary 
Curriculum

71 19 No 0

Behaviorism 57 24 No 0
Open Software 49 21 Yes 1
Educational Software 48 22 No 0
Vygotsky 45 17 Yes 1

Overall, the second design cycle did not involve any discussions (Karasavvidis 
2011). The main statistics regarding online interactions in the third design cycle are 
presented in Table 4.

In stark contrast to the second design cycle, all wiki pages involved discussions. 
Not only were discussions held for all the pages examined, but also the number of 
student participants was promising.

Table 4 On-line interaction in the third design cycle

Page title
Number 
of edits

Number  
of unique editors

Discussion  
page

Number of unique 
discussants

Piagetian Theory 186 37 Yes 8
Information and 

Communication 
Technologies (ICT)  
and Education

184 29 Yes 8

Behaviorism 159 38 Yes 10
Vygotskian Theory 84 28 Yes 6
Educational Software  

based on Piagetian 
Theory: lesson plans

69 22 Yes 7
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A qualitative examination of the discussion sections of the wiki pages indicated 
that the students who participated reflected on the topics and engaged in thoughtful 
conversations. The following excerpt from the discussion section of the page on 
Piagetian theory, the most thoroughly edited wiki page, is an illustration of this.

Student 1: Based on what was discussed in class, I have a question. Piaget’s theory has been 
harshly criticized [outlines major points of criticism]…Are the experts contradicting them-
selves when they promote constructivism while at the same time emphasize Piaget’s ideas? 
Or maybe Piagetian theory is not directly applied to humans but lays the foundation for new 
and more developed theories? Can anyone please respond to my question because some-
times theory and practice are completely unrelated (28/11/2009, 21:22).

Student 2: Regarding your question, I find Piaget’s work to be very important, regardless 
of the criticisms it has received. As educators, isn’t it our responsibility to study the theory 
and use it for its strengths – if any? Or compare it with other theories in order to understand 
why it is being disputed? …Today researchers believe that children are more [cognitively] 
capable than what Piaget thought they were. This means that according to the stages [of 
cognitive development], learning follows the stages without taking into account the [more] 
advanced [cognitive] skills that children might have (3/12/2009, 11:08).

Student 3: Piaget’s theory has had a huge impact not only on the theory of instruction 
but also on all the disciplines which study human development and more particularly 
cognitive development. Therefore, I think that educators should definitely study his theory 
(3/12/2009, 16:58).

Student 1: It would be very naive of me to believe that Piagetian theory is useless. My 
concern is that if university teaching only involves teacher-centered instruction, if the system 
uses grades as awards and punishes failures, if the exams are based on old theories, is it not 
natural that we might do the same in our teaching?…Shouldn’t our own experiences as 
learners [at the University] involve more contemporary theories of learning so that we are 
more likely to use such theories when we enter the profession? (08/12/2009, 11:59).

Student 4: I don’t think that children in the past were less [cognitively] able…it’s just that 
nowadays there are more stimuli and children end up having more experiences. Even if you 
completely disagree with his theories, Piaget’s work is very important… (16/12/2009, 09:52).

As can be seen in the excerpt, student 1 posed a genuine and intriguing question 
to which the other three students responded. The resulting discussion is authentic 
and provides a measure of students’ understanding of Piagetian theory. This excerpt 
is typical of most discussions which were held in the third design cycle. The students 
posted remarks and questions about concepts or topics which they either found hard 
to understand or felt that were worth commenting and further elaborating. It is particu-
larly promising that some of the discussions indicate explicit meaning-making 
attempts. Overall, both the frequency and the nature of discussions held on every 
wiki page represent a substantial improvement over the second design cycle and 
attest to the effectiveness of the task.

Discussion

Web 2.0 tools are the latest technology wave to hit education. Many authors have 
noted the potential of Web 2.0 tools such as wikis to promote active student learning 
in higher education (Guzdial et al. 2001; Cole 2008; Wheeler et al. 2008; West and 
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West 2009; Wheeler 2009). Given the informal nature of most such tools, the task 
for educators is to discover how to harness the power of Web 2.0 tools within the 
formalized structures of education (Wheeler and Wheeler 2009; Dohn 2009). In this 
sense, Laurillard (2009) argued that traditional teaching and learning approaches 
need to be explored in new technological contexts. Despite the many calls for 
exploring the potential of Web 2.0 tools for education, there is a knowledge gap 
regarding their effective integration in undergraduate education. Especially when it 
comes to wiki uses in education, the literature has revealed a number of important 
problems such as low student participation (Rick and Guzdial 2006; Carr et al. 2007; 
Choy and Ng 2007; Cole 2008) and limited online interaction (Wheeler et al. 2008; 
Ma and Yuen 2007, 2008; Ravid et al. 2008). It is clear that unless educators figure 
out how to address such issues, the contribution of wikis to learning will not match 
expectations. The present paper focused on the integration of a wiki in an under-
graduate course and explored how to resolve the problems of student participation, 
collaboration and online interaction. The wiki task used was the outcome of a 3 year 
progressive refinement following a design experiment method.

Regarding the first research question, data analysis indicated that despite the task 
modifications made in the third design cycle, the anticipated improvements were 
not achieved. More specifically, two out of the three measures compared between 
the second and the third design cycles, namely page views and edits per student 
were not statistically significant. Regardless of systematic differences, the fact that 
student participation was very high without setting minimal contribution levels is 
particularly promising because former studies have consistently reported that 
participation is one of the major problems regarding wiki integration in higher 
education contexts (Rick and Guzdial 2006; Carr et al. 2007; Choy and Ng 2007; 
Cole 2008). Thus, it appears that the issue of student participation levels can be over-
come to a considerable extent by adapting the nature of the wiki task. On the other 
hand, previous studies had indicated that students do not edit wiki pages and even 
when they do they tend to make a few edits (Wheeler et al. 2008; Ma and Yuen 
2007, 2008; Ravid et al. 2008). The results from this study indicated that the number 
of page edits was significantly larger in the third design cycle. Therefore, it can be 
concluded that the third design cycle was successful as far as student participation 
is concerned and the modified wiki version led to increased student participation levels 
particularly in terms of editing.

Regarding the second research question, data analysis did not indicate any statis-
tically significant differences between the two design cycles. Taking into consider-
ation the small number of pages involved, we would have expected higher 
collaboration rates. In this respect, the modified wiki task was not as successful as 
expected when it came to on-line collaboration. This outcome replicates the find-
ings of previous studies which report that on-line collaboration can be very difficult 
to achieve in a wiki context (Cole 2008; Elgort et al. 2008; Ma and Yuen 2008; 
Dohn 2009). Nevertheless, the average number of students involved per page edit 
increased in the third design cycle. This is an important improvement as it suggests 
that, using shared edits as a criterion, online collaboration was positively affected by 
modifying the wiki task.
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Finally, regarding the third research question, the findings indicated that online 
interaction increased in the third design cycle. As opposed to the second design 
cycle, all the wiki pages examined involved discussions in the corresponding page 
sections. Some of these discussions were quite authentic and addressed issues which 
the students found important. Overall, the revised version of the wiki task turned out 
to be very successful in promoting online interactions. While the first two design 
cycles in the current research project have essentially replicated previous research 
as far as online interactions were concerned (Karasavvidis 2010a, b, 2011), the 
findings from the third design cycle indicate that the modified task led to increased 
levels of online interaction using student discussions as a criterion measure. This 
finding is very important because the literature suggests that students neither favor 
nor engage in wiki-based online interactions (Carr et al. 2007; Ma and Yuen 2008; 
Ravid et al. 2008; Elgort et al. 2008; Wheeler et al. 2008). What remains problem-
atic, however, is the small number of students who participated in those discussions. 
Despite the considerable progress made in terms of online interactions in the third 
design cycle, their scale was fairly limited due to the small number of participating 
students. It is quite possible that all the other students who did not actively contribute 
also benefited from reading these discussions. Ideally, however, we would expect 
most – if not all – students to be actively involved in online discussions and this was 
not the pattern observed in the third design cycle.

To conclude, new tools create new opportunities for learning as well as new 
forms of learning. However, this potential for learning can not be realized in void: 
new tasks, activities, and practices are required to promote these new learning forms. 
Wikis afford new types of learning practices but there is a knowledge gap regarding 
such practices. The present paper attempted to fill this niche by exploring how a 
wiki task can be designed to promote student participation, collaboration and online 
interaction. The progressive refinement of the wiki task led to considerable improve-
ments in terms of student participation and online interaction. However, it was less 
effective in terms of promoting online collaboration. While this is undoubtedly a 
small step forward, it falls short of realizing wikis’ learning potential. Participation 
might be easier to address compared to online collaboration and interaction. 
Consequently, it appears that integrating wikis in education is more challenging than 
it was initially anticipated (Dohn 2009; Karasavvidis 2010b). Thus, more systematic 
research is required to determine how to achieve higher levels of online collaboration 
and interaction. Based on the success of discussions in the third design cycle, adapting 
the wiki task in a more discursive direction is a promising starting point.
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Introduction

During the last decade, Web 2.0 applications, including blogs, wikis, social networking, 
social bookmarking, media sharing, podcasting, etc., have received intense and 
growing educational and research interest (Clark et al. 2009; Ravenscroft 2009; 
Schroeder et al. 2010). It is widely considered that Web 2.0 applications, while not 
designed specifically for educational purposes, have a number of affordances that 
provide multiple opportunities for shared content and resources, self-directed learning, 
collaborative learning, ubiquitous and lifelong learning. The emerged socially based 
technologies of the Web 2.0 have the potential to offer enhanced learning opportu-
nities and support students’ participation in effective task-oriented personal learning 
spaces independent of physical, geographic, and institutional boundaries (Hall 2009; 
McLoughlin and Lee 2010).

Among Web 2.0 tools, blogs constitute a new content sharing and development 
environment supporting students’ engagement, communication, interaction, collab-
oration, and collective intelligence. During the last years, educational blogs have 
captured the interest and the imagination of both educators and researchers including 
diverse learning groups, ranging from primary (Davis 2006; Tse et al. 2010) and 
secondary education (Angelaina and Jimoyiannis 2009) to higher education (Lin and 
Yuan 2006; Deng and Yuen 2010; Tan et al. 2010; Xie et al. 2008) and teachers’ 
professional development as well (Loving et al. 2007; Makri and Kynigos 2007).

Literature review on educational blogging revealed a lack of a complete and 
consistent framework for studying and assessing students’ engagement and the 
impact of blogging on students’ learning. Farmer (2004) and Cameron and Anderson 
(2006) have proposed the application of the Community of Inquiry (CoI) model 
(Garrison et al. 2000, 2001) to blogging activities by comparing blogs’ features with 
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those of threaded discussions. However, there is not sufficient research evidence on 
the efficacy and the applicability of the CoI model in educational blogs. This study 
aims to contribute to the literature regarding the qualitative analysis of students’ 
processes that take place in educational blogging and the evaluation of their learning 
experience using the framework of CoI. Twenty-one students (15 years old), coming 
from two K-9 classes in Greece, were involved in an educational blog which served 
as a project-based learning environment. The results showed that the students in the 
sample were made to participate actively by creating a blog CoI and learning.

Educational Blogging

The common use of blogs is for personal online journals. However, it is their open and 
user friendly format, and the many features incorporated such as post and commen-
taries organization, taglines, permanent links, etc., which have largely dominated the 
discussion about the educational blogs and their potential for teaching and learning. 
Educational blogs are currently gaining in popularity in schools and higher education 
institutions and they are widely promoted as collaborative tools supporting students’ 
active learning.

It is widely considered that through well-designed educational blogs, both tutors 
and learners are becoming empowered, motivated, more reflective, and interactive 
practitioners in new learning environments. The emerging educational applications 
of blogs are based on their characteristics, as they are open, interactive, and easy to 
create and use environments which

Incorporate content posts (often involving text, pictures, graphics, and hyperlinks) 
with commentaries to these posts, usually presented in reverse chronological 
order; thus a blog can work both as a personal and a group publishing area, in 
which every participant can exchange and share ideas, insights, comments, and 
recommendations with fellows.
Provide organized links to recommendations of favorite or suggested websites, 
blogs, content resources, and events; in other words, a blog can act as a powerful 
personal learning portal.
Have strong archival features; posts are automatically archived and the content is 
easily searchable and retrievable. Moreover, posts are syndicated using a variety 
of XML based standards (RSS or Atom feeds); readers interested can subscribe 
and be alerted to new content or discussions that have been added to the blog.

The characteristics above determine the pedagogical affordances of blogs, since 
they could

Support enhanced participation and communication opportunities, promoting 
individual as well as group reflection on learning experiences
Offer up-to-date information regarding changes in collaborative spaces and 
extend learning beyond the classroom
Offer enhanced opportunities for collaborative content creation and, consequently, 
for collaborative knowledge construction
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Support authentic learning tasks through peer assessment and formative evaluation 
of student work
Support blended learning activities by effectively changing the boundaries between 
school and formal learning; nonformal and informal learning

Since blogging enables users to exchange ideas and to share experiences and 
content, blogs can be an ideal environment for social constructivist learning. As a 
result of these communicative and collaborative attributes, blogs have been used in 
educational settings in many different ways, aiming at various educational objec-
tives. Literature review suggested a growing interest in educational blogs use within 
the context of open learning environments. Blogs can serve in multiple ways, as an 
online course management tool, a discussion forum, an e-portfolio, a group blogging 
space, and a project-based learning environment. However, most applications of blogs 
in educational practice make worthy more than one of the aspects above.

Blog as Online Course Management Tool

This type of blog aims to support class work in both formal and non formal ways. 
The instructor posts assignments, announcements, information, and summaries of 
lessons. For instance, students share their learning experiences and express their 
thoughts to the instructor and peers through course blogs. Alternatively, a weekly 
topic is posted and each student posts her/his thoughts on the topic, as an assign-
ment by the instructor. Students post examples and exercises related to course 
assignments as well as discuss reflections on course materials. In addition, blogs of 
this format could facilitate extended discussions beyond the classroom sessions. 
In their study Lin and Yuan (2006) followed a similar approach, where a blog was 
used as a reflective learning platform by engineering students.

Blog as Discussion Forum

The blog acts as a forum where students discuss and exchange information related 
to the course’s subject, lectures, announces, and readings as well (Makri and Kynigos 
2007). In addition, they can share and exchange information, thoughts and ideas on 
what they are learning. Yang (2009) reports on the use of a blog, created by two 
instructors, as a discussion forum in Taiwan. English student teachers made use of 
the blog as a platform to discuss about teaching theories and to critically reflect on 
their learning processes. In the context of teacher education, Deng and Yuen (2010) 
have proposed an empirically grounded framework for educational blogging that 
highlights four areas: self-expression, self-reflection, social interaction, and reflective 
dialogue. Ebner et al. (2010) investigated the use of microblogs (blogs via web 
interfaces and mobile devices, which are restricted to posts having up to 140 char-
acters) and concluded that microblogging should be seen as a completely new form 
of communication that can support informal learning beyond classrooms.
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Blog as E-Portfolio

The idea is that students set up their own blog according to the teacher assignments 
and guidelines; every student posts to the blog his classroom and/or homework writ-
ing assignments, tasks, and exercises. The teacher monitors students’ progress and 
development, supports them to overcome cognitive difficulties and problems 
encountered, and, finally, assess the student submissions into the blog. In addition, 
students can share their blogs with peers in their class and receive commentaries 
through the comments section of their blog. Carroll et al. (2006) have developed and 
used an e-learning system that couples a blog with an e-portfolio component. The 
evaluation results showed that the integrated blogging application allowed students 
to assemble, reflect, and publish content for their course tasks and supported reflec-
tive learning. Blogs were effectively used in a second year university class of 
German language to support students’ reflection on topical issues and peer-feedback 
on writing (Dippold 2009). Students needed to complete on their blogs a series of 
written tasks set by the tutor while some components were commented on by their 
peers and the tutor. In a case study, Farmer et al. (2008) used a trial blogging as a 
formative assessment exercise integrated into a first year university subject about 
cultural studies. The students were asked to maintain a blog throughout the 12 
weeks of the semester, to reflect upon and discuss course content and/or issues that 
arose out of their learning experiences.

Group Blogging

Group blogging is a relatively new form of learning activity where the blog acts 
more as a collective or collaborative space than as an individual one. In a group 
blogging activity class students are divided into groups. All students in each 
group are expected to contribute consistently to their own group blog. The vari-
ous blogs are connected and students could also post their comments to the other 
blogs. A case study on higher education students indicated that the incorporation 
of group blogging and social networking technologies within a well structured, 
but flexible learning environment, supports group work and creative learning pro-
cesses (Philip and Nicholls 2009). Another study on group blogging, used a com-
munities of practice philosophy to support peer assisted learning (Ladyshewsky 
and Gardner 2008).

Blog as a Project-Based Learning Environment

Blogs can be used as collaborative content sharing spaces to support project-based 
learning activities. Poling (2005) engaged elementary students from different classes 
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in a cooperative project about natural environment. Through the blog, the students 
shared their reflections, completed a writing project, read, and commented on other 
students’ posts. In a similar study, secondary education students from two different 
classes collaborated through a blog to implement a long-term project about the 
issues of doping and using drugs by athletes to improve their performance in sports 
(Angelaina and Jimoyiannis 2009). The analysis of students’ cognitive presence, 
ideas sharing and debating showed that educational blogs could be effective tools to 
support collaborative construction of knowledge.

Blog as a Research Tool

Properly designed blogs can be used as a powerful tool supporting academic research. 
Blogs can constitute a platform for ongoing literature review for academic purposes 
(Mejias 2006). Recently, in the context of a large undergraduate lecture course in 
nutrition, Paulus and Spence (2010) used blogging groups to promote student learning 
and conceptual change through reflection and interaction in blog conversations. They 
found that the blog conversations were very useful to the instructors as a source of data 
on students’ understandings and misconceptions of course topics. These misconcep-
tions could then be addressed with further instruction.

Community of Inquiry in Educational Blogs

CoI was initially developed as a conceptual framework to guide the research and 
practice of collaborative learning in online environments, at first asynchronous dis-
cussion forums (Garrison et al. 2000, 2001; Garrison and Anderson 2003). The ori-
gin of CoI model was grounded in Vygotsky’s theory of social construction of 
knowledge (1978) and the practical inquiry and critical thinking model of Dewey. 
The notion was also built on the important work of Henri (1992) who turned atten-
tion in online learning research to the cognitive dimension. Combining both the 
empirical data regarding process evaluation and learning design in online learning 
environments, the CoI framework could be used to define, identify and measure 
three constitutional elements (components) in an e-learning experience, namely the 
social presence, teaching presence, and cognitive presence. In addition, CoI model 
determines categories and indicators to define, identify and measure each presence 
in an educational blog community. Figure 1 represents the basic components and 
the consequent CoI indicators describing the interrelations between social, teach-
ing, and cognitive presence, when educational blogs are used as collaborative learn-
ing environments.

The CoI analysis framework of the blogging activities includes

Three indicators of social presence in educational blogs, e.g., open communication, 
emotional expression, and group cohesion
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Four indicators essential to describe cognitive presence, e.g., triggering, exploration, 
integration and resolution
Three indicators describing teaching presence, e.g., activities related to instruc-
tional design and organization, facilitating discourse and direct instruction

Cameron and Anderson (2006) first suggested the application CoI model to the 
design of educational blogging activities. Their main idea was to compare the features 
of blogs with those of threaded discussions. This study reports on the application 
CoI model as an analysis framework of students’ engagement and presence in an 
educational blog-based project. Our work expands the initial CoI analysis and focuses 
specifically on comparing the educational affordances of blogs with those of asyn-
chronous discussions, within which the CoI model was developed. The key idea is that 
an educational blog integrates a content space and a discussion space, both developed 
in a collaborative manner. In this paper we build on our earlier work and analysis on 
the use of blogs as tools to create a CoI (Angelaina and Jimoyiannis 2009).

Methodology

Design of the Educational Blog

The educational blog was designed by the authors and implemented at the first 
Gymnasium (lower secondary school) of Argos, Greece, in the context of the ICT 
subject during the year 2009–2010. Using a project-based learning approach, the blog 
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Fig. 1 Community of Inquiry (CoI) in educational blogs (adapted from Garrison et al. 2000)
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was designed and evolved for a period of 10 weeks, as an obligatory project according 
to the K-9 computer science (informatics) curriculum. The main objectives were

To engage students (15 years old) in a cross-thematic large-scale learning 
activity
To integrate content knowledge from different subject areas, e.g., chemistry, 
biology, environmental and social sciences
To support collaborative work and reflection between students
To develop ICT literacy skills, namely information access, managing, integra-
tion, evaluation and, communication skills

This blog-based learning activity followed a blended learning philosophy by 
including classroom sessions and face-to-face discussions between the teacher and 
the students, individual and collaborative online work in the computer lab, and online 
homework (information seeking through suggested resources from the Internet, peer 
communication, exchanging ideas, and content information etc.). The students were 
independently directed to a theme coming from science education, considering it 
close to their interests. After debating and exchanging ideas in the classroom, with 
the guidance of their ICT and chemistry teachers, the students agreed and decided to 
investigate the “Acid Rain” problem through their class blog.

The students in the sample, though familiar with using computers and the Web, 
had no previous experience with educational blogs and blogging, in general. The 
first author was the class instructor, and the discussion facilitator in both cases 
(classroom and blog). Initially, he presented various types of blogs to help students 
understand what a blog is, how one can use it and participate in, what are the differ-
ences between posts and commentaries etc. The students were asked to reflect upon 
and discuss about content and/or other themes that would arise into the class blog. 
They were free to use the blog in any way they wish but they needed to post regu-
larly (at least once a week on average) and to interact with other students’ posts 
through their comments and content posts. They were informed that their active 
participation in the blog would be graded for the ICT course.

The Procedure

The sample included 21 students (9 boys and 12 girls) of K-9 grade from two different 
classes participating into the blog. The students were informed of the guidelines and 
details of the study in the first class meeting. They were also informed that their 
posts would be transcribed, that individual student identities would not be used in 
the analysis, that the results of the analysis available would contain no student iden-
tification, and that the analysis would have no impact on their grades.

The students were engaged into the blog not only during the ICT sessions, from the 
computer lab area, but also in time and place outside school, as observed from the posts 
details (date and time). Complete texts of posts were extracted from the blog. The data 
under analysis concern a time period of 9 weeks, from February to April 2010. The 
transcripts were analyzed using the coding scheme described in the next section.
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Content Analysis

Content analysis was based on existing procedures used in analyzing asynchronous 
discussions (Gunawardena et al. 1997). Every publication on the blog is considered 
as the unit of analysis. Students’ contributions to the blog were divided into:

 (a) Content posts, which included content information (e.g., text, photo, visual, 
audio, video)

 (b) Commentaries, which typically were publications in text format concerning 
questions, replies, new ideas, or comments to previous content posts

Presentation of Results

A total of 131 publications were uploaded on the blog during the investigation 
period; 39 content posts and 92 commentaries. The content posts uploaded were 
divided as following: 10 in photo format, 16 in text format, 5 in both photo and text 
format, and 8 in video (most of them were links to YouTube). Every publication 
was classified in elements and categories according to the CoI model, as shown in 
Table 1.

The CoI analysis showed that students, in general, were successfully engaged 
into the blog contributing with content posts and commentaries to their peer posts. 
There were differences in the number of posts and commentaries each student 
uploaded and the consequent learning profile into the blog. Table 2 shows the 
number of posts and commentaries for each member (students and teacher) in 
the community of blog.

Table 1 Blog’s community of inquiry

Elements
Number of 
publications Indicators

Number of 
publications

Social presence 22 Open communication 15
Emotional expression 3
Group cohesion 4

Cognitive presence 95 Triggering 14
Exploration Personal view 2

Explanation 36
Scientific knowledge 18

Integration Synthesis 15
Conclusion 10

Teaching presence 14 Design and organization 1
Facilitating discourse 7
Direct instruction 6
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Table 2 Posts and comments for each member in the community of blog

CoI membera S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11

Posts 12 1 2 1 1 3 2 2 4 – –
Comments 2 13 3 6 12 1 6 5 6 3 4

CoI member S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 T

Posts – 1 1 2 – 1 1 1 1 – 3
Comments 2 5 1 6 2 1 8 – – – 6
aS = Student; T = teacher

Social Presence

Social presence in online learning has been described as the ability of learners to 
express themselves socially and emotionally (Arbaugh 2007). There were 22 publi-
cations attributed in this category. These posts include no content information and 
were classified in the following categories (indicators): emotional expression, open 
communication, and group cohesion. The students used expressions similar to that in 
face-to-face discussions improving group cohesion, and suggested ideas supporting 
and enhancing dialogue. In Table 3 characteristic transcript examples of students’ 
posts are presented. The collaborative aspects of blogging activities are expected 
to offer opportunities to the learners for enhanced social presence and sense of 
online community, which also tends to enhance their satisfaction and improve the 
socio-emotional climate.

Cognitive Presence

Cognitive presence includes 95 publications in total, describing the extent to which 
learners are able to construct and confirm meaning through sustained reflection and 
discourse (Garrison et al. 2001). The CoI model defines four phases essential to 
describe and understand cognitive presence in an educational blog.

The starting-developmental phase of the blog reflects the initiation of critical 
inquiry and is considered as the triggering event. In triggering category were clas-
sified 14 publications, which pose either a question or start a dialogue between the 
students. An issue, question, or problem that emerges from instruction, experience 
or school life is identified and recognized. In conventional educational contexts, 
the initial generation of topics is usually directed by the teacher who assigns or 
communicates learning challenges and tasks. However, most triggering events were 
purposively or indirectly added from the students to support discourse acting as 
members of the blog community.
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Table 3 Coding scheme for blog’s CoI

Elements Indicators Transcript examples

Social presence Open communication “My friend, it would be better if you had posted  
a video in Greek, not in German…”

Emotional expression “Very nice video. One can easily understand the 
problem… Congratulations!”

Group cohesion “S1 can you explain what is this picture about?”

Cognitive presence Triggering “… Why are nitrogen and sulphur oxides 
responsible for the acid rain since they do 
not contain hydrogen?”

“… Since we have analyzed the problem of acid 
rain it would be better to discuss about 
solutions. What every one can do about this 
problem…”

Exploration
Personal view “…This photo shows that the major factor 

producing this problem is the gases coming 
from the industries…”

Explanation “Acid rain has negative consequences not only 
to monuments but to the environment we 
live  
as well… In this picture we can see what 
happens in the river when acid rain falls. It 
is dying because nitrogen oxide is increased  
and no plants, animals or fishes can live…”

Scientific knowledge “Acid rain is the result of the reaction of sulphur 
dioxide (SO

2
) and nitrogen oxide with 

carbon hydrogen in the clouds. This reaction 
creates sulphur and nitrogen acid. Sulphur 
dioxide comes from metal industries, 
electric production industries and diesel 
cars. Nitrogen oxides are produced from the 
same industries and benzene cars”

Integration
Synthesis “Some other consequences are: a) reduction of 

agricultural production, b) increase of 
temperature during summer (burning heat),  
c) problems in tourist industry etc.”

Conclusions “We have already mentioned some solutions 
regarding the problem of acid rain but I want 
to summarize: a) placing special filters to the 
industries chimneys and cars, b) using air and 
solar energy instead carbon and petroleum”

Teaching presence Design and organization “Last decades the phenomenon of acid rain is a 
serious environmental problem and many 
governments, organisations and civilians try  
to find solutions. At first you can explain 
what acid rain is?”

Facilitating discourse “Can you explain why a river dies of the acid rain?”
Direct instruction “S7, the last photo you have uploaded is not the 

Parthenon!”
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In exploration category 56 publications were classified. Indicative transcripts are 
given in Table 3. Through these posts the students expressed a personal view, based 
on pre-existing knowledge, exchanged ideas and information, and gave an explana-
tion or a new approach based on the scientific knowledge they developed. At the end 
of this phase, students begin to be selective with regard to what is relevant to the 
issue. The asynchronous nature of blogs allowed students to explore a topic before 
responding by looking back at archived posts and reflect on posts and commentaries 
provided by their peers and the instructor.

In integration category we have classified 25 publications that represent synthesis 
of ideas or conclusions formulated through the dialogue (Table 3). Once students had 
the opportunity, in the exploratory phase, to investigate and reflect on the topic, they 
were able to construct meaning through a continually evolving process of reflection 
and interaction. Integration phase requires active teaching presence to diagnose 
students’ misconceptions, to provide scaffolding and comments, and to effectively 
support students’ cognitive development and critical thinking.

According to the CoI model, the ultimate phase of students’ development and 
progression (resolution phase) requires clear expectations and opportunities to apply 
newly created knowledge (Garrison and Arbaugh 2007). Normally, the results of the 
resolution phase lead to further problems and new triggering events, thus causing 
the process to start over. This phase was not easy to be covered since this blog was 
not designed to cover this particular objective. Previous studies on the CoI model 
with regards to asynchronous online discussions, showed a relative low rate of the 
resolution phase and students’ difficulties to move toward higher cognitive and 
inquiry levels, e.g., integration and resolution (Meyer 2003; Luebeck and Bice 
2005; Vaughan and Garrison 2005; Garrison and Arbaugh 2007).

Teaching Presence

There were 14 publications in the blog identified as teaching presence posts. Most of 
them, mainly originated from the teacher, were direct instructions and interventions 
aiming to facilitate students’ discourse. The teacher facilitation posts appeared on the 
blog when the students completed dialogue on a specific topic; the aim was to support 
students’ deriving conclusions and movement to the next topic. In a couple of cases 
the students exhibited a kind of teaching presence by sending specific commentaries 
(see Table 3).

Teaching presence is not identical to teacher presence while it fundamen-
tally differentiates formal education from online learning environments like blogs. 
In blogging activities, teacher presence is expected much less tangible, since focus 
of individual postings may diffuse beyond the topics instigated by the teacher and 
the challenge of effective aggregation may mean that not all students are following 
and reading teacher posts and comments to the posts of others (Cameron and 
Anderson 2006).
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Conclusions

The study presented in this paper reported on the investigation of students’ engage-
ment in an educational blog established as a project-based learning environment. 
The findings clearly have shown that integration of ideas and construction of meaning 
is directly inferred from students’ participation in the CoI of the blog. Despite 
that the students had no previous experience in using blogs; they demonstrated 
enhanced interest for the project and willingness to participate in the blog activities 
(content and resources sharing, ideas interchanging, discussion topics, etc.). Students 
provided one another with social and emotional support which created a CoI con-
tinuously growing and evolving through collaboration, dialogue and encouraging 
students’ autonomy as self-directed learners.

A unique feature of blogs is that they enable both individual reflection and peer 
interaction. Using a blended learning philosophy to design and implement blog-based 
learning activities seems to be a promising choice resulting in wider use of blogs in 
the context of secondary and higher education as well. The present study showed 
evidence that project-based blogs can support online learning groups where students 
are able to share content and ideas, and construct knowledge within a supportive CoI. 
Properly designed blogs can extend students’ learning space beyond the classroom 
boundaries to home or personal environments, and combine formal, non formal, and 
informal learning. It is hoped that the CoI framework of analysis will aid educators 
and instructional designers to determine best practices on using blogs to enhance 
students’ engagement, communication, and learning.

The investigation presented here has the ambition to deepen existing knowledge 
and give promising results on the educational affordances of educational blogs. Our 
future research is directed to the issues of pedagogical design of educational blogs and 
the consequent teachers’ scaffolding strategies in order to support students’ engage-
ment, presentation and interchange of ideas, collaborative and reflective thinking.
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Theoretical Background

The contribution of technology to the teaching and learning of geometry is perceived 
to be strongly linked with interactivity, multiple interlinked representations, including 
symbolic ones, dynamic manipulations, and dynamic visualizations (Laborde et al. 
2006). However, relatively little research has been carried out on the way the above 
distinct characteristics of digital media can be exploited so as to engage students in 
meaningful 3d geometry investigations. Aiming to understand the way in which 
students’ intuitions and ideas concerning spatial visualization and thinking (Presmeg 
2006; Arcavi 2003) are challenged in 3d digital media, we developed a set of micro-
worlds and a set of activities adopting a constructionist theoretical perspective (Kafai 
and Resnick 1996). A distinct feature of the microworlds was that they were “half-
baked” (Kynigos 2007), i.e., incomplete or buggy digital artifacts that students had to 
investigate how they work and to change and fix them.

Our pedagogical aim was to engage the students in navigating a moving entity, 
the turtle, to construct graphical digital objects through Logo programming and the 
dynamic manipulation of procedure variable values in a 3d simulated space. Research 
seems to conclude that carefully designed Logo-based microworlds are an effective 
medium in offering rich mathematical experiences and encouraging the construction 
of meaning in 2d through the turtle metaphor (Clements and Sarama 1997; Kynigos 
1992). Navigating the turtle requires the formation of essentially novel methods of 
spatial orientation, where the reference point is not the position of the user’s body 
but the turtle’s body, relative to which the entire system of orientation may change. 
In this framework, body-syntonicity is a critical concept in 2d Turtle Geometry 
(Papert 1980) that refers: (a) to navigating the turtle by coordinating one’s body-posture, 
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physically or imaginary, with the turtle-vehicle of motion and (b) to solving 
 geometrical problems drawing upon ones embodied motional experiences.

Concurrently, students have to reconceptualize geometrical figures in terms of 
specific Logo commands, according to the distinct characteristics of Turtle Geometry 
(Papert 1980; Abelson and DiSessa 1981). Turtle geometry is based on a different 
geometrical system to those usually associated with the learning of geometry and it 
has been characterized as differential by Papert (1980) and as intrinsic by Abelson 
and DiSessa (1981) (see also Kynigos 1993). It is considered as differential since a 
given geometrical state of the turtle is fully defined by its relation to the turtle’s 
immediately previous state. In a similar vein, it is characterized as intrinsic in the 
sense that there is no need to refer to places outside the turtle’s immediate vicinity 
when deciding on an input to a procedure to change turtle’s state. Recent extensions 
of Turtle Geometry in 3d space do not offer just a new perspective in the teaching 
and learning of geometry. New issues are raised related to the way the turtle 
metaphor is put to use and the way deeply rooted intuitions about experiencing 
space and locomotion can be exploited so as to make sense of geometric notions 
(Kynigos and Latsi 2007).

Recently there has been clear research interest on the perceptions students have 
in 3d virtual environments (Hauptman 2010) and the spatial dimensions of interac-
tions though 3d avatars (Petrackou 2010). In mathematics education, these kinds 
of technological advances are investigated as far as their influences on students’ 
learning are concerned (Hollebrands et al. 2008; Jones et al. 2010). However, to 
the best of our knowledge, there is little research on understandings formed by 
students using digital media, such as MachineLab Turtleworlds (MaLT), integrat-
ing symbolic Turtle Geometry with dynamic manipulation of the user’s view-
point of the 3d simulated space and the opportunities these media offer to revitalize 
the teaching of 3d geometry. The aim of our research was to investigate: (a) the 
way the students used the software’s functionalities of changing viewpoints 
throughout the construction processes, (b) the interplay between the turtle meta-
phor and space visualization through various viewpoints, and (c) the interplay 
between the perception of figures considered in relation to different viewpoints and 
in relation to their geometric properties.

The Computational Environment

MaLT is a programmable environment for the creation and exploration of interactive 
virtual reality simulations developed within the ReMath project (ReMath 2005). 
MaLT was conceived as a constructionist microworld environment within MachineLab 
that extends the “Turtleworlds” turtle geometry to 3d geometrical space. Thus, an 
extension of Logo commands in 3d space is provided including the two conventional 
types of turtle turns (Reggini 1985): “uppitch/downpitch n degrees” (up/dp n), which 
pitches the turtle’s nose up and down, and “leftroll/rightroll n degrees” (lr/rr n), 
which moves the turtle around its trunk/vertical axis. However, the distinct feature 
of MaLT is that the Logo-based Turtle Geometry is integrated with the dynamic 
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manipulation of interactive graphical representations – a functionality characteristic 
of Dynamic Geometry Environments. In particular, the dynamic manipulation tools 
available can be divided in two categories:

Dynamic manipulation of the viewpoint of the 3d space: (a) by using toolbar’s 
buttons where the user can pick among three default views (front, side, top–
down, as shown in Fig. 1) and (b) by manipulating through mouse a specially 
designed vector tool, called the active vector, where the user can define either 
camera’s direction or camera’s position (see Fig. 2).
Dynamic manipulation of graphical figures by means of sequentially changing 
the variable values of the programs they create them through the use of specially 
designed variation tools (see Fig. 2).

Methodology

Espousing an interpretive approach in educational research (Cohen et al. 2007) in 
the study reported here we followed a design-based research method (Van Den 
Akker et al. 2006), which entailed the “engineering” of tools and task, as well as the 
systematic study of both the process of learning and the means of supporting it 
(Gravemeijer and Cobb 2006). A critical component of design-based research is 

Fig. 1 The top–down and the side view of the simulated 3d space

Fig. 2 The 1d variation tool on the left and the active vector tool on the right
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that the design is conceived not just to meet local needs but to advance a theoretical 
agenda, to uncover, explore and confirm theoretical relationships, and to create new 
theoretically expressed understandings about areas for which little is known. Thus, 
the analysis we have carried out does not comprise any kind of quantification of 
qualitative data, but rather refers to a nonmathematical process of interpretation, 
carried out for the purpose of discovering concepts and relationships in raw data and 
then organizing these into a theoretical explanatory scheme.

The research took place in the sixth grade of a public primary school in Greece. 
The class consisted of 23 pupils, who had totally 16 45 min teaching sessions with the 
experimenting teacher over 2 months. The pupils worked collaboratively in mixed-
gender groups of two or three in the school’s computer laboratory. The tasks were 
designed to bring in the foreground issues concerning the mathematical nature of 3d 
geometrical objects through their dynamic manipulation and transformation in math-
ematically meaningful ways. In particular, we divided the activity sequence in two 
phases and we developed for each one of them a strand of two tasks. In task 1, the 
pupils were asked to navigate the turtle in such a way so as to simulate the take-off and 
the landing of an aircraft. In task 2 the pupils were asked to construct rectangles in at 
least two different planes of the graphical space of MaLT simulating the adjacent walls 
of a virtual room. In the second strand of activities, the pupils experimented with half-
baked microwords. In particular, in task 3 the pupils were asked to use the 1d variation 
tool to control and experiment with the three variables that corresponded to different 
turtle turns in the half-baked microworld “Movedoor” (see Fig. 3), so as to create the 
simulation of a door opening and closing. The procedure was designed to have more 
than the variables needed. First the pupils had to decide what the role of each variable 
was and which values could be given to them. Then they had to build upon the half-
baked microworld so as to develop a procedure that creates the simulation of a door 
opening and closing with the least possible variables.

In task 4, the pupils were asked to use the 1d variation tool to control the four 
variables corresponding to turtle turns in the “half-baked” microworld “Revolving 
door,” so as to create the simulation of a revolving door (see Fig. 3). The procedure 
was designed to have more than the variables needed. First the pupils had to decide 
what the role of each variable was and which values could be given to them. Then, 
they had to build upon the half-baked microworld so as to develop a procedure that 
creates the simulation of a revolving door with the least possible variables. Finally, 
the pupils were asked to extend the procedure of the revolving door in order to create 
a simulation of the fan of a watermill. During the teaching sequence, the experiment-
ing teacher intervened in the children’s work by posing questions and encouraging 
them to clearly explain their ideas and strategies.

In order to describe the pupils’ learning trajectories as they happened in real 
time, we adopted a participant observation methodology while the main corpus of 
data included video-recorded observational data, the experimenting teacher’s obser-
vational notes as well as the sorting and archiving of the corpus of the pupils, work 
on and off computer. As far as the pupils’ work on the computer is concerned we 
used a specially designed screen capture software – called Hypercam – which 
allowed us to record pupils’ voices and at the same time to capture all their actions 
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on the screen. For the analysis we transcribed verbatim the audio recordings of all 
groups of pupils throughout the teaching sequence. Data were categorized in clus-
ters of specific critical episodes that do not represent some quantifiable entity but 
are chosen to represent clearly the kind of activity that was going on in specific time 
in the classroom. The results presented here are based on the work of one group, 
consisted of one boy and one girl, and focusing on the way the viewpoint manipula-
tion tools were used during the construction processes.

Construction Processes Through Different Perspectives

The analysis of our results has shown that the pupils’ construction processes could 
be divided in two categories: construction processes through an intrinsic perspective 
and construction processes through an extrinsic perspective, depended on the point 
of focus and the way the simulated 3d space was experienced. This division rather 
reflects the two dominant perspectives people take on space (Tversky 2005); an 
external one when they observe space and they manipulate objects in it and an internal 
one when they explore an environment and when they navigate in it.

Construction Processes Through an Intrinsic Perspective

The results of the present research underline the importance of syntonizing one’s 
body with the 3d turtle – vehicle of motion in the 3d simulated space. During the 

Fig. 3 The Logo code of the “Movedoor” and the “Revolving door” half-baked microworlds
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construction processes of task 1 the pupils preferred “flying” the turtle along the z 
axis that gave the impression of depth, at a plane vertical to the display plane defined 
by the 2d computer screen. Moreover, they kept on working on the default front view 
(although slightly slanted through the use of the active vector manipulation tool) even 
though they did not have a clear representation of the turtle’s journey (see Fig. 4).

It seems possible that the children preferred flying the turtle along the z axis (that 
gave the impression of depth) while viewing the simulated 3d space from the default 
front view since this way they could more easily coordinate the various frames of 
reference (Wickens et al. 2005) present. In order to drive the turtle in a body-
syntonic way the pupils had to coordinate the following frames of reference: (a) the 
ego frame, defined in terms of the orientation of the trunk or location of the observer, 
(b) the display frame, defined in terms of the standard way of referring to things 
presented in the computer screen, where the right/left up/down directions are fixed, 
(c) the world frame, defined in terms of the fixed directions of “up” and “down,” as 
a result of the gravitational effect, and (d) the vehicle frame of reference, defined in 
terms of the place and orientation of a moving entity, here the turtle.

Flying the turtle along the z axis, the orientation of the vehicle of motion, the 
turtle, coincided both with the orientation of the pupils’ body in the lived-in 3d 
space and with the standard way of referring to the orientation of information on the 
computer screen as well as with the world frame of reference. The pupils’ comments 
corroborate this result. When asked why they preferred this kind of flight they 
replied: “If we wanted to turn the turtle right or left, we could see from our hands. 
If we wanted to turn it right, let’s say, we would think where our hand is and we 
would send it to the right.”

It is interesting that the children are focusing more on body-syntonicity while 
not being sidetracked by the visual effects even though only an inclined line – 
corresponding to the “taking off” of the turtle – was clearly visible on the computer 
screen. This result comes in contrast to the findings of other researches in the frame-
work of 3d computational environments that have noted pupils’ preference in working 
in a plane parallel to the computer’s screen display plane (Kynigos and Latsi 2006, 
2007). Working in a plane parallel to the display plane is considered closer to pupils’ 
experiences with 2d figures in school textbooks or with 2d Logo and would elimi-
nate the convention used in the representation of the 3d space. However, it seems 
that the kind of task and the metaphor used was of critical importance: the aim was 

Fig. 4 Simulating the 
take-off and landing of an 
aircraft along the z axis and 
the respective Logo code
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not to construct just a slanted line or a geometrical figure but to simulate the take-off 
and the landing of the turtle – aircraft. In this framework, the use of the commands 
uppitch/downpitch as well as the motion of the turtle along the z axis, that gave the 
impression of depth, was rather more easily syntonized with everyday experiences 
and representations of flying aircrafts.

In the following tasks the pupils used extensively both the default 2d views and 
the active vector during their construction processes. It could be suggested that the 
various viewpoint manipulation tools were especially used: (a) when a bricolage 
construction strategy was adopted (episode 1, Fig. 5) and (b) when the pupils were 
experimenting with specific aspects of the half-baked microworlds (episode 2, 
Fig. 6). In episode 1 (see Fig. 5), the pupils are trying to construct “a wall” during 
task 2, giving commands to the turtle while using visual cues without having a clear 
strategy in mind. Their trial and error strategy is evident in the number of commands 
given to the turtle while they were trying to construct a parallelogram. It seems that 
every command is related only to the turtle’s previous position and not to the whole 

Fig. 5 First column: Episode 1. Second column: Changing viewpoints. Third column: The respec-
tive Logo code, up to the point of the construction Episode 1 is referring to

S1: Let’s see how many doors there are if the value is 720 (He plays with the 1d variation tool 
changing the values of the d variable). Only one? This perspective is not convenient, I will change it
(He activates successively all the 3 default views and he opts for the top–down one).
S2 Yes, exactly like in the case of 360. It turns two rounds.      

Fig. 6 Episode 2
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construction process and the figure’s geometric properties. When it was not visually 
clear if they had constructed a closed figure, the pupils did not resort to the geo-
metrical object’s properties (e.g., that the opposite sides of the rectangular figure 
should have equal lengths) but to the viewpoint manipulation tools, so as to check if 
the figure was closed. Then they proceeded again forwarding the turtle little step by 
little step. The bricolage construction strategy followed by the pupils could not be 
attributed only to personal styles in programming (Turkle and Papert 1990) or to 
their Logo inexperience (Kafai 1995), but also to the intrinsic characteristics of 
Turtle Geometry. It seems that programming through the turtle metaphor promotes 
initially a step by step construction where emphasis is given on “guiding” the moving 
entity in relation to its immediately previous state rather than on the geometrical 
properties of the constructed objects. Following a step by step construction in 3d 
space, the pupils used multiple views of their construction so as to get the necessary 
information before giving the turtle the next command.

During task 4, the pupils initially experimented with the values of the variables of 
the half-baked microworld “Revolving door.” They had extra difficulties in finding 
out the role of the: d variable, which determined the measure of turtle’s turning and 
respective position in the 3d space before drawing each successive door of the revolving 
door model. It follows that the d variable determined also the position of the four 
rectangle doors in the 3d space as well as their position in relation to one another.

In episode 2 (Fig. 6), the pupils are conjecturing about the number of the visible 
rectangles (doors), if the value given to d is 720. However, they do not find the front 
default view convenient and after testing all the available default views (see Fig. 7), 
they choose to continue working with the top–down view active, where the number 
of the doors created by the turtle was more clearly visible. It should be also stressed 
that the preferred default view offered pupils a simplified 2d representation that pos-
sibly helped them focus on particular aspects of their construction: the turtle’s roll-
ing around its axis and the number of rectangle doors that in the top–down view 
were represented by line segments.

In sum, it could be argued that the pupils have initially preferred a body-syntonic 
way of navigating the turtle while opting for particular views that facilitated body-
syntonicity, physically or imaginary. The emphasis on body-syntonicity with the 
turtle and generally the focus on the intrinsic characteristics of turtle geometry is 

Fig. 7 The three default views of the revolving door half-baked microworld when the value of the 
d variable is 720
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rather depicted not only on the bricolage construction strategies followed but also 
on the preferred views that seem to have helped the pupils experience 3d space 
through an intrinsic perspective: get “immersed” to the 3d space through the turtle 
metaphor or explore it through multiple views according to challenges faced. 
However, as the pupils’ construction strategies shifted to more analytic ones it seems 
that they ceased being so “immersed” in the 3d space, while starting paying more 
attention to the graphical results of the turtle’s navigation. The multiple views that 
children used during their construction processes (e.g., episode 2, see Fig. 6) could 
not be interpreted only as a way of exploring the 3d space but also as a way of oscil-
lating between focusing on turtle’s navigation through an intrinsic perspective of the 
3d space and focusing on the graphical results of its motion through an extrinsic 
perspective, a result that is treated in the next paragraph.

Construction Processes Through an Extrinsic Perspective

When using the turtle metaphor, pupils have to pass from the management of tur-
tle’s spatial movements to the construction of a graphic object (Fein et al. 1987), 
while making a distinction between the agent and the object, between the naviga-
tion of the turtle and the result of this navigation, the geometrical object. In paral-
lel, pupils have to coordinate two different viewpoints: the viewpoint of the turtle 
which must be moved in an appropriate way so as to draw a figure and the view-
point of an external observer who looks at the figural results of turtle’s movement. 
The results of the present research suggest that as the activities unfolded, the pupils 
progressively adopted an extrinsic perspective of the 3d space, observing it as 
external viewers.

In the end of task 2 there was some free time available and the pupils spontane-
ously decided to try construct a closed figure building upon their experimentation 
during task 1. They were able to combine the flights they have previously constructed. 
Each take-off and landing of the turtle was used as the building block of a “peculiar” 
figure that came as result of four repeats of the initial turtle’s journey, while turning 
the turtle 90° before each reexecution. It is also interesting – as it is evident in 
episode 3 (Fig. 8) – that the pupils adopted a more analytic programming strategy, 
visualizing the whole turtle’s journey and explaining it to each other before entering 
commands to the microworld. Moreover, when they returned to the microworld they 
did not insert and execute the Logo commands one by one but they inserted and 
executed a group of Logo commands.

Another interesting point was that before starting their construction, the pupils 
adjusted their viewpoint through the active vector, so that there was a clear sense of 
perspective of the simulated 3d space (see Fig. 8). They then continued working on 
their construction keeping this viewpoint stable. However, this was not an occasional 
choice as the pupils followed the same strategy during the construction processes of 
the fan of the watermill during task 4: They adjusted their viewpoint so as to have 
again a sense of perspective (see Fig. 9) and they kept it stable throughout the whole 
construction process. When asked why they preferred this view, the pupils just 
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replied: “It is more convenient because we can view the whole object.” But the 
question that arises is: Why did the pupils keep on working with a fixed view during 
3d constructions that seem to necessitate a high degree of spatial visualization and 
orientation? For instance would not it be easier or more body-syntonic to change 
viewpoints in order to decide turtle’s turning before each reexecution of turtle’s 

Fig. 8 First column: Episode 3; Second column: The closed figure constructed by the students; 
Third column: The respective logo commands that were executed 4 times

Fig. 9 The view preferred during task 4
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flight during the construction of the closed figure (episode 3, Fig. 8)? What were the 
reasons for this change as far as the use of the viewpoint manipulation tools is 
concerned as the activities unfolded? It seems that as the pupils got progressively 
more accustomed to the 3d turtle’s motion and the software’s representational infra-
structure, they were not so much concerned about body-syntonicity and that it was 
more important for them to have a clear sense of the 3dness both of the simulated 
space and of the simulated objects.

Constructing the simulation of a 3d object while viewing the simulated space in 
perspective was probably more realistic and familiar. However, it could be also con-
jectured that the pupils preferred a fixed viewpoint during their constructions so as 
not to change position as observers and to have, thus, a stable point of reference 
which would probably be less cognitively demanding (Yakimanskaya 1991). A fixed 
3d view rather gave the pupils a sense of space constancy, especially in cases that 
they adopted an analytic design strategy, as in episode 3, where they mentally visual-
ized the whole turtle’s journey before executing the relative commands so as to 
construct the figure. Thus, it could be argued that as the construction process became 
more complicated, the pupils preferred to view space from an extrinsic perspective, 
as external observers, focusing more on programming and geometric properties 
while taking into account the whole 3d space.

Conclusions

This study has tried to show that the way the available viewing angle manipulation 
tools were used was in a constant interplay both with the task at hand and with the 
construction strategies followed. When the focus was on turtle’s navigation and 
orientation in 3d space, the body-syntonic metaphor (Papert 1980) came to the fore-
ground while space was experienced through an intrinsic perspective (Tversky 
2005): the user was immersed in space and was trying to view it from inside. In this 
case, the pupils used various viewpoints which helped them face specific challenges 
and focus on particular aspects of their construction. The intrinsic perspective and 
the use of multiple viewpoints seem also to be adopted in cases where a bricolage 
construction strategy was followed, when the pupils had not a clear idea about the 
actions that should be taken and when the construction was progressing command 
by command through trial and error. Thus, it seems that this intrinsic perspective of 
the simulated 3d space is rather associated – among the others – with an emphasis 
on the intrinsic characteristics of Turtle Geometry (Abelson and DiSessa 1981), 
where a given geometrical state of the turtle is fully defined by its relation only to 
the turtle’s immediately previous state.

As the activities unfolded and as the pupils shifted focus from the management 
of turtle’s spatial movements to the construction of a graphic object, they had started 
experiencing space through an extrinsic perspective, through the viewpoint of an 
external observer who looked at the figural results of the turtle’s movement. In this 
case a fixed 3d view was less cognitive demanding and offered pupils both a realistic 
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effect of familiar objects, and space and shape constancy. Moreover a holistic/external 
view of the 3d space was in accordance with analytic construction strategies, where 
the pupils were trying to visualize the turtle’s journey taking into account the whole 
3d space and constructed objects’ geometrical properties before executing any 
commands on the computer. It goes without saying that there were not clear cut 
borders between the two perspectives and that there were a lot of instances that 
pupils oscillated between them according to their construction focus. This research 
was a tentative effort in appreciating an aspect of the large spectrum of the repre-
sentational potential of a specific 3d microworld in the context of constructionist 
activities. Highly visual 3d Turtle Geometry microworlds, such as MaLT, seem to 
influence not only the kind of geometrical problems posed to students but most 
importantly the way students interact with the medium and the solution processes 
followed by them. However, a lot of further research is needed in order to investi-
gate the way mathematical concepts can be integrated with spatial navigation and 
orientation in virtual environments, as well as in order to investigate the way these 
computational environments can be used in educational design.
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Introduction

Since the late 1980s, beginning with courses and projects at MIT, robotics has been 
used in education in many forms, at many levels and with many purposes. Robotics, 
aside from being a subject in itself, has also been used as an instructional tool in a 
wide range of subjects, from engineering (Ringwood et al. 2005) and computer pro-
gramming (Lawhead et al. 2003) to artificial intelligence (Parsons and Sklar 2004) 
and psychology (Miglino et al. 1999).

Within the last 20 years or so, a great many research projects have investigated 
the role that robotics can play at all levels of education. The literature regarding 
research in this area indicates that robotics is used in education with several aims, 
such as teaching various scientific, design-based and mathematical principles 
through experimentation (Rogers and Portsmore 2004), thereby developing stu-
dents’ ability to solve mathematical and logical problems (Lindh and Holgersson 
2007), enhancing their critical thinking skills (Ricca et al. 2006), motivating them 
to pursue careers in science and technology and increasing their technological lit-
eracy (Ruiz-del-Solar and Avilés 2004). Robotics can also serve to engage students 
(Robinson 2005) and promote their skills and spirit of collaboration (Chambers 
et al. 2007). Moreover, robotics may be effective for at-risk or under-privileged 
student populations (Robinson 2005; Rogers and Portsmore 2004).

On the other hand, computational thinking is a fundamental skill for everyone, 
and not just for computer scientists (Wing 2006). Computer programming can be a 
powerful educational tool for the cultivation and development of students’ cognitive 
skills. It is the basis for the development of a structured way of thinking and meth-
ods of dealing with problems in almost all subjects (Papert 1980). However, com-
puter programming is a difficult process (Bravo et al. 2005); in addition to knowledge 
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of the syntax of a programming language, computer programming is a cognitive 
process that requires several skills (Milková and Tur áni 2006). It requires students 
to have the ability to construct or understand algorithms in order to solve a problem. 
The ability to express an algorithm for an activity is important for all subject, and 
even for everyday activities (Karatrantou and Panagiotakopoulos 2008). For the 
most part, students are confronted with difficulties when they are working with 
basic algorithmic structures, as well as with variables in programming (Milková and 
Tur áni 2006; Garner 2006). Research over the last decade has shown that Lego 
Mindstorms (LMs) is a powerful educational kit, suitable for teaching introductory 
scientific concepts, technology and programming (Niederer et al. 2003), and which 
allows students to work and learn within an interdisciplinary framework and to have 
fun at the same time, while working within a motivating environment (Garcia and 
Patterson-McNeill 2002).

This paper describes three pilot case studies concerning the use of LMs as an 
educational toolkit, with different programming software in each case. The aim of 
these pilot studies is to explore the extent to which the participants could manage 
basic programming principles, concepts and structures while working in a construc-
tivist learning environment with LMs. Small groups of junior high school students, 
students in vocational secondary education and prospective primary school teachers 
took part in the three studies. Each group was asked to design algorithms and to 
create programs in order to ensure that their robotic constructions behaved in the 
way that was required by the worksheets that were distributed, while working within 
a collaborative and interdisciplinary framework.

Educational Robotics

Educational robotics promotes the construction and programming of small robots, 
and how they are guided using computer programs that learners have to create by 
themselves. Different approaches can be observed in the application of educational 
robotics, with the aim of developing learners’ competencies such as problem-solv-
ing strategies, the formalisation of thought, socialisation and the acquisition of vari-
ous concepts (Denis and Baron 1993; Alimisis 2009). Educational robotics uses 
computers in order to acquire, analyse, control and model various physical pro-
cesses in order to make it possible for learners to acquire general skills (e.g. team-
work, critical thinking, planning and scientific observation) and scientific knowledge 
in such fields as experimental science and technology. Educational robotics also 
introduces students to advanced concepts in the fields of simulation, artificial intel-
ligence and cognition.

In all educational robotics learning environments, students discover and use differ-
ent notions which are related to scientific concepts, programming languages and 
technology through an interdisciplinary approach to education. The educational strat-
egies which are developed are often linked to theories of constructivism and construc-
tionism, and refer to active pedagogy, according to which learners build up their 
knowledge at their own pace (Piaget 1974; Papert 1980, 1993). In educational robotics 
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learning environments, learners are expected to build up their knowledge and to be 
creative in reference to their own view of the world. They are given the opportunity 
to play with new ideas and technologies in a concrete way, as educational robotics 
provides a bridge between abstraction and reality. They can also develop problem-
solving strategies and increase their level of creativity and social interaction. Moreover, 
in working with robotic constructions, students are offered an authentic problem-
solving experience, as the procedures they are required to follow emulate those which 
are necessary in real-life situations (Karatrantou and Panagiotakopoulos 2008).

Several relationships between competencies and approaches in educational 
robotics have been outlined in the literature. One of these approaches is the pro-
gramming or algorithmic approach, which concerns helping learners to develop 
computational thinking and the skills required for structured ways of thinking and 
problem solving (Denis and Baron 1993; Denis and Hubert 1999). Our work in this 
chapter is focussed on this approach alone.

Teaching Programming and LMs

In the early 1980s, computer programming was first recognised as an effective tool 
with a high cognitive value for teaching the basic concepts that can be applied to 
mathematics, physics and logic (Papert 1980; Howe et al. 1989) and for transferring 
problem-solving skills to other fields of knowledge (Ennis 1994; Pirolli and Recker 
1994). However, programming requires the use of algorithms. Students’ ability to 
construct or to understand an algorithm depends on their ability to construct a sys-
tem of representation. In general, if students can express their thoughts in various 
systems of representation, they can make connections between concrete, intuitional 
and symbolic knowledge (Noss et al. 1997).

However, several studies have shown that programming is, for most students, not 
a very attractive activity. Students face difficulties in understanding concepts and 
programming structures, and only in recent years has research begun to take into 
account the complex factors (cognitive, educational and social) that are involved in 
learning when teaching programming. In the literature, problems have been reported 
relating to secondary school students’ misunderstandings in programming, such as 
the implementation of the control structure for solving simple problems (Jimoyiannis 
2003). Carlisle (2000) reported beginners’ problems with understanding repeat 
structures and proposed diagrammatic representations of their understanding. High 
school students seem to face difficulties with the determination of conditions in 
control structures, as well as with their understanding of the initial values of vari-
ables. Similar types of difficulties are reported every time students use variables in 
their programs (Sajaniemi and Kuittinen 2005). In recent years, there has been a 
growing interest in designing educational activities for teaching programming based 
on exploratory and collaborative learning. These approaches have shifted interest 
from the syntactic details of a programming language to the development of prob-
lem-solving skills (analytical thinking, abstract thinking, modelling solutions) and the 
tools which are needed to demonstrate some of the basic concepts of programming. 
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Educational robotic systems meet these requirements, while also being  motivating 
and easy to handle, making them suitable for secondary education (Wiesner and 
Brinda 2008).

The Lego/Logo technology appeared in the mid-1980s, as the first widely avail-
able true robotic construction kit, combining the popular Lego construction kit with 
the Logo programming language. In 1998, Lego released a new product called the 
LMs Robotic Invention System (RIS) kit, which included the Lego RCX brick with 
motor outputs, sensor inputs and an LCD screen. The educational version of the 
product, called LMs for schools, came with ROBOLAB, a graphical user-interface-
based programming software. In 2006, a major upgrade was released called the 
LMs NXT kit. LMs NXT comes with the LEGO NXT brick, servo-motors, new 
sensors and the NXT-G visual programming software.

The application of every version of LMs in education is in line with the concept 
of constructivist learning (Piaget 1974) and the constructionist educational philoso-
phy. Papert mentions that constructionism is built on the assumption that children 
perform at their best when they try to discover the specific knowledge they need for 
themselves. Organised or informal education can help by ensuring that the students 
are morally, psychologically, materially and intellectually supported in their efforts 
(Papert 1980, 1993). These theories state that children are much more motivated to 
learn when they can explore the world that surrounds them in a natural way.

Within the frame of these three pilot case studies, we will describe the ways in 
which Robolab and MicroWorlds EX Robotics software was used by the partici-
pants to program the RCX brick-based constructions and how NXT-G software was 
used to program the NXT brick-based robotic constructions.

The Case Studies

This paper describes three pilot case studies in which the LMs educational kit was 
used alongside different programming software in each case (MicroWorlds EX 
Robotics, NXT-G and Robolab). All three case studies are included in the research 
activities of the Computers and Educational Technology Laboratory of the 
Department of Primary Education at the University of Patras, Greece.

Small groups of junior high school students, students in vocational secondary 
education and prospective primary school teachers took part in the three pilot case 
studies, during which they were asked to design algorithms and create programs so 
that their robotic constructions would operate properly, while working in a collab-
orative and interdisciplinary framework. Within this framework, the students dealt 
with concepts relating to different scientific areas, such as light, colour, motion, 
circular motion etc., while trying to solve problems representing the natural com-
plexity of the real world.

The aim of all three pilot studies was to explore the ways in which participants 
realise and manage basic programming principles, concepts and structures while 
working in a constructivist learning environment using LMs. The main focus was 
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on the understanding and the use of control structures in programming, regardless 
of the programming environment used, according to modern approaches which have 
shifted instructors’ interest from the syntactic details of a programming language to 
their understanding of algorithmic principals and structures and the development of 
problem-solving skills (Wiesner and Brinda 2008). Control structures (sequential, 
selection, repetition) are among the most important structures in every program-
ming language and environment and, as mentioned above, students often face prob-
lems when handling them.

In all three case studies, a common methodology was used. The participants’ 
work was project-based, using suitable worksheets, and consisted of two phases, the 
familiarisation phase and the main educational activity phase.

During the familiarisation phase, after a brief presentation of the Lego kit and the 
software by the teacher–researchers, a previously made robotic construction (a Lego 
car) was given to the students and, using the appropriate worksheets, they were 
asked to recognise its components (Lego pieces), to discover the role of each piece 
and the way it worked and to program the car in order to produce the desired simple 
motion and reaction.

During the main educational activity phase, the students had to work on their 
projects in order to ensure that their robotic construction behaved in a suitable way. 
While the students were working, special attention was paid to the students’ efforts 
to complete the cycle of program development correctly (through analysis of the 
problem, designing algorithms, constructing the program and testing the program). 
Two teacher–researchers stayed with the students at all times and observed the stu-
dents’ brainstorms, discussions, working activities and reactions. They kept notes 
and intervened whenever the students needed help, mainly with scientific concepts. 
The role of the teacher was more like that of an experienced advisor and his or her 
instruction was context-driven in order to supply what was required.

Three methods were used for data collection in all of the case studies:

 (a) Observation of the participants’ work and notes kept by the two teacher– 
researchers

 (b) Audio recordings of the participants’ conversations while working
 (c) Brief semi-constructed group interviews with the participants at the end of the 

activity. The focus of the interviews was on the participants’ experience of 
using a computer, their experience of the LMs kit and the software they used, 
their satisfaction, the perceived usefulness of the software and the kit and their 
opinion of the whole procedure

First Case Study

Six students (three boys and three girls) who were attending the third grade of junior 
high school in Patras participated in the study. All of them had been taught the the-
ory of basic programming and algorithm design concepts such as control structures 
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at school. They had already been taught about sequential and selection control 
structures, but not about repetition control structures. They had never tried to 
 program anything using a programming environment before. The students worked 
in two groups of three students each for two sessions of 2 h each, based on five 
worksheets (Nikolos et al. 2008).

During the first session (the familiarisation phase), the students worked on the 
first two worksheets in order to familiarise themselves with the Lego kit, the RCX 
brick and the MicroWorlds EX Robotics software. For the first worksheet, the stu-
dents had to touch and recognise Lego pieces such as motors, lamps and sensors, 
and they experimented with controlling their functions via the programming envi-
ronment. A previously constructed Lego car was given to them and the second 
worksheet required the students to recognise its elements and to program it to move 
in different directions and ways.

During the second session, the students had to work on the main educational 
activity. For the third worksheet, they had to add the appropriate Lego piece (sensor) 
to the car so that it could recognise “red” and “green” traffic lights. The traffic light 
construction was ready for them in order to save time. After that (in the fourth work-
sheet), the students had to program the stationary car in order to recognise the “red” 
and the “green” light and to react accordingly: to remain stationary while the red 
light was on, and to start moving when the green light was on. The fifth worksheet 
asked the students to program the car to be able to stop while moving if the red light 
turned on and then to start moving again when the green light turned on.

During the main educational activity, via trial and error, discussions and the 
exchange of ideas, the students recognised the function and the role of the light sen-
sor as well as the physical concepts behind it with the help of the teacher–research-
ers. A typical example of their conversations, with agreements and disagreements, 
is: “We need a colour sensor”; “…but we don’t have a colour sensor. We have a light 
sensor”; “…let’s try it. Can it see the red colour of the red light?”; “….no, it doesn’t 
see colour, it sees numbers!”; “…what are these numbers?” “… look! The number 
is different for the green light!”; “…oh! We have to correspond numbers to the 
colours” (Fig. 1).

Fig. 1 Students working in groups (left) – The Lego car and the traffic lights (right)
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The main goal of this was for the students to understand the role and the function 
of the repetition control structure and to use it in practice. They worked with the 
structure: repeat <commands> until <condition>. They experienced difficulties in 
understanding the role of the condition in the structure and how to form it in the 
program (Table 1).

Second Case Study

Six students (four boys and two girls) who were attending the first grade of a techni-
cal and vocational secondary education school in Patras participated in the study. 
None of them had been taught basic programming or algorithm design concepts at 
school, and they had never tried to program anything using a programming environ-
ment. Three of them had been taught about basic computer science concepts in high 
school. The students worked in two groups of three students each, based on appro-
priate worksheets for two sessions of 2 h each (Eleftherioti et al. 2010).

During the first session, the students familiarised themselves with the LMs NXT 
kit and the NXT-G software (familiarisation phase). A previously constructed Lego 
car was used. The first worksheet required the students to recognise Lego pieces 
such as motors, lamps and sensors on the car, and they experimented with control-
ling their functions via the programming environment. After that, the students had 
to program the Lego car to move in different directions and ways.

During the second session, the students had to work on the main educational 
activity. They had to add the appropriate Lego piece or pieces to the car so that the 
car would be able to react to a traffic light in the same way that real cars react in real 
life. The traffic light constructions (made of Light Emission Diodes – LEDs) were 
ready for them in order to save time. For the second worksheet, the students had to 
consecutively and constructively complete the car and program it to be able to per-
ceive the red and the green lights and to react suitably. The car should be able to stop 
while moving when the red light is turned on, to remain stationary until the green 
light turns on and then to start moving again. The car should be able to react in the 
same way each time it meets a traffic light. The students found the task to be very 
interesting and started work on it immediately.

During each step, the students were asked to write down the algorithm (in pseudo-
code form) before the creation of their program. Trial and error, discussions, the 

Table 1 Students’ programs 
in MicroWorlds EX Robotics 
for worksheets 4 and 5, 
respectively

to car to light
waituntil [sensor1 < 450] bon
bon waituntil [sensor1 < 470]
End boff

waituntil [sensor1 < 430]
bon
end
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exchange of ideas, arguments, agreements and disagreements took place among the 
students while they were working. A typical example of one of their conversations, 
with its agreements and disagreements, is: “We are going to use the colour sensor”; 
“…Where do we have to put it on the car?”; “…it can’t distinguish between the red 
and green light… it seems to see the same light each time… what is the problem?”; 
“… if we use the light sensor?”; “It can measure the light intensity”; “So what…?”; 
“the red and the green light have different intensities…”; “Let’s try it …”.

They experimented with the light and colour sensors, recognised their role and 
function and discussed the physics concepts that governed them with their teachers. 
They also experimented with the position of the sensor on the car in relation to the 
position of the traffic lights. They finally decided to use the light sensor, and each 
group placed it in a different position on the car in relation to the traffic lights. In 
their effort to program the car, they worked with the control structures: repeat 
<commands> until <condition> and If <condition> then <commands>. They also 
experienced difficulties in understanding the role of the condition in each control 
structure and how to form it in their program (Fig. 2).

Third Case Study

Nine female students who were prospective primary school teachers participated in 
this study. The participants worked in three groups during the eighth semester of 
their university course. Their average age was 22 years old. They had already com-
pleted the course requirements for their degree and were waiting to graduate from 
the Department of Primary Education of the University of Patras in Greece. They 
were able to work with a computer, using Microsoft Windows and the Microsoft 
Office suite of applications. They were also experienced in using computers as a 
teaching tool for searching for information and as a platform for educational soft-
ware aimed at the primary school level. They had no prior knowledge of program-
ming. The LMs kit with RCX brick and Robolab had been exhibited in the framework 
of a course entitled “Computers and Education” 1 year earlier (during the third year 

Fig. 2 One of the students’ construction and one of the programs developed
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of their study), without the active involvement of the students. They worked for 
two sequential sessions of 2 h each, based on six worksheets (Karatrantou and 
Panagiotakopoulos 2008).

During the first session, the familiarisation phase took place with the use of a 
pre-constructed Lego car and the first five worksheets. After the initial process of 
recognising the Lego pieces on the car and experimenting with them, the students 
had to:

Program the car to move forward for a specific time interval, to stop for a specific 
time interval, to move backwards again for a specific time interval and then to 
stop (first worksheet)
Program the car to move forward for a random time interval (between 0 and x s), 
to stop for a specific time interval, to move backwards for a random time interval 
and then to stop (second worksheet)
Program the car to turn around (in the same direction) for a specific time interval, 
to stop instantly, and after that to turn around again but in the opposite direction 
for a random time interval and then to stop (third worksheet)
Mount a light sensor on the car. Place the car in different locations in the lab. 
Keep writing down the different values of the light sensor. Keep writing down 
the different values of the light sensor when a white or a black paperboard is been 
placed approximately 15–25 cm in front of the car. Write down the value of the 
light sensor without any paperboard in front of the car (fourth worksheet)
Program the car to move forward when a black paperboard is placed in front of 
the sensor and not to respond when a white paperboard is placed in front of the 
sensor (fifth worksheet)

The students in each group worked in collaboration in order to accomplish their 
main aim during the second session (the main educational activity). The sixth work-
sheet presented them with the following problem: “Put the car in the middle of a 
circle with black and white walls – paperboards (Fig. 3). Write down the algorithm 
and construct the program so that the car is able to turn around for a random time 
interval (between 0–x seconds) and then stop, and so that if a black paperboard is 
placed in front of it then the green lamp will turn on. If a white paperboard is placed 
in front of the car, nothing should happen. This pattern should be repeated until the 
stop button on the RCX brick is pressed”.

Fig. 3 The “circle” of paperboards and one of the students’ programs
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The students had to think of the appropriate algorithm, to think of and write 
down on paper the sequence of actions in their natural language (a pseudo-code) in 
order to describe the algorithm and to convert the pseudo-code into a program using 
RoboLab, in order to verify the algorithm made and to program the car.

Typical snapshots of their discussions include: “How can we make the car turn 
around for a certain time interval?”; “… should the wheels rotate?”; “…‘Yes, of 
course, but how?”; “… if we make the one wheel rotate and not the other?”; “…
should the car move forward at the same time?”; “…let’s try to turn the car around 
using our hands…. Look, it turns around, and watch, the one wheel rotates forward 
and the other one in the opposite direction …yes! That’s it!!!” and “We say if… Is 
there any IF command? Can we use something for IF?”; “…How?”; “Yes, let’s think 
of what to do with IF…”; “Well, if you (the car) see a black paperboard, move for-
ward, if you see the white one… Do nothing?”; “How can the car see the black and 
white?”; “The light sensor can measure the light intensity… yes, that’s it…”; “…
watch in front of the black paperboard, it can measure the values lower than 45…”; 
“… and in front of the white paperboard higher than 45…”; “So, we found it!”

The two groups started their project immediately and, as they were working, it 
became obvious that their confidence was increasing and their pseudo-codes were 
becoming more and more accurate and more complex, involving discrete sentences. 
They also experimented with the light sensors and recognised their role and func-
tion. In the students’ efforts to program the car, they worked with the control struc-
tures: If <condition> then <commands> and repeat <commands>… times (infinite 
in this case). However, they also experienced difficulties in understanding the role 
of the condition in the control structure and how to form it in their program as well 
as with the use of the notion of a random value in a variable. A typical algorithm 
made by the students was: “The car has stopped in the middle of a paper-wall with 
black and white pieces of paperboard. The car starts to rotate its wheels in position 
B for a random time interval between 0 and 4s and then stops. If the intensity of the 
light is less than 40, then the green lamp should be turned on for 4s. Wait for a few 
seconds and then repeat the entire procedure. If the intensity of the light is higher 
than or equal to 40 then nothing happens – wait for a few seconds and repeat the 
entire procedure. The car repeats the entire procedure until we press the off 
button”.

Qualitative Findings and Commentary

An analysis of the teachers’ written notes and observations of the students’ work, as 
well as the audio recordings, show that, in all three cases, the students’ interest in 
the project and commitment to their work increased continually. It is important that 
during the project, the students tried to understand how their constructions worked 
and what they had to do in order to make them work properly. As they were work-
ing, it became obvious that their confidence was increasing and that their algorithms 
were becoming more and more accurate and complex, to the point where they 
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involved discrete sentences. The students had the opportunity to use their experience 
as a guide and took advantage of their errors. The students’ errors provided the 
teachers with the opportunity to improve the student’s previous knowledge. They 
were provided with the necessary skills to plan a project and to carry it out to com-
pletion. At the same time, they were given a sense of community through idea shar-
ing, and were encouraged to develop collaborative and teamwork skills. It was also 
observed that, from the beginning of the group work process, the males in each 
group showed more interest in rebuilding the car and checking whether their pro-
gram worked as expected each time.

The females, on the other hand, seemed to be more inclined towards writing the 
pseudo-code and keeping notes. The girls also filled out their worksheets more care-
fully and completely, whereas the boys tended to write in short phrases or symbols 
(such as the program icons) instead of sentences. Other researchers have also 
observed similar trends in the behaviour of males and females (e.g. Fossum et al. 
2001), which appear to be consistent with Papert’s views about the dynamics which 
develop when children work with digital technology (Papert 2003), according to 
which girls desire all kinds of experiences while boys want to make something fast 
and dynamic and thus begin construction immediately.

In general, the students did not experience any major problems in recognising 
icons for each programming structure and command using Robolab and NXT-G. 
All of the groups completed their projects satisfactorily. Their solutions, as well as 
their entries on the worksheets, provided us with evidence that they understood the 
role, the function and the use of basic programming principles. At the same time, 
they had to combine concepts from various subject areas (such as physics and tech-
nology). This helped them to discover solutions through trial and experimentation 
in an interdisciplinary framework, unveiling robotics as a suitable tool with which 
to introduce the complexity and unpredictability of the physical world, a property 
which is often forgotten in the theoretical side of education.

The role of the teacher was different from normal. His/her role was more like that 
of an experienced advisor and his/her instruction was context-driven in order to sup-
ply what the students needed, when they needed it. The teacher had the opportunity 
to discern what difficulties the students experienced with concrete topics, as well as 
their interests and behaviours.

The interviews provided interesting answers to the questions under consider-
ation. The students were very interested in their work with LMs and the program-
ming environments, regardless of their previous experience and skills with computers 
or technology. Most of them stated that LMs helped them to understand in practice 
what an algorithm is and how to create a program, and that they enjoyed working 
and were motivated to compose an algorithm so that their construction would exhibit 
the desired behaviour.

In addition, the prospective teachers stated that the use of LMs can help students 
to think reasonably and to organise the necessary steps in order to solve a problem. 
It is important for children to learn to make algorithms, because algorithms are 
necessary in everyday life in order to solve problems in a more accurate and struc-
tured way. These participants found such activities to be interesting and useful from 
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a pedagogical perspective, and all of them suggested that they would try to use LMs 
with Robolab in the future with their students.

These findings are definitely positive, but the short duration of the experiments 
and the limited number of the participants in each case study poses some questions: 
Would the students’ feelings and attitudes be the same if they used LMs over a lon-
ger period of time and on a regular basis? How do we assess whether and what the 
students learn using robots? Would the findings be the same with a larger number of 
participants? These questions should be answered in further research.

Conclusions

In this paper, an effort was made to explore the extent to which participants in three 
different pilot case studies could manage basic programming principles, concepts 
and structures while working in a constructivist learning environment and in an 
interdisciplinary framework with LMs.

All of the participants were satisfied with their experience of the LMs environ-
ment, enjoyed their work and expressed an interest in learning and working more 
with it. Most of them found these educational activities to be more interesting and 
effective than the traditional ones. During their work and “play” with the Lego 
devices, as well as with lights, motors, sensors, motions and directions, they met 
concepts from the fields of physics, mechanics, technology and programming in 
practice in an interdisciplinary framework.

The results of the case studies showed that the LMs environment helped and 
motivated the students in all of the groups to compose the appropriate algorithms, 
giving them in pseudo-code in every step, and to convert them into a program.

In conclusion, the use of robots can provide a visceral, “hands-on” learning 
experience for students who have never programmed before and may help them to 
comprehend basic algorithmic principals and structures. This would serve as a 
bridge between our approach and a more traditional programming environment, as 
many research projects have shown (Fagin et al. 2001; Hirst et al. 2002). However, 
there is an apparent need for analysis that would provide more convincing data to 
support the use of robotics for educational purposes. It is very important to measure 
the effectiveness and perceived usefulness of these approaches in terms of learning 
outcomes and students’ satisfaction (Malec 2001).
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Introduction

For years, several researchers and teachers support that involving students in 
laboratory-based activities in science contributes not only to the construction of 
conceptual knowledge but also to the development of a scientific way of thinking. 
However, research studies suggest that during experimentation based on hands-on 
experiments, students are frequently preoccupied with handling equipment setups 
and taking measurements, which questions the effectiveness of laboratory based on 
hands-on experiments as only one of its kind environment for promoting scientific 
understanding (Psillos and Niedderer 2002; Niedderer et al. 2003). With the advance 
of ICT technology, virtual laboratories have emerged as powerful environments as 
well. Virtual laboratories simulate real science laboratories on a computer screen, in 
a visual and functional manner, by exploiting modern multimedia technology and 
especially user interaction, immediate and realistic variable change, and equipment 
handling (Kocijancic and O’Sullivan 2004). For example, using simulations to 
model a phenomenon or process, students can perform experiments by changing 
variables (e.g., resistances in a circuit) and then observe the effects of their changes 
(e.g., the current). In this way, students may investigate the properties of the under-
lying model (Ohm’s law).

Recently, the increasing use of virtual laboratories in Science Education and the 
finding that virtual manipulatives can be as effective in teaching as real laboratory 
equipment (Triona and Klahr 2003; Klahr et al. 2007), has stimulated a discussion of 
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redefinition of their role (Hofstein and Lunetta 2004). A large number of research 
studies have shown that virtual laboratories, as educational environments, are not 
inferior to their real counterparts (Triona and Klahr 2003; Keller et al. 2005; Klahr 
et al. 2007; Jaakola and Nurmi 2008) with regard to conceptual understanding as 
well as designing experiments. Moreover, in a number of cases results indicate that 
virtual laboratories may even outperform real laboratories (Zacharia and Anderson 
2003; Wieman and Perkins 2005; Finkelstein et al. 2005; Zacharia 2007). On the 
other hand, there are also studies in which real laboratories seem superior to virtual 
ones (Steinberg 2003; Marshall and Young 2006). As Evagelou and Kotsis (2009) 
remark in their literature review, these research studies are mainly focused on 
University students (60%) and seldom refer to primary school pupils (20%) or high 
school students (20%). Furthermore, of those referring to high school students none 
is in the field of electric circuits, which is especially suitable for a comparison 
between virtual and real environments since objects with similar properties can be 
used in both environments.

According to the literature (Harms 2000), modern virtual laboratory environments 
can be categorized into five groups: Simulations, networked applet labs (Cyber Labs), 
Virtual Labs, Virtual Reality Labs (VR Labs), and Remote Labs. Simulations, Virtual 
Labs, and Virtual Reality Labs are computer applications that, mainly for speed and 
security reasons, are executed at the user’s local computer, which restricts their use 
inside the school premises. Assignment of exploratory homework utilizing the virtual 
laboratory at home can be possible only with the use of either Remote Labs, or, more 
simply, Cyber Labs. However, constructing a Remote Lab (robotic lab controlled 
over the network), or, building a java applet requires skills which are beyond those 
possessed by the average teacher. Thus, during teaching, teachers may use applets 
available on the Internet, without being able to create their own or modify existing 
ones. The Open Learning and Laboratory Environment (OLLE), which is described in 
the next section, fills this gap by enabling the user to construct, through the virtual labo-
ratory, an applet of his choice and use it as a Cyber Lab either locally or remotely.

In this context, the aim of the present study is to investigate whether using the 
affordances the modern virtual laboratories provide, embedded in a teaching-by-
guided-inquiry intervention, can be successful in promoting conceptual evolution in 
the field of electric circuits. More specifically at first we aim to compare the improve-
ment in conceptual understanding of junior high school students when they are 
involved in activities based on the VR Lab of OLLE and when they are involved in 
activities based on an equivalent hands-on laboratory environment, in the context 
of a teaching-by-guided-inquiry intervention in the field of simple electric circuits. 
As noted above, according to the literature, such a comparison has not been carried 
out for high school students. A second aim is to study the conceptual improvement 
observed in junior high school students in the field of electric circuits when the 
guided inquiry process makes use of the Cyber Labs OLLE creates. The reasons for 
choosing to implement OLLE and hands-on in a guided inquiry intervention is that 
research showed inquiry to be a powerful approach for involving students in active 
construction of new knowledge and enhancing students’ conceptual understanding 
(de Jong 2006).
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Description of the OLLE VR Lab  
and the Exported Cyber Labs

OLLE is a multifaceted virtual laboratory in the fields of Optics and Electricity 
developed in the Greek language (Bisdikian et al. 2006; Psillos et al. 2008). As 
its name suggests, it is an open virtual laboratory environment in which users 
construct the setup of their choice with fully and continuously functional virtual 
instruments.

Apart from the 3-dimensional virtual reality laboratory with navigation and 
rotation capabilities, zoom etc., OLLE provides its users with an additional space 
in the virtual lab, the model-space (Fig. 1), which depicts a 2-dimensional symbolic 
representation of the real laboratory setup. In the electric circuits laboratory, model-
space displays in real time the schematics of the circuit constructed by the user. 
A detailed presentation and description of OLLE and the electric circuits laboratory 
has been presented previously (Psillos et al. 2008).

Another innovative aspect of OLLE is the potential to store the experimental 
setup in the form of a fully functional java applet. Practically, this means that from 
each experimental setup a new simulation can be exported, which can be executed 
independently of OLLE, in the form of an applet. These simulations are similar in 
appearance to the 2-dimensional model-space, with the addition of the freedom of 
handling existing in the 3-dimensional virtual lab (freedom to move an object and 
alter its properties). These Cyber Labs are therefore fully functional 2-dimensional 
symbolic multi-parametric representations of the virtual laboratory, highly consistent 
with the theory (Fig. 1). Moreover, the freedom of altering an object’s properties is 
larger than it is in the virtual lab, since the virtual lab simulates the real world as 
closely as possible and thus obeys the real world restrictions on the range of values of 
the properties of the real objects.

Fig. 1 The electric circuits laboratory of Open Learning and Laboratory Environment (OLLE) 
with the model-space (left) and the respective applet exported by it (right)
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Method

The Sample

The teaching intervention took place in a junior high school of central Macedonia in 
Greece in the field of electric circuits during the months of January and February 
2010. Teaching of physics is compulsory in junior high school, which is called 
Gymnasium. Thirty-two students of the third grade of Gymnasium, 15–16 years 
old, participated. The students were randomly assigned into two classes and had not 
previously attended any course relevant to electric circuits in secondary education. 
They had experienced some teaching and were familiarized with electric circuits in 
elementary school 3 years earlier.

The Teaching Intervention

It is well known that students of this age share alternative conceptions in the field of 
electric circuits, which are preserved despite their participation in traditional teaching 
approaches in Greece and elsewhere (Shipstone 1984; McDermott and Shaffer 
1992; Psillos 1997; Keramidas and Psillos 2004). The aim of this intervention is to 
enhance students’ conceptual understanding about electric circuits. Researchers 
have suggested that conceptual understanding may be accomplished through active 
construction of knowledge when students are involved in inquiry-based activities 
through the use of real or virtual laboratory inquiry-based experimentation (Hofstein 
and Lunetta 2004; Lefkos et al. 2005; Zacharia et al. 2008).

Our teaching intervention was divided into two phases. The approach in both 
phases of the intervention was based on guided inquiry (McDermott and Shaffer 
2002; Sadeh and Zion 2009). Students were discreetly guided by the teacher and the 
appropriate worksheets. In the first phase, students investigated the phenomena 
under study by performing realistic actions either in the user-friendly virtual reality 
laboratory or in the real laboratory, observing immediately and repeatedly the results 
of their constructions. In this way a qualitative and semiquantitative model was built 
with which students could explain the behavior of simple electric circuits. In the 
second phase, students constructed virtual circuits within the networked applet labs 
and explored the mathematical relationships that describe the phenomena under 
investigation. Students worked in pairs in class, whereas they completed the work-
sheets individually. Homework was also carried out individually.

More specifically the first phase lasted 7 h and was performed in the school com-
puter laboratory making use of the OLLE VR Lab (without the model-space tool) 
for the one class (experimental group, EG) and in the school physics laboratory for 
the other class (control group, CG). Both groups used the same instructional method 
(guided inquiry), the same instructional material and conducted the same experi-
ments, differing only in the nature of the equipment they used (virtual vs. real). 
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After this phase, in order for the students to become familiar with both kinds of 
equipment and for us to explore any inherent differences between the two classes 
abilities to understand the material taught, the two classes were interchanged so that 
EG used real equipment and CG used virtual equipment. This additional interven-
tion lasted 3 extra hours and dealt with the same concepts as the ones dealt with in 
the first phase.

The second phase was performed both at school and at home by one class (applet 
group, AG), exclusively utilizing the Cyber Labs OLLE exports. It lasted 5 h in 
class and approximately 2 h at home. Two 16-student classes participated in the first 
phase (groups EG and CG) and one 16-student class in the second phase (group 
AG). The students in the AG group at the second phase were the same as in the CG 
group of the first phase and thus had some experience with using both real and 
virtual laboratory equipment.

The content of the intervention is adapted from the school textbook of Physics, 
covering the larger portion of the chapter entitled “Electric Current” in the third 
grade of junior high school (Antoniou et al. 2008). The first phase of the interven-
tion treated the concepts of electric circuit, electric current, intensity of electric 
current, electric resistance, and potential difference (voltage) in an electric circuit, 
under the guidance of the teacher and relevant worksheets. Teaching utilized exclu-
sively the OLLE virtual laboratory for the EG and the real laboratory for the CG. 
Initially, the students constructed electric circuits with batteries and light bulbs, 
which were used as electric current indicators and discovered the requirements that 
must be met by a circuit for electric current to flow through it. Then they used 
ammeters to measure the intensity of the electric current and recognized that the 
brightness of a bulb can function as an electric current intensity indicator. Next, 
the students constructed circuits with bulbs connected in series and in parallel and 
used the ammeters to measure the intensity of the electric current at various points 
in the circuit and study the properties of these circuits. They found that the current 
flowing through a battery is not always the same but depends upon the number of 
bulbs and the way these are connected to it. In search for a quantity which remains 
constant across the battery, they used the voltmeter and were introduced to voltage. 
Finally, the concept of electric resistance was discussed and students connected it 
qualitatively to the intensity of the electric current flowing through some element 
when the voltage across it remains constant.

Guided inquiry activities were a crucial element in the intervention and were 
carried out on the basis of structured modular worksheets consisting of various steps 
based on a laboratory variation of the familiar Predict-Observe-Explain strategy 
(White and Gunstone 1992), including prediction – carrying out of the experiment – 
results discussion and interpretation and conclusion. In general, each worksheet 
referred to more than one experiment. A typical activity worksheet in this phase 
would contain an initial problem question to provoke a student prediction (e.g., “Do 
you think that the intensity of the electric current before or after a bulb is greater and 
why?”) and then would guide the student through a sequence of steps to explore the 
problem (e.g., measure the intensity of the current before and after a bulb), search 
for the answer, and evaluate his/her prediction.
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In the second phase a quantitative model was suggested to students in order to 
explain the properties of simple electric circuits. This phase (Cyber Lab) was 
performed with inquiry activities at the school computer laboratory and with exten-
sions of the theory performed by the students as extra activities at home. It dealt 
with Ohm’s law, circuits with resistors connected in series and in parallel and 
Kirchhoff’s two laws. In two of the activities, (connecting resistors in series and in 
parallel) the students were assigned extra exploratory activities at home, which were 
carried out using Cyber Labs via Internet. The Cyber Labs had been earlier exported 
by the teacher from OLLE and installed in a computer server at the Aristotle 
University of Thessaloniki. Students connected to this computer, either from the 
school computer laboratory or from home, executed the Cyber Labs within a World 
Wide Web browser, constructed the necessary circuits from the elements present in 
the Cyber Labs and examined the circuits’ operation by changing various parame-
ters, like the resistors’ resistance (Fig. 2).

In this second phase, a similar pattern including guided inquiry activities was 
followed. A typical activity worksheet in this phase would contain an initial problem 
question to provoke a student prediction (e.g., “Do you think that connecting two 
resistors in parallel produces a larger equivalent resistance and why?”) and then would 
guide the student through a sequence of steps in order to explore the problem 
(e.g., measure the intensity of the current coming into the parallel resistors circuit and 
the voltage at the ends of the resistors and using Ohm’s law to calculate the equivalent 
resistor of the system), find the right answer, and evaluate his/her prediction.

Instrumentation

Students’ conceptual understanding during the first phase was assessed by 
 comparing their answers to five questions before the 7-h intervention and after it 
(pretest1 and posttest1). For both classes, the questions were the same in pretest1 

Fig. 2 An OLLE applet for exploring Ohm’s law at home
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and  posttest1 of multiple choice type, adapted from the literature (Chang et al. 
1998; Keramidas and Psillos 2004) and included five possible answers to reduce 
random choice. The first two questions aimed at investigating the students’ use of 
current models. The next two questions aimed at investigating the students’ views 
for the behavior of the battery as a source in a circuit (e.g., if it gives off constant 
current) and the last question aimed at showing if students think that the more 
resistors connected in a circuit the greater its resistance is. More specifically, the 
first question was about the relative bulb brightness in a circuit with one bulb and 
a circuit with two bulbs connected in series. The second question was about rela-
tive bulb brightness in a circuit with one bulb and a circuit with two bulbs con-
nected in parallel. The third question was about current flowing through the battery 
(voltage source) in circuits with one bulb, or two bulbs connected in series and in 
parallel. The fourth and fifth questions were about the voltage across the poles of a 
battery and the total resistance of bulbs in the circuits of the third question. The 
same posttest1 was also administered to the students after the additional 3-h inter-
vention at the end of this phase. The translation of one question of the first phase 
evaluation test is shown in Fig. 3.

Similarly, in the second phase the assessment was performed by comparing the 
students’ answers to five questions before and after the intervention (pretest2 and 
posttest2). Once again the questions were the same in pretest2 and posttest2, and 
they were multiple choice questions regarding the students’ conceptual improve-
ment. The first question aimed at investigating the use of current models, while the 
second one aimed at showing the students’ views on the total resistance and how 
students relate it to the number of resistors and their connection. The last three ques-
tions aimed at finding out if students used mechanically Ohm’s law and Kirchhoff’s 
rules or have a better understanding of them. The first question was about the inten-
sity of the current before and after it flows through two bulbs connected in series. 
The second question was about the change in brightness of a bulb connected in 
series with a second bulb, when a third bulb is added parallel to it, so that the total 
resistance of the circuit decreases. The third question regarded the relationship 

Fig. 3 A question of the first phase evaluation test
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between the intensity of the current, the voltage, and the resistance of a resistor 
which is connected to a voltage source. The fourth and fifth questions regarded 
numerical applications of Kirchhoff’s first and second law in a circuit with a battery 
and two resistors connected in parallel and, along a circuit with a battery and two 
resistors connected in series, respectively. The translation of one question of the 
second phase evaluation test is shown in Fig. 4.

Data were statistically analyzed for internal validity by calculating Cronbach a 
for each set. Differences in student performance between the results of pre- and 
posttests were examined by means of paired samples t-tests. The scores of the two 
classes in the first phase were compared by means of an independent samples t-test. 
The improvement between the pre- and posttest results was also checked by calcu-
lating the corresponding Hake gain. Hake gain is defined as the difference between 
the scores in pre- and posttest normalized by the maximum possible increase (Hake 
1998). It is an important parameter for measuring the effectiveness of a teaching 
intervention since it normalizes the improvement of the student scores, thus correcting 
for any effects due to the students’ different initial knowledge (Lenaerts et al. 2003). 
Recently, Hake gain has been used in small samples to monitor students’ progress 
in experimental design skills (Lefkos et al. 2011).

Results

In the first phase for the two classes EG and CG in pretest1, Cronbach a was 
calculated to be 0.846 and 0.875, respectively; while in posttest1 it was calculated 
to be 0.802 and 0.726, respectively. In the second phase, in pretest2, Cronbach a 
was found equal to 0.715 and in posttest2 equal to 0.781. In all cases, the right-
answer distributions were compatible with the uniform distribution according to 
the Kolmogorov–Smirnov test.

The average score of the experimental group (EG) in the five pretest1 questions 
is 0.75 right answers per student, with a standard deviation of 1.2. The average 
score in posttest1 is 2.7 right answers per student, with a standard deviation of 1.7. 

Fig. 4 A question of the second phase evaluation test
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A comparison of these scores indicates an improvement for the average student, 
who, from one right answer in five questions in the pretest, reached the level of 
about three right answers in the posttest. A statistical analysis with a paired samples 
t-test indicates that the possibility that there is no improvement can be safely ruled 
out since the possibility for such a scenario is 0.2% (p = 0.002 < 0.05). The scores of 
this class per question and the corresponding Hake gains are shown in Table 1. The 
average number of students with a correct answer per question has increased from 
2.4 (15%) to 8.4 (53%) producing a Hake gain of 0.44.

The control group (CG) in the five pretest1 questions achieved a score of 0.8 right 
answers per student with a standard deviation of 0.9. This is similar to the score 
achieved by the experimental group. The possibility that any differences between the 
two groups are purely statistical in nature is 87% (p = 0.87 > 0.05) according to an 
independent samples t-test. The average score of the CG in posttest1 is 3.2 right 
answers per student with a standard deviation of 1.4. Comparison with the group’s 
pretest scores indicates an improvement for the average student, who, as in the EG, 
from one right answer in five questions in the pretest1 reached the level of three right 
answers in the posttest1. The possibility that there is no improvement is statistically 
limited to 0.0% (p = 0.000 < 0.05) through a paired samples t-test, while the Hake 
gain for this group is 0.57. Table 1 also shows the scores of this class per question and 
the Hake gains. The average number of students with a correct answer per question 
has increased from 2.6 (16%) to 10.2 (64%). The left graph of Fig. 5, which shows 
the average number of right answers per student, describes visually the student con-
ceptual and field knowledge improvement in the first phase for both classes.

The results of Table 1 reveal that initially at each pretest question the majority of 
the students fail to answer correctly, whereas after the teaching intervention, about 
half of the students who failed to answer correctly in a pretest question changed 
their view to the scientifically accepted one. A closer examination of the students’ 
views in the pre- and posttest questions reveal that the conceptions which persisted 
the most throughout the intervention are that two bulbs connected either in series or 
in parallel do not have the same brightness (the bulb being further from the battery 

Table 1 Results per question from the first phase

Question

Pretest1 Posttest1

Hake gainRight answers Right answers

EG CG EG CG EG CG

Brightness of bulbs  
in series

4 5 9 11 0.42 0.55

Brightness of bulbs  
in parallel

3 4 10 10 0.54 0.50

Battery current intensity 1 0 7 9 0.40 0.56
Battery voltage 4 4 10 12 0.50 0.67
Total resistance 0 0 6 9 0.38 0.56
Average of right answers  

per question
2.4 2.6 8.4 10.2 0.44 0.57
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is believed to be dimmer), that a battery always produces electric current of the 
same intensity independently of the rest of the circuit connected to it and that two 
bulbs have always larger resistance than a single bulb regardless of the way they are 
connected. Although the number of students believing in these ideas decreased sig-
nificantly at the end of the first phase, a number of students in both groups continued 
to express the same views even after constructing circuits which contradicted their 
initial beliefs.

During the second phase, the results for the conceptual enhancement were similar. 
The student scores in the five questions of pretest2 showed an average of 1.1 right 
answers per student with a standard deviation of 1.4. It is apparent from these scores 
that the knowledge the students acquired during the first phase was not adequate for 
them to answer the questions of this test satisfactorily. In posttest2 the results show 
an average of 2.3 right answers per student with a standard deviation of 1.7. A com-
parison of the results of the pretest2 and posttest2 again indicates an improvement 
in average student performance. A statistical analysis with a paired samples t-test 
shows that the case for no improvement can be discarded since the possibility for this 
scenario is 0.3% (p = 0.003 < 0.05). Table 2 shows the right answers of the students per 
question and the corresponding Hake gains for the second phase. The average number 
of students with a correct answer per question has increased from 3.6 (23%) to 7.2 
(45%) indicating a total Hake gain of 0.29. The right graph of Fig. 5 shows graphi-
cally the average number of right answers per student in the second phase.
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0,00
0,50
1,00
1,50
2,00
2,50
3,00
3,50

Pre-test Post-test Pre-test Post-test

R
ig

h
t 

an
sw

er
s 

 EG
CG

Average of right answers per student in the
second phase

0,00

0,50

1,00

1,50

2,00

2,50

R
ig

h
t 

an
sw

er
s

AG

Fig. 5 The average of right answers per student for each group

Table 2 Results per question from the second phase

Question

Pretest2 Posttest2

Hake gainRight answers Right answers

Current continuity 6 10 0.40
Brightness of bulb in mixed  

connection
4 6 0.17

Ohm’s law 5 8 0.27
Kirchhoff’s first law 2 6 0.29
Kirchhoff’s second law 1 6 0.33
Average of right answers  

per question
3.6 7.2 0.29
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Table 2 shows that although the average number of students answering correctly 
in the second phase doubled after the teaching intervention, for most questions it is 
less than half of the students who managed to answer correctly in posttest2. Possible 
reasons for this are discussed in the next section. It is noteworthy however, that there 
are three students (19%) sharing the conceptions described in the first phase who 
continue to express similar views also in the posttest of the second phase as can be 
inferred from their replies in the first two questions of posttest2. Furthermore, four 
students (25%) who answered correctly the questions in the first phase by applying 
the scientifically accepted ideas to simple questions, fail to apply the same ideas to 
answer more complex questions in pretest2 and two of them (13%) fail to do so even 
after the second teaching intervention in posttest2. Also, the students’ alternative 
answers in questions 4 and 5 of posttest2 reveal a tendency of the students to prefer 
to add two given numbers in order to produce a result out of them than to subtract 
them (e.g., the majority of students tended to add currents I

2
 and I

3
 in order to find 

the current I
1
 in the question of Fig. 4).

Discussion and Conclusions

The Cronbach a measurements in both phases suggest that although our research 
tools contained a small number of questions, they were reliable in measuring the 
knowledge evolution of the students. The results presented in Table 1 and Fig. 5 
seem to suggest that in the first phase the control group (CG) has a greater conceptual 
improvement than the experimental one (EG). However, such a conclusion is not 
statistically valid. The small number of participating students and the relatively 
large standard deviations do not allow us to rule out the possibility that the difference 
in the scores of the two classes is purely statistical. An independent samples t-test 
between the scores of the two classes in posttest1 reveals that there is a possibility 
of 33% that their differences are due to statistical effects (p = 0.33 > 0.05) and not 
due to the different nature of the laboratory environment used.

In order to further explore this phenomenon, we exchanged the classes in terms 
of the way teaching was performed and conducted 3 more teaching hours in which 
the EG used the real laboratory and the CG used the OLLE virtual laboratory. 
During these additional hours, students were taught again the same concepts. 
Afterwards, the conceptual evolution of the students was assessed with the same 
posttest1. It was anticipated that if the small statistically nonsignificant difference in 
the two classes’ scores was influenced by the difference in the nature of the laboratory 
environment, it would decrease after the extra intervention. This however did not 
happen. In this test, EG scored 2.8 right answers per student with a standard devia-
tion of 1.8, whereas the CG scored 3.3 right answers per student with a standard 
deviation of 1.4. The difference in the two classes’ scores remained almost constant 
but nonsignificant despite the interchange in the teaching equipment used.

Regarding the conceptual enhancement in junior high school students in the 
field of electric circuits when teaching utilizes virtual equipment embedded in a 
guided inquiry teaching sequence, an improvement is observed both when a full 
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VR laboratory is used and when only the Cyber Labs exported by OLLE are used. 
The improvement observed in both cases shows that virtual laboratories embed-
ded in a guided inquiry teaching sequence may contribute to the enhancement of 
conceptual understanding of electric circuits in junior high school students 
whether they are used with their realistic form or in the form of symbolic applets. 
A review of Tables 1 and 2 shows that the Hake gain is larger during the first phase 
than during the second (0.44 and 0.29, respectively). One possible explanation for 
this may be due to the utilization of the virtual lab in the first phase and the applets 
in the second. However, the smaller improvement during the second phase, which 
is apparent from the respective Hake gain, may be attributed to the possibly greater 
difficulty students may have in understanding the content of the second phase 
(Ohm’s law and Kirchhoff’s laws) and using a quantitative rather than a qualita-
tive model for electric circuits.

Discussion among researchers is lively, and mixed results on the use and effects 
of virtual laboratories are reported. Some issues under study concerning their 
effectiveness in promoting conceptual understanding are whether virtual laborato-
ries should be used alone and whether they are as effective as hands-on work 
(Finkelstein et al. 2005; Zacharia et al. 2008). Within the limitations of our small 
sample, the results presented here indicate that the affordances incorporated by 
design into modern virtual laboratories like OLLE enable them to be utilized in a 
teaching-by-inquiry intervention for confronting conceptual problems and enhancing 
content knowledge in the field of electric circuits. When compared to the real 
physics laboratory, the virtual laboratory produced a similar students’ knowledge 
improvement. This answers our first research question, and suggests that knowl-
edge improvement in the area of electrical circuits does not relate to the nature of 
the laboratory environment, i.e., real or virtual, used in the context of a guided 
inquiry approach. Such a finding for high school students is in line to findings 
regarding university students and supports the conclusions reached by recent 
studies (Jaakola and Nurmi 2008).

Besides, it is notable that significant knowledge improvement is also observed 
when Cyber Labs with symbolic representation of the circuit elements are exclu-
sively used. This answers our second research question. We consider that we cannot 
exclude the influence of familiarization of these students with virtual manipulatives 
in the 3-dimensional appearance in phase one as well as that the students were 
actively engaged in inquiry activities during both phases. Alternatively, within the 
limitations of the present study, we think that such results suggest that in some fields 
students may successfully interact directly with virtual laboratory environments, 
which only provide a symbolic representation of the physical system at study. Our 
findings raise the question whether it is the virtual manipulatives that matter in 
investigative activities for promoting students’ understanding of the concepts of 
electric circuits, and not the nature or appearance of such equipment. This opens 
new possibilities for incorporating virtual laboratories into science teaching and 
should be further researched with larger samples than in our research and in 
 knowledge fields beyond electric circuits.
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Introduction

Over the last decade, the area of games-based learning has evolved to provide a 
stimulating and engaging learning experience for younger learners who have been 
brought up in a technologically rich environment. Such learners can be termed digi-
tal natives (Prensky 2001) or iLearners who have been heavily influenced by the 
latest highly interactive and individual technologies such as iPods, iPhones, iPads, 
Wii games consoles, as well as Wi-Fi Internet access and graphic-rich multiplayer 
Internet gaming. In contrast, many of today’s educators and teachers were largely 
brought up in a less technologically advanced world. Connolly et al. (2007) observed 
younger generation learners exhibited a cognitive preference to certain media, for 
example they liked portability and are more frustrated with technology that ties 
them to a specific location.

According to Connolly and Stansfield (2007) games-based learning can be 
defined as the use of a computer games-based approach to deliver, support and 
enhance teaching, learning, assessment and evaluation. Games-based learning has 
been applied to a variety of different fields such as medicine, science and mathemat-
ics, military training, language learning, computer science and business and knowl-
edge management. Connolly et al. (2004) suggest that computer games are well 
suited to use within an educational environment because they build on theories of 
motivation, constructivism, situated learning, cognitive apprenticeship, problem-
based learning and learning by doing. In addition, it can be argued that the younger 
generation of “iLearners” prefer video, audio and interactive media and do not read 
as many traditional books as previous generations, and due to shorter attention spans 
require learning in smaller size chunks. As result of the Internet, learners today 
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learn much more collaboratively than in previous generations, thus there is an 
important need for educators to embrace and adopt approaches to teaching and 
learning that are better suited to the learning styles that the younger generation of 
learners now adopt and provide a more stimulating and engaging learning environ-
ment. It is as a result of this need that the next section will explore some examples 
of how games-based learning and interactive technologies have been used in 
education.

Examples of Games-Based Learning in Education

In recent years, numerous games-based learning applications have been developed 

section focuses on examples most notably within business, the classroom environ-
ment and within the context of further and higher education, highlighting how they 
have enhanced learning and engagement among learners.

Games-Based Learning in Business

An example of a game used for teaching business and leadership skills is SimuLearn’s 
Virtual Leader (http://www.simulearn.net), which provides a 3D-simlation game 
aimed at trainers in providing accelerated learning in a wide range of business-
related skills such as effective leadership, communication, team building and group 
dynamics, how to foster creativity, and project management. A screen shot showing 
some of the game’s features and characters is shown in Fig. 1.

-
ligence characters as a leader who is then provided with the task of getting the team 

challenging as a result of the virtual team members having particular personalities, 
viewpoints, allies and agendas. As a result, the leader must apply certain principles 
relating to effective leadership in order to get the group to focus on the task in hand. 
Leaders are judged on how individuals in the group respond to the tasks and the 
actions they take. Virtual Leader has been used within the context of training with 
several large organisations such as Coca-Cola and Johnson & Johnson.

Games-Based Learning in Teaching Software Development 
Requirements Collection and Analysis

An example of a games-based learning application in this area is provided by 
Connolly et al. (2007) who developed a game aimed at helping further and higher 
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education students learn key skills and knowledge associated with software 
 development requirements collection and analysis. Connolly et al. (2007) state that 
software development requirements collection and analysis can be considered to be 
a “wicked problem” as a result of what can often be viewed as incomplete, contra-
dictory and changing requirements and solutions that are often difficult to recognise 
due to complex interdependencies. As a result, students often find considerable 
 difficulty in understanding implementation-independent issues and analysing prob-
lems where there is often no single, simple or correct decision. In order to address 
these important issues, a simulation game “SDSim” was developed in which an 
example of the interface is shown on Fig. 2.

In the game, a team comprising one or more players are tasked with managing 
and delivering a software development project in which each player has a specific 
role (e.g. project manager, systems designer, team leader) and must communicate 
with nonplayer characters in the game to find the relevant information in order to 
successfully produce a high-level design that addresses the client’s requirements. 
A detailed evaluation of further and higher education level students using the SDSim 

2010) found that it did have a significant impact in motivating stu-
dents and providing a stimulating environment within which to learn key skills and 
knowledge associated with software development requirements collection and anal-
ysis as compared with more traditional text book and classroom-based teaching and 
learning.

Fig. 1 Virtual Leader’s interface



230 M. Stansfield et al.

Games-Based Learning and Interactive Technologies  
in Teaching Languages

In relation to using a games-based approach to teaching languages Rankin et al. 
(2006

3
II is an example of a Massive Multiplayer Online Role Playing Game (MMORPG) 
that was found to be useful in generally reinforcing language acquisition. MMORPGs 
generally create a persistent universe in which hundreds of thousands of players can 
simultaneously interact in graphically rendered immersive worlds. By completing 
the quests, Rankin et al. (2006) found that the small number of players used for the 
purposes of their study who comprised Korean, Chinese and Castilian speakers 
were able to gain an appreciation for colloquial meanings, verbs and adverbs.

An example of a more detailed study into the use of games for language learning 
is provided by the ARGuing project (Connolly et al. 2009 2009; 

2009). Alternate Reality Games (ARGs) are a form of interactive 
narrative and puzzle solving which often involve multiple media and gaming ele-
ments to tell a story that might be affected by the ideas and/or actions of the players 

narrative to the players can involve web sites, instant messaging, text messages, 

Fig. 2 SDSim game learning environment
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game, ARGs are heavily built around social networking in which players interact 
with one another and can form alliances. In the past, ARGs have been used to pro-

to various media in order undertake various challenges and quests in which 
 “puppetmasters” steer players in different directions as the game’s story unfolds.

Comenius project entitled “ARGuing for Multilingual Motivation in Web 2.0”. Web 
2.0 refers to web applications that facilitate social interaction, participation, col-
laboration, information sharing, with tools and services including blogs, wikis, 
e-portfolios, video sharing, podcasting, tagging and social book marking, RSS and 
syndication.

educators and their students, (2) how to motivate students to understand the benefits 
of language learning at a level that impacts on their existing personal lives.

Fig. 3
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characters and the game participants discover how to build the foundations of the 

order to save languages that are under threat and can only be saved if students 
 collaborate with each other and the ARG characters in bringing the different parts 

students working collaboratively with other students who were speakers of different 

blocks” for the tower were puzzles, assignments and quests in multiple languages 
-

lating languages, uploading files, searching on the Internet and were delivered 
through forums, blogs, websites, short video clips and emails. Games were scored 

empathy score which rated players’ collaboration as voted by other players. An 
4.

in the ARGuing project. Overall, the students’ reaction to the ARG was very posi-
tive showing that the ARG was able to deliver the motivational experience expected 

Fig. 4
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by the students. Students believed the skills that they obtained and developed from 
using the ARG included problem-solving skills (48.8%), reflection skills (37.7%), 

leading and motivating skills (41%), critical thinking skills (32%) and creativity 

learning. Of 19 language teachers who completed a post-test evaluation question-
naire 42% considered that using the ARG to be a very valuable professional 
experience.

Some of the issues raised by the teachers included some technical problems in 
-

ficult to monitor students’ actions throughout the game. In addition, for teachers 
participating in the ARG, it did put immense pressure on markers to ensure that 
students received scores and feedback in a timely manner once they had conducted 

who completed a post ARG questionnaire:

Seventy-nine per cent believed their students had really enjoyed the game.
-

dents to learn a second language.

teaching.

Advantages of Games-Based Learning in Education

of education. Connolly and Stansfield (2007) suggest that games-based learning can 
provide for learners increased motivation and engagement, as well as an enhanced 
learning experience, improved student achievement and student retention. In 
 addition, games-based learning can provide risk free training in a mistake friendly 
learning environment that allows trial and error and immediate feedback (Kriz 
2003 -
imentation, stimulating curiosity, discovery learning and perseverance (Connolly 
and Stansfield 2007).

In relation to motivation, Malone and Lepper (1987) presented a framework of 
intrinsic motivation in relation to computer games in that on an individual level they 
provide challenge (an appropriate level of difficulty and challenge, multiple goals for 
winning and constant feedback), fantasy (an appropriate level of immersion by 
assuming a particular role), curiosity (providing sensory stimulation to ensure pro-
longed participation), control (the ability to select choices and observe consequences 
of these choices). On an interpersonal level computer games can provide cooperation 
(assist others to achieve common goals), competition (comparing performance with 
that of other players), recognition (a sense of satisfaction when accomplishments are 
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recognised). Other advantages of using games-based learning within an educational 
context include:

Access to knowledge were human expertise may be scare or very expensive.

self-esteem (Dempsey et al. 1994).
2002) in 

which children can have access to technology that may help them overcome fears 
in using technology as well as assisting in the development of transferrable 

Complex games have the potential to support cognitive processing and the devel-
opment of strategic skills that can encourage greater academic performance as well 

2002; Connolly and Stansfield 2007).

Issues and Problems with Games-Based Learning in Education

One of the main concerns associated with the area of games-based learning that is 
cited is the dearth of empirical evidence supporting the validity of the approach 
(e.g. de Freitas 2004; Connolly et al. 2007). Games are often developed with little 
evaluation and concrete empirical evidence. As a result this hinders the further 
development and acceptance of the area of games-based learning since the area can 

2010).
Connolly and Stansfield (2007) point out that there are concerns about the negative 

impact on learning that games may have due to students concentrating on scoring and 
winning rather than the learning objectives. As well as the considerable cost that 
might be involved in developing games-based applications in terms of money, time 
and access to suitable expertise, there are also concerns that the use of some games 
may have a high learning curve and take significant amounts of time to work through 
making them unsuited to short or small-scale use within the classroom environment.

Preparing Teachers for the “iLearner” Generation

As has been shown by the examples in this chapter, games-based learning and Web 
2.0 technologies can play a key role in teaching and learning across a wide range of 
different learner profiles from school age learners to mature learners within a train-

learners is how educators can become skilled and knowledgeable in the use of such 
technologies within the classroom and with learners, particularly in the case of 
school age students who have become used to using the latest communication tech-
nologies, social networking and games-based technologies over many years. Many 
educators might not be as confident and knowledgeable in the use of such technolo-
gies since they were brought up in a less technologically advanced environment.
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best solution for their needs. With many students using and communicating easily 
and openly using Web 2.0 tools (blogs, wikis, social networking, etc.), the technol-
ogy gap between educators and students continues to grow despite best efforts of 

section have pedagogic value arising from sharing, communication and knowledge 
discovery that teachers could use to provide a more motivating, engaging, relevant 
and collaborative environment for students.

As a result there is a clear need for understanding how Web 2.0 tools can be used 

Provide clear examples of how to use them in class with accompanying peda-
gogy, guides and videos.
Produce a customisable integrated Web 2.0 platform with single sign-on for edu-
cators to use.
Foster and build collaborative communities to exchange best practice and for 
experienced Web 2.0 educators to mentor new users.

use Web 2.0 tools in a pedagogically sound way. Underpinning Web 2.0 tools and 

of tools, pedagogy and guides that demonstrate how Web 2.0 can be used effectively 
in the classroom will provide educators and students with the means to collaborate on 

the use of Web 2.0 and illustrate the use of this framework with a set of pedagogical 
-

ing courses and piloting of the integrated Web 2.0 educational platform are being 

include the setting up of a Community of Practice where educators from any level 
of education can share their experience and advice.
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An Investigation of Empirical Evidence of the Value  
of Web 2.0 in Education

project into what empirical evidence exists in the academic literature in support of 
the education value of Web 2.0 in education. Using a set of Web 2.0 terms a number 

papers that matched the search terms.
A search of the academic literature published between 2004 and 2010 revealed 

38 definitions of the term Web 2.0. From the various definitions of Web 2.0, several 
-

which are not focused on imparting information (or at least this is not their main or 
only feature) but the collaborative creation of content. Web 2.0 most often is said to 
include social networking platforms, wikis, blogs and tagging tools.

2009) who 
defined Web 2.0 as referring to “a perceived second generation of community-driven 
web services such as social networking sites, blogs, wikis, etc. which facilitate a 
more socially connected web where everyone is able to communicate, participate, 
collaborate and add to and edit the information space”. Aharony (2009) refers to Web 

about communication and it opens the long tail which allows small groups of indi-
viduals to benefit from key pieces of the platform while fulfilling their own needs”.

Figure  highlights some of the key terms and words most commonly associated 
with Web 2.0 that centres around the core concept of collaboration.

Collaboration

Information
Building,
Sharing &
Managing

Community of 
Practice

Social 
Interaction

Participation

User-driven 
Content

Empowerment

Openness

Fig. 5 Key terms commonly associated with Web 2.0
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Common Web 2.0 tools explored in the literature included:

Wikis (e.g. Wikidot, Wikispace, Wiki-site)
Forums (e.g. phpBB, vBulletin)

Social Bookmarking (e.g. Delicious, diigo, edutagger)

Document Sharing (e.g. Google docs, Zoho)

showing the educational effectiveness of Web 2.0 tools and found only 41 papers 
-

ity of the papers, each paper was given a score along four dimensions described 
below. Scores of 1, 2 or 3 were used for each dimension where 3 meant high, 2 meant 
medium and 1 meant low on that criterion.

-
tions of this review (higher weighting for inclusion of a control group)? Papers 
were coded as:

design

 3. Generalisable to target population for this study; e.g. size and representativeness 
of sample: to what extent would the findings be relevant across age group, gender, 
ethnicity, etc?

for each dimension (taking into account appropriateness of design, methods and 
analysis, generalisability, soundness of study methodology). Possible scores ranged 
from 4 to 12 where 4 is a low score and 12 a high score. A score of 7 and above was 
then used as a benchmark for identifying the depth and appropriateness of the 
underlying research within each paper that was identified. As a result of this analy-
sis, out of the 41 papers initially identified as containing some level of empirical 
evidence, only eight papers scored 7 or higher.

-
cepts, only 0.82% of the papers actually containing any significant and detailed 
empirical research that was used to justify the claims being made by the authors. It 
was surprising that the evidence on the educational effectiveness of Web 2.0 tools is 
so low. Despite this apparent lack of detailed empirical evidence, the papers that did 
not contain empirical evidence still provided insight into some of the underlying 
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evidence was also found to be a factor underlying concerns expressed about much of 
the games-based learning literature (Connolly et al. 2007 2010).

Conclusions

continue to motivate and engage today’s learners. While using games-based learn-
ing and interactive Web 2.0 technologies might pose significant hurdles for many 
educators from a personal, organisational and professional perspective, this chapter 
has provided some examples of how these technologies can be used in a positive and 
engaging way with a range of different learners from secondary school age through 

-

and engage with other educators, learners, technologists and decision-makers in 
learning more about adopting such technologies and tools for their own teaching, as 

there is a need for more detailed empirical research to be undertaken that can pro-
vide better evidence and insight into how games-based learning and Web 2.0 tech-
nologies actually enhance, motivate and engage learning, not just among the 
“iLearner Generation” but across all age groups.
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Introduction

Following Dede’s description of “‘Alice-in-Wonderland’ multi-user virtual environ-
ments interfaces” that would “shape how people learn” (2002), nowadays, Multi-
user virtual environments (MUVEs) are being surrounded by hype regarding their 
impact on and potential in education. Their support to constructivist approaches to 
teaching and learning seems to be of major importance for educators and researchers. 
MUVEs can provide rich learning experiences, enhance the sense of (social) presence 
of learners, and allow multifaceted interaction.

Some MUVEs have been designed specifically for educational use, like River 
City, a MUVE fostering inquiry-based learning (Ketelhut 2007), AquaMoose3D, a 
graphical MUVE for mathematics learning (Edwards et al. 2001), and Quest 
Atlantis, a 3D multi-user environment which engages children in educational tasks 
(Barab et al. 2005). On the other hand, general-purpose MUVEs are more widely 
used in many educational settings and domains of subject matter. Second Life® (SL) 
seems to be the most popular MUVE among educators. In higher education, SL has 
attracted a great deal of attention, with over 400 academic institutions holding a 
virtual presence in it (Campusin3D.com, n.d.), more and more official courses are 
being offered “in-world” and classes are taught in architecture, English as a second 
language, science, engineering, law, computer science, history, arts, etc. (Calgone 
and Hiles 2008). SL is a persistent (24/7) computer-generated virtual world with no 
pre-made content. Rather, its residents are creating the content. It is a platform with 
open-ended possibilities which can be utilized to develop educational virtual envi-
ronments and to design learning activities.

As often happens when hype prevails, there are many issues regarding the edu-
cational affordances of MUVEs that are still under-reported such as how educators 
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design learning activities, with specific learning goals to be conducted in MUVEs 
and even less data comes from empirical studies related to instructional design and 
pedagogy in MUVEs. A very important and unique characteristic of educational 
virtual environments that seems to play an important role in learning and is also not 
well reported is the sense of spatial and social presence (Mikropoulos 2006; Winn 
and Windschitl 2000; Selverian and Lombard 2010) that emerges when humans 
interact with and via a virtual environment.

which Lombard and Ditton (1997) excellently described as “the perceptual illusion 
of non-mediation,” the phenomenon where a person fails to perceive or acknowledge 
that a mediated experience is mediated. A major branch of presence conceptualiza-
tion defines presence as consisting of two interrelated phenomena: spatial presence 
(also known as physical presence or telepresence) and social presence (Heeter 1992; 
Biocca 1997; Ijsselsteijn et al. 2000; Biocca and Harms 2002; Biocca et al. 2003). 
Spatial presence refers to the “sense of being physically located somewhere” 
(Ijsselsteijn et al. 2000) while social presence refers to “being with others” in a 
mediated environment (Heeter 1992). Many factors have been suggested as possibly 
affecting the sense of presence, including media form factors, content factors, and 
user characteristics (Ijsselsteijn et al. 2000
major methodological strands, subjective measuring and objective-physiological 
measuring, but it seems that subjective post-test ratings are the most widely used 
methods to approach presence measuring. Among others, the following question-
naires have been developed to access presence: the Slater–Usoh–Steed (SUS) 
Questionnaire (Slater et al. 1994
Singer 1998 2001), and the 

2009).
This work is part of a research project that aims at designing learning activities 

in order to study learning in MUVEs in terms of learning outcomes, collaboration, 
and presence. In the first study of this project (Vrellis et al. 2010) an authentic, 
collaborative learning activity concerning light reflection was designed and developed 
in Second Life. First results concern educational environment design issues, 
collaboration, and instructional issues.

Regarding design issues, students prefer to perform the whole learning activity in 
the educational virtual environment. That is, they want “in-world” intuitive object 
manipulation, educational material, and tools that work in the environment, instead of 
“out of world” dialogue menus, browsers, and tools that could distract their attention 
from the environment and learning activity. Even though virtual environments allow 
object manipulation at user’s will (all degrees of freedom), restricting degrees of freedom 
to the necessary ones, depending on the specific instructional design and educational 
scenario, has no negative effect on creating an engaging authentic learning task. 
Moreover, students prefer to perform activities in settings relevant to the specific edu-
cational scenario, even out of the conventional “classroom representation” setting.

As far as collaboration is concerned, results show that participating in collabora-
tive learning activities conducted in MUVEs is very important for their education 
and they evaluated positively the presence of a tutor in the activity. They felt that 
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they could interact with the other participants and evaluated their experience as 
interactive and sociable. Students prefer to collaborate through rich communication 
channels that do not filter out important nonverbal communication signals.

Finally, concerning instructional issues, the study reveals that pedagogical meth-
ods of constructivist approach, like scaffolding, can be implemented in SL through 
properly designed problem-based learning activities. This chapter presents empirical 
data gathered from a study regarding a problem-based physics learning activity in SL. 
Our aim is to gain knowledge and experience about the sense of presence (spatial and 
social) that emerges while students collaborate in MUVEs. This study is a step toward 
the investigation of the relationship between learning outcomes and presence.

Method

Virtual Environment and Learning Activity

The virtual environment was designed and developed in SL. It refers to physics 
learning and specifically to the reflection of light. The design of the learning activity 
was based on the seven principles of constructivism (Jonassen 1994):

by representing the natural complexity of the world.
Focus on knowledge construction not reproduction.

Foster reflective practice.
Enable context, and content, dependent knowledge construction.
Support collaborative construction of knowledge through social negotiation, not 
competition among learners for recognition.

The problem presents an authentic task in a “real” world environment. Students 
had to collaborate in order to shoot an apple down from a tree using a laser beam 
and a plane mirror (Fig. 1). They had to calculate the correct angle of the mirror in 
order to reflect the laser beam to the apple. Students were not allowed to use a trial 
and error approach. Instead, they had to use trigonometry for the calculation of the 
correct angle before shooting.

The following “in-world” tools were available to the students:

Two virtual rulers for the measurement of horizontal and vertical distances.
A poster presenting the law of reflection.
Three posters presenting the trigonometric functions and values for sine, cosine, 
and tangent.
An interactive whiteboard where students could draw sketches. The whiteboard 
had also a help button that presented a graphical model of the problem (Fig. 2).
A virtual calculator.
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Fig. 1 The activity setting

Fig. 2 A model of the problem
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To solve the problem, students had to calculate the rotation angle of the mirror 
(q) (Fig. 2). To do so, they had to recognize that q

order to find the tangent. Finally, by using the trigonometric tables, students could 
q.

Subjects

Thirty second-year, future teacher students (22 women, 8 men) of the University of 
Ioannina, participated in the study. Their ages were between 18 and 25 (Mean = 19.7, 
SD = 1.44). They all were experienced users of SL, since they had attended a class 
on potential educational uses of SL. Their participation was voluntary, motivated by 
a small bonus in their marks. The students registered in pairs for the collaborative 
activity.

Procedure

The empirical data was gathered from 15 sessions where a pair of students and the 
tutor participated. They were physically located in three different rooms and col-
laborated exclusively through SL. Each session lasted about 40 min. Before the 
experiment, the students answered a personal questionnaire on demographics, com-
puter, and 3D-VR games experience, tendency to become involved in activities and 
previous knowledge related to light reflection and trigonometry.

-
ported to the Educational Approaches to Virtual Reality Technologies Lab’s island 
in SL (Earthlab Education Island). There, they met the tutor who guided them to the 
activity’s setting. The students and tutor communicated via the SL voice and text 
chat and their screens, microphones, and webcams were recorded.

The tutor made a brief introduction to the topic under study in a virtual classroom 
(Fig. 3). There, the students familiarized with the use of the available educational 
material and virtual objects and tools. After that, the participants walked outside the 
classroom, where the activity setting was located. The tutor posed the problem the 
students had to solve collaboratively and let them work, remaining nearby available 
to provide assistance.

After finishing the activity, the students answered a questionnaire measuring 
presence and took part in a debriefing interview with the tutor. The presence ques-

et al. 2009).
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Results

All pairs of students found the right solution to the problem with more or less scaf-
folding from the tutor. The following tables show the various dimensions of pres-
ence measured. Also some statistically significant correlations between these 
dimensions and the user characteristics are presented. Table 1 shows the results 

The overall score for spatial presence is 4.25 (SD 1.258). This value is little 
above the average indicating a moderate sense of spatial presence in the MUVE. 
This result is rather expected. SL is a desktop virtual environment that does not 
exploit all the available VR technologies. High scores of spatial presence are usu-
ally associated with highly immersive virtual environments.

Table 2 presents the results from the social presence – actor within medium 

media users respond to social cues presented by persons they encounter within a 
medium even though it is illogical to do so” (Lombard et al. 2000).

The overall score for social presence is 5.29 (SD 0.837). The score is higher than 
that for spatial presence. This can be attributed to the nature of SL as a MUVE that 
enables social interaction and collaboration, as well as to the nature of our learning 
activity.

Fig. 3 In the virtual classroom
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Table 1 Spatial presence

Questions Minimum Maximum Mean
Standard  
deviation

How much did it seem as if the objects 
and people you saw/heard had come 
to the place you were?

1 7 4.37 1.771

How much did it seem as if you could 
reach out and touch the objects or 
people you saw/heard?

1 7 4.40 1.734

How often when an object seemed to  
be headed toward you did you want 
to move to get out of its way?

1 7 3.50 1.815

To what extent did you experience a 
sense of being there inside the 
environment you saw/heard?

2 7 4.77 1.591

To what extent did it seem that sounds 
came from specific different 
locations?

1 7 3.93 1.791

How often did you want to or try to 
touch something you saw/heard?

1 7 4.13 1.795

Did the experience seem more like 
looking at the events/people on a 
movie screen or more like looking at 
the events/people through a window?

1 7 4.60 1.958

Table 2 Social presence

Questions Minimum Maximum Mean
Standard  
deviation

How often did you have the sensation  
that people you saw/heard could also  
see/hear you?

1 7 5.50 1.480

To what extent did you feel you could interact 
with the person or people you saw/heard?

4 7 5.63 0.928

How much did it seem as if you and the people 
you saw/heard both left the places where 
you were and went to a new place?

1 7 4.67 1.561

How much did it seem as if you and the  
people you saw/heard were together  
in the same place?

2 7 5.50 1.383

How often did it feel as if someone you  
saw/heard in the environment was  
talking directly to you?

3 7 5.70 1.291

How often did you want to or did you make 
eye-contact with someone you saw/heard?

1 7 4.57 1.455

Seeing and hearing a person through a  
medium constitutes an interaction with  
him or her. How much control over the 
interaction with the person or people you 
saw/heard did you feel you had?

3 7 5.47 1.279
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Table 3 shows the results from the questions concerning social richness. Social 
richness as a dimension of presence is the extent to which users perceive the virtual 
environment, when it is used to interact with others, as sociable, warm, sensitive, 
personal, or intimate (Lombard et al. 2000).

The overall score for social richness is 5.63 (SD 0.990). The score is well above 
the average. Specifically, the students found their experience as highly responsive 
(6.20, SD 0.925) and lively (6.00, SD 1.259).

Table 4 presents the mean values for social realism. The social realism questions 
evaluate whether the portrayed events would or could occur in the real world.

The overall score for social richness is 5.48 (SD 1.225). This score is also high 
and in accordance with the previous two social dimensions of presence (social pres-
ence and social richness).

Table 3 Social richness

Questions Minimum Maximum Mean
Standard  
deviation

your evaluation of the media experi-
ence: Remote – Immediate

3 7 5.83 1.147

your evaluation of the media experi-
ence: Unemotional – Emotional

1 7 4.87 1.548

your evaluation of the media experi-
ence: Unresponsive – Responsive

4 7 6.20 0.925

your evaluation of the media experi-
ence: Dead – Lively

3 7 6.00 1.259

your evaluation of the media experi-
1 7 5.60 1.404

your evaluation of the media experi-
ence: Insensitive – Sensitive

1 7 5.07 1.438

your evaluation of the media experi-
ence: Unsociable – Sociable

3 7 5.83 0.986

Table 4 Social realism

Questions Minimum Maximum Mean
Standard  
deviation

The events I saw/heard would occur  
in the real world

3 7 5.53 1.383

The events I saw/heard could occur  
in the real world

1 7 5.72 1.412

The way in which the events I saw/heard 
occurred is a lot like the way they  
occur in the real world

2 7 5.20 1.400
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Engagement with the learning activity is an important parameter that contributes to 
learning outcomes regardless of whether the learning environment is mediated or not.

Table 5 shows the results concerning the engagement of students in the experi-
ence. The overall score for engagement is 5.42 (SD 1.049). It is remarkable that 
students found the story (activity) very engaging (6.37, SD 0.928). This result indi-
cates that the instruction design based on constructivist approaches incorporating 
authentic tasks engage students in the learning activity.

Below some of the statistically significant correlations found between the vari-
ables are presented.

Table 6 shows the correlations between engagement and various components of 
presence. It is clear that engagement and other dimensions of presence are strongly 
correlated. This implies that an engaging constructivist learning activity can increase 
the sense of presence of the learner.

Other interesting findings were the negative correlations between (subjective) 
computer expertise and the sense of spatial presence (r = −0.384, p < 0.05) and 
engagement (r = −0.437, p < 0.05). This would imply that the more experienced a 
user considers herself in computer usage, the more difficult it is for her to feel pres-

significant correlations between other subtypes of computer expertise (internet, 
video-games, virtual environments, SL) and presence or engagement were found.

Table 7 shows that some variables indicating the user’s tendency to become 
involved in activities are correlated with her sense of spatial presence.

Table 5 Engagement (mental immersion)

Questions Minimum Maximum Mean
Standard  
deviation

To what extent did you feel mentally 
immersed in the experience?

2 7 5.13 1.456

How involving was the experience? 3 7 5.80 1.157
How completely were your senses engaged? 2 7 5.00 1.390
To what extent did you experience a sensation 

of reality?
1 7 4.93 1.507

How relaxing or exciting was the experience? 1 7 5.27 1.639
How engaging was the story? 3 7 6.37 0.928

Table 6 Engagement and presence correlations
Engagement (mental immersion)

Spatial presence 0.587
Sig. (2-tailed) <0.01

Social presence 0.643
Sig. (2-tailed) <0.01

Social richness 0.739
Sig. (2-tailed) <0.01

Social realism 0.487
Sig. (2-tailed) <0.01
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Conclusions

This chapter presents empirical data about the sense of presence (spatial and social) 
gathered from a study regarding a collaborative problem-based physics learning 
activity in SL. Even though exploratory studies like this tend to generate more ques-
tions than answers, first results suggest that constructivist collaborative learning 
activities in a MUVE like SL have the potential to engage students. Furthermore, 
the social dimensions of presence scored well above average while spatial presence 
remained average, which is rather expected because SL is a socially oriented MUVE 
based on nonimmersive desktop technology. Moreover, strong positive correlations 
between engagement and other dimensions of presence were observed, while sub-
jective computer expertise seemed to be negatively correlated to spatial presence 
and engagement, although these findings should be regarded with caution. Finally, 
the users’ tendency to become involved in activities seems to be related to the sense 
of spatial presence they experience in MUVE-like environments.

The above results constitute a basis and also a motivation toward the investiga-
tion of the relationship between presence and learning outcomes from learning 
activities in SL.

Our next step toward this investigation includes the analysis of screen, webcam, and 
voice recordings in order to assess qualitative aspects of presence and collaboration.
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Introduction and Related Work

Emotional contact is an important element in learning since it can relieve students 
from failure and offer them a sense of continuous support when facing negative 
emotions during the learning procedure. While in traditional classes educators have 
the ability to inspire students and create motives that can enhance the learning pro-
cess, in e-learning applications the absence of face-to-face contact eliminates emo-
tional communication. This lack of communication can act as an obstacle between 
the student and the learning environment. Students spend increasingly more learn-
ing time in front of their computer: for example, results from the eUSER European 
project reveal that 76% of adult students use the Internet in the course of organized 
learning activities, and that every second person taking an e-learning course reports 
that they would not have done it if it had not been available online (Punie et al. 
2006). E-learning applications that exploit social and emotional aspects might 
therefore improve the quality of education for those distance learners.

In order to support the emotional process in human–computer communication, 
we propose the use of an agent that is represented by a graphical animated syn-
thetic character. The agent uses expressions, gestures, and body movements to 
communicate with students by “talking” to them through oral and written language, 
expressing sympathy and comfort when they have a certain problem in the educa-
tional process.
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Emotional agents have been used for improving interaction in many application 
domains, including e-learning. Back in 1992, Bates and Elliot were the first to intro-
duce agents with emotional behaviour (Bates et al. 1992; Elliot 1992). Three years 
later, Blumberg and Galyean (1995) were the first who presented emotional 
responses which were connected to a learning model, though this connection was 
not clearly defined (Beale and Creed 2009). COSMO was a research project that 
designed a system that could express and recognize emotions in a learning domain 
(Lester et al. 1999). However, the results that this could have on user’s behaviour 
were not considered. Massaro et al. (2000) created Baldi that had emotional behav-
iour in the learning domain. Their research results showed that Baldi could motivate 
students for more learning. Maldonado et al. (2005) and Chalfoun et al. (2006) 
related emotional reactions to events, while Burleson (2006) introduced a learning 
companion in a problem-solving task application, aiming to coordinate the relation-
ships between affect and tasks. Conati and Maclaren (2009) developed a system 
which accommodates the probabilistic relations between causes, effects, and emo-
tional states of the user. Review work points out that the main question to be 
answered is not simply if emotional agents are more effective than agents with non-
emotional behaviour, but the impact that artificial emotional intelligence has on user 
attitudes, perceptions, and behaviour, whether this impact is domain-related, which 
kind of emotional expression is appropriate and how could this be expressed (Beale 
and Creed 2009; Dehn and Van Mulken 2000).

In summary, research work suggests that agents may increase user’s engagement 
in tasks and that the expressiveness of agents can create a sense of confidence 
between the users and the system (Lee et al. 2007). In other words: “Embodied 
interface agents transform the experience of interacting with a computer, making it 
more sociably, explicitly referencing human–human interaction. When an agent’s 
interaction design harmonizes with its tasks and the human’s needs and expecta-
tions, wonderful things can happen” (Zimmerman et al. 2005).

Emotions in Education

Our research focuses on pedagogical emotional agents and their effect on learning. 
Education is indeed not just the transmission of information. The human behaviour, 
especially its emotional part, plays a crucial role in the learning procedure (Heyward 
2010). Therefore, if we are looking at designing effective learning environments, 
we might need to look into the emotional aspect of learning and how this is related 
to user’s attitudes and behaviours.

Learners are affected by cognitive, social, emotional, interpersonal, and cultural 
factors. Emotional factors constitute a complex system that is subjective and is 
affected by several factors that are often interrelated. They are determined from 
individual’s appraisal of an event and are related to individual’s beliefs and attitudes 
of the world (Ortony et al. 1988). While operating in a learning environment, emo-
tions are generated both from cognitive process of appraisal and from the interaction 
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that takes place within the learning environment (learning material, other students, 
and educators). Student’s learning performance is enhanced in environments where 
they can develop a positive emotional communication. It acts as a supportive base 
in which students can learn better (Huffman and Speer 2000).

Research has shown evidence that positive emotions improve creative problem-
solving by altering the cognitive context in which cognitive activity takes place. 
They also affect learner’s attitude, motivation, and creativity (Isen et al. 1987). 
Positive emotions increase satisfaction levels for the same learning material and 
accommodate cognitive process that leads to better learning performance and user 
satisfaction (Um et al. 2007).

When students are introduced to a learning task, they have beliefs and attitudes 
and are used to certain codes of communication that they have learnt at home and in 
their social background. Often students’ like or dislike of a module at school is 
influenced from teacher’s behaviour (they don’t like the teacher, and they don’t like 
the module). Negative emotions that they might have can influence their achieve-
ments at school. Even though emotions play a primary role in education (Moridis 
and Economides 2008), research in education is usually focused on memory, 
thought, reasoning, perception, and language (Oatley and Nundy 1996) and sec-
ondly in the emotional state of the learner which affects deeply the main compo-
nents of learning that we addressed above (memory, thought, and so on). Effective 
learning systems need to accommodate the emotional factors of learning as it is 
reported that student’s perception of their teachers’ appraisals and support can play 
a significant role on student’s academic success (Becker and Luthar 2002). 
Researchers show evidence that the students who develop a caring and supportive 
interaction with their teachers, in traditional learning, in classroom, find learning a 
more satisfactory experience and have a more positive attitude toward the educa-
tional processes. They are more interested in learning and have more academic 
achievements. Students who feel that their teachers care for them are more engaged 
in the learning environment (Klem and Connell 2004).

In traditional educational settings such as classrooms, the physical appearance of 
the educator can serve for this emotional communication between learners and edu-
cators. In e-learning environments, the absence of face-to-face communication 
removes the emotional element. Nowadays researchers are looking at accommodat-
ing emotions in distance learning education. Intelligent agents with emotional 
behaviour have been introduced in order to respond to user’s behaviour and emo-
tional state (Conati and Maclaren 2009).

Agents through their graphical representations, that are part of the application’s 
interface, have the ability to have goals and a strategy to achieve them. This com-
munication can be based upon appropriate rules that will allow users and agents to 
interact emotionally and create a sense of caring and empathy.

In our study we introduce animated lifelike agents that can facilitate interaction 
(in many cases, similar to face-to-face ones). We empower them with rich multime-
dia functions which are used for representing certain emotions. Agents can move 
different muscles in face and body that respond to certain expressions. The agent 
uses facial expressions, hand gestures, and body movements to communicate with 
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the user. This agents’ ability to combine all media in order to represent in a believable 
manner emotional expressions might improve the effectiveness of education (Baylor 
and Kim 2003; Lee et al. 2007; Chatzara et al. 2010a, b).

We are not claiming that it is possible to replace human presence with agents. 
The variety and complexity of emotions involved in learning and the emotional 
interaction that takes place between learners and educators are very complicated 
and it might be impossible to be represented. We are looking at incorporating some 
basic emotions related to learning such as encouragement and rewarding into 
e-learning applications and transmit them through embodied agents that possess 
some sort of emotional intelligence.

The Sophia Agent

Our synthetic character, Sophia, is “talking” to the user through verbal and written 
language and provides empathic feedback to help her recover from negative emo-
tions as well as encourages learners to overcome academic problems (Fig. 1). The 
agent collects information about student’s emotion and intensity of motion. The user 
communicates with the agent in the form of text that the user sends to the User 
Behaviour Manager (UBM). When designing the model we used Orthony’s appraisal 
model of emotions (Ortony et al. 1988) that considers emotions as part of individual’s 
behaviour which has certain characteristics (Fig. 2).

This implies that emotions are related to individual’s previous experience and 
beliefs. Learners are not the same. They do not respond the same way to the same 
stimulus. Each individual might react differently to the agent’s behaviour depend-
ently of learner’s profile which is updated by recording learner’s behaviour when 
using the system. For example learners with learning difficulties (LD) might respond 
differently to visual cues than written instructions, at same cases, or learners with 
attention disorders might react differently to agent’s behaviour due to their difficulty 

Fig. 1 Sophia, the agent
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in keeping their attention focussed for long periods of time. Even students without 
LD might react differently depending on their personal learning characteristics and 
their personality.

UBM collects information from users’ operations of the application by recording 
their actions and assigns an emotional state of each user following “if… then” rules. 
The users’ performance is also taken into account, in order to make further assump-
tions about users’ emotional state: e.g., if the user spends more time than expected 
in a given task, then the agent takes action and communicates with the user to indi-
cate (in a caring way) the delay. In case the user delays the procedure due to com-
prehension difficulties, Sophia gives her clues for the given task and emotional 
support. The pedagogical agent uses an encouraging voice message that embeds 
emotional tones (empathic feedback) to prompt the student to express him/herself 
by writing messages to the agent. The user is not actually writing messages to the 
user but chooses from pre-given messages that correspond to user’s difficulties to 
continue in the learning procedure. The agent chooses the appropriate behaviours 
from the emotion expression database, and expresses certain emotional behaviour 
with encouraging voice in order for the user to feel that the agent empathies with 
him/her. All data, recorded user’s operation and direct user’s input text, are col-
lected in the UBM and categorized. In the Administrative module (AM), the appro-
priate emotional reactions of the agent are selected, and the appropriate emotional 

Fig. 2 Agent architecture
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state of the agent is portrayed. Each student who uses the system can choose the 
agent they prefer to accompany them. The latest was part of the design of the appli-
cation but was not incorporated when it was materialized. Users could use only one 
graphical representation of the agent.

The Study

Methodology and Sample

Fifty-two students took part in the evaluation of study. Their age was between 18 
and 20 years old, men and women. They were students in the department of 
Informatics, in the Technological Institute of Thessaloniki in Greece, in the first 
semester of their first year of study. The sample was picked up randomly and stu-
dents were asked to run the educational project and fill in questionnaires anony-
mously. The students were divided in two groups. One group was presented with the 
application with the agent and the other group with the application without the 
agent. There was an introduction describing the research project without giving 
details relating to the emotional factor that we wanted to investigate. All students 
were familiar with computer use as they state in the questionnaire and was expected 
as we are referring to first year Information Science students.

The application was covering a lesson that was part of a module that is aiming to 
teach communication skills to first year students. The subject matter was about 
Internet use as a tool of communication. We used the book metaphor and we put 
Sophia into an e-book which looked like a traditional study book. Users could turn 
pages back and forth in order to view the learning material. In the end of viewing 
the subject matter, students were asked to complete a multiple choice test related to 
the learning material presented in the application. Sophia’s role was to assist users 
and react accordingly to their emotional state (Figs. 3 and 4).

In the end of the application, users were asked (anonymously) to complete a 
questionnaire that was related to user satisfaction questions.

Data Analysis

The data evoked from user’s answers from the questionnaire that they were asked to 
fulfil in the end of the learning procedure, and from the recording of certain variables 
that were running during the operation of the application. Users were asked to put a five 
digits number in a text area in their application and they had to write the same number 
in the questionnaire so we could relate results. This gave us the opportunity to identify 
students with learning difficulties and look into this group’s results separately. Through 
variables that were running through the operation we could collect data regarding the 
completion of learning tasks, the time that users needed to retry, at what points users 
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stop trying, etc. We run a quantitative analysis in the above findings and the results 
are presented below. For one factor, the successful completion of learning tasks, we 
ran a qualitative analysis. For that purpose, we used the correct and wrong answers 
users gave in the multiple choice test that was part of the application.

The study has shown a positive perception of Sophia. Results revealed that the car-
ing agent may not only increase the interaction between students and the learning 
system, but also have positive effects on students’ emotions and engage them in learn-
ing. The results of these factors have already been reported (Chatzara et al. 2010a, b), 
and they show that users felt that they could communicate with Sophia and that she 
helped them in the learning procedure (exact percentages are shown in Fig. 5a, b).

Another issue was if positive or negative emotions were revealed from this com-
munication between the agent and users. This particular factor was included due to 
recent research (Fredrickson 2003) that reveals the importance of positive emotions 
in education. The results were analysed and show that the majority of users (61%) 
seem to have positive emotions toward the agent and that she helps them have posi-
tive emotions when operating the application. Exact percentages are shown in 
Fig. 6a. A basic problem in affective computing (Picard 2003) is that it is hard to 
predict user’s emotional state in order for the system to react accordingly. Therefore, 
we asked the students to report if the system correctly identified their emotions. 
Results showed that 58% of students reported that Sophia identified correctly their 
emotions. Exact percentages are shown in Fig. 6b.

Fig. 3 Emotional states of Sophia

Fig. 4 Sophia in e-book
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The notions of comfort and sympathy are often communicated in learning. 
Educators often comfort learners through their attitude in order to “relieve” them 
from negative emotions and unblock the educational procedure. We asked users if 
they felt that Sophia comforts them when failing at learning tasks or stay more than 
the expected time in the same page of the e-book. Fifty-nine percent reported that they 
felt that Sophia succeeded in this task (Fig. 7a). Finally, they were asked if they were 
satisfied overall with the operation of the learning system and the completion of 
learning tasks with Sophia’s help. Sixty-seven percent answered positively again 
(Fig. 7b).

For the following qualitative results, we analysed the learning tasks that users 
needed to accomplish after viewing the theoretical part of the application. Since 
p < 0.05 and all data >8, then the ×2 criterion is fulfilled. Consequently, we assume 
that the success in the learning tasks is related to the agent’s presence and emotional 
behaviour. Below there are the statistical qualitative results from which p is calcu-
lated (Table 1 and Fig. 8).

Fig. 6 Data referring to user percentages that felt that the agent (a) had positive emotions through 
their interaction with the agent, (b) diagnoses correctly their emotional state (a = I strongly dis-
agree, b = I disagree, c = neutral, d = I agree, e = I strongly agree)

Fig. 5 Data referring to user percentages that felt that the agent (a) communicates with them, (b) 
helps them to complete their learning tasks (a = I strongly disagree, b = I disagree, c = neutral, d = I 
agree, e = I strongly agree)
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Fig. 7 Data referring to user percentages that (a) felt that the agent comforted them when they 
faced difficulties in the learning procedure, (b) enjoyed using the agent (a = I strongly disagree, 
b = I disagree, c = neutral, d = I agree, e = I strongly agree)

Table 1 Chi-square tests

Value df
Asymp. Sig. 
(2-sided)

Exact Sig. 
(2-sided)

Exact Sig. 
(1-sided)

Pearson Chi-square 12,357a 1 0.000
Continuity correctionb 11,637 1 0.001
Likelihood ratio 12,507 1 0.000
Fisher’s exact test 0.001 0.000
Linear-by-linear association 12,336 1 0.000
Number of valid cases 571
a0 Cells (0.0%) have expected count less than 5. The minimum expected count is 57.90
bComputed only for a 2 × 2 table

Fig. 8 Success in learning tasks
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Seven out of the 52 students who took part in the study were diagnosed with 
learning difficulties and Attention Disorder Deficit (ADD). The questionnaires were 
asking for special educational needs in order to investigate whether agent’s emo-
tional behaviour will affect differently this special group and if yes in what respect. 
The results are supported by the statistics analysis of certain variables that were 
used and recorded while the user was using the applications. Results show that there 
is not a significant difference in results between students with ADD and students 
without ADD.

Based on the open type questions, a qualitative analysis of the questionnaires 
answered by students with ADD leads to the followings conclusions. Results have 
been previously reported (Chatzara et al. 2010a, b):

The emotional agent helps them to be more concentrated in the learning tasks.
Students had a “sense” of communicating with her.
Three students reported that they felt they can ask Sophia’s help.
They felt that Sophia was observing them (because she was responding to their 
actions).
They reported that sometimes Sophia did not have the appropriate behaviour 
toward them thus she did not diagnose correctly their emotional state. The same 
was reported by the students without ADD. Forty-two percent of users felt that 
sometimes Sophia could not diagnose correctly their emotional state.

The results for this special learning group indicate that emotional communica-
tion which is mediated through a visual representation of the agent, which has rich 
multimedia capabilities, modulates automatic attention in students with ADD and 
helps them to stay in the learning process.

All students who took part in the study seem to spend more time in the applica-
tion with the agent than the one without Sophia. Most of them emphasize the sense 
of communication that they had with the agent through the visual responses that she 
was generating.

Conclusions

In our study, we introduced an emotional agent who is able to receive and compre-
hend user’s emotions and respond to them by portraying emotional reactions rele-
vant to learning. Most previous works did not investigate whether emotional 
reactions were perceived correctly from learners, and their direct effects on users’ 
behaviour was less well investigated; the agent’s communication skills and their 
effect on learner performance in the learning environment were also less examined. 
Our study showed that the majority of users (a) felt that the agent comforted them 
when they faced difficulties in the learning procedure, (b) enjoyed using the agent, 
(c) had positive emotions through their interaction with the agent, (d) felt that the 
agent diagnoses correctly their emotional state (e) had a sense of communicating 
with the agent, (f) felt that the agent helps them to complete the learning tasks. 
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Based on the results of the study, future e-learning systems can exploit the use of 
emotions for improving the learning process in distance education.

One of the limitations of the study is that for 42% of the users, the agent did not 
diagnose correctly their emotional state. Similar results were also been found by 
Conati and Maclaren (2009), who used educational games as a genre to identify 
user’s emotional state (their study showed 56% accuracy in predicting user’s emo-
tions). We are currently investigating alternative ways which can increase the pos-
sibility for the agent to correctly diagnose the students’ changing emotions. This is 
very crucial in any agent systems (and any system that supports some kind of adap-
tations), since otherwise the agent might respond falsely and the user could feel 
completely lost.

Also, we investigate how emotions can affect learning for different students 
through different pedagogical practices. Common pedagogical practices (such as 
storytelling, role playing, games, and so on) might need to be redesigned and 
restructured accordingly to new media formalities to incorporate user’s emotional 
stimuli. Factors such as the context and the aesthetics of the learning environments 
could be employed as well. User’s emotional engagement could act as cognitive 
support that will assist learners in understanding concepts and make the emotional 
element part of cognitive support (cognitive scaffolding). The social aspect of learn-
ing might be possible to increase user’s attention, and offer better results in accom-
plishing learning tasks and a better learning experience overall.
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Introduction

People know and use conic sections for a long time. They observe these curves in 
many situations: the parabolic trajectory of a thrown stone, the circular waves when 
the stone falls in calm water, and the elliptical shadows of round objects during 
sunsets (see Fig. 1).

Conic sections were and still are one of the most favorite objects of mathematical 
study and education. Students spend hours in the classroom working with circles, 
ellipses, parabolas, and hyperbolas. They are presented with a concentrated view 
about these curves, a view that has been distilled for hundreds of years. Although 
mathematically correct, this view may not lead to complete rationalization, because 
it might be hard for students to project mathematical ideas into something more 
comprehensible from their everyday life.

A preliminary informal inquiry showed that it is difficult for many students to 
identify conic sections in a non-classroom environment. This triggered the creation 
of visualization tools that could introduce these curves from various perspectives. 
These tools are the focus of this paper.

Traditionally, conic sections are described as intersections of a plane and a cone 
(Downs 1993). Searching the WWW reveals that this is the predominant description 
of conic sections, independent on whether materials describe mathematical 
concepts in simple language (like Math2.org’s “A conic section is the intersection 
of a plane and a cone”) or use scientific terminology (like Wolfram MathWorld’s 
“The conic sections are the nondegenerate curves generated by the intersections of 
a plane with one or two nappes of a cone”).

P. Boytchev (*)
Sofia University, Sofia, Bulgaria
e-mail: boytchev@fmi.uni-sofia.bg

Virtual Models of Conic Sections

Pavel Boytchev 



268 P. Boytchev

Unfortunately, “although intuitively and visually appealing, these definitions for 
the conic sections tell us little about their properties and uses” (Smith 2011). 
Additionally, these definitions do not always create transferable knowledge – i.e., 
knowledge that a person can use to bridge concepts from two distinct disciplines. 
There are observations that connecting is important to understand. According to 
Wageman (2010), “The more connections students can make the more interesting 
the topic becomes to them and then deeper understanding can occur.”

Some educators are forced to make compromise by choosing only few aspects of 
the curves, those that “have important applications in the real world” (Demana et al. 
2000). A few educational materials based on this traditional approach are being 
advertised as “the perfect set for teaching a unit on conic sections” (Nasco 2010).

The introduction of Dynamic Geometry Software (DGS) added a lot of expres-
siveness to the representation of conic sections and provided a playground for inter-
esting explorations. However, DGS is still visually bound to the mathematical 
representation. DGS uses the conventional geometrical primitives that are not 
immediately relatable to concepts outside the educational environment. Even 
advanced DGS tools like Cabri (Schumann 2005) and the Geometer’s Sketchpad 
(Scher 2003) represent conic sections in the traditional way. Although correct, 3D 
and interactive, these representations are just advanced variations of the schemes 
found in mathematical textbooks and in online math resources.

The author’s own attempt to combine DGS with virtual reality also did not provide 
any significant impact. Figure 2 represents a snapshot of an interactive 3D applica-
tion for experimenting with the traditional approach. It is less mathematical and 
more like a game, but still it is a cone intersected by a plane.

Another application of the author is a microworld developed for the Developing 
Active Learning Environment for Stereometry (DALEST) project which was 
 co-funded by the European Union under the Socrates Program, MINERVA, 2005 
Selection (Boytchev 2007). Partners in this project were several educational 

Fig. 1 Circular shapes of lamps in Korinthos, Greece, and their elliptical shadows
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 institutions across Europe. The Slider application represents the intersection of an 
object with a plane. By moving the plane and studying the intersection, the user has 
to “guess” the object. One of the subsets of activities is related to studying conic 
sections (Fig. 3).

Both applications (the ones shown in Figs. 2 and 3) utilized modern visualization 
technologies by providing the user with a game-like look-and-feel. However, like 
models developed by other DGS tools, the representation does not help students to 
resolve practical challenges like:

Make an ellipse with a reading lamp.
Construct a rolling mechanism that generates an ellipse.
Draw a hyperbola using a fixed-length thread.

These applications do not provide assistance in solving the inverse problems too, 
like “Is this shadow a parabola or a hyperbola?” or “Where are the focal points of 
this ellipse?”

Fig. 2 Interactive 3D application for exploration of the traditional representation of conic 
sections

Fig. 3 Snapshots from a DALEST-Elica application for interactive exploration of the intersection 
of a plane and a solid
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There are trends of bringing the reality back into Math education by constructing 
and using mechanical tools that relate to mathematical concepts. And interesting 
work is the construction of LEGO mechanisms that function as physical representa-
tion for mathematics and mathematical inquiry (Isoda et al. 2001)

The idea that initiated the work presented in this paper is to create new tools and 
models that describe and utilize various properties of conic sections. The main fea-
tures of these tools are to present the properties of the conic sections in a way that is:

Unique: The tools have to demonstrate conic sections form a perspective that is 
inherently unavailable in traditional hard-copy textbooks and is still difficult to 
implement in contemporary systems of dynamic geometry.
Attractive: The tools should use virtual reality, game-like 3D models and interac-
tive interfaces to build and then to support the student’s interest in conic sections. 
Such attention to the visual appearance is important in order to minimize the gap 
between a “boring” topic in mathematics and the out-of-school entertainment.
Natural: The tools should represent ideas that can be immediately related (and 
even applied) to real-life situations and at the same time to be still mathemati-
cally correct.

Homemade Conic Sections with Light

In 2009 the author completed an artistic project–exhibition based on computer 
generated images and digital photographs (Boytchev 2009). All posters feature 
fragments of the Mandelbrot set fractal accompanied by artistic interpretations. One 
of the posters depicts an area from the fractal that resembles a coordinate system 
with a pair of hyperbolas and their asymptotes (see Fig. 4).

The description of the poster says: The hyperbola might have been discovered by 
Menaechmus, a tutor of Alexander the Great. One hundred years later Apollonius 
named the ellipse, parabola and hyperbola. There are many ways to construct a conic 
section, but the easiest one is with a table, a ball and a torch. How? Apparently, it 
appears that the ball is not necessary in order to generate all types of conic sections.

Fig. 4 The fractal exhibition and the hyperbolic shapes in the Mandelbrot set fractal
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The question in the poster raises an interesting problem: Is it possible to model 
all conic sections at home, using only objects from our everyday life? Is it possible 
to classify conic sections produced in this way? To answer these questions a set of 
interactive 3D applications are implemented by the author. They are based on real-
life “experiments” and some of them were demonstrated at the Spring Conference 
of the Union of Bulgarian Mathematicians in 2010. Figure 5 shows several “experi-
ments” conducted in a hotel room using available objects and without any prelimi-
nary preparation. The “experiments” provide enough data for students to determine 
why the light reflection in the first photograph is a parabola, while the light in the 
last one makes a hyperbola.

These experiments inspired the construction of a set of interactive 3D applica-
tions. They are designed and developed within the scope of the project InnoMathEd 
– Innovations in Mathematics Education on European Level (http://www.math.uni-
augsburg.de/prof/dida/innomath). Partners in this project are University of Augsburg, 
Bulgarian Academy of Sciences, University of South Bohemia, University of 
Bayreuth, Projekt Bildung Institut, German School Board Bolzano, University of 
Cyprus, Tyrolean Educational Service, University of Cambridge, and University of 
Oslo. The project addresses pupils’ mathematical understanding, use of ICT and 
competences for lifelong learning (Bianco 2009).

The first application in the set re-explores the traditional approach that involves 
a cone and an intersecting plane. Snapshots of this program are shown in Fig. 2. 
Although the software provides an intuitive and easy-to-understand way for describ-
ing conic sections, it does not help students implement the model in real life. Instead, 
the model is suitable only for virtual experiments. Most of the other applications, 
however, are designed in a way that their ideas can be re-implemented and re-acted 
at home – this is crucial to our goal of having mathematical knowledge that is trans-
ferrable and applicable outside the classroom.

The next few applications in the set model just a torch and a table. The light 
from the torch forms a cone, while the table is an intersecting plane. The image on 
the table surface is the intersection of the light cone and the plane. It is straightfor-
ward to create a circle or an ellipse. However, is it also possible to generate parabo-
las and hyperbolas, in spite of the fact that they extend to infinity – see Fig. 6. 

Fig. 5 All four types of conic sections generated with objects at hand
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There are simple rules that “predict” the type of the curve. These rules have a 
 mathematical background, but they can be understood and applied by students with 
insufficient mathematical skills. The slope of the upper side of the light cone 
 (segment AB in Fig. 7) determines the type of the curve. It is an ellipse (or a circle) 
if A is below B, a hyperbola if A is above B, and a parabola if AB is horizontal.

It is possible to rephrase the rules – if point A is below the horizon, we have an 
ellipse (or a circle), if A is above the horizon – hyperbola, and if it exactly at the 
horizon – we have generated a parabola.

The torch in the model is used to generate a light cone. If we have a traditional 
electrical bulb, it emits light in all directions. Yet, we are still able to generate conic 
sections. Figure 8 (left) shows the elliptical shadow generated by another 3D appli-
cation. By moving the light, we can generate all conic sections. Again, the rules are 
simple. A parabola appears when the bulb is at the same level as the top of the ball, 
a hyperbola – when it is below it.

The position of the ball has an important mathematical meaning. The point of 
contact with the table is a focal point (focus) and the ball is a Dandelin sphere 
(Kendig 2005; Weisstein 2010). The right snapshot in Fig. 8 shows a similar appli-
cation where two balls produce hyperbolic shadow and at the same time they play 

Fig. 6 Making an ellipse (left) and all conic sections (right) using a torch

Fig. 7 Generation of an ellipse
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the role of two Dandelin spheres. A quick examination of the online visual resources 
shows that the predominant representation of Dandelin spheres is that they touch the 
foci of an ellipse. However, the application provides all options – students can 
immediately explore the Dandelin spheres of all types of conic sections.

There are a few other interactive 3D applications in the set. One of them uses just 
a tube. If a student looks the ground through it, the cone of sight will “cut” a conic 
section from the ground. The simple identification rules could be based on the hori-
zon. If the student sees only ground – this is an ellipse. If the horizon cuts through 
the sight – it is a hyperbola.

The last application in the set illustrates the transition from one conic curve to 
another by using a virtual pizza that can be digitally deformed by pulling the focal 
points apart. Initially, the pizza is circular and both foci coincide – Fig. 9. If the 
student moves a finger to the right, the pizza becomes an ellipse. If the focus is 
dragged to infinity, the pizza will be a parabola. And, finally, when that hand goes 
beyond infinity, it “wraps” through the other side of the screen, we will produce a 
hyperbolic pizza.

Virtual Models of Mechanical Devices

Except for the applications using the light or the absence of light to model conic 
sections, the author has implemented a rich set of non-interactive 3D applications 
that represent models of mechanical devices drawing conic curves (Boytchev 2010a). 

Fig. 8 Using shadows to generate an ellipse (left) and hyperbola (right)

Fig. 9 The interactive pizza application
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These devices represent various methods and could foster interesting mathematical 
research activities for students. All devices are built by a set of primitive elements 
including a pencil that draws on paper.

It is easy and straightforward to model a device drawing a circle; however we 
should think of a more enhanced device if we need all conic sections. Figure 10 
presents snapshots of such device, where the pencil can slide forward and backward 
controlled only by gravity.

Some of the mathematical problems occurring during the design of the anima-
tions were:

How long should the pencil be (so that it will not slide off its holder)?
How to model the infinities of parabolas (using finite objects)?
How to draw both branches of hyperbolas (within a single device)?

The model in Fig. 10 recreates the conical nature of conic sections – the pencil 
rolls on the surface of an invisible cone (defined by the angle between the disk and 
the pencil) while the paper acts as an intersecting plane. The gravity forces the pen-
cil to slide forward as much as needed to reach the paper, while the paper, itself, 
pushes it back.

As seen in the third snapshot, there is one specific case when the pencil becomes 
horizontal in its upmost position. This is the case of drawing a parabola. The tip of the 
pencil points to infinity (or to the horizon, if we consider the model in Figs. 6 and 7).

When the disk is vertical, there are situations when the tip of the pencil points 
upwards. In such cases the gravity pulls the pencil down and it touches the paper 
with its “back.” If we use a double-sided pencil, in which both ends can draw, we 

Fig. 10 Pencil attached to a disk can draw any conic section
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will get the pencil to draw one of the hyperbola branches with one of the ends, and 
the other branch with the other end. This construction is shown in the last snapshot 
in Fig. 10. Animations of this device can be seen in YouTube playlist “Mathematical 
devices” (Boytchev 2010a).

The disk rotation used in the model is essential for the formation of the conic 
curves, but is not the only way to make them with rotation. The sum of two vectors 
with different lengths rotating at the same angular speed but in opposite directions 
is a vector that traverses an ellipse; see Fig. 11 (left). The two shorter beams repre-
sent one of the vectors; the longer ones represent the other. The construction uses a 
parallelogram to maintain mechanical stability and to demonstrate the commutative 
nature of vector addition.

The right snapshot in Fig. 11 represents a ruled surface called hyperboloid. It is 
created by a tilted line rotated around a vertical axis. The intersection of the hyper-
boloid and a horizontal plane is a circle, while the intersection with a vertical plane 
is a hyperbola.

Virtual Models of Existing Mechanical Devices

The models shown in Figs. 10 and 11 are not quite practical in the sense that they 
are suitable for generation of imaginary curves, but cannot be used for making tan-
gible conic sections. For example, it is hard to use these devices to make elliptical 
windows. Carpenters have solved this problem by using a simple yet effective device 
called the Trammel of Archimedes (Apostol and Mnatsakanian 2009). This device 
can draw an ellipse with predefined major and minor axes. It also provides sufficient 
precision for carpentry.

Variations of the trammel are shown in Fig. 12. A fixed length segment slides 
along two perpendicular pairs of rails while the pencil is attached near the segment’s 
midpoint (if the pencil is exactly in the midpoint, it will draw a circle). In reality, the 
devices used by carpenters are slightly different. For example, the pencil is often 

Fig. 11 Other rotational methods to generate some conic sections
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attached on an extension of the sliding segment. This allows the carpenters to use 
much shorter rails.

The Trammel of Archimedes can draw any curve from a straight line to a circle, 
traversing through ellipses with various eccentricities. Unfortunately, it cannot draw 
a parabola or a hyperbola. Fortunately, there is another ancient method of drawing 
ellipses based on the property that the sum of distances from any point on the ellipse 
to its foci is constant. Figure 13 shows snapshots of animations visualizing all conic 
curves generated with a fixed-length thread. The top two cases are well known and 
are included just for completeness. An interesting challenge is to design a similar 

Fig. 12 Variations of the Trammel of Archimedes

Fig. 13 A thread used to draw conic sections
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mechanism for parabolas and hyperbolas, as long as almost all hard copy and online 
textbooks show only the case with an ellipse.

The lower left snapshot shows a parabola. The thread has both of its ends freely 
attached to a rail that is collinear to the parabola’s directrix. These ends can slide 
along the rail keeping both sides of the thread perpendicular to the rail. The midsec-
tion of the thread embraces the pencil and the fixed focus point. A similar device is 
shown in the last snapshot. It has the same structure, except that the rail is a circular 
arc. In this case, the pencil draws a hyperbola. It is a nice mathematical exercise to 
prove that the curve is really a hyperbola.

The topic of modeling the construction of conic intersections is virtually unlim-
ited. Figure 14 represents a hypotrochoidal device, where a disk rolls inside a ring. 
The radii of the disk and the ring are selected in such a way, that the attached pencil 
draws an ellipse.

Student Activities

The interactive 3D applications and the 3D animations presented in this paper are 
included in a set of more than 60 models of devices. Some of them draw mathemati-
cal curves, other represent mathematical transformations, construction of 3D sur-
faces, and even non-geometrical phenomena like normal distribution in statistics.

All these applications are rather new and they are still not used in the classroom 
or at home. Teaching materials are now being prepared that will utilize the full 
multidisciplinary power of the models. The rest of the section describes briefly 
some potential activities.

Fig. 14 A hypotrochoidal ellipse
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Computer Science/Computer Graphics

Each model is a program written in Elica Logo programming language. The design 
and the implementation of such program require skills and knowledge. Some 
models are very simple from programming point of view, others are quite complex. 
The building of precisely selected series of models can improve these skills and 
amass knowledge. The internal structure of models is based on concepts of the 
Object-oriented programming.

The power of having a complete programming control over the model allows the 
student to create new virtual mechanical elements. This is something which is 
impossible in closed software environments and in the LEGO-based models of 
mechanisms where the user can operate only a limited set of parts.

Physics: Mechanics

The virtual models included in the collection are not just mathematical abstractions. 
They comply with known physical restrictions and utilize the properties of compo-
nents made of different materials. A thread can change its shape, while a solid beam 
cannot.

A library with virtual mechanical parts is now under development (see Fig. 15). 
Its purpose is simplify the construction of virtual models in non-programming 
contexts. The parameters of each part are customizable by the students, which only 

Fig. 15 A snapshot of the environment using the library for virtual mechanics
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need to pick the desired parts and define their behavior. The first classroom 
application of this library is in the 2011 spring semester of the undergraduate course 
“Geometry of Motion” at Sofia University. Students are expected to “invent” new 
devices and then to implement them virtually using the library.

Mathematics: Geometry

There are many papers and web sites describing the properties of conic sections. 
However, the construction of virtual devices requires understanding of these properties 
at a higher level of abstraction. Converting a mathematical model into a mechanical 
one is a real mathematical and engineering challenge. Besides, mathematical chal-
lenges are hidden in the models themselves. They can be used to teach mathematical 
concepts and be used as an experimental playground for various tasks.

Figure 16 (left) illustrates a mathematical problem – to find whether the curve 
generated by the device is a hyperbola or it is just looking like a hyperbola. Also, if it 
draws hyperbola, could we customize the dimensions of the mechanical parts, so that 
it draws a degenerate hyperbola – a pair of intersecting lines? Figure 16 (right) shows 
a moiré pattern (Strong 1964). Is it a family of hyperbolas at various eccentricities?

Art: Animation

The collection of animations inspired the author to create a mathematical film that 
illustrates seven different ways of constructing ellipses (Boytchev 2010b). Although 
purely artistic, the making of the film was based on solving many geometrical, 
mechanical, and programming problems. Students may also be engaged in similar 
multidisciplinary activities, where, they blend scientific and artistic designs while 
constructing an artifact of their choice.

Fig. 16 Are these hyperbolas?
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The InnoMathEd project provided a home for the collection and it is a nice 
environment to create and evaluate teaching/learning activities. The adoption of 
techniques from virtual reality and gaming edutainment makes the animations and 
the applications more appealing.

Conclusion and Future Plans

The set of virtual models and the library described in this paper are still under 
construction. Most likely they will never be finished as long as new models and 
devices are continuously being added. All models are available for free both as 
source codes and as 30-s clips.

The first classroom evaluation of the proposed interactive 3D models will be com-
pleted by mid-2011 within the InnoMathEd project and the results will be reported 
in future papers. The work described in this paper is focused solely on the design 
and the development of the software tools. The pedagogical aspects of their applica-
tion will be researched in the next phase of the project.

The software by itself does not imply that it is effective for educational purposes, 
because technology in education is educationally neutral. Whether its use is effective 
or not in the classroom, depends on how it is used. In this respect, the presented 
software provides educational perspectives that are not feasible in the traditional 
mathematical textbooks and are not used by the modern DGS. Whether these 
perspectives will be utilized, is related to the actual application in the classroom.

The major expected benefits of using the presented models are: (1) to provide 
multiple real-life representations of conic sections; (2) to demonstrate the main 
properties of conics in a clear way; and (3) to build engaging and entertaining virtual 
environment, which utilizes the power of ICT in areas, where conventional text-
books fail.
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Introduction

During the past years several initiatives have been developed worldwide toward the 
open access to Educational Resources, in the form of learning objects such as video 
and audio lectures (podcasts), references, workbooks and textbooks, multimedia simu-
lations, experiments and demonstrations, as well as syllabi, curricula, courseware, and 
lesson plans (McGreal 2008). UNESCO (2002) has defined Open Educational 
Resources (OERs) as the “technology-enabled, open provision of educational resources 
for consultation, use and adaptation by a community of users for non-commercial 
purposes.” The OER movement is a technology-empowered initiative that aims to cre-
ate and share educational resources that are freely available online for everyone on a 
global level (Caswell et al. 2008). The main objective of such initiatives is to support 
the process of organizing, classifying, and storing digital educational resources and 
their associated metadata in Web-based repositories which are called Learning Object 
Repositories (LORs). McGreal has defined LORs as systems that “enable users to 
locate, evaluate and manage learning objects through the use of ‘metadata’, namely 
descriptors or tags that systematically describe many aspects of a given learning object, 
from its technical to its pedagogical characteristics” (McGreal 2004).

Within this context, a number of international efforts have led to the develop-
ment of the IEEE Learning Objects Metadata (LOM) standard as a commonly 
accepted way for describing educational resources with metadata (IEEE 2002). 
Most of the LORs that have been developed worldwide adopt the IEEE LOM 
standard for describing their educational resources aiming to facilitate their 
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interoperability with other LORs (McGreal 2008). However, it was recognized early 
enough that it is not possible for a generic standard such as IEEE LOM to fully meet 
specific requirements and thoroughly accommodate the particular needs of different 
educational communities. As a result, a common practice of generating Application 

2002; Mason 
and Galatis 2007; Currier 2008; Mason and Ellis 2009). As a result, several educa-

to their specific requirements and needs.

number of software tools have been developed, so as to facilitate educational com-

well as to provide an overview of existing tools that support this process and com-
pare them, so as to identify their strengths and weaknesses.

Application Profiles for Educational Metadata

Guidelines for Developing Application Profiles

The European Committee for Standardization (CEN/ISSS) defines an Application 

metadata schemas and combined in a compound schema”. Application profiles pro-
vide the means to express principles of modularity and extensibility. The purpose of 

is tailored to the functional requirements of a particular application, while retaining 
interoperability with the original base schemas” (Smith et al. 2006).

According to IMS Global Learning Consortium, the main reasons for the develop-
2005a):

To meet technical and other requirements and preferences specific to a project, a 
community, a domain, and/or a region.
To address ambiguity and generality in a specification or standard.
To foster semantic interoperability, e.g., through the use of commonly under-
stood vocabularies.
To facilitate testing for conformance and successful interoperability.

that will facilitate them during this process. The IMS Global Learning Consortium 
recognizes a number of benefits in doing this, namely (IMS GLC 2005a):
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services that reach out multiple communities with simple configuration settings 
for localization.

-

them from the scratch.
-

ability across different communities.

International Organizations such as IMS Global Learning Consortium and 
European Committee for Standardization (CEN/ISSS) have published guidelines 

guidelines include the following steps (Smith et al. 2006; IMS GLC 2005b):

Step 1 – Selection of data elements: During this step the data elements that the 

Step 2 – Size and smallest permitted maximum: This step includes the definition 
of the size that a data element is allowed to have at a metadata instance.
Step 3 – Data elements from multiple namespaces: This step aims at the defini-
tion of data elements from different namespaces, which are part of different 
metadata schemas.
Step 4 – Adding local data elements: During this step new local data elements, 

Step 5 – Obligation of data elements: This step aims at the definition of the man-
datory data elements (i.e., the value for these data elements shall always be pres-
ent), the conditional (i.e., the value for the data element shall be present only if a 

including values for specific metadata elements).
Step 6 – Value space: During this step the value space of the data elements is 
defined. The value space defines the set of values that the data element shall 
derive its value from.
Step 7 – Relationship and dependency: This step includes the definition of inter-
relationships and dependencies between data elements.
Step 8 – Data type profiling: This step aims at the definition of the data types of 
specific metadata elements.
Step 9 – Application profile binding: The final step includes the production of the 

-
sented in XML schema or RDF format.

Examples of Existing Application Profiles

The CELEBRATE Application Profile (Simon and Colin 2004) and its evolu-
tion, namely, the Learning Resource Exchange (LRE) Application Profile  
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(Van Assche and Massart 2007) developed by the European Schoolnet (EUN) 
http://lreforschools.

eun.org/).
The UK-LOM Core Application Profile (UK LOM CORE 2004) and its evolu-
tion, namely, the JORUM Application Profile (Stevenson 2005) developed by a 
JISC-funded Service for Development in UK Further and Higher Education and 
adopted by the JORUM Web Repository (http://www.jorum.ac.uk).
The VET Metadata Application Profile (Vetadata) (Australian Flexible Learning 
Framework 2009) developed by the Australian Flexible Learning Framework 
and adopted by the LORN Web Repository (http://lorn.flexiblelearning.net.au).
The Australia New Zealand LOM (ANZ-LOM) Application Profile (The Le@
rning Federation 2008) developed by the Le@rning Federation, a collaborative 
project for the development of Educational Services in Australia and New 

Repository (http://www.thelearningfederation.edu.au).
The DET Learning Resource Metadata Application Profile (Flack 2010) devel-
oped by the Department of Education and Training of New South Wales in 
Australia and adopted by the Teaching and Learning exchange (TaLe) Web 
Repository (http://www.tale.edu.au).

Table 1
with the steps of the guidelines described in the previous section. This can help us 
to extract useful conclusions about the most common types of modifications done in 

Table 1

Modification types CELEBRATE LRE
UK-LOM 
Core JORUM VETADATA LOM

DET 
LRM

Selection of data 
elements

Size and smallest 
permitted 
maximum

– –

Data elements from 
multiple 
namespaces

– – – – – – –

Adding local data 
elements

– – – – –

Obligation of data 
elements

–

Value space
Relationship and 

dependency
Data type profiling – – – – – – –
Application profile 

binding
– – –
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More specifically, as we can notice from Table 1
subset of data elements from the IEEE LOM Standard (step 1), (b) define the 
value space of the data elements (step 6), and (c) define inter-relationships and 
 dependencies between data elements (step 7). Moreover, the majority of the exam-

instance (step 2), (b) define mandatory, conditional, and recommended data ele-

namespaces (step 3) nor new data types for specific metadata elements (step 8). 
Additionally, only two of them (namely, CELEBRATE and LRE) define new local 
data elements which are not included at the IEEE LOM Standard.

Tools for Developing and Managing Application Profiles  
of the IEEE LOM Standard

Due to the increasing interest in developing community-based IEEE LOM 
-

and CEN/ISSS. In this section, a brief overview of these tools is given.

eMAP

2004) is an open-source standalone tool targeting 
non-XML experienced users. Its main functionalities include (Fig. 1):

GLC and CEN/ISSS.

elements in a tree structure and grouping them according to the IEEE LOM 
Standard categories.

IMS SchemaProf

2007) is a standalone tool developed in the framework 
http://www.opengroup.org/telcert). It is included in a 

suite of tools that support the process of application profiling in learning technolo-
-

ities include (Fig. 2):

ISSS Guidelines.
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elements in a tree structure and applying modifications.

ASK-LOM-AP

2010) is an open-source web-based tool fully supporting 

XML experienced users, who might have limited knowledge of the IEEE LOM 
Standard and provide them with appropriate step-by-step wizards, which facilitate 

3):

to the IMS GLC and CEN/ISSS Guidelines.

Fig. 1
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the metadata elements and value space of the elements. Moreover the modified 

-
fications, in accordance with the base schema of the IEEE LOM Standard, so as 
to be interoperable with educational metadata authoring tools.

a step-by-step wizard. Moreover, the educational metadata instances could be 
exported in XML format and imported to Learning Objects Repositories.

Comparison of Existing Tools

we define a comparison grid, which is based on specific requirements that such a 
tool should meet. The first set of requirements that an IEEE LOM Application 

Fig. 2
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GLC and CEN/ISSS Guidelines. More specifically, these requirements can be 
 summarized below:

Requirement 1: Capability to select the IEEE LOM metadata elements which 

Requirement 2: Capability to define the minimum and maximum occurrence of 
the selected IEEE LOM metadata elements in the IEEE LOM metadata instance 

Requirement 3: Capability to select metadata elements from other metadata sche-

Requirement 4
are not included at the IEEE LOM metadata schema.
Requirement 5 -
mended, and the optional metadata elements.
Requirement 6: Capability to define the set of values that a metadata element of 

Requirement 7: Capability to define relationships, as well as, dependencies 

Fig. 3
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Requirement 8: Capability to define the data types of the metadata elements of a 

Requirement 9
language (in the form of an XML Schema).

should meet is derived from interoperability and usability issues. More specifically, 
these requirements can be summarized below:

Requirement 10
with other tools such as educational metadata editors. This is very important 

Requirement 11: Capability to author educational metadata instances based on 

editor, so as to author educational metadata instances based on the various 

Requirement 12: Capability to be used by non-XML experienced users. This 

to non-technical expert users.
Requirement 13: Capability to be accessible via a web browser. This requirement 

different communities of users.

Table 2 compares existing tools according to the requirements that these tools 
meet. The requirements are divided into two main categories, in accordance with 
the requirements’ categories previously described.

Table 2 Requirements of IEEE LOM application profiling tools

Categories Requirements

Requirements 
derived by 
IMS GLC 
and CEN/
ISSS 
Guidelines

Selection of data elements
Size and smallest permitted 

maximum
Data elements from multiple 

namespaces
–

Adding local data elements –
Obligation of data elements
Value space
Relationship and dependency –
Data type profiling –
Application profile binding –

Requirements 
derived by 
interoper-
ability and 
usability 
issues

with educational metadata 
authoring tools

–

Support authoring of educational 
metadata based on application 
profile

–

Do not require XML knowledge –
It is accessible via a web-browser – –
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As we can notice from Table 1
derived by IMS GLC and CEN/ISSS Guidelines (which is reasonable since this 
tool was developed before these guidelines were published), whereas, both the 

users adequate knowledge of XML language. Moreover, it should be noted that the 
-
-

accessible online.

Conclusions

-
tional communities, it appears that only limited attempts exists in the literature for 
the development of technological tools that support the process of IEEE LOM 

-
tional communities more accessible to non-technical experts. In this chapter, we 
presented an overview of existing tools that facilitate the process of developing and 

includes the key requirements which should be met by an IEEE LOM Application 

The results of this comparison showed the limitations of the existing tools, 
namely:

They require from their users a profound knowledge of XML structure and its 
syntax.

systems.
They do not support the process of educational metadata authoring based on the 

-
-

cational metadata instances based on it.
They are not accessible online.

-
comes the identified limitations and can simplify the process of developing and 
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Introduction

The growth of the Internet and with it e-learning, has led to the appearance of 
Learning Management Systems (LMSs), which provide a variety of features and 
operations including the development, management, distribution, diffusion, and 
presentation of educational material, as well as tools for both user and course 
management. However, many researchers (Conlan et al. 2002; Bouras et al. 2003; 
Jui-Lin Lu and Chen 2006) have raised questions in regards to the accessibility and 
reusability of the educational material, the interoperability between different systems 
and their durability over time. As a solution to the aforementioned problems, 
research proposes the use of technological standards for the creation of educational 
material (Bouras et al. 2003; Brusilovsky 2004; Jui-Lin Lu and Chen 2006; Casella 
et al. 2007). Some of the most well-known standards for the creation of educational 
material are: SCORM (Sharable Content Object Reference Model) (ADL 2009), 
LOM, IMS, AICC, etc. The most widespread standard, in the last years, has been 
SCORM which is based on SCOs (Sharable Content Objects). The exploitation of 
this technology not only allows the use of educational material in multiple LMSs 
but also facilitates the discovery and reusability of such material (Duval 2001; Krull 
et al. 2006).

Due to the nature of the Internet, some problems do however, arise. The courses 
distributed by LMSs, are available to a wide number of users, with different charac-
teristics, cultures, learning needs and previous knowledge of the domain. Therefore, a 
course that is appropriate for one particular learner may not be suitable for the needs 
of other learners. What is more, learners have the ability to navigate freely within a 
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course or even visit web pages not immediately connected with the course. These 
characteristics have led to some major problems summarized in Murray et al. (2000), 
such as disorientation, cognitive overload, discontinuous flow, content readiness, and 
user distraction (Foss 1989). A solution proposed by a large number of researchers 
(Brusilovsky 1996; Pilar da Silva et al. 1998) is the incorporation of interactivity and 
adaptivity in online learning environments. The outcome of these research efforts was 
the appearance of Adaptive Educational Hypermedia Systems (AEHSs). The main 
objective of AEHSs is to individualize the features and operations that they provide so 
as to increase their functionality (Brusilovsky 1996). Their personalization is usually 
applied via the adaptive navigation and presentation of the educational content 
(Brusilovsky 2001).

From the above, it becomes clear that AEHSs mainly attempt, via adaptation, to 
improve the educational process and its outcome, while the standardization that 
many LMSs follow aims to help course developers to access and reuse educational 
material easily, as well as provide interoperability between different systems and 
platforms. As a consequence, many researchers (Specht et al. 2002; Conlan et al. 2002; 
Modritscher et al. 2006), turned their attention to systems, which are based on these 
two axes. According to Brusilovsky (2004) these systems may eventually even 
replace traditional LMSs.

The present work attempts to contribute to this research area. It focuses on the 
restrictions that are related to the production of educational content due to SCORM 
specifications and investigates ways in the development of dynamic and adaptive 
educational material which will conform to SCORM and its specifications. For 
further course adaptation, an adaptive LMS named ProPer is presented; while for 
automatic course authoring, the use of ProPer SAT (SCORM Authoring Tool) is 
proposed.

Technology Background

Adaptive Educational Hypermedia Systems

The main characteristic of AEHSs is the individualization of the educational process 
according to learner needs. The student oriented instruction allows students to follow 
an optimal learning path adapted to their individual characteristics, utilizing their 
strengths and at the same time helping them achieve a better learning outcome.

Personalized instruction through an AEHS, however, requires accurate design of 
both the AEHS and its courses. The problem which arises is that there is no com-
mon development framework for such systems, and therefore, a lot of time must be 
spent in developing them. Besides this, the development of suitably formed educa-
tional content is, most times, also required. As a consequence, precious time is spent 
on the development of educational material, which means that nowhere near enough 
attention is paid to the application of suitable educational strategies.
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Learning Management Systems

LMSs and their courses are one of the most popular ways of knowledge distribu-
tion via the Internet. Yet, there is only one form of teaching for all types of learn-
ers, without meeting the individual’s potential needs. The use of previously 
presented AEHS technologies deals with these kinds of problems. However, devel-
opers of such courses are confronted with a variety of problems: (1) lack of a 
predefined development standard of LMSs and its corresponding educational 
material, a consequence of which is that it is difficult to develop and apply educa-
tional material designed for use by one platform to another; (2) many times the 
upgrading of LMS in a new version requires changes in the structure of educa-
tional material; and (3) both re-use and recall of educational material require 
additional work from the course designers. Due to the abovementioned prob-
lems, as happens with AEHSs, many resources are expended on the programming 
implementation of the courses rather than on content quality and educational 
strategies.

The solution to these problems comes from the adoption of certain international 
standards and specifications in combination with the use of learning objects (LOs) 
of the educational material. This tendency is also confirmed from their use by the 
most well-known LMSs. In order for the use of LOs from different systems and 
courses to be successful, appropriate standards have to be adopted.

SCORM Specifications and Restrictions

Standards and specifications were developed in order to facilitate the description, 
packaging, sequencing, and distribution of educational content, learning activities 
and learner information (Campbell 2002). The description and development of suit-
ably structured educational material comes mainly via the metadata. These standards 
and specifications provide reusability, accessibility, interoperability, and durability 
to potential software updates.

The most popular technical standard at the moment is SCORM. SCORM is a set 
of specifications for the development, organization, and distribution of educational 
content. Its goals are to enable compliant systems to import, share, reuse, and export 
electronic educational material. SCORM prescribes the entire development process 
of the educational material, from unit segregation to the definition of which metadata 
is essential or optional for each LO. SCORM is comprised of three main parts: the 
Content Aggregation Model (CAM), the SCORM Run Time Environment (RTE), 
and Sequencing and Navigation (SN).

SCORM, in accordance with other standards, places concrete specifications and 
restrictions both on the educational content and on the compatible LMSs. SCORM 
compliant educational content is structured from independent LOs. Each LO is 
composed of either assets or SCOs (Sharable Content Objects). Assets may be 
elementary units of knowledge, like text, sounds, images, etc. and there is no conformity 



298 I. Kazanidis and M. Satratzemi

rule to the standard. However, assets cannot communicate with the system and 
therefore, such type of content is static.

In contrast, SCOs have the ability to communicate with the system. Each SCO is 
composed of various assets and additionally, it includes an essential JavaScript code 
for communication with the system. Substantially, an SCO may be composed of one 
or more HTML web pages, while it follows concrete rules so as to be compatible 
with all the SCORM compliant LMSs. The JavaScript code, which is included in the 
SCOs, is in accordance with the SCORM Application Program Interface (API) and 
Data Model. This code has to execute concrete actions. In particular, it has to (1) 
locate the provided API of the LMS, (2) initialize and terminate every communication 
session with the LMS, (3) record and store concrete information about the learners, 
and (4) provide error management. The storage of information in the system’s data-
base takes place through the SCORM API. Consequently, information is dispatched 
for storage with the use of specific commands in concrete form.

SCORM API provides, among others, the following functions for SCO and system 
intercommunication (ADL 2009):

Initialize(): Initializes the communication session between the SCO and the 
system.
Terminate(): Terminates the communication session between the SCO and the 
system.
GetValue(): Gets appropriate data from the system.
SetValue(): Sends data to the system.
Commit(): Promotes the permanent storage of data that has been submitted after 
the last call of Initialize() or Commit() functions.

The abovementioned requirements, substantially prohibit the course author from 
developing electronic courses in dynamic programming languages, such as, PHP, 
ASP, JSP, etc. using his/her own communication and adaptation techniques, as hap-
pens in most of the AEHSs. In contrast, a SCO must locate the API instance and 
initiate a communication session with it. Every dynamic or static presentation of the 
content needs to be based on the communication between the SCO and the RTE 
database. This communication comes with the JavaScript code, which exploits the 
SCORM API. In addition a SCO may not attempt to change the appearance or close 
the window of the RTE (Ostyn 2010).

Since each SCO must be autonomous and ready for use in any other compatible 
course, the use of hyperlinks to other SCOs in the package is not permitted. This 
restriction does not allow a connection of concrete words from the educational con-
tent to exterior content or even to a system index; practices that are applied by some 
AEHSs.

There are also some restrictions at the course construction level. Each course 
should be packaged according to the specifications of the SCORM. Apart from 
educational material, these specifications require the existence of a metadata XML 
file with the name imsmanifest.xml, which includes concrete information about the 
course itself and its SCOs. All the essential information about the course, such as, 
the place and use of educational material, course structure, SCO weight, minimal 
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learner’s progress in order for a SCO to be considered as known, possible adaptive 
navigation etc. should be stored in this file, according to the SCORM CAM rules. In 
contrast, SCORM does allow the production of personalized courses via adaptive 
navigation and adaptive content presentation of the educational content by the 
course author.

Efficient SCORM Courseware Development

This section aims to guide authors in creating a SCORM compliant course that 
effectively exploits SCORM API abilities. The resultant framework is tailored to the 
efficient construction of basic SCORM courses. For the development of a simple 
SCORM course, we propose a process consisting of five stages, as follows:

Resource development and collection: Initially, the author has to find or create the 
necessary educational material for the course. In addition, the author must down-
load the appropriate xsd xml extension files from the (ADL 2009) website. Moreover, 
s/he needs to download or develop an API wrapper JavaScript that implements the 
SCORM API. Some of the most well-known API wrapper JavaScripts may be found 
in either of the following sites (Ostyn 2010; ADL 2009).

Course construction design: At this stage the instructor designs the course struc-
ture. The course is separated into concepts as well as the course map, and the rela-
tions between each concept, are defined.

Implementation of course file structure: Every course consists of folders and files. 
An efficient course structure organization will help the author to categorize the 
course educational material and subsequently to easily maintain, update, or extend 
it in the future. A proposed strategy that allows easy packaging of the course is to 
create a parent folder that includes all the course files, as well as subfolders for 
JavaScript files, images, CSS files and folders which includes all the necessary 
HTML files of every SCO of the course.

SCO development: The educational content needs to be reformed in an appropriate 
format in order for it to be separated into SCOs. Usually an asset, like text, image, 
flash, etc. may be transformed into an SCO by adding to it an HTML wrapper which 
contains the necessary JavaScript code.

Course manifest development: Course construction is completed by the develop-
ment of the manifest file. This file includes the essential information about the 
course structure and sequence according to CAM. Instructors can either write the 
appropriate XML code in a text editor or use special graphical tools, such as Reload 
Editor (Reload 2010). At this stage the author needs to set all the SCO parameters 
and relate the SCOs with their resources. All the course files have to be referred in 
the manifest resources section and vice versa. In addition, even if it is not manda-
tory, we propose the use of metadata to describe the course content. The existence 
of metadata will enable the easy discovery as well as reuse of the content from other 
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systems and users. Since most times certain learning objects, like tests, count more 
in user assessment, we propose the definition of a specific weight for every SCO to 
its parent score and thereupon to the final course score, using the sequencing rollup 
rules. Finally, in order to allow SCOs determine completion as well as their successful 
study, authors can set the minProgressMeasure and minNormalizedMeasure 
attributes correspondingly.

Adaptive SCORM Course Development

Using the above techniques, authors may create effective SCORM compliant courses. 
However, these courses are still static and do not personalize a user’s study to his/her 
personal needs and progress. This section, therefore, focuses on the exploitation of 
SCORM API so as to overcome its initial restrictions and achieve the construction of 
adaptive courses. Since every SCO should be autonomous and suitable for use by all 
SCORM compliant courses and systems, the import of an extra code that would col-
laborate with the system so as to adapt the content, is not allowed. In order to over-
come this restriction, we propose the exploitation of SCORM functionality and more 
specifically: (1) the use of SCORM Objectives of a course for user modeling, (2) the 
adaptation of educational content through JavaScript code, which will initially read 
the user model and later provide appropriate adaptation, and (3) the exploitation of 
SCORM sequencing rules in order to adapt user navigation.

SCORM CAM enables the statement of a concrete Objective, in every course, 
through an XML code of the course’s manifest file. Later, depending on the user’s 
actions in the course, an SCO may asses user progress on each Objective via the 
JavaScript code and more specifically, by using the method SetValue() of the 
SCORM API. Therefore, by recording the user score in particular Objectives, a user 
model is created which will allow the adaptation of educational content according 
to the data stored in the course Objectives.

Content adaptation is applied through the JavaScript code using the function 
GetValue() of the SCORM API. Initially, user score on the appropriate Objective 
will be acquired via the GetValue() function, and afterwards the JavaScript code 
will modulate the presentation of the educational material accordingly.

The SCORM sequencing rules make the adaptation of user navigation in a course 
possible. Sequence rules may determine the SCOs that the user is allowed to study, 
as well as their presentation sequence. These rules are formulated following the 
syntax: if < condition > then < action >.

In the case that the condition is true, then the appropriate action is executed. 
Conditions usually check user progress in a course activity. For example, if a 
learner does not achieve the objectives that are related to the current activity, then 
the system proposes the study of additional course activities (Bouras et al. 2003). 
The action parameter in each sequence rule defines the action that the system has 
to apply, if the condition is true. Sequence rules are divided according to time, into 
three different steps: (1) pre-condition, which is applied when the user visits a 
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course activity, (2) post-condition, which is applied when a course activity is 
terminated, and (3) exit action, which is applied after exiting an activity. As a con-
sequence, specific course activities may or may not be available to the user for 
study, according to the extent of course Objective coverage, in order to improve the 
user learning path.

ProPer

In order to achieve a more integrated adaptation of SCORM compliant courses and 
to study the feasibility of the development of a system that will completely adopt the 
SCORM standard while simultaneously providing adaptive courses, we developed 
an AEHS, which we named ProPer (from the initial letters of the Greek words 
Adaptive Environment). ProPer (Kazanidis and Satratzemi 2009a), which is avail-
able at http://proper.uom.gr, combines characteristics from both AEHSs and LMSs 
and provides adaptive navigation, as well as adaptive presentation of the educational 
content by exploiting SCORM API, which it completely adopts.

ProPer supports three types of users: students, authors, and administrators. 
Students are allowed to register and study courses, keep notes for every course, 
manually define their user model including their educational goals and preknowl-
edge of the domain, and send feedback to the authors. Authors adopt the students’ 
rights and additionally, may import new SCORM compliant courses. The mecha-
nism to import a course is derived from the SCORM RTE 1.3.3 on which ProPer 
implementation is based. In addition, course and user models of SCORM RTE were 
further extended and new modules were added. Following, authors may define the 
course model (set course description, passwords, dates of availability, and define in 
which SCOs the system will display knowledge buttons that allow students to man-
ually define whether or not they have learned each SCO educational content), keep 
backups, and restore their courses. Authors may also view statistics about course 
status as well as the actions of students in their courses (Kazanidis and Satratzemi 
2010). Lastly, besides having the same rights as authors for all courses in ProPer, 
administrators may also administrate both users and courses.

ProPer provides adaptive technologies both for user navigation and for the pre-
sentation of the content. These technologies can be separated into two main catego-
ries: those provided by the system and those provided by the appropriate design of 
the educational material.

Adaptive link annotation and direct guidance of the learner are the technologies 
of the first category. In addition, ProPer allows the learner to declare his/her previ-
ous knowledge as well as his/her learning goals, afterwards adapting user naviga-
tion accordingly.

The technologies that belong to the second category are link hiding and the adap-
tive presentation of educational content according to particular user characteristics, 
such as learning style, knowledge in pre-required concepts, technological infra-
structure, etc.
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In order to provide adaptive navigation, ProPer constructs a model for the learner 
based on his/her actions, and estimates learner knowledge of the domain. We propose 
a mechanism of user progress evaluation, according to the learner’s goals and grades 
in each course unit. We therefore, propose: (1) the exploitation of information that 
can be collected via the SCORM API, like the user score in every course unit, as 
well as the weight of each SCO in the score of the whole course; and (2) the use of 
appropriate rules for the exploitation of this information, which will lead both to the 
adaptation of the course table of contents, as well as to the localization of the most 
appropriate unit for study. ProPer annotates the table of contents links according to 
user progress and goals, and suggests the most appropriate course unit for study by 
annotating the appropriate link with a green book (Fig. 1).

In order to achieve wider adaptation, we also studied the development of appro-
priate educational content which is adapted according to user needs. Therefore, we 
created adaptive courses, following the abovementioned proposed stages, that 
provide adaptive presentation of their content according to user characteristics, and 
at the same time, we propose a framework for the development of SCORM compliant 
courses that can be adapted to user learning style (Kazanidis and Satratzemi 2009b). 
More specifically, the Honey and Mumford model (1992) has been adopted, and in 
accordance with it users are categorized as being Activists, Reflectors, Theorists, or 
Pragmatists, each with its own specific learning preferences.

Adaptive courses consist of various knowledge modules on one page (Theory, 
Example, Question, Activity, etc.). The first SCO of these courses acquires the user 
learning style in accordance with the Honey and Mumford model through a ques-
tionnaire, and stores it in a SCORM objective named lstyle. All the later SCOs of 

Fig. 1 ProPer interface for a Theorist user
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the particular course read this objective value and adapt their content presentation 
according to the specific user learning style; e.g., if the user has been categorized as 
a Theorist, then the presentation of the educational material could start with the 
presentation of the Theory module, which is followed by an Example and a Question 
hint. Obviously, the sequence of these modules will be different for different learning 
styles. Figure 1 shows ProPer’s interface and how the content of an adaptive course 
is presented to a user categorized as a Theorist.

In order to provide adaptive navigation and adaptive presentation, ProPer creates 
a user model comprising three main categories of data: (1) user knowledge of the 
domain, (2) user actions and goals (time spent studying a concept, number of visits, 
goals), and (3) independent domain data (such as: user name, password, mail, lan-
guage, and privileges). User’s personal data is retrieved through user registration 
and is static. For user knowledge representation, like the majority of AEHS, we use 
a multilayered overlay model which consequently, follows the domain structure. 
The first layer stores navigation history, i.e., data that shows whether the learner has 
studied a particular concept and if s/he has actually visited the corresponding web 
page. The second layer contains the learner’s estimated knowledge on a particular 
concept, which is derived from a concept having been studied based on the learner’s 
interaction with the system, and is represented as a percentage score. The third layer 
describes the learner’s previous knowledge of the domain and can be declared in an 
appropriate form, either initially or during the course. Consequently, by this data 
being stored at different layers, it enables an independent update to take place. Thus, 
user knowledge data from one layer does not overwrite identical data from 
another.

The third category of data stores the time a learner spends on a specific concept, 
the number of times that s/he has visited the web page, and whether or not a concept 
is considered one of his/her goals. The user goal model is a combination of the 
overlay and stereotype models, since the user either at the start or during the actual 
study, can manually define his/her goals (overlay model) or select a group of goals 
that has been created by the tutor, which has been based on a particular category, in 
the range, e.g., novice – expert (stereotype model). Lastly, the learner’s draft notes, 
feedback for tutors, and the Java Programs are stored for every course unit.

A formative evaluation of ProPer (Kazanidis and Satratzemi 2009a) was carried 
out in order to discover system weaknesses and check for possible improvements. 
After the necessary amendments, a summative evaluation followed so as to find out 
system usefulness and effectiveness in an online asynchronous educational process. 
Formative evaluation results demonstrated that with ProPer students can navigate 
through a course in a more goal-oriented manner enabling one to avoid unnecessary 
concepts, which results in faster course completion. Furthermore, summative evalu-
ation results verified that in comparison to a simple hypermedia system, ProPer 
improves the learning outcome. In addition, users stated that they like studying with 
ProPer as they find it both simple and useful. Writers also found ProPer very easy 
and useful for their course delivery, since it allows them to design personalized 
instruction. At the same time, existent educational material can be easily retrieved, 
accessed, and reused taking advantage of SCORM functionality.
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ProPer SAT (SCORM Authoring Tool)

As mentioned above, SCORM compliant courses were implemented for a better 
educational outcome. However, the development of such courses requires that the 
author(s) have programming knowledge. For this reason, we went one step further 
and developed an authoring tool, named ProPer SAT (Kazanidis and Satratzemi 
2009c) which allows for the creation of SCORM compliant adaptive courses, with-
out requiring that the author(s) have any prior programming knowledge.

ProPer SAT exploits SCORM API and utilizes the techniques presented in this 
paper. More specifically, it prompts the author to fill in certain predefined HTML 
forms, according to the type of course that s/he wants to develop (Fig. 2). In this way, 
the author needs only to choose the educational strategy of the course and to upload 
the educational content. There is, thus, no need for the author to have prior program-
ming knowledge. In addition, ProPer SAT uses the abovementioned SCORM abilities 
correctly, since the SCOs that have been developed are enhanced by appropriate 
metadata, have a specific weight to their parents’ score, grade student efforts, and can 
implement the presented framework for adaptive content presentation.

ProPer SAT interface is comprised of four main frames (Fig. 2). At the top of the 
page the toolbar functions are related to the whole course. On the left-hand side, the 
author may reconstruct, via a tree view table of contents, the course structure. The 
screen’s main frame contains all the appropriate properties of course item or orga-
nization. In the case where the current selection is an item (SCO), WYSIWYG 
editors appear that enable the author to easily compose the educational content. 

Fig. 2 ProPer SAT SCO construction interface
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Section A obtains the appropriate data for user progress assessment; section B 
enables the easy discovery and reuse of the SCO; while section C lets the author 
create SCOs with adaptive content presentation according to the Honey and 
Mumford Model. Finally, the bottom of the screen contains information on the 
course type and help about available options.

ProPer SAT may create, store, and export all necessary course files in a zip file 
according to the third and fourth edition of SCORM 2004 standard. Therefore, this 
file may be imported in both ProPer and all the SCORM compliant LMSs. ProPer 
SAT is free for use by anyone, so long as they register in the system, which is available 
at http://propersat.uom.gr.

The evaluation of ProPer SAT was based on the Technology Acceptance Model 
(TAM), which assesses the anticipated acceptance of a particular technological system 
by individual users. The evaluation procedure comprised the development of 
SCORM compliant courses, both simple and adaptive, by authors with and without 
programming knowledge. This was then followed by structured interviews based on 
a predefined assessment questionnaire, in order to record the authors’ opinion of the 
system. The results showed that authors found the system to be both easy and 
useful, stating that they intend to use it in future.

Discussion and Conclusions

This work can help authors override SCORM restrictions and create adaptive 
SCORM compliant courses that will provide students with personalized learning 
instruction. In addition, in order to achieve a better learning outcome for students, 
as well as fast course development for authors, future adaptive learning systems will 
be able to adopt the applied model presented in this work, which consists of a simple 
SAT and an adaptive SCORM compliant LMS. This claim has been confirmed by 
the evaluation results.

ProPer’s main advantage is that it incorporates both adaptive technologies and 
LMS features, while it complies with the SCORM standard and its specifications, in 
contrast to most of the AEHSs which either are not completely compliant with 
SCORM and its specifications or incorporate limited adaptive capabilities.

In contrast to ProPer, the requirements previously presented, have not allowed 
most of the AEHSs to conform to SCORM specifications. Although some systems, 
such as OPAL (Conlan et al. 2002), and VIBORA (Morales 2003) do try to combine 
SCORM with adaptation, there are limitations. For instance, OPAL only uses 
SCORM 1.2 metadata partially and does not allow the import of SCORM courses 
in the way ProPer does, while adaptivity in VIBORA is limited to the dynamic 
sequencing of learning objects. Another system is AdeLE (Modritscher et al. 2006) 
which is an eye-tracking adaptive system. AdeLE supports the import of SCORM 
courses. However, the adaptation in AdeLE presupposes the existence of special 
equipment in order to record the user’s eye movements. In contrast to ProPer, it cannot 
provide adaptation according to user learning goals and it does not support feedback 



306 I. Kazanidis and M. Satratzemi

during the educational process, concerning user progress. In comparison to the 
abovementioned systems, ProPer succeeds in combining adaptation with SCORM 
standard in a more efficient manner.

Other systems, similar to ProPer SAT, offer authoring tools for adaptive SCORM 
compliant courses in order to help authors in the course creation process. WINDS 
(Specht et al. 2002) creates and delivers courses based on SCORM objects but it 
does not support native SCORM compliant courses. It provides adaptive link anno-
tation and adaptive presentation of educational content according to user learning 
style, and it incorporates an authoring tool, which helps the teacher to create adaptive 
courses that are based on SCOs. Another system which supports the import of 
SCORM courses and allows teachers to write courses which are adaptive to user 
learning style is AHA! (Stash 2007) in its third version. The imported courses, how-
ever, do not include all the features that AHA! offers and additional work, as well as 
modifications are required. In addition, it is still not possible to export its courses in 
a SCORM compatible form. As a consequence AHA! courses cannot be reused by 
other SCORM compliant systems. MOT (Power et al. 2005) is an online environment 
for the authoring of adaptive educational hypermedia. In MOT the author can either 
select an adaptive strategy that corresponds to an instructional strategy created by a 
different author and apply it to an arbitrary concept map or lesson map or define his/
her own instructional strategy. MOT can export only courses with specific structure 
to pre-adapted SCORM courses in order to be used by SCORM compliant LMSs. 
However, these courses are only the result of a specific presentation of an adaptive 
course, they are not adaptive on their own.

Most of the aforementioned systems either do not completely adopt the SCORM 
standard and its specifications, or provide limited adaptive functionalities. ProPer 
SAT in contrast to the above systems, allows authors to create both static and adaptive 
SCORM compliant courses following simple steps. The case that it supports pre-
defined strategies, increases system simplicity, while its conformity to SCORM 
enables developed courses to be delivered by any SCORM compliant LMS. In addi-
tion, ProPer SAT’s internal mechanisms for sharing, discovery, and reuse of educa-
tional content, make its courses and their SCOs reusable by other course authors.

Summing up, this work presents a path for the creation of adaptive SCORM 
courseware. Authors may initially exploit SCORM API in order to develop either 
static or adaptive SCORM compliant courses. In addition, they can use ProPer for 
further adaptation of these courses in order to achieve a better learning outcome. 
This has been confirmed by ProPer’s evaluation results (Kazanidis and Satratzemi 
2009a), which show that students achieved a better learning outcome in less study 
time. Furthermore, the authoring process has been simplified with the use of ProPer 
SAT, where evaluation results have shown that authors found it easy and useful, 
while they also stated that they would use it in the future.

Although this work has attempted to exploit SCORM specifications and override 
the initial restrictions, more research has to be carried out in the area of applied 
adaptivity in SCORM. Furthermore, the possibility of SCORM API extension needs 
to be studied, in order to support the development of native adaptive courses, as well 
as to enable SCORM courses to support an appropriate user model. We, thus, intend 
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to implement further research on various extended SCORM APIs in order to study 
how these extensions may facilitate personalized learning instruction for students. 
Finally, with the aim of enabling authors to share and reuse other authors’ quality 
educational content more easily, friendly content sharing tools need to be imple-
mented. For this reason, we intend to design and implement a new version of ProPer 
SAT that will adopt Web 2.0 abilities, and which will allow the system’s users to 
easily share, rate, and comment on every unit of the educational content.
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