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Foreword

I have the pleasure of writing some words for this timely and thought-provoking collection. The field 
of mobile learning is somewhat different from many other technological advancements of the past. The 
rapid growth of mobile learning has its roots as much in the educational and pedagogical needs of flex-
ibility and the anytime anywhere demand for learning as it is in the readily available mass market of 
tiny devices that almost everyone seems to have. “Technology first, pedagogy later” is not new when it 
comes to technology adoption in education. However, very few technologies have seen it not evolving 
from the over-enthusiasm of early technology adopters but rather due to high availability of technology 
already available for application penetration. This is perhaps also the reason why it did not take long 
before researchers started to focus on getting pedagogy right, rather than letting technology dominate it 
(which has all too often been the case in the past).

The danger of such readily available technology is the possibility of succumbing to the desire of using 
it as a fancy replacement for every possible existing solution. On the other hand, with tiny screens, low 
and unreliable bandwidth, small memory, and other similar limitations, one could easily argue against 
using such technology where far richer technological solutions already exist. Therefore, caution needs 
to be exercised while deciding where mobile technology would be most effective in the learning process 
and whom it would serve best.

With the marriage of multimedia-rich content on mobile devices and the design of appropriate learn-
ing tasks, mobile learning has the potential to provide a learning experience that is at a far higher quality 
than the classrooms of present are able to provide. Mix it with the latest generation of technologies, such 
as iPods, Wii, and smart chips, add all those multiple input and output capabilities that are available on 
most mobile devices in the market, such as freehand annotations, audio, photo snapshots and video, and 
you have learning experience that knows no bounds!

It is very refreshing to see these issues appropriately discussed in this collection. The editors have 
done a superb job of eliciting chapters from pioneering authors and put them together in a sequence 
that moves the reader to increasing levels of understanding. Both editors come from Massey University 
where I worked for seven years and it is ironic that I first knew about them not by a meeting of any sort 
but through their research papers! It is an honor for me to be able to contribute to this important volume. 
The list of authors boasts the same tradition of high quality researchers who are engaged in state-of-the-
art yet down-to-earth research on mobile learning.

The book contains a right balance between the enthusiastic uses of emerging innovations and find-
ing appropriate pedagogy that would ensure that benefits are in fact achieved in terms of improved and 
omnipresent flexibility, interactivity, learner engagement, learning opportunities, and in-context learning 
through collaboration. Technology is not used just for technology’s sake but appropriate assessment 
methods are used to ensure educational effectiveness of these technologies. Readers, whether they are 
new to the mobile learning world or are seasoned players, would find the book equally interesting. Indi-
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vidual chapters of this collection would guide today’s educators in deciding how to use different mobile 
technologies in the most effective ways. The whole book would also serve as a referential archive for 
future generations of researchers by helping them to better understand the systematic uptake of mobile 
technology that is guided by the educational paradigms.

Kinshuk
Professor, Athabasca University, Canada
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Preface

The aim of Innovative Mobile Learning: Techniques and Technologies is to introduce the reader to 
the current directions of mobile learning (a.k.a., m-learning). More precisely, it is about providing a 
comprehensive survey of mobile learning research and projects that both academics and educational 
practitioners may utilize in their work. 

It is simply not possible to give a neat definition of mobile learning, specifying necessary and sufficient 
characteristics of all those activities that have ever been called “mobile learning.” It is a new phenomenon 
that has developed through the recent spread of mobile ICT (information and communication technol-
ogy), both a separate endeavor to traditional pedagogy and a complementary approach to it. Hence, in 
order to keep the book within manageable bounds, some difficult decisions had to be made about what 
to include and what to exclude. In making these decisions we were guided by our own experience and 
the recommendations of our reviewers who contributed significantly to the book’s development.

In approaching this novel learning mode, this book argues that a holistic approach for encompass-
ing diverse mobile learning themes is necessary to design new kinds of learning activities with mobile 
technologies, where there is still a lack of well-defined characteristics and features of mobile learning 
spaces. It integrates concerns about tools, methods, and technologies for mobile learning development with 
concerns about validating the learning experience that each project produces. This integration is believed 
to offer a pragmatic solution to critical challenges in both technical design and learning outcomes. 

The contribution of this book is thus to bring together a range of approaches to technologies and 
techniques, presenting them in a common format and at a detailed level. The goal is to provide detailed 
information about each project, and to make primary sources more accessible. 

The rest of this preface introduces the scope of the book and the approach that is employed for its 
level of description. 

 
THE CHALLENGES

The increasing spread of mobile devices is dramatically affecting people’s daily lives. They not only 
increase the pace and efficiency of everyday life, but also allow more flexibility at business and profes-
sional levels. 

Arguably, mobile technologies, particularly the increasingly sophisticated mobile phone (blurring 
the boundaries between communication and computation), combine both ubiquity and utility. This 
phenomenon has given rise to opportunities to employ mobile technologies more broadly than just as 
communication tools. 

Learning design with mobile technologies has been, to some extent, a successful technological and 
scientific undertaking, helping to broaden the arenas of the educational sector in ways that no one could 
have anticipated a decade ago. Of course, we cannot predict its future; however, the progress of the past 
decade highlights specific current challenges. 
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To the extent that the success of mobile learning is due to its ambitiously multidisciplinary applica-
tion, an m-learning text should span its multidisciplinary scientific and technical foundations. Future 
m-learning systems will only succeed if they can continuously synthesize coherent learning experi-
ences from these foundations. For instance, the Ambient Wood project carried out by Sussex University 
(UK) has demonstrated how a mobile and ambient environment can provide a more effective situated 
learning experience. In another learning context, MIT (USA) has developed a collaborative m-learn-
ing tool to help students understand complex and dynamic epidemic phenomena, simulating them with 
learners’ wearable mobile devices, demonstrating significant advantages over non-mobile e-learning 
applications. Even Nintendo’s DS Lite™ handheld console has been used to provide an enjoyable way 
to improve Japanese students’ individual English skills. M-learning is not simply limited to delivering 
teaching materials onto student’s mobile handsets, which the term ‘learning’ implicitly points out, but 
also encompasses public information or even commercial information on lifestyle choices and health 
promotion. Many other domains (e.g., health practitioners) see the advantages of m-learning environ-
ments in providing personalized content (e.g., dietary information, quit smoking programs) via the mobile 
phones that have become so pervasive in recent years. These projects are targeted at specific objectives 
but they are also designed to extract the critical success factors that can be used to generalize findings 
to other m-learning environments. In this way, we can develop a better understanding of how mobile 
technologies can be used to enhance various user experiences, empower the user with the knowledge and 
ability to self-manage, and learn how these technologies can improve quality of life across a spectrum 
of contexts whilst containing costs and stimulating demand for services.

As the technologies that may support m-learning continue to evolve, this field will become increas-
ingly more challenging as new opportunities emerge, and academics and practitioners need to learn from 
one another’s experience. For instance, how to effectively take the user (i.e., learner) into account within 
emerging m-learning environments has formed a persistent theme in the academic field. In contrast, much 
of the practitioner’s perspective on m-learning applications has been what kind of learning products 
and content can facilitate the uptake of this new learning environment. To achieve significant outcomes 
from this research that both deliver technological solutions and enhance the usability and sustainability 
of the technologies, this book aims to draw together expertise from a range of international academic 
and industrial contributors.

We also believe that simply being driven by technical initiatives, with a narrow focus only on the 
quality of mobile technologies, does not capture the potential variety and emergent aspects of mobile 
learning activities. Practitioners, as well as researchers, should instead embrace the notion of learning 
experiences, for a better understanding of the important values that mobile learning can provide. Although 
this ‘experience’ or ‘learning theme’ has been widely discussed, there are still few available empirical, 
exploratory or large-scale success cases.

OVERVIEW OF THE BOOK

This edited book is intended to discuss the latest mobile learning environments beyond the desktop learn-
ing environment, an area of research that is increasingly seeing new developments and techniques in 
both the academic and commercial fields. It comprises articles from leading researchers and practitioners 
in the field of mobile learning. One purpose of the book is to disseminate writings about the challenges 
and practical experience of the design of mobile learning environments, current developments in mobile 
learning experiences in both academia and industry, current methods and approaches to mobile learn-
ing development, the current economic and social context of m-learning development, and empirical 
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research into deployed m-learning environments. More importantly, a key aim of this book is to explore 
the technical aspects of m-learning development, where we need to systematically take into account 
learner interactions, learning activities and the completely renewed social and cultural environments that 
m-learning environments can integrate with and that technologies are now capable of delivering. 

Thus, this volume is organized around wide-ranging mobile learning projects, briefly describing each 
project, and how they address different learning activities with mobile technologies. It then provides a 
more detailed description, emphasizing what sort of learning outcomes or benefits are produced. Finally, 
each chapter briefly comments on future research directions, opportunities, or additional ideas offered 
by the authors of each chapter, and issues that may be important in the next decade. 

The chapters are organized in the book along some general dimensions of learning activities: in-
dividual, collaborative, and situated. Before this level of description, some theoretical foundations for 
learning experiences are firstly described in Part I. This will help the reader to understand the structure 
of this volume. We then focus on individual learning activities with mobile technologies in Part II, 
collaborative learning activities in Part III, situated learning activities in Part IV; and finally, Part V 
addresses challenges in developing mobile learning applications. This organization will hopefully as-
sist the reader in seeing various perspectives of current mobile learning projects, but may be regarded 
as somewhat idealized. In practice, the applications can differ in many dimensions, and many of them 
target more than one learning activity, so you may consider that they have been somewhat arbitrarily 
placed in the book. However, we see the important connecting factor between the chapters is their focus 
on common themes and arguments. 

In detail, we have organized these research efforts into four parts and 17 chapters. A brief description 
of each of the chapters follows: 

Part I provides an overview of theoretical approaches, and describes a way of understanding mobile 
learning experiences. In chapter I, Hokyoung Ryu and David Parsons focus on the development of a 
theoretical framework, setting out three distinct learning spaces that are markedly differently, and con-
sidered throughout the book: individual, collaborative, and situated learning. This framework provides 
systematic support for mobile learning experience design, and it is used to analyze three mobile learn-
ing environments. Extending this approach, in chapter II, Patrick Danaher, Raj Gururajan and Abdul 
Hafeez-Baig deploy mobile learning experiences in conjunction with three key educational principles: 
engagement, presence, and flexibility. Each principle is accompanied by an elicitation of practical strate-
gies that have proved effective in implementing the principles sustainably within particular courses and 
programs of study, as well as factors that inhibit that implementation. 

In Part II, we include four mobile learning projects as practical examples of how individual learn-
ers may have mobile learning experiences that lead to specific learning outcomes. Firstly, in chapter 
III, Eusebio Scornavacca, Sid Huff, and Stephen Marshall describe the development of a SMS-based 
classroom interaction system and explore the impact that the TXT-2-LRN system can have on students’ 
learning experience. Their findings indicate that instructors and students perceive a number of benefits 
from the additional channel of communication in the classroom. With a more sophisticated mobile 
technology, Christian Kittl, Francika Edegger, and Otto Petrovic (in chapter IV) demonstrate how 
mobile game-based learning can be used for an efficient transfer of knowledge in learning processes, 
revealing its long-term learning outcomes and individual learning efficiency. The empirical results 
also imply game-based learning leads individual learners to higher energetic activation, more positive 
emotions, more positive attitudes towards learning content and more efficient knowledge transfer than 
other instructional formats. In contrast, in chapter V, Peter Dolittle, Danieele Lusk, C. Noel Byrd, and 
Gina Mariano explore the use of the iPod™ as an educational platform and report on a study designed 
to examine individual differences in iPod™ use. It empirically demonstrates an important factor for the 
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success of mobile-based individual learning activities, that is, working memory capacity (WMC). Finally, 
chapter VI by Martin Owen, surveys diverse mobile learning projects, including a simple game-based 
learning system, a complex multi-role simulation and an environmental tagging and hypermedia project. 
It explicitly shows how mobile learning projects have been evolving from individual learning support 
to located and contextual activity-based learning experiences, themes that led us into the remaining 
sections of the book (Parts III and IV). 

Part III delivers empirical data and case studies on collaborative learning experiences with mobile 
technologies, where the themes in mobile learning are markedly different from traditional e-learning 
environments. Firstly, Martha Grabowski, Greg Lepak, and George Kulick, working collaboratively be-
tween the United States and Poland, empirically examine the impacts of new collaborative technologies 
(including mobile technologies) on distributed learners. They also introduce a technology-independent 
framework for taking into account collaborative mobile technologies, relating expected technology 
impacts to user preferences. The following two chapters (VIII and IX) have been invited from a Pan-
European mobile learning research initiative. In chapter VIII, María Felisa Verdejo, Carlos Celorrio, 
Emilio Julio Lorenzo, Marta Millán, Sergio Prades, and Javier Vélez present a broad  overview of the 
approach, design and implementation of a collaborative mobile learning infrastructure (i.e., the ENLACE 
project). Following this, in chapter IX, Daniel Spikol, Arianit Kurti, and Marcelo Milrad describe the 
AMULETS (advanced mobile and ubiquitous learning environments for teachers and students) project. 
In the last chapter of Part III, Chapter X, Chengjiu Yin, Hiroaki Ogata, and Yoneo Yano provide a fur-
ther example of the collaborative learning experience, that is, participatory simulation that helps both 
the individual learner and a group of learners to understand sorting algorithms by enacting collaborative 
processes with mobile devices. 

The primary focus of Part IV is how situated learning can be shaped with mobile technologies. Sosuke 
Miura, Pamela Ravasio, and Masanori Sugimoto, in chapter XI, present the SketchMap system that sup-
ports children’s situated learning by creating maps. The goal of the SketchMap system is to investigate 
whether integrating outdoor and classroom activities and sharing of the children’s experiences through 
the maps can actually promote situated learning. From a somewhat different perspective, Dionisios 
Dimakopoulos and George Magoulas, in chapter XII, respond to the ever-increasing need of individu-
als and organizations for lifelong learning, presenting an approach to designing a mobile application 
for contextual lifelong learning. It assists learners to access, compose and manage their learning in a 
range of institutional, informal and work-based settings by keeping them connected with content that 
is relevant to their studies, and its use is demonstrated in three lifelong learning scenarios. In chapter 
XIII, Hokyoung Ryu designs and evaluates a location-aware learning organizer that helps university 
students to manage their learning activities at campus. Finally in this section, Ana Dzartevska (chapter 
XIV) extends this mobile learning experience to professionals who are in need of more contextual un-
derstanding of different work procedures.

By way of conclusion, we return to some of the issues and challenges raised at the beginning of this 
Preface and look at how they may be addressed by the work described in chapters XV and XVI. Yanjie 
Song (chapter XV) reviews and discusses research on applications of handheld devices in education. 
She classifies these mobile learning applications into six categories based on their functions: educational 
communication, managing, multimedia access, games and simulations, data collection, and context-aware 
applications. From a software engineering perspective, Ajax (asynchronous JavaScript and XML) is 
explored in chapter XVI to increase the mobile Web page’s interactivity, speed, functionality, and us-
ability, which seem to be essential qualities in designing mobile learning contents. 

In addition to the main body of this book, we also provide a list of recommended readings and 
resources to help the reader. The final chapter (chapter XVII) compiles a list of recommended books, 
articles, scholarly journals and conferences, to offer one possible source of reading guidance on mobile 
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learning research. With this list, the editors seek to serve both academics and practitioners who want 
to find out the basic details of mobile learning or disseminate their latest findings through the research 
network. At the end of this volume there is also a comprehensive glossary, covering most of the terms 
that may be new to the reader or that are being used in an unfamiliar way. 

TOWARDS A SOLUTION

Mobile learning is a relatively new research area. There is an increasing demand for tools and techniques 
but perhaps less enthusiasm or support for researchers to have the opportunity to fully articulate the rela-
tionships among these tools, techniques and underlying pedagogical theory. Therefore, a comprehensive 
volume of articles covering current trends, technologies and techniques in mobile learning is necessary. 
In this sense, we believe that this book will be a timely publication for both academics and practitioners 
who are interested in the design and development of future learning environments. However, this is of 
course a collection of readings on related topics, not an extended narrative with a beginning, middle, 
and end. Readers of the book should not feel constrained by the order of the chapters and the structure of 
the book. Obviously, we have arranged the material in an order that makes sense to us, trying wherever 
possible to locate readings that speak to the same or closely related issues, but many different arrange-
ments are possible, and these reinterpretations may suggest other solutions to the future challenges of 
mobile learning. 

Hokyoung Ryu and David Parsons (Editors)
Auckland, New Zealand 
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ABSTRACT

This introductory chapter focuses not so much on mobile learning technologies per se, but rather on a 
theoretical foundation and its pragmatic application to designing learning activities with mobile tech-
nologies. It sets out three learning spaces that are explicitly considered in the book: individual, collab-
orative, and situated learning. On these differing learning spaces, we begin by proposing the essential 
factors in effective mobile learning experience design that should be addressed by different features or 
functions of the relevant learning activities. In turn, a conceptual framework to provide systematic sup-
port for mobile learning experience design is derived. This chapter concludes by surveying the mobile 
learning systems included in this book, reviewing their differing learning activities in the context of the 
framework. We hope that this analysis will help to expose the key qualities and features that can support 
the future development of increasingly effective mobile learning applications. 

INTRODUCTION 

There is little doubt that information and com-
munication technologies (ICT) are among the 
defining technological transformations of the 
late 20th and early 21st centuries. The changes in 

society brought about by ICT advances equally 
lead to new types of education system that are 
not restricted to traditional education providers. 
They seemingly heighten both the effects and 
expectations of the advent of new pedagogies. 
We may witness such changes as the rise of 
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new knowledge source providers, including the 
entertainment industry, defining themselves as 
knowledge producers and educators. 

Of course, institutional pedagogy has its spe-
cial and important frames of reference for what 
constitutes learning. However, as learning activi-
ties begin to escape these frames, as a consequence 
partly of mobile technologies, there are some 
important questions that need to be addressed 
about how traditional educational institutions can 
meet these rising challenges and opportunities. 
One consequence of this is an increasing interest 
in the potential of mobile learning. 

In this chapter we intend to interpret various 
learning spaces with mobile technologies in order 
to lay out some important concepts and themes 
that will provide a context for reading the remain-
ing chapters of this book. For the purposes of our 
discussion, a theoretical framework is introduced 
that may help us to understand how appropriate 
learning activities can be supported by particular 
aspects of mobile technologies. In the following 
section, we begin by introducing the three major 

learning activities that have been identified as 
significant, and how these differing learning 
activities have been dealt with by new mobile 
technologies. Within this frame of reference we 
lay out the themes and scope of this book. 

THREE PILLARS OF LEARNING

Educators have made considerable efforts to ex-
ploit the unique capabilities and characteristics of 
mobile technologies to enable new and engaging 
forms of learning activity. For instance, Korean 
commuters, using third generation (3G) mobile 
handsets, can access a multimedia-based English 
language learning tool supported by location 
aware services. This attractive pilot service holds 
out the promise of unlimited access to educational 
resources beyond the traditional institutional 
boundaries, amalgamating currently separated 
learning activities into one with an integrated 
technical platform. Yet, of course, such ambitious 
goals are still beyond reach, partly because most 

Figure 1. Three learning spaces, extended from De Jong (2001)
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current mobile learning activities have focussed 
less on utilitarian education needs, but mostly 
because it is still not entirely clear what advances 
or benefits mobile technologies actually bring to 
learning activities. As a consequence, it seems 
that neither learners nor educators have as yet 
seen significantly persuasive forms of learning 
experience from the new mobile learning envi-
ronment. 

The concept of mobile learning promises users 
new and/or advanced user experiences, which are 
quite often markedly different from those afforded 
by conventional desktop computer-based learning 
systems (e-learning). However, simply providing 
another format for online courses using mobile 
devices does not address the potential learning 
outcomes that mobile learning provides. In fact, 
this technology-oriented approach overlooks the 
possibilities for embodying the three pillars of 
learning activities: individual, collaborative and 
situated learning, as shown in Figure 1.

In the literature, many education theorists 
have identified three differing learning spaces. 
Firstly, the individual learning space relies mostly 
on individual learners who are constructing their 
own knowledge by learning from books, online 
resources or teachers. This has long been consid-
ered the major learning activity in institutional 
pedagogy. To ensure success, techniques such 
as ‘scaffolding’ (Hogan & Pressley, 1997) and 
the ‘training wheel’ (Carroll & Carrithers, 1984) 
have been used, providing a process by which a 
teacher provides temporary support to learners to 
“help bridge the gap between what [the learner] 
know[s] and can do and what [he or she] need[s] 
to accomplish in order to succeed at a particular 
learning task” (p. 169, ibid.). Such techniques 
prove useful by allowing complex learning activi-
ties to be customized for individual learners (see 
chapter X for more detail of this technique). In 
contrast, both situated learning (creating authentic 
learning in life-like settings), and collaborative 
learning (encouragement of pair and group work 
to address complex problems and tasks) have 

been paid more recent pedagogical attention, 
aiming to empower learners in different ways. 
In particular, the close relationship between 
learning and the context and situation in which 
the learning needs arise has been acknowledged 
by many authors (Brown, Collins, & Duguid, 
1989; Brown & Duguid, 2000; Lave & Wenger, 
1991). These various approaches to learning can 
have a profound impact on both the learner and 
the teacher in terms of their practices, roles, and 
values and how they may evolve to meet new 
learning requirements and opportunities. The 
details of these three learning spaces are further 
discussed later in this chapter but are also seen 
throughout the rest of the book. 

“Learning is mobile in terms of space, i.e., it hap-
pens at the workplace, at home, and at places of 
leisure; it is mobile between different areas of life, 
i.e., it may relate to work demands, self-improve-
ment, or leisure; and it is mobile with respect to 
time, i.e., it happens at different times during the 
day, on working days or on weekends” (p. 152, 
Vavoula & Sharples, 2002)

With regard to the three learning spaces, Va-
voula and Sharples (2002) rightly point out that 
mobile learning should be viewed in particular 
settings, and integrated into our lives, which 
implicitly represents a seamless flow of learn-
ing experiences. They thus conclude that it is 
less useful to focus on the technical factors, but 
rather there is a need to understand the ways in 
which learning activities are embedded within the 
technology. In this respect, the rest of this section 
explores how mobile technologies have offered 
new possibilities for the three learning spaces 
or experiences, by which the reader may see the 
benefits and limitations of the mobile learning 
environment and the choices we must make when 
designing learning experiences within it. 
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Individual Learning and its Mobile 
Applications 

In the literature the definition of individual learn-
ing depends on the author’s point of view, but it 
is often expressed as individually obtaining some 
knowledge or information to enhance one’s own 
knowledge space. The contemporary theoretical 
foundation to support this individual learning 
activity is ‘constructivism’ developed during the 
1960s and 70s, inspired by the rise in cognitive 
theories of learning (Bruner, 1966; 1986; 1996). 
It depicts that learners are constructing their 
own knowledge by testing ideas and approaches 
based on their prior knowledge and experiences, 
actively applying these to a new situation and 
constructively integrating the new knowledge 
gained with pre-existing intellectual constructs. 
Therefore, the commitments and practices that 
the teacher or other educational resources should 
support would be the creation of suitable learning 
situations and settings, rather than the organized 
content to be delivered (though the predefined 
learning contents are also necessary for individual 
learning activities). 

Individual and constructive learning activities 
have been dramatically changed by the advent 
of personal home computers (PCs) in the 1980s. 
These offered tremendous advances in terms of 
interaction with, and access to, educational ma-
terial, particularly with the advent of the World 
Wide Web in the 1990s, enabling the user to gain 
an active locus of control in their own learning 
activities. The intensity of interest in computer 
technologies has also embraced the potential of 
virtual reality, where teachers can give learners 
an artificial environment in which to participate 
in the learning process, and the appropriate set-
tings to work with that knowledge. Recent years 
have also seen an increasing interest in pervasive 
learning environments (Benford, Magerkurth, & 
Ljungstrand, 2005) that support individual learn-
ing outcomes with related mobile technologies 
(e.g., mobile phones, satellite positioning systems, 

sensing technologies, RFID tags, and so forth). 
Increasingly, these virtual and pervasive worlds 
are drawing together in the field of augmented real-
ity, with mobile learning tools such as augmented 
reality goggles being used to support individual 
constructive learning (Doswell, 2006).

Mobile, game-based learning provides an il-
lustrative case of an individual mobile learning 
activity. This combination of computer games 
and learning content provides an opportunity to 
provide students with an engaging pedagogical 
medium. Chapter IV addresses the individual 
benefits that a mobile game based learning envi-
ronment can produce. In short, it demonstrates that 
learning with mobile devices itself has prominent 
benefits that other educational media cannot pres-
ent, such as personal engagement, satisfaction, 
and a highly motivated learning process. 

In another example, the first author of this 
chapter developed a mobile quiz system that 
supports students’ reflective learning activities 
beyond the classroom environment. This project 
was actually aimed at developing a useful and 
entertaining addition to any kind of classroom 
learning activity, removing some of the formal-
ity from the learning experience (Ryu & Wong, 
2008). It concluded that the porting of current 
learning experiences to mobile devices might 
enhance the autonomy of individual learners and 
boost their constructive learning experience, and 
suggested that sophisticated technologies are not 
necessarily required to build an effective mobile 
learning environment.

There is an important point of detail in a 
general account of constructivism, that leads us 
into situated learning. Educational psychologists 
distinguish individual constructivism from social 
constructivism. A dominant influence on the latter 
type is Vygotsky’s work (1926) on socio-cultural 
learning, describing how interactions with adults, 
more capable peers (or friends or colleagues), and 
cognitive tools are internalized to form mental 
constructs. Vygotsky’s version of constructivist 
theory has led to the view that behavior, skills, 
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attitudes and beliefs are inherently situated, that 
is, bound to a specific socio-cultural setting 
which is linked to situated learning activities 
(described later in this section, as well as in Part 
IV of this book.) 

Collaborative Learning and its 
Mobile Applications

Apart from the individual learning activities 
discussed previously, researchers (e.g., Beckman, 
1990; Collier, 1980; Slavin, 1983a, b) have also 
identified that, regardless of the subject matter, 
students working in groups tend to learn more of 
what is taught and retain it longer than when the 
same content is presented in other instructional 
formats. That is, learning can be even more effec-
tive when learners can converse with each other, 
by interrogating and sharing their descriptions 
of the world. 

Both the capabilities of mobile devices and 
their wide context of use contribute to their 
propensity to foster collaborative learning ac-
tivities. Mobile devices can easily communicate 
with other devices, enabling learners to share 
data, files and messages in groups. For instance, 
one digitally augmented classroom environment 
(Moher, Hussain, Halter, & Kilb, 2005) employed 
Pocket PCs to provide dynamic readings of simu-
lated earthquakes. Students had to monitor these 
readings and share the state of the simulation 
through distributed media positioned around the 
classroom, collecting evidence to solve problems 
or answer questions related to the earthquakes. 
Furthermore, it asked them to build a physical 
model of the phenomena with other peers, thereby 
sharing their understanding of the simulated 
earthquakes. 

Many current mobile learning environments 
fall into this category, drawing upon the essen-
tial benefits of the collaborative learning space 
provided by mobile technologies. It is argued that 
participants in a collaborative learning environ-
ment can learn equally well from each other as 

from the teacher or course materials, and that 
learning is not static subject matter but the process 
of participating itself. Recent years have seen a 
growth in the social networking capability of 
Web-based services, known as ‘Web 2.0.’ This 
refers to online collaboration tools, such as photo 
and video-sharing services, Weblogs, wikis, social 
bookmarking, and syndication of site contents, 
which facilitate the sharing of content by users. 
Laine and Suhonen (2007) introduced the idea 
that these social networking tools, that is, blogs 
and wikis, can also be used by learners in the new 
mobile paradigm. This seems to be particularly 
important in mobile learning where interaction 
otherwise often occurs only between the user and 
the mobile device. This enhanced learning style 
in mobile learning supports a new breed of users, 
best understood as a loose grouping of participants 
who share a set of common aims and practices 
around user-led content creation communities, 
rather than passive information consumers, that 
is, new wines (new learning activities) in new 
bottles (mobile or Web 2.0 technologies), for 
generation Y and beyond. 

Creating collaborative learning practices can 
obviously be a rewarding opportunity but it is 
also full of challenges and dilemmas (see for ex-
ample chapters VII, VIII, and IX). In particular, 
designing group work is demanding, and teach-
ing in collaborative settings brings to the fore a 
tension between the process of student learning 
and content coverage. Nonetheless, this learning 
experience is widely believed to give students an 
insight into a sharing learning community, with 
all the joys and difficulties that attend, via their 
own mobile devices. 

Situated Learning and its Mobile 
Applications 

A number of mobile learning projects have also 
explored the use of mobile and sensor technolo-
gies for learning in a range of outdoor contexts. 
Some of these projects are based on field trips 
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(e.g., The Ambient Wood project, Rogers et al., 
2005), using systems for tagging information 
(physically and/or digitally) that allow access to 
location-specific information attached to the tags, 
for learning in outdoor spaces (e.g., chapter IX). 
The idea behind these projects is that learning 
may be supported in new ways by combining the 
real world with digitally re-presented information. 
In other words, by linking learning activities to 
contextually relevant or associated information in 
the form of digital representations, where learners 
can experience phenomena and explore concepts 
and relationships through combined physical and 
digital artefacts (Rogers et al., 2005; Sharples, 
Taylor, & Vavoula, 2005). 

Lave and Wenger’s (1991) situated learning 
theory differentiates this situated learning space 
from the other learning spaces, acknowledging 
that learning needs to be presented in an au-
thentic context, that is, settings and applications 
that would normally involve that knowledge. 
For example, on a recent visit to Korea we were 
interested to see many people using their mobile 
phones to learn English on the train, with con-
textually-managed English learning courses (e.g., 
location-aware vocabulary or environment-aware 
sentences). In this case, location awareness means 
gathering information from the surroundings 
to provide the relevant content based on what 
is currently going on around the user and the 
device. Learning activities and content that are 
particularly relevant to that environment can then 
be made available. This authentic environment 
in which learners actually practice speaking and 
understanding the new language is an illustra-
tive example of situated and contextual learning 
activities in life-like settings. 

As such, mobile devices are especially well 
suited to context-aware applications simply 
because they are available in different contexts, 
and so can draw on those contexts to enhance the 
learning activity. Both chapter XI and XIII in this 
book are such cases. In particular, chapter XI dis-
plays a technological innovation characterized by 

new types of interaction devices and communica-
tion technologies that facilitate human-to-human 
communication in cooperative work scenarios as 
well as interactive and situated learning activities. 
When it comes to contextual learning situations 
in the tertiary or life-long learning environment, 
chapter XIII provides some practical assessment 
of using situated learning support for continuous 
personal time and task management. Still, mobile 
learning tools for situated learning activities are 
still some way from working seamlessly with 
learning outcomes, giving us many challenges 
for future research.

In defining the pedagogies for mobile learn-
ing within the three pillars of learning spaces as 
discussed previously, it is important to be clear 
about what exactly mobile learning contributes 
that is new and different from previous tech-
nologies of learning. Therefore the following 
section describes how it is designed, interpreted, 
employed, constructed, and reconstructed, per-
haps showing a way forward for future mobile 
learning design. 

DESIGNING MOBILE LEARNING 
ExPERIENCES

The potential for mobile technologies to offer op-
portunities for new ways of learning have clearly 
been demonstrated, but currently there are few 
theoretical frameworks looking specifically at 
the role of mobile learning (chapter II supports 
this perspective) as per the different learning 
experiences of the three learning spaces previ-
ously discussed. Therefore, we understand little 
about the underlying mechanisms of how mobile 
learning actually works for the learner. To do so, 
further research is needed to better understand the 
kinds of learning tasks, activities and experiences 
it most benefits. 

In this section, a practical approach to develop-
ing mobile learning environments is presented, 
by which a designer can build learning activities 
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with mobile technologies. The proposed frame-
work allows the designer to make explicit both 
the technical perspectives in designing mobile 
learning systems and the learning aspects, to 
generate the best possible learning experiences. 
In this way one can describe the intimate con-
nection between the generic mobile environment, 
the mobile learning context, and the learning 
activities and objectives. 

Of course there have been a number of learning 
design frameworks from which we can borrow 
when designing mobile learning experiences, such 
as the curricular or conversational design frame-
works. Patten et al.’s curricular approach (2006), 
in particular, proposes mobile learning systems 
design by the functional outcomes such as ad-
ministrative, data collection, location awareness, 
and collaborative outcomes. It is a first attempt 
to encompass current principles of meaningful 
and situated teaching and learning in relation to 
mobile devices from the simple (administration) 
to the complex (location aware, collaborative, 
situational, motivated). Whilst the functional 
framework defined a set of curricular uses in 
the fast growing mobile market, it focused only 
on the functional or content approach of mobile 
learning design without specific concern for learn-
ing experiences. In contrast, the conversational 
design framework (Laurillard, 2002) is of great 
value for developing new experiences common 
to all forms of learning; conventional, distance, 
mobile, and blended. The form of this framework 
defines a dialogic process between ‘teacher’ 
and ‘student’ on two levels; the discursive level, 
where the focus is theory, and the experiential 
level, where the focus is on practice, activity 
and procedure-building. Laurillard claimed that 
the conversational framework could provide 
a powerful way of reviewing both traditional 
and digital learning designs, illustrating in a 
reasonably formal way why digital forms offer a 
better integrated and more motivating learning 
environment. However, no pragmatic case stud-
ies confirm this framework for designing mobile 

learning design, perhaps because of its lack of a 
technical perspective.

This section proposes, instead, a practical 
framework for mobile learning systems design 
that also provides systematic support for mobile 
learning experience design. It is believed to be 
a pragmatic two-tiered approach (i.e., technical 
perspective and learning perspective) by which 
a mobile learning designer can develop learning 
experiences along with the technical platform. 
To demonstrate the feasibility of using the de-
sign framework proposed in this chapter, a set 
of mobile learning projects from this book are 
chosen and analyzed. This section firstly explores 
what factors and design requirements are crucial 
to the three pillars of the current mobile learn-
ing activities, and suggests how future mobile 
learning applications can be designed with an 
understanding of these factors and requirements, 
as shown in Figure 2. 

Technical Perspectives: 
Generic Mobile Environment 

Our framework is designed to describe the 
minimal requirements for developing mobile 
learning environments. It can be interpreted as 
saying that, on the basis of a range of findings 
from research on other mobile learning-related 
studies and teaching methods to motivate the 
learner, it should be able to act as a framework 
for designing learning experiences with mobile 
technologies. From a broader perspective, we 
note that the early frameworks have given little 
consideration to technical aspects, and that this 
lack seems to create difficulties in applying the 
frameworks to the design of mobile learning 
systems. The symmetry and relation of all these 
factors is illustrated in Figure 2, showing how the 
two perspectives (technical and learning issues) 
constitute a complete and simple set of require-
ments in designing mobile learning spaces. 

The generic mobile environment issues, which 
are located in the first column of Figure 2, are 
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Figure 2. A framework for designing mobile learning spaces 



  �

Designing Learning Activities with Mobile Technologies

related to how a given mobile environment would 
dictate the related technical challenges for mobile 
learning systems. The most important feature 
in the mobile environment is mobility itself. It 
enables us to be in contact while we are outside 
the reach of conventional communication spaces. 
Unlike other learning environments, mobility al-
lows the learner access to knowledge resources 
where and when they want them. This convenience 
would of course contribute positively to students’ 
autonomy. Mobility can be conceptualized in dif-
ferent ways, that is, mobility of the user, mobility 
of the device, and mobility of services, and these 
three aspects should be addressed both technically 
and contextually in the design process. In many 
cases, this mobility issue should be related to 
the contextual activities that the mobile learning 
system is intended to support. 

We should also understand that each user 
employs their own mobile device in a different 
way (even the devices themselves are not the 
same). For instance, teenagers frequently use 
SMS (short message service) text messaging to 
communicate, while professionals may be more 
likely to use corporate email. In this sense, the 
feature of different user profiles and their roles 
in the use of mobile technologies becomes even 
more important in designing mobile learning 
environments. The users’ roles and profiles are 
used to determine their different identities in the 
learning context. For instance, the use of SMS 
in mobile learning has been identified as an ef-
fective tool to enhance both student’s learning 
experience and tutor’s instructing experience, yet 
the requirements of the two parties may be quite 
different in terms of their previous experience 
of SMS (Scornavacca, Huff, & Marshall, 2007; 
Stone, Briggs, & Smith, 2002). 

Awareness of the constraints of the user 
interface is also vital. Mobile devices suffer 
from small screens, constrained input devices, 
and limited battery life. Therefore, the interface 
design for mobile learning services must meet 
users’ needs without overloading them with un-

necessary complexity or operating too slowly, 
aspects that are closely related to spatial and 
temporal relationships in mobile learning context 
design. That is, users need to be able to interact 
comfortably and freely with application content, 
having pages load quickly and animations play 
smoothly and seamlessly. Addressing these is-
sues early on, when developing mobile learning 
programs, helps ensure success. Chapter XVI 
provides one technical approach to this problem, 
leveraging the power of Asynchronous JavaScript 
and XML (Ajax) to improve the performance of 
a mobile learning system, enhancing the user’s 
mobile learning experience.

Successful mobile applications tend to employ 
many rich media objects. One of the commonly 
stated characteristics of mobile learning content 
is that it can be seen to be delivered in short ‘nug-
gets’ rather than large units of information. These 
media types should support content appropriately. 
For instance, Luchini et al. (2004) stress the im-
portance of the user participating in and learning 
about underlying concepts and processes, perhaps 
using simulation tools (Colella, 2000). However, 
the available media types are dependent on the 
facilities of the mobile device being used. For 
instance, in Miura et al.’s participatory simula-
tion in chapter XI, TabletPCs were employed for 
content delivery, since the system required more 
powerful processing and data management fa-
cilities than could be supported by conventional 
mobile devices such as PDAs or mobile phones. In 
Dzartevska’s professional mobile learning system 
(chapter XIV), ruggedized smart phones with bar 
code readers were used to support mobile learning 
in a warehouse environment.

One widely noted feature of mobile technolo-
gies is that they afford the possibility of perpetual 
contact for collaboration or interaction. This sense 
of communication support tends to contribute to 
the other possibilities of mobile learning in use. 
As an illustrative example, communication sup-
port has helped to meet the collective learning 
objectives of a field trip in Spikol et al.’s project 



�0  

Designing Learning Activities with Mobile Technologies

in chapter IX of this book. In particular, mobile 
devices with communication support have been 
mainly used for collaborative learning activi-
ties, such as gathering responses from students 
(chapter IV in this book), participatory simulation 
(chapters X), and for collaborative data gathering 
(chapters VIII and IX). 

Technical Perspectives: 
Mobile Learning Context

Each of the components within our framework 
plays its part in the design of learning activities, 
creating a close relationship between them. The 
designer may take the generic mobile environ-
ment issues to simply map to appropriate mobile 
learning activities, given the means to do it. In 
practice, however, mobile learning has frequently 
been used in conjunction with other types of 
learning (Colazzo, Molinari, Ronchetti, & Tri-
fonova, 2003; Rogers et al., 2004), complementing 
previous learning experiences. This is one reason 
why we look to the traditional learning contexts 
(identity, activity, spatio-temporal, facility and 
interaction, as shown in the second column of 
Figure 2), which are based on Wang’s (2004) six 
dimensions of the mobile learning context. The 
contextual issues in mobile learning are closely 
related to the generic mobile environment issues 
described above, so the framework provides a 
way of checking that a mobile learning design 
ensures the minimal technical requirements, and 
in particular, provides a way of analyzing what 
technical tools would ensure the related mobile 
learning context. 

Identity of mobile learning users (e.g., learn-
ers or teachers) is a necessary contextual factor. 
Depending on the identity of the user, a mobile 
learning system can provide the right content 
at the right time. For instance, chapter XII by 
Dimakpolous et al. shows how to manage the 
different user identities to deliver the different 
learning materials or data in the life-long learn-
ing environment. Their research has been geared 

towards the provision of systems that will better 
support those who pursue education at a number 
of different stages in their life, moving between 
institutions while pursuing a course of study, or 
making use of resources and facilities from more 
than one institution or organization. The mobile 
system thus helps users to access, compose, and 
manage their activities by keeping them connected 
with content that is relevant to their identity and 
its use in three learning scenarios. This identity 
issue is also related to the learner’s cognitive 
attitude or style, which means that learning ex-
periences can be more individually targeted and 
thus more effective.

Several considerations of the learner should 
also be made, because each learner has a differ-
ent psychological temperament that relates to 
their learning experience. For instance, highly-
motivated learners would probably improve their 
learning experience by using all the features that 
the system can provide. Dolittle et al.’s chapter 
V shows how mobile learning can have different 
learning effects based on students’ cognitive re-
sources (i.e., working memory capacity) and their 
dependence on the context where the learning 
takes place. There has been limited work on the 
technical tools to address this mechanism, but 
Al-Dujaily’s work (2007) and Brusilovsky (2001) 
on the different ways that people use e-learning 
systems may suggest some practical ways to 
include the learner’s context from the technical 
perspective. 

The most important feature of the mobile learn-
ing context is learning activities. Indeed, com-
pelling individual learning activities have been 
addressed in many mobile learning systems (see 
Part II of this book). Also, collaborative learning 
experiences hold much promise for new mobile 
learning activities (see Part III). Several empiri-
cal studies from this book indicate that mobile 
learning can support collaborative activities in 
differing ways by strengthening the organization 
of the learning material and information, support-
ing communication among group members, and 
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helping the coordination between the learning 
activities. Such collaboration can take many forms. 
It may take place in a classroom or be a remote 
connection to a live tutor (chapter IV in this book). 
The last part (Part IV) of the book pays attention 
to social learning activities that take place in the 
situated learning context. To ensure appropriate 
technical support for the differing learning activi-
ties in consideration, many projects in this book 
employed a variety of technical solutions, so the 
reader may draw their own conclusions about 
the technical feasibility and requirements of the 
various learning activities. 

The spatio-temporal dimension means an 
awareness of time and/or location. Spatial loca-
tion has been acknowledged as the underlying 
environmental context in many applications, 
while the temporal context can deal with issues 
like scheduling or collaborative interactions. 
Sensing or tagging technologies have been widely 
used to measure the spatio-temporal dimension. 
For instance, chapter XIII shows how to link the 
spatial and temporal context using the global po-
sitioning system (GPS) as an appropriate mobile 
sensing technology and a scheduling database 
for learning activities. With regard to the user 
experience, these spatial and temporal issues are 
reported to foster greater student engagement, 
more effective learning experiences and increas-
ingly social practices built around simple-to-use 
but functional and reliable technology (as GPS 
has proven to be). 

The context of facility can impact on the design 
of mobile learning interfaces. Normally, the type 
of facility employed in the learning experience 
dictates the type of interactions, and vice versa. 
Most recent mobile learning environments tend 
to employ sophisticated mobile devices to enable 
a richer facility context, as the cost of such de-
vices has significantly reduced, but nevertheless 
an understanding of the demographics of tech-
nology uptake by the target learner audience is 
important. Some studies therefore focus on lowest 
common denominator technology, in order to be 

inclusive (e.g., the SMS-based system described 
in chapter III), while others are based on specific 
tools known to be available to the mobile learner, 
such as the professional mobile learning platform 
described in chapter XIV. Where it is feasible to 
use them, more innovative technological tools (see 
chapter IX for more detail) can enable a richer 
facility context for the mobile learning space 
being developed. 

Learning Perspectives: Learning 
Objectives and Participatory 
Learning Activities

Most of the literature regarding mobile learning 
design tends to simply link available technologies 
with the learning activities in mind. However, 
we may gain a greater understanding by setting 
mobile learning designs against a background of 
pedagogical requirements, so the focus of design 
should turn towards providing learning experi-
ences,  exposition, exploration, elaboration and 
exploitation,  that are markedly different from 
those available in other learning contexts. 

Expositional Participation

Expositional learning experience is commonly 
presented as a sequential module of knowledge 
with predefined learning content. The learner’s 
task is then to follow the order of the organized 
content, which is closely related to the acquisition 
of new knowledge. In mobile learning design, 
unlike static computer-based learning systems, 
it should be structured in such a way that the 
user can easily stop and re-start their learning in 
an episodic fashion, since much mobile learning 
takes place in ‘down-time’ or as part of other time 
constrained activities. This special kind of use 
requires the organization of the learning content 
into small “information nuggets,” which generally 
fit into one or two views within the limited screen 
estate. For this reason, still photo images, or short 
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audio or video files, are often used for expositional 
learning experiences (see chapter XIV).

Exploratory Participation

Many consider that mobile learning should be 
more than just expositional learning activities. 
Exploratory learning is such an approach to 
teaching and training that encourages the learner 
to explore a learning space in their own learning 
process, with much less of a focus on expositional 
learning activities. However, it does not necessar-
ily mean an unguided or unconstrained learning 
environment, rather it means that learners may 
discover unexpected lessons and reach conclusions 
following various paths of participation. 

For successful mobile learning programs, 
learning content must be reliable and relevant 
and it must engage users through more diverse 
personalized learning experiences. The value of 
exploratory learning has been studied in many 
learning scenarios (e.g., the Ambient Wood 
project). However, due to the less controlled 
learning path, exploratory learning seems to be 
more suitable for those who already have some 
basic knowledge and the skills for learning on 
their own, that is, for improving knowledge rather 
than for new knowledge acquisition. 

There are many differing ways of supporting 
this exploratory learning experience. For example 
the representation of content may be embedded in 
a narrative or story element that the learners can 
easily follow. The narrative in learning experi-
ences can be seen as an important structural factor 
in developing improved skills, which places it at 
the center of learning activities, helping learners 
reflect on what they have learnt. In effect, it enables 
a sort of meta-learning and illuminates the very 
processes by which they learn and provides an 
organizing structure for knowledge. For instance, 
the Savannah project described in chapter VI 
has focused more on exploring the potential of 
digital overlay of physical environments where 
there is little or no direct correspondence with the 

particular physical environment and the learning 
domain. Instead, a new story is generated in an 
augmented reality environment. In contrast, both 
chapters VIII and IX demonstrate the benefits of 
this exploratory learning experience in digitally-
facilitated site-specific activities.

Elaboration and Sharing Participation

With increasing frequency, students are working 
with each other, and alongside their teachers, to 
grasp subject matter or elaborate their understand-
ing of it. There have been social dimensions to this 
learning process, but only recently have specially 
designed collaborative learning experiences been 
applied as an innovative alternative to the lecture-
centered approach. In this process, learners are 
developing their social, as well as intellectual, 
knowledge, mutually working toward a common 
goal and elaborating a unique intellectual and 
social synergy. 

The key of an elaboration or sharing of learn-
ing is the formation of communities of practice. 
For instance, learners may link and connect with 
others in similar fields from around the world 
and begin to share and improve on each other’s 
work. These communities can foster improved 
excellence and quality, the wide nature of which 
is well represented in chapter VII by Grabowski 
et al. and Spikol et al.’s work (chapter IX) shows 
how one group of students collecting data, work-
ing remotely with another group using that data 
to locate knowledge, together create collaborative 
learning experiences that would not otherwise 
be possible. This social interaction process to 
elaborate their learning experiences provides 
group experiences that establish relevant collec-
tive learning. This helps the learner to develop 
appropriate social skills and assists team building 
in reaching joint learning objectives. 
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Exploitation and Experiential 
Participation

Some projects have emphasized the active nature 
of student involvement, associated with “hands-
on” learning and experiential or activity-based 
learning. For instance, chapter IV shows how 
mobile game-based learning can help people have 
learning experiences based on active involvement, 
which reinforces the learning process and allows 
them to construct their own knowledge through 
experimentation in constrained models of real 
world domains. The nature of this participation can 
be described as “learning-by-doing.” Experiential 
and discovery learning may be supported in new 
ways by combining real-world physical interac-
tion with digital representation. For example, 
actions can be linked to contextually relevant 
or associated information in the form of digital 
representations, or digitally activated experiences 
of scientific phenomena can be provided that are 
not normally encountered in everyday situations. 
Using these techniques, learners can experience 
phenomena and explore concepts and relationships 
through combined physical and digital artefacts. 
Chapter XI by Miura et al. demonstrates how 
children can enhance their understanding of the 
surrounding environment from an experiential 
learning activity, supported by location-aware-
ness, to contextualize learning activities by en-
abling them to interact appropriately with their 
environment. 

The mobile learning design framework can 
therefore provide an explicit but simple way of 
illustrating how these four mobile learning design 
requirements interact to create effective learning 
activities. As an example of these interactions, 
consider mobile learning for dynamic complex 
situations, such as rescue services or intensive 
care. These require collective learning objectives 
(social and contextual knowledge), particularly 
developing team skills. These learning objectives 
would be supported by the appropriate learning 
experiences, participating in social interaction 

and/or collaboration. These learning activities 
would require the corresponding mobile learn-
ing contexts, including activity, spatio-temporal, 
facility and communication support, which in turn 
would map in a context specific way to generic 
mobile design requirements. 

To validate this framework in detail, we ap-
ply it to the three mobile learning environments 
described in chapters IV, IX and XIII. For each 
example, we have provided a figure that maps the 
specific details of the mobile learning environment 
to the components of the framework. 

APPLyING THE FRAMEWORK FOR 
UNDERSTANDING INDIVIDUAL 
MOBILE LEARNING DESIGN

Several of the research projects in this book 
demonstrate how mobile technology can be 
used to augment everyday interaction with the 
world, and illustrate ways in which they can be 
used to enhance learning experiences in differ-
ent contexts. For instance, chapter IX employs 
sensor technology in the environment to trigger 
contextually relevant information that is not oth-
erwise available in the physical world. Learner’s 
information and data can also be dynamically 
integrated over time and space, facilitating new 
forms of collaborative learning as well as broad-
ening and connecting student’s understandings 
and reflections both in the physical world and in 
classroom settings. 

In this section we apply the two-tiered mobile 
learning design framework for three projects in 
this book that have differing learning activities. 
These are the projects in chapter IV (individual 
exploratory learning activities), chapter IX (col-
laborative exploratory learning activities), and 
chapter XIII (situated expositive learning activi-
ties). The mobile game-based exploratory learning 
activities described in chapter IV enhance the 
problem solving techniques using game-based 
contents embedded in the physical location in-
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formation, whilst chapter IX is based on children 
exploring a physical environment (i.e., a forest) that 
included a number of cues and learning contents 
embedded in the physical space to collaboratively 
find the answer from the field study group and the 
students in the classroom. The mobile learning 
organizer from chapter XIII provides a mobile 
location-aware information system for univer-
sity students with predefined organized contents 
along with their location. Whereas in the first two 
examples we use the framework for a post-hoc 
analysis of mobile learning experiences, for the 
last example we see how the framework may 
be used for the analysis of new mobile learning 
systems design requirements. Despite the rather 
diverse nature of these experiments, we show in 
the following sections how they can all be analyzed 
within our framework. 

Applying the Framework for 
Understanding Individual 
Exploratory Learning Activities

Kittl et al. in chapter IV describe a mobile learning 
project designed to assist students’ game-based 
learning activities. The project used simple tech-
nologies, short message service (SMS) and digital 
pictures, to enable students to create a learning 
community with their fellow players on a mobile 
phone communication channel in order to set up 
a new and improved learning environment for 
themselves. Even though this project proposed the 
collaborative use of the mobile learning system, 
its prominent learning outcomes described in the 
chapter were mostly from individual learning 
activities. 

This game-based mobile learning system asks 
students via SMS to find and analyze special 
everyday situations in the area of the “Digital 
Economy.” The students work individually and 
must document the specified situation (i.e., take 
a photo) and submit a proposal for improvement 
as quickly as possible by means of still picture 
messages and texts on their own mobile phones. 

Their contributions are then displayed on a 
Website in a mobile blog. Text messaging was 
used for information, supervision, and feedback. 
An important aspect of the images was that the 
database enabled explanatory text to be included 
for each picture. 

A part of the analysis of the mobile game-based 
learning project with our framework is shown in 
Figure 3, showing the path from learning perspec-
tives through to mobile design issues. Though it 
is not a comprehensive analysis (please refer to 
the chapter for more detail), it depicts how both 
the technical and learning perspectives work 
together to establish the individual exploratory 
learning activities. 

Applying the Framework for 
Understanding Collaborative 
Exploratory Learning Activities 

In the AMULETS project described in chapter 
IX, a collaborative learning experience was de-
veloped where children could combine outdoor 
and indoor learning activities that used mobile 
computing technologies together with stationary 
computers. The main collaboration modes they 
explored were peer-to-peer, individual-to-group 
and individual-to-teacher collaboration. In par-
ticular, their collaboration happened while the 
learners were solving the tasks and encouraged 
to collaborate with the other groups outside or 
inside, thus bridging the location contexts of the 
same activities. This was technology mediated 
and relied upon text (mobile instant messaging) 
and content (audio/video/picture messages). 

One of the learning scenarios they assessed 
with these mobile technologies was learning about 
a forest. In this scenario, a group of seven children 
took part in an exploration of the physical environ-
ment (i.e., the forest), identifying different types 
of tree and measuring their height and age. Part 
of the children’s task was to record still images 
and video clips using smartphones, detailing how 
they solved the problems. This co-created content 
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automatically encoded with metadata containing 
attributes such as GPS coordinates, time stamp, 
and the phone ID, provided rich contextual infor-
mation for later use in the classroom. In particular, 
animated characters on the smartphones deliv-
ered content based on a specific location and tag 
triggered context to the smartphones. Once they 
identified the trees and received some additional 
information on the smartphone, they needed to 
scan the correct “semacode” tag placed on one of 
the trees. Upon selecting the correct tree, a video 
animation was sent to the smartphones in order 
to give the children the required information 
(i.e., the organized contents) to proceed to the 
next mission. At the end of this field trip, all the 
children were gathered together in the classroom. 
The post activities took place back in the school 
where all groups presented and discussed the 
content created during this field trip. The path 
from learning objectives through to mobile design 
issues is shown in Figure 4. 

Applying the Framework for 
Understanding Situated Expositive 
Learning Activities

In the previous two examples we took success-
ful mobile learning projects and mapped their 
characteristics onto the framework. The purpose 
of these reverse engineering exercises was to at-
tempt to validate the framework against previous 
work. However, the intention of the framework 
is that it should also be able to provide us with 
design guidelines for forward engineering new 
mobile learning activities. In chapter XIII, the 
framework was used as a guide for requirements 
gathering in a system intended to provide location 
aware learning support for university students 
with specified organized contents. Figure 5 shows 
the results of this exercise in the context of the 
framework. Using the framework in requirements 
gathering helped to identify that junior and senior 
students had different needs in their mobile learn-
ing contexts. This insight enabled a system to be 

developed that could meet the disparate needs of 
different learner identities. 

CONCLUSION AND FUTURE 
RESEARCH DIRECTION

This chapter discussed what issues and contexts 
are important in designing learning activities 
with mobile technologies. It incorporated the best 
practices in mobile learning research into estab-
lishing a practical framework, but also provided 
a broader view to take account of the learning 
context, participating learning experiences and 
objectives beyond a single application domain. 
This framework was then applied as a post-hoc 
analytical tool and a guide for requirements 
gathering to three mobile learning systems for 
the purposes of validation. 

It is of course noted that the framework has 
not yet been thoroughly assessed. Future work 
will involve the development of a generic design 
process to enable the application of the framework 
in a design context and the subsequent design 
and development of a complete mobile learning 
application. The following chapters in this book, 
in this respect, are used to represent the potential 
benefits of the framework. 

In this book, our intention is to disseminate 
studies about how we can meet the challenges of 
mobile learning technologies, exploit practical 
experiences of the design of mobile learning en-
vironments, and further extend empirical research 
into contemporary mobile learning systems. Of 
course, the work selected in this book is still on-
going research but it shows a way forward for the 
design and development of future learning and 
education systems. 

In effect, throughout this book, we would like 
to say that the challenges for the educators and 
technology developers for the future learning 
environment will be to find ways to ensure that 
this new learning is highly situated, personal, and 
collaborative, in other words, truly learner-cen-
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Figure 3. Reviewing the learning space of a game-based mobile learning system  



  ��

Designing Learning Activities with Mobile Technologies

Figure 4. Reviewing the learning space of AMULETS 
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tered learning. As a consequence, the success of 
learning and teaching with mobile technologies 
will be measured by how seamlessly it weaves 
itself into our daily lives, with the greatest success 
paradoxically occurring at the point where we do 
not recognize it as learning at all. 

REFERENCES  

Al-Dujaily, A. (2007). Personality effect in the de-
sign of adaptive e-learning systems. Unpublished 
thesis. Massey University, Auckland. 

Beckman, M. (1990). Collaborative learning: 
Preparation for the workplace and democracy. 
College Teaching, 38(4), 128-133.

Benford, P., Magerkurth, C., & Ljungstrand, 
P. (2005). Bridging the physical and digital in 
pervasive gaming. Communications of the ACM, 
48(3), 54-57.

Brown, J. S., Collins, A., & Duguid, P. (1989). 
Situated cognition and culture of learning. Edu-
cational Technology, 18(1), 32-42.

Brown, J. S., & Duguid, P. (2000). The social 
life of information. Cambridge, MA: Harvard 
Business School.

Bruce, B., & Hogan, M. (1998). The disappear-
ance of technology: Toward an ecological model 
of literacy. In D. Reinking & M. McKenna & L. 
Labbo & R. Kieffer (Eds.), Handbook of literacy 
and technology. Mahwah, NJ: Lawrence Erlbaum 
Associates.

Bruner, J. (1966). Toward a theory of instruction. 
Cambridge, MA: Harvard University Press.

Bruner, J. (1986). Actual minds, possible worlds. 
Cambridge, MA: Harvard University Press.

Bruner, J. (1996). The culture of education. Cam-
bridge, MA: Harvard University Press.

Brusilovsky, P. (2001). Adaptive hypermedia 
systems. User Modeling and User-Adapted In-
teraction, 11(1-2), 87-110.

Carroll, J., & Carrithers, C. (1984). Training 
wheels in a user interface. Communications of 
the ACM, 27(8), 800-806.

Colazzo, L., Molinari, A., Ronchetti, M., & Tri-
fonova, A. (2003). Towards a Multi-Vendor Mobile 
Learning Management System. Paper presented 
at the World Conference on E-Learning.

Colella. (2000). Participatory simulations: Build-
ing collaborative understanding through immer-
sive dynamic modeling. Journal of the Learning 
Science, 9(4), 471-500.

Collier, K. G. (1980). Peer-group learning in higher 
education: The development of higher-order skills. 
Studies in Higher Education, 5(1), 55-62.

De Jong, T. (2001). Knowledge construction and 
sharing with media based applications. Journal 
of Educational Research, 21(1).

Doswell, J. (2006). Context-aware mobile aug-
mented reality architecture for lifelong learning. 
Paper presented at the sixth International Con-
ference on Advanced Learning Technologies, 
Kerkrade, The Netherlands.

Hogan, K., & Pressley, M. (Eds.). (1997). Scaffold-
ing student learning: instructional approaches 
and issues. Cambridge, MA: Brookline Books.

Laine, T. H., & Suhonen, J. (2008). Establishing 
a mobile blog system in a distance education 
environment. International Journal of Mobile 
Learning and Organisation, 2(2), 149-165.

Laurillard, D. (2002). Rethinking university teach-
ing: A conversational framework for the effective 
use of learning technologies (2nd ed.). London, 
U.K.: Routledge Falmer.

Lave, J., & Wenger, E. (1991). Situated learning: 
Legitimate peripheral participation. Cambridge: 
University of Cambridge Press. 



  ��

Designing Learning Activities with Mobile Technologies

Figure 5. Reviewing the learning space of the mobile helper project 



�0  

Designing Learning Activities with Mobile Technologies

Luchini, K., Quintana, C., & Soloway, E. (2004, 
24-29 April). Design Guidelines for Learner-
Centered Handheld Tools. Paper presented at the 
Human Factors in Computing Systems, Vienna, 
Austria.

Moher, T., Hussain, S., Halter, T., & Kilb, D. 
(2005). RoomQuake: Embedding dynamic phe-
nomena within the physical space of an elementary 
school classroom. Paper presented at the Confer-
ence on Human Factors in Computing Systems: 
ACM Press.

Patten, B., Arnedillo-Sanchez, I., & Tangney, B. 
(2006). Designing collaborative, constructionist 
and contextual applications for handheld devices: 
Virtual learning. Computers and Education, 
46(3), 294-308.

Rogers, Y., Price, S., Fitzpatrick, G., Fleck, 
R., Harris, E., Smith, H. et al. (2004, June 1-3, 
2004). Ambient Wood: Designing New Forms of 
Digital Augmentation for Learning Outdoors. 
Paper presented at the IDC 2004, College Park, 
Maryland, USA.

Rogers, Y., Price, S., Randell, C., Fraser, D. S., 
Weal, M., & Fizpatrick, G. (2005). Ubi-learning 
integrates indoor and outdoor experiences. Com-
munications of the ACM, 48(1), 55-59.

Ryu, H., & Wong, L. (2008). Empirical studies 
on generic mobile environment issues that may 
affect mobile quiz implementation. IEEE Wireless, 
Mobile, Ubiquitous Technologies in Education. 
Beijing, China: IEEE Press.

Scornavacca, E., Huff, S., & Marshall, S. (2007). 
Developing a SMS-based classroom interaction 
system, mobile learning technologies and applica-
tions. Paper presented at the Conference on Mobile 
Learning Technologies and Applications. 

Sharples, M., Taylor, J., & Vavoula, G. (2005). 
Theory of learning for the Mobile age. Paper 
presented at MLEARN.

Slavin, R. E. (1983a). Cooperative learning. Re-
view of Educational Research, 50(2), 315-342.

Slavin, R. E. (1983b). When does cooperative 
learning increase student achievement? Psycho-
logical Bulletin, 94(3), 429-445.

Stone, A., Briggs, J., & Smith, C. (2002, August 
29-30). SMS and Interactivity - Some Results 
from the Field, and its Implications on Effective 
Uses of Mobile Technologies in Education. Paper 
presented at the IEEE International Workshop on 
Wireless and Mobile Technologies in Education 
(WMTE’02), Vaxjo, Sweden.

Vavoula, G., & Sharples, M. (2002). KLeOS: A 
personal, mobile, knowledge and learning or-
ganisation system. Paper presented at the IEEE 
International Workshop on Mobile and Wireless 
Technologies in Education, Vaxjo, Sweden.

Vygotsky, L. S. (1926). Pedagogical psychology. 
Moscow: Educational Worker Publisher.

Wang, Y. (2004). Context Awareness and Adapta-
tion in Mobile Learning. Paper presented at the 
2nd International Workshop on Wireless and 
Mobile Technologies in Education.



  ��

Chapter II
Transforming the Practice of 

Mobile Learning: 
Promoting Pedagogical Innovation 
through Educational Principles and 

Strategies that Work

P. A. Danaher
University of Southern Queensland, Australia

Raj Gururajan
University of Southern Queensland, Australia

Abdul Hafeez-Baig
University of Southern Queensland, Australia

Copyright © 2009, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.

ABSTRACT

This chapter deploys Denning’s (2004) powerful assertion that “an innovation is a transformation of 
practice in a community” (p. 1) through the elaboration of three key educational principles: engage-
ment; presence; and flexibility. Each principle is accompanied by an elicitation of practical strategies 
that have proved effective in implementing the principles sustainably within particular courses and 
programs of study, as well as factors that inhibit that implementation. The authors use these principles 
and strategies that work as an evaluative lens for examining the pedagogical innovativeness of mobile 
learning and teaching environments. The application of that lens highlights a set of challenges and op-
portunities facing those technologies and their proponents, specifically in the authors’ host institution 
and in higher education more broadly. Provided that those technologies can be used to engage with 
those challenges and opportunities, mobile learning can indeed contribute simultaneously to pedagogi-
cal innovation and to transformed practice in university learning and teaching.
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INTRODUCTION

Mobile learning is increasingly associated with 
competing discourses about its relevance to and 
potential use in education. On the one hand, a 
celebratory discourse imagines mobile tech-
nologies revolutionizing how, when, where and 
by and with whom learning and teaching will 
take place (Goggin, 2005; Grohmann, Hofer & 
Martin, 2005). On the other hand, a resistant 
discourse positions many educators as skeptical 
of pedagogical claims made for new technologies 
and as seeking to preserve the centrality of the 
learner–educator relationship against perceived 
onslaughts from entrepreneurs and technophiles 
(Hodas, 1993).

It is therefore a complex and challenging terrain 
on which the promoters of mobile learning have to 
work to prosecute their arguments about the edu-
cational potential of such technologies and at the 
same time to compete with conflicting pressures 
that push educational policy-making simultane-
ously in different directions in response to diverse 
interests. While this no doubt helps to maximize 
the clarity and to strengthen the resolve of mobile 
learning advocates, it also presents a risk that the 
message of those advocates might be reduced in 
volume or even silenced by more vociferous voices 
endorsing alternative priorities.

One among several possible ways forward that 
would reduce that risk and avoid that outcome is 
to focus attention squarely on the pedagogically 
innovative character of mobile learning and teach-
ing environments. If educators are convinced that 
such environments enhance learner engagement 
and increase learning outcomes, they are more 
likely to include those environments in their 
armories of pedagogical techniques and tools. 
They are also more likely to invest the energy 
and time needed to explore and enact the educa-
tional applications of those environments and to 
consider how such applications could potentially 
revolutionize pedagogical practice.

The objective of this chapter is to contribute to 
the project of conceptualizing mobile learning as 
pedagogical innovation. That is, whilst the previ-
ous chapter (chapter I) defined mobile learning 
with different learning activities, this chapter 
focuses more on learning outcomes from the dif-
ferent mobile learning activities. While many defi-
nitions of innovation abound, the authors deploy 
Denning’s (2004) compelling notion of innovation 
as transformation of practice, which provides an 
opportunity to locate the interrogation of mobile 
learning and teaching environments foursquare 
within the situated learning of actual communi-
ties of practice in which those environments must 
function effectively, efficiently and equitably if 
they are to have any prospect of fulfilling their 
educational potential.

The authors approach the task of conceptual-
izing innovative mobile learning as transformation 
of pedagogical practice through their elaboration 
of three key educational principles: engagement; 
presence; and flexibility. These principles have 
been selected from several possible candidates 
as encompassing the key elements of the learn-
er–educator relationship and as deriving from 
the authors’ separate and shared experiential 
knowledge as university educators, as well as 
from their respective and collaborative research 
into mobile learning in the fields of education 
and health (see for example Gururajan, Kerr, 
Moloney & Houghton, 2005; Hafeez-Baig & 
Danaher, 2007; Howard, Hafeez-Baig, Howard & 
Gururajan, 2006). Each principle is accompanied 
by an elicitation of practical strategies that on the 
basis of that knowledge have proved effective in 
implementing the principles sustainably within 
particular courses and programs of study, as well 
as factors that potentially inhibit the implementa-
tion of those principles.

The chapter consists of three sections:

•	 The background to the study, highlighting 
its conceptual framework, selected literature 
about mobile learning and teaching environ-
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ments, the three principles that constitute 
that framework and innovation, and the 
research method used to collect and analyze 
the data about those principles

•	 The main thrust of the chapter, focusing on 
the analysis of engagement, presence and 
flexibility and their potential relationship 
with mobile technologies, specifically wire-
less handheld devices

•	 Future research directions, directed at ex-
ploring further the innovative potential of, 
and the risks to, such technologies.

The authors argue that mobile learning and 
teaching environments are well worth pursuing 
and that their potential pedagogical applica-
tions can indeed be innovative, sustainable and 
transformative, but only if the effectiveness of 
the strategies is maximized and if the inhibiting 
factors are neutralized. If that outcome transpires, 
mobile learning can contribute simultaneously 
to pedagogical innovation and to transformed 
practice in university learning and teaching.

BACKGROUND

This section of the chapter consists of three 
subsections:

•	 The study’s conceptual framework
•	 A review of selected literature relating to 

mobile learning and teaching environments, 
to the three principles outlined above and 
to innovation

•	 The research method used to collect and 
analyze the data reported here about those 
three principles. 

The Conceptual Framework

The conceptual framework for evaluating mobile 
learning and teaching environments in univer-
sity settings as innovation in and transforma-
tion of pedagogical practices is represented in 
Figure 1.

The authors conceived this conceptual frame-
work in terms of a three legged figure in order to 
maximize the stability of the structure as a whole 
to which each leg contributes equally. As noted 
previously, the legs are portrayed as engagement, 
presence and flexibility. Thus the framework 
assigns equal priority and significance to these 
three selected educational principles as pre-req-
uisites of effective university learning and teach-
ing and as non-negotiable criteria for the design 
and enactment of mobile learning and teaching 
environments that are genuinely innovative and 
transformative. The authors recognize at the outset 
that this is no easy outcome, universities being prey 

Figure 1. Conceptual framework for evaluating mobile learning and teaching environments in university 
learning and teaching

Mobile Learning and 
Teaching Environments

PresenceEngagement Flexibility
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to a range of powerful and sometimes competing 
discourses where learning and teaching have to 
battle for attention and resources with pressures 
to enhance research profiles, boost external fund-
ing sources and so on. Equally significant is the 
fact that academics and students are far from 
autonomous in being able to select curriculum 
content, which is often mandated by external 
accreditation bodies. Nevertheless engagement, 
presence and flexibility are worth fighting for 
and insisting upon in the committees and teams 
that plan and implement university courses and 
programs.

The Literature Review

As previously noted, this necessarily selected 
literature review has focused on five key ideas:

•	 Mobile learning and teaching environ-
ments

•	 Engagement
•	 Presence
•	 Flexibility
•	 Innovation

Mobile Learning and Teaching 
Environments

Ubiquitous computing is an essential component 
of university learning and teaching environments 
if the concept of “any time, anywhere” is to be 
able to be put into practice (Weiser, 1998). In order 
for this benefit to be realized, these environments 
need to be interactive and to foster the active 
engagement of the learner. This can be achieved 
only through technology based infrastructure, 
technology supported classrooms such as eClass 
(Abowd, 1999) and computer integrated class-
rooms (Hoppe et al., 2000). The imperatives of an 
efficient learning and teaching environment are 
to capture and integrate lectures/tutorials, lecture 
notes, tutorial exercises, sounds and images in 
order to enhance the learning sequences. In the 

current climate, this is accomplished by Web-
based learning management systems (LMSs) that 
are distributed and technology dependent (Abowd, 
1999). While most of the current systems are 
predominantly connected using a wired network, 
the integration of information and communication 
technologies (ICTs) and wireless handheld devices 
can expand the network technologies. This in turn 
will enable the learner and instructor to use the 
computing power “any time anywhere,” providing 
a truly ubiquitous feeling. The availability of the 
Internet and the affordability of wireless devices 
can interconnect with other computing resources 
seamlessly to provide a mobile learning and teach-
ing environment for both learners and instructors 
(Liu et al., 2003; Tewissen et al., 2001).

Early studies have shown that the use of wire-
less, handheld devices in learning and teaching 
environments can enhance the availability and 
accessibility of information and engage students 
in learning related activities in diverse physical 
locations, promote group collaborative learn-
ing and reduce tedious work (Gay et al., 2001; 
Goldman & Kaufman, 2001; Liu et al., 2003). 
Therefore it is possible to conceive that, if used 
appropriately and effectively, such devices will 
facilitate mobility in student learning.

In a mobile learning and teaching environ-
ment, where students can interact and review 
resources “any time, anywhere,” the learner and 
the instructor become clients for interactive learn-
ing and instruction centers. These centers can 
support teachers with the provision of controlling, 
monitoring and guiding activities for learning 
and teaching. In such a mobile environment the 
role of the teacher is that of mediator, supporter 
or facilitator, or to provide guidance for learning. 
To be successful in such a dynamic environment, 
a teacher must engage and monitor students’ 
learning processes, assist them in their learning 
activities and help them to make meaningful con-
nections with the real world and with prior and 
new knowledge (Copley, 1992). In this mobile 
learning and teaching environment a teacher’s 
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role can therefore be very important and challeng-
ing. For example, it is a teacher’s responsibility 
to keep the learner focused and to intervene if 
a student deviates or develops misconceptions 
during the learning process (Applefield, Huber 
& Mahnaz, 2000; Brown & Campione, 1994). 
Such an environment needs to be supported by 
multimedia applications with Web pages, videos, 
sounds, online quizzes, presentation slides and 
case-based activities with two-way communica-
tion from students to teacher and from teacher 
to students.

Another characteristic of this mobile learning 
and teaching environment is the engagement of 
the learners to interact with their peers as well 
as with the learning materials (Greeno, 1997). 

Resources in this environment enable learners to 
enquire, discover and analyze problems critically. 
Furthermore, a learner is able to move swiftly 
among various sources of content materials and 
learning activities (Morrison & Lowther, 2005). 
The authors believe that ICT tools facilitate 
such learning activities and provide support for 
the learner and the instructor to engage in such 
activities in ways that facilitate effective mobile 
learning and teaching environments. The key 
components of those environments are the learner, 
the instructor, the technology and the processes 
involved in the creation of such environments. 
The intersections among these components are 
shown in Figure 2:

Figure 2. Components of mobile learning and teaching environments
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Engagement

From the perspective of this chapter, engagement 
is defined as the active participation of the learner 
in the learning activities in mobile learning and 
teaching environments. In the context of this 
research, and following the evocation of such 
environments in Figure 2, the components of that 
engagement are students, instructor and technol-
ogy. The relationships among these components 
are shown in Figure 3:

The growth of technology enables the gap 
between what occurs inside and outside the 
classroom in terms of learning and teaching ex-
periences to be minimized. Recent developments 
in ICTs help to improve the activities associated 
with those experiences. Furthermore, wireless 
technologies and other LMSs improve such ac-
tivities for students by actively engaging them 
in an interactive environment. In order for these 
objectives to be achieved and for the content to 
reach the learners, their active participation in 
the learning process is essential. In a context 
where provision can occur using ICT tools, it 
is critical for learners to engage actively in the 
learning process on their own initiative. This 
process of active engagement can be facilitated 
through the mobilization of peers and co-learn-
ers and instructors as well as the technology. For 
example, a learner can be engaged in the learning 
processes by actively participating in learning 

activities through the provision of feedback to 
her or his peers. This feedback provision can be 
built into an LMS and activated through a range 
of technologies. Such activities can then be shared 
with other learners and instructors. These ideas 
help to frame ‘engagement,’ depicted as the first 
leg of the conceptual framework in Figure 1.

Presence

Presence refers to a simultaneous awareness and 
locatedness of self and others in a learning and 
teaching environment. It therefore “…evokes the 
engagement and interaction assumed to lie at 
the centre of the learner–educator relationship, 
whether face-to-face or mediated by space and/or 
time” (Danaher, Hickey, Brown & Conway, 2007, 
p. 211). Moreover, “Presence also betokens the 
empathy, encouragement, interest, and support 
and the emotional dimension of being human on 
which that relationship is presumed to be based” 
(p. 211). Presence is thus both central and crucial 
to the educational enterprise.

At the same time, it is appropriate to acknowl-
edge some possible limitations of a focus on 
presence in mobile and online environments (see 
also Danaher et al., 2007, pp. 223-224). Firstly, 
the concept of social presence was developed in 
the mid 1970s and needs ongoing updating in 
the light of continuing technical developments in 
learning and teaching environments (Kehrwald, 

Figure 3. Components of engagement in mobile learning and teaching environments
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2006). Secondly, while all media have the potential 
to be associated with presence, those media vary 
significantly in their specific characteristics (such 
as the degree of synchronous communication) 
and hence in their capacity to enhance particular 
kinds of presence (Hiltz, Coppola, Rotter & Turoff, 
2000). Thirdly, as is elaborated later in the text, 
the positive valence of presence should not lead 
to the assumption that it is automatic or inherent 
in an educational environment or technology; on 
the contrary, it has to be designed and evaluated 
rigorously and fought for vigorously.

Those caveats notwithstanding, a particularly 
useful classification of different types of presence 
was developed by Anderson (2004), whereby 
cognitive, social and teaching forms of presence 
were linked respectively with student–content, 
student–student and student–teacher interactions. 
These interaction types thereby inform ‘pres-
ence,’ the second leg in the conceptual framework 
represented in Figure 1, and are illustrated in 
Figure 4.

Flexibility

Flexibility encapsulates considerable theoretical 
potency in contemporary educational discourses. 
Flexible learning facilitates different modes of 
interaction between teacher and learner (Dimi-

trova et al., 2003; Payne, Ball & Snow, 2000). For 
example, e-learning allows learners with access 
to appropriate ICT tools to experience learning to 
suit their personal needs, thereby providing flex-
ibility (Dimitrova et al., 2003; Goodison, 2001). 
In today’s higher education context, it is critical 
to develop increased mobility and flexibility for 
students and teachers. Schellekens, Paas and van 
Merriënboer (2003) found that in Europe, educa-
tional programs are organized in rigid formats. 
They also concluded that operational flexibility 
among other aspects of educational programs 
may improve flexibility in education overall. 
Dimitrova et al (2003) showed that students de-
ploy the learning and teaching environment in 
a multiplicity of ways and use various learning 
resources depending on their learning styles and 
strategies, thereby underscoring that mobility and 
flexibility are essential for learning. Similarly, 
Johnston (1999) argued that increased flexibility 
is an effective strategy in education to provide ac-
cess to the wider community, to enhance equality 
of opportunity and to minimize the limitations of 
working, learning and leisure lifestyles. Van Meel 
(1992) believed that inflexibility in an educational 
environment can generate additional problems, 
whereas flexibility can have positive effects on 
that environment.

Figure 4. Components of presence in mobile learning and teaching environments

Student – Student 
(social)

Student - Content 
(cognitive)

Presence

Student – Teacher 
(Teaching)

interactions

interactions

interactions



��  

Transforming the Practice of Mobile Learning

It can be inferred from this discussion that 
flexibility plays a critical role in mobile learning 
and teaching environments. These environments 
equally need to accommodate a diverse range of 
students and their varying needs. One way of 
achieving such an objective is to adopt flexibility 
in learning, teaching, and assessments activities 
through the use of ICT tools. The relationships 
among these factors are shown in Figure 5:

These ideas underscore ‘flexibility,’ the third 
leg in the conceptual framework represented in 
Figure 1.

Innovation

Given the chapter’s focus on the innovative po-
tential of mobile learning and teaching environ-
ments, it is appropriate to consider briefly selected 

literature about innovation. While in scientific 
and technological fields an innovation is generally 
equated with invention and the creation of a new 
product or procedure, in education innovation is 
more likely to be associated with new or varied 
applications of curriculum, pedagogy and/or as-
sessment. This recalls Denning’s (2004) useful 
assertion that “an innovation is a transformation 
of practice in a community” that is not neces-
sarily the same as “the invention of a new idea 
or object” (p. 1; see also Harreveld & Danaher, 
2004, p. 10). Moreover, Denning claimed that “a 
transformation of practice in a community won’t 
happen unless the new practice generates more 
value to the members than the old,” and that that 
“value might not be economic; it may be pride, 
reputation, health, safety, freedom” (p. 2). Finally, 
he noted that both personal practices and orga-

Figure 5. Components of flexibility in mobile learning and teaching environments
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Table 1. Sources of empirical evidence for researching the three educational principles of mobile learn-
ing and teaching environments

Empirical Site Research Method Educational Principle

Masters business online course Quantitative analysis Engagement

Graduate entry teacher education online course Critical reflection Presence

Three focus groups about mobile learning and 
teaching environments Qualitative analysis Flexibility
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nizational processes are necessary to establish a 
culture of innovation.

The Research Method

The chapter explores the three selected elements 
of mobile learning and teaching environments 
outlined above by drawing on empirical evidence 
from three sites, using a hybrid research approach, 
as illustrated in Table 1.

The purpose of this table is to illustrate the 
three selected elements of mobile learning and 
teaching environments. These, as explained 
earlier, are engagement, presence and flexibility. 
The concept of engagement is explored using a 
quantitative analysis of a Masters online course 
in the faculty of business at the university under 
review here. Presence is investigated via critical 
reflection on a graduate entry online course in the 
faculty of education there. Flexibility is studied 
using a qualitative analysis of three focus groups 
discussing mobile learning and teaching environ-
ments. The groups examined for the three concepts 
varied considerably, thus enhancing the overall 
understandings of such environments. 

The authors recognize that this hybrid research 
approach is inevitably selective rather than com-
prehensive in its analysis of data from each site. 
Nevertheless it seems appropriate to weigh this 
potential limitation against the expected benefit of 
greater understanding and synthesis of knowledge 
about mobile learning and teaching environments 

to be gained from considering the three data sets 
in juxtaposition. 

Exploratory research is suitable for the theory 
building stage of a project, and aims at formulating 
more precise questions that future research can 
answer (Neuman, 2003). Furthermore, Leedy and 
Ormrod (2004) indicated that case study is suitable 
for learning more about a little known or poorly 
understood situation. It provides understanding 
about complex phenomena within a given context. 
Riege (1996) incorporated ideas from five other 
definitions and defined the case study method as 
“A research method which focuses on a particular 
part of an organization or an industry within its 
context in order to rigorously explore and analyze 
contemporary real-life experiences in-depth us-
ing a variety of evidence” (p. 142). Moreover, in 
case study research, multiple cases can improve 
the quality of data collection and research find-
ings (Bonoma, 1985; Merriam, 1988; Miles & 
Huberman, 1994; Patton, 1990; Robson, 1993; 
Yin, 2002). Therefore, a multiple case study ap-
proach is used here to explore the issues outlined 
in the introduction to this chapter.

In multiple case study research, each case 
must be chosen so that it either predicts similar 
results (a literal replication) or predicts contrasting 
results but for predictable reasons (a theoretical 
replication) (Yin, 2002). Therefore, to reflect the 
replication logic, the random selection of cases is 
neither necessary nor preferable (Madden, 2000). 
To illustrate the research method, a matrix (see 

Table 2. Matrix of the multiple case study research method

m-learning organization A regional university offering on-campus, off-campus, online and 
distance education with campuses in Australia and overseas

Case A – Business faculty (students)

Case B – Education faculty (students)
Case C – students and academic staff members
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Table 2) was built based on the literature (Amab, 
Mehmet & Schnitker, 2001; Leem, Suh & Kim, 
2004). 

This table presents the selection of cases. This 
is a customary business education style table 
where case selections are presented for better 
understanding. The left hand column details the 
type of selection. For example, Case A is consti-
tuted by a faculty of business student group. The 
right hand column portrays details of the type of 
study mode, for example, on-campus or online. 
When these two columns are read together, the 
reader is able to understand the types of groups 
chosen for the study.

The aim of this study was to contribute to 
elaborating the framework of m-learning (through 
a focus on the principles of engagement, presence 
and flexibility). Consequently the unit of analysis 
was chosen as the stakeholder groups to whom 
those principles might be expected to apply most 
directly. In this project, therefore, the stakehold-
ers were students and academic staff involved in 
the process of constructing mobile learning and 
teaching environments. 

The Faculty of Business Course 
(Case A)

The faculty of business Masters course that was 
interrogated for evidence of engagement was 
prepared in such a way that the entire course 
can be studied online. The instructional materi-
als were weekly components about four specific 
emerging technologies: PDAs, voice recognition 
applications, RFID and plagiarism software. 
These technologies were discussed for the first 
four weeks based on their relevance, technical 
content and so on. The purpose of the materials 
in these weeks was to provide a good understand-
ing of the four technologies to students. The next 
six weeks of materials included the management 
aspects of these technologies in an organization. 
These issues included cost aspects, licensing 
issues, implementation issues, change manage-

ment issues, training issues, and so forth. The 
materials were derived from government white 
papers, journals and published sources. The 
materials were threaded in a PDF format based 
on the weekly schedule and students were given 
guidelines as to what was needed to be studied 
for a given week. 

In terms of assessment, students were given 
two sets of assessments. The first set consisted 
of five weekly journal entries and a report on the 
enablers and inhibitors of these technologies. The 
second set consisted of five more weekly journal 
entries, a report on implementing these technolo-
gies in an organization and a consultant’s report 
on using the technologies at enterprise level. Each 
assessment component was verified by plagiarism 
software prior to official submission. Students 
were asked to submit a plagiarism count report 
and were allowed to rectify the plagiarism issues 
by repeated submission to the plagiarism applica-
tion. Each weekly journal was peer reviewed by 
two other students and awarded a score based 
on a marks template. If students failed to assess 
another student’s work, they were awarded a 
penalty. The assessments were marked by a tutor 
as well as by other students. Weekly feedback 
was also provided to students to improve their 
presentation. Discussion board dialogues were 
encouraged for sharing ideas, seeking clarification 
and complying with course guidelines. Feedback 
about each journal entry was provided within 48 
hours. A moderation process was executed when 
the difference between the two scores was over 
10 percent.

The Faculty of Education Course 
(Case B)

The faculty of education course that was examined 
for evidence of presence was a core component of 
a graduate entry teacher education program one 
year full time or equivalent part time in duration 
for prospective early childhood, primary, second-
ary and technical and further education teachers 
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(see also Danaher, 2006; Danaher et al., 2007). 
It was available officially in either on-campus 
or online modes, but in practice the blended 
delivery was similar for all students, with the 
on-campus elements consisting of compulsory 
residential schools and regular seminars and the 
online element focusing on Web-CT asynchro-
nous discussion boards and Macromedia Breeze 
presentations (PowerPoint slides accompanied by 
an audiotaped commentary).

The course was concerned with developing 
analytical skills in identifying and evaluating 
educational contexts and environments and their 
impact on students’ learning. The four equally 
weighted modules examined relevant concepts 
and vocabulary, whole school approaches to 
inclusivity and social justice, the development 
of inclusive learning environments and the link 
between educators’ work and their identities in 
relation to educational reform. The course had 
three items of summative assessment: the students’ 
progress during their professional attachment 
in an educational site (50%), their proposal for 
a problem-based investigation during that at-
tachment (10%) and their report of the outcomes 
of that investigation (40%). The first item was 
assessed by the student’s supervising teacher 
in the educational site and the second and third 
items by the university staff members working 
in the course.

The Focus Groups (Case C)

The three focus groups that were considered 
for evidence of flexibility were conducted in 
September and October 2006, with two groups 
of academics and one group of students (mostly 
from the faculties of business and education) at 
the authors’ institution (see also Hafeez-Baig & 
Danaher, 2007, which highlights the third of these 
three focus groups). The goal was to contribute 
to evidence-based decision- and policy-making 
about the construction and expansion of mobile 

learning and teaching environments at the in-
stitution. 

The focus group questions covered several 
issues, ranging from participants’ understand-
ings of mobile technologies and their current and 
potential educational applicability to concerns 
about access and digital divides to roles and 
responsibilities if such technologies are to be har-
nessed more comprehensively in the future. The 
discussion was audiotaped and transcribed, and 
then subjected to textual and thematic analysis, 
linking themes identified as significant by the 
participants with the research questions framing 
the broader study.

CASE STUDIES

1. Issues, Controversies, Problems

This section of the chapter applies the research 
methods outlined to analyze selected data from 
the three nominated sites of investigation. The 
analysis is directed at three key tasks:

•	 Identifying strategies that work in imple-
menting the respective educational principle 
in contemporary university mobile learning 
and teaching environments

•	 Eliciting factors that inhibit the deployment 
of such strategies

•	 Articulating implications for the innovative 
inclusion of mobile learning and teaching 
environments in contemporary university 
settings.

Engagement

Engagement was evaluated in the faculty of 
business Masters online course represented in 
Table 1 and as Case A in Table 2 in terms of the 
three components depicted in Figure 3: students, 
instructor and technology. For example, analysis 
of the WebCT reports associated with the course 
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demonstrated that 112 students accessed the 
course 12,164 times over a period of 12 weeks 
(90.27%). Engagement was evident also in the 
1,130 discussion threads that emerged during the 
same period. The track tool indicated that there 
were 4,578 discussion messages during this time, 
with an average discussion time of 4.36 minutes 
per student. Over the life of the course, this became 
about 351 minutes of discussion per student. This 
was in addition to the time devoted to specific 
assignment queries (89 minutes per student) and 
reading various announcements posted by mem-
bers of the teaching team (93 minutes per student). 
The course recorded a total of 46,366 message 
threads and a total of 2,270 hours for 112 students 
during the 12 week period (with an average of 1.7 
hours per week per student engaging online with 
those message threads).

It must be acknowledged that, particularly 
initially, engagement was associated with a de-
gree of confusion and anxiety among students in 
relation to specific aspects of the course, which 
differed from other courses in the way in which 
students were engaged. For example, a message 
thread entitled “A little confusion” associated with 
the new model of operating the course recorded 
321 threads with an average discussion time of 
1 minute 32 seconds. On the other hand, this 
thread was not found in later weeks of the course. 
Similarly, some initial confusion attached to mark-
ing standards as a result of varying referencing 
approaches was reflected in 1,802 discussion 
threads, again with an average discussion time per 
thread of 1 minute 32 seconds. An unanticipated 
technical problem in week 5 of the course (related 
to the system of automating submissions with 
date stamps unexpectedly not allowing students 
to submit or incorrectly levying an automatic 
penalty for timely submissions) also generated a 
number of threads discussing this problem and its 
potential effects on students, with 1,091 threads 
and an average discussion time of two minutes 
34 seconds per thread.

Students’ technology usage of the LMS also 
reflected a high degree of engagement in the 
course. Students spent an average of 89 minutes 
discussing the assignments on the discussion 
board, indicating their eagerness to do well in this 
part of the course’s summative assessment. This 
was also indicated by students’ engagement in e-
mail communications with the lecturer, whereby 
they spent an average of 23 minutes accessing 
the email “send” button provided on the LMS. 
The LMS records for the course reported that 
various learning content was accessed 11,633 
times, consuming a total time of 1,304 minutes 
to access and download the materials (reading 
and comprehension time was in addition to this 
figure). These LMS records demonstrate that 
students were actively and consistently engaged 
in the course in terms of materials provided, 
tasks completed and time spent interacting with 
other students.

In terms of the latter, as noted above the 
course assessment required students to review 
one another’s submitted work, so that students 
acted as instructors in engaging with the weekly 
journals of other students in the course. The 
peer review system assigned these journals auto-
matically to other students in the class, selected 
at random. These two students were entrusted 
with reading and commenting on the journals in 
terms of such criteria as quality, relevance and 
rigor. A simplified marking criteria sheet was 
used, whereby students ticked boxes against these 
criteria based on their reading of the journal. In 
addition to ticking the boxes, they were asked 
to provide written feedback so that a moderator 
(the course leader) could verify the level of mark-
ing. As noted above, if the level of discrepancy 
between the two markers’ recommended marks 
exceeded 10 percent, a flag was sent to the course 
leader to review the journal independently and to 
overwrite the scores allocated by the two students. 
Moreover, students were able to use the LMS to 
comment on the overall quality of the journals. 
They were also encouraged to answer any queries 



  ��

Transforming the Practice of Mobile Learning

in relation to the journals and other assessment 
specifications and to help other students in the 
course by sharing their resources. Students were 
thus able to analyze, evaluate critically and then 
judge one another’s work in the weekly journals 
and in the associated LMS discussion pertaining 
to the journals’ quality and contributions to knowl-
edge construction by the students. These various 
strategies both facilitated and demonstrated high 
levels of engagement in the course.

This discussion of Case A has highlighted a 
number of potential difficulties that might also 
face mobile learning in seeking to enhance learner 
engagement. Prospective disengagement is often 
associated with feelings of confusion, uncertainty 
and lack of control or ownership, feelings that 
can as easily arise in mobile as in online learning 
environments. Equally this discussion has identi-
fied strategies related to course design and student 
assessment that proved effective in overcoming 
this prospective disengagement and that clearly 
worked well in relation to increasing student 
engagement. This augurs well for deploying 
such strategies in mobile learning environments, 
provided that equivalent principles of design and 
development are identified and implemented.

Presence

This subsection is concerned with identifying 
evidence of presence in the graduate entry teacher 
education online course cited in Table 1 and 
identified as Case B in Table 2. Paradoxically, 
presence can sometimes be detected more readily 
through its absence, when the interaction types 
identified by Anderson (2004) and synthesized 
in Figure 4 are for various reasons missing from 
the pedagogical mix in a particular course or 
program. Nevertheless it is possible to discern 
specific strategies that underpin the successful 
enactment of presence and that also provide 
the foundation for the innovative application of 
mobile learning and teaching environments in 
university settings.

Cognitive Presence (Student–Content 
Interactions)

On the basis of critical reflection on the teacher 
education course referred to previously, cogni-
tive presence, which facilitates student–content 
interactions, is fostered by the following six ac-
tions. Firstly, it is important to bring the course 
content to life for students. Secondly, posing 
questions about the content can help students to 
align and integrate their experiential and theoreti-
cal knowledge. Thirdly, encouraging students to 
approach the content as open to contestation and 
critique facilitates their understanding of multiple 
perspectives and their intensive engagement with 
one or more of those perspectives. Fourthly, it is 
valuable to present the knowledge underpinning 
the content as constructed and situated rather than 
as timeless and universal. Fifthly, emphasizing 
higher order skills such as synthesis and evaluation 
assists students to engage with the content. Sixthly, 
designing summative assessment tasks that en-
courage and require the application of cognitive 
presence maximizes the two-way link between 
intended outcomes and student assessment.

Equally the following five factors have been 
found to inhibit the development of cognitive 
presence. Firstly, students and academic staff 
members vary considerably in the levels of time 
and energy that they can devote to engaging with 
the course content. Secondly, some students and 
academic staff members find the online learning 
and teaching unfriendly or even unnerving as 
an environment for engaging with the content. 
Thirdly, some students find difficult the process 
of acquiring new discipline-based concepts and 
vocabulary that frame the content. Fourthly, 
some students find difficult the process of making 
meaningful links between the theory as espoused 
in the content and the practice as experienced 
during their professional fieldwork. Fifthly, some 
students find uncomfortable the proposition of 
knowledge as constructed and situated and seek 
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definitive answers from the content rather than 
creating those answers themselves.

Social Presence (Student–Student 
Interactions)

Critical reflection on the teacher education course 
also elicits the following five strategies as hav-
ing proved effective, if not for all students at all 
times, then certainly for some students some of 
the time, in helping to facilitate student–student 
interactions and hence to enhance the enact-
ment of social presence. Firstly, asking students 
to introduce themselves at the beginning of the 
course seems an obvious technique but it is easily 
overlooked at such a busy time. Secondly, encour-
aging students to make links between the course’s 
theoretical knowledge and their own experiential 
knowledge and hence valuing the sharing of 
personal experience, both prior to the course and 
during the professional attachment, heightens their 
involvement in the process. Thirdly, highlight-
ing the value of learning through dialogue and 
discussion alerts students to the intended benefits 
of presence. Fourthly, decentering the position 
of academic staff members as founts of wisdom 
and instead promoting the practice of consulting 
multiple perspectives held by students on specific 
topics maximizes shared responsibility for learn-
ing. Fifthly, modeling and reinforcing online 
communications that are authentic, engaged and 
respectful helps to enact the educator’s part of 
that shared responsibility.

By contrast, the development of effective 
and productive social presence was inhibited 
by the following four factors. Firstly, the course 
summative assessment program being based on 
individualized rather than group learning reduces 
the perceived importance of presence. Secondly, 
there is potential for at least some students to feel 
that they are in competition with one another and 
therefore to be disinclined to share ideas. Thirdly, 
the pressures of combining a busy course and 
program with a myriad of other demands leave 

little time to devote to interacting socially with 
one another. Fourthly, the immediate and public 
character of the online environment can occasion-
ally generate posts that are not respectful of other 
course members.

Teaching Presence (Student–Teacher 
Interactions)

Critical reflection on the course also yielded the 
following four strategies as effective facilitators of 
teaching presence or student–teacher interactions. 
Firstly, assigning explicit and public responsibil-
ity for facilitating each module of the course to 
a different staff member can maximize the shar-
ing of multiple perspectives. Secondly, that staff 
member highlighting specific links between the 
respective module and her or his experiential 
knowledge and research and teaching interests 
can enhance her or his authenticity as well as 
interactions with students. Thirdly, staff members 
can increase both the volume and the value of 
those interactions by participating in the online 
discussion threads as module facilitator and/or as 
course learner, providing suggested responses to 
questions and posing further questions to elicit 
dialogue and engagement. Fourthly, encourag-
ing students to pose questions via the discussion 
board rather than via individual email messages 
(unless they particularly need to do so) brings the 
student–teacher interactions more visibly into the 
public domain.

At the same time, three factors were identified 
as potentially restricting the development of teach-
ing presence by means of these kinds of strategies. 
Firstly, contracted staff members generally con-
tribute less visibly than full-time staff members 
to the discussion board (possibly because of their 
contracts containing insufficient time for such 
interaction and/or because of insufficient training 
in using the LMS). Secondly, a potential mismatch 
can develop between staff members seeking to 
maximize student engagement by posing higher 
order questions and students wishing to maximize 
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their completion of summative assessment items 
by posing assessment-related questions of their 
own rather than responding to the staff members’ 
questions. Thirdly, a related potential mismatch 
lies in the rhythms of students’ and staff members’ 
interactions with each other; particularly with the 
later modules in the course: while the respective 
staff member might seek to generate student 
enthusiasm about her or his allocated module, 
students are generally more concerned with the 
urgent demands of the professional attachment 
and/or of the summative assessment items.

While the focus in Case B was on fostering 
various forms of presence in an asynchronous on-
line learning environment, the strategies identified 
as facilitating, and the factors identified as inhibit-
ing, the enactment of such presence are equally 
applicable to mobile learning environments. Like 
online learning, mobile learning might be assumed 
to have to strive harder than face-to-face educa-
tion to generate presence (although presence is 
no more inherent in face-to-face environments 
than it is in mobile or online environments). 
Also like online learning, mobile learning has 
at its disposal several technological attributes 
that with careful planning and implementation 

can be deployed in ways that maximize learners’ 
interactions with the course content, instructors 
and fellow students.

Flexibility

The three focus groups investigating students’ 
and academic staff members’ experiences and 
understandings of mobile learning and teaching 
environments identified in Table 1 and listed as 
Case C in Table 2 generated mixed evidence of 
flexibility, particularly in relation to the three 
components of such flexibility listed in Figure 5: 
learning activities; teaching activities; and as-
sessment activities. Analysis of the focus group 
transcripts elicited 24 main themes, as portrayed 
in Figure 2.

These data indicate that the theme of “wireless” 
was the principal topic of discussion. This was 
followed by “access,” “students” and “technol-
ogy,” and then by more focused topics. Figure 6 
encapsulates a major discursive tension between 
an aspiration and expectation that mobile technolo-
gies such as wireless devices enable students to 
manage their time effectively and flexibly on the 
one hand and a concern that other factors such 

Figure 6. Focus group themes
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as institutional policies and resources (or lack 
thereof) might impede the implementation and 
operationalization of that flexibility.

Once the themes had been extracted from the 
transcripts of the three focus groups, a model was 
created using the Gaussian modeling process. This 
model, taking the form of a concept map, groups 
the themes based on the relative distance between 
each keyword as it appeared in the discussion. 
The model appears in Figure 7.

The concept map groups three major concepts 
that are closely interrelated and three minor 
concepts that are not related closely. The three 
closely related concepts of “wireless,” “access’ 

and “home” indicate that, according to this model 
of idealized mobile learning and teaching envi-
ronments, students are able to access lecture and 
other learning materials from home using wireless 
devices. This is clearly part of mobile learning, 
as students are able to access the materials when 
they are on the move (this is represented in the 
cluster related to the concept of “home”). The 
themes “work” and “find” also support the notion 
that students who have work commitments will be 
able to access learning materials using wireless 
devices; this is a crucial component of flexibility, 
given the diversity of the student populations of 
contemporary universities and the high propor-

Figure 7. Concept map of the relationships among the focus group themes



  ��

Transforming the Practice of Mobile Learning

tion of such populations who travel frequently for 
work and other purposes.

The three minor concepts that are not related 
closely to one another are “students,’ “informa-
tion” and “laptop.” This suggests the proposition 
of students being able to use mobile learning tech-
nologies to access materials within the university 
campus using wireless devices such as laptop 
computers. This proposition is noticeably predi-
cated on the assumption of flexibility, although it 
was less explicitly discussed in the focus groups 
than the asserted relationship among “wireless,” 
“access” and “home.”

A further analysis of the focus group tran-
scripts based on the themes listed in Figure 6 and 
depicted in Figure 7 enabled the identification of 
positive and negative sentiments associated with 
those themes. The theme of “access” was discussed 
positively because students and staff members 
believed that, in addition to enhancing access, 
wireless devices can facilitate discussion and 
other forums in real time, an outcome that could 
also enable off-campus students to participate 
and learn as flexibly as, and at the same time as, 
on-campus students. Similarly, a positive valance 
was attached to the theme of “lecture,” because 
students were excited by the idea of being able to 
download broadcast lectures onto their computers 
and start their learning “any time anywhere” and 
thereby of being no longer constrained by physical 
location and time.

By contrast, students and staff members from 
the faculty of education tended to portray “tech-
nology” as a barrier that might leave particular 
groups of students behind. This was perceived as 
potentially operating in two ways: a disjuncture 
developing between the wireless devices and 
the educational resources needed for particular 
courses; and placing unsustainable demands 
for equipment and training that would threaten 
already straitened finances.

Of the three cases, Case C was the one located 
most directly in discussion of mobile learning 
technologies and environments. While allowing 

for disciplinary, paradigmatic and other differ-
ences across the three focus groups, a consensus 
emerged about the kinds of criteria that students 
and educators alike required from mobile learn-
ing if it is to be implemented on a wide scale in 
university learning and teaching. At one level 
this consensus was hardly surprising, focusing 
as it did on features that might be assumed of a 
dynamic, reciprocal and stimulating educational 
environment. From a different perspective, how-
ever, focus group participants were intrigued by 
the pedagogical possibilities of mobile learning 
technologies to create new and previously un-
imagined contexts less dependent on place and 
time than is currently the case.

2. Solutions and Recommendations

It is clear that there are several strategies that work 
in fostering engagement, presence and flexibility 
in the mobile learning and teaching environments 
at the authors’ institution. It is equally clear that 
such engagement, presence and flexibility are 
by no means automatic or assured. Fundamental 
to the enactment of successful strategies is a set 
of dispositions on the part of all participants and 
stakeholders, no easy task when those participants 
and stakeholders have multiple and sometimes 
competing aspirations and perspectives. It is these 
same dispositions that are likely to influence 
whether and how mobile learning and teaching 
environments are liable to be incorporated into 
the practice of current university settings, let 
alone to contribute to pedagogical innovation by 
helping to transform that practice. 

As noted, the objective of this chapter is to 
contribute to the important project of conceptual-
izing mobile learning as pedagogical innovation. 
That conceptualization underpinned the analyses 
of the three cases presented here: the strategies 
that work in the two courses and as elaborated in 
the three focus groups do so partly because they 
constitute many of the key elements of transformed 
practice, whereby there are fundamental shifts in 
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how, when, where and with whom and what learn-
ing and teaching take place. At the same time, the 
factors that inhibit the successful enactment of 
those strategies are equally likely to prevent or 
disrupt mobile learning becoming adopted and 
instantiated as pedagogical innovation.

Mobile learning applications are becoming 
much more prevalent. According to Education.au 
limited, PDAs are used increasingly to support 
learning and teaching in the educational domain. 
The United Kingdom Department for Education 
and Skills sponsored a handheld computing pilot 
with 150 teachers at 30 schools to explore issues 
associated with teaching aspects (Perry, 2003). 
Australia now has several similar activities in 
varied subject areas and levels of schooling in order 
to explore ideas and innovations. Applications of 
mobile learning can encourage disaffected young 
people (some of whom are homeless) to become 
involved in learning through games, quizzes and 
mini soap operas on mobile phones and PDAs. 
Mobile learning can facilitate context-aware, lo-
cation-based services providing learning content 
anywhere, any time to anyone, as well as mobile 
collaboration and ad hoc networks to support 
organizational learning.

What then are the implications of the findings 
of this study for strategies that work towards and 
factors that inhibit the innovative inclusion of 
mobile learning and teaching environments in 
contemporary universities? The authors proffer 
three such implications for consideration here:

•	 Firstly, priority must be given to the educa-
tional character of the intended innovation; 
many of the inhibitors relate to concerns 
about and/or evidence of the privileging of 
the technical dimension of wireless devices 
that might cause them to become discon-
nected from the pedagogical environments 
in which they must become situated (see also 
Stone & Livingstone, 2004). Educational 
institutions should therefore focus on estab-
lishing fault tolerant technical infrastructure 

to support mobile learning as connectivity 
at the palm level is essential in this environ-
ment.

•	 Secondly, engagement, presence and flex-
ibility have proven themselves worthy 
candidates for selection as criteria for 
evaluating whether and how particular 
wireless devices can become incorporated 
into sustainable and transformative mobile 
learning and teaching environments. This is 
no easy process because these educational 
principles are logically distinct as well as 
being philosophically interrelated – for ex-
ample, a strategy for implementing wireless 
devices flexibly does not necessarily promote 
engagement or presence. From this perspec-
tive, instructional designers should develop 
innovative educational resources that can 
capture and engage students in mobile learn-
ing environments and articulate with the 
social dimension of mobile technologies (see 
also Carlen & Jobring, 2005; Looi, 2005). In 
those environments, it is easy to digress away 
from the main component of learning. It is 
still unknown how to arrest students within 
this context so that sufficient and suitable 
time can be devoted for learning. Future 
strategies should include group learning, 
games that relate to educational contexts 
and quizzes that can be conducted using 
the mobile infrastructure, among others.

•	 Thirdly, the data analysis presented has 
demonstrated the complexity of the contexts 
and networks in which mobile learning 
and teaching environments need to be es-
tablished if they are to be successful. That 
complexity includes multiple and competing 
pressures and priorities across and among 
stakeholder groups, as well as a diversity of 
perceptions of the distinctive affordances 
of mobile technologies (Wiredu, 2006). 
Accordingly policy makers should decide 
the platform issues so that learning and 
teaching environments can be accessed. 
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Assuming that these environments are ap-
plied to school as well as post-compulsory 
students who have limited cash power to 
procure expensive mobile devices and as-
sociated maintenance costs, policies should 
be developed to specify mobile platforms that 
can be made available to as many potential 
users as possible. Prior to the creation of 
any instructional resources, these policies 
should be developed and approved so that 
access to materials can be made available.

The authors also put forward three recom-
mendations for dealing with the issues and prob-
lems outlined previously, each derived from one 
of the implications articulated in the previous 
paragraph: 

•	 Firstly, any proposal for enacting wire-
less devices in university settings should 
be subjected to the fundamental question, 
“How will this proposal directly benefit and 
boost learning and teaching?” This ques-
tion focuses attention on a range of policy 
issues, strategies that can take learning and 
teaching to new ways of thinking and ICT 
infrastructure that is essential to facilitate 
connectivity.

•	 Secondly, engagement, presence and flex-
ibility should be among the criteria to be 
included in an evaluative checklist for 
activation to interrogate the innovative use 
of mobile learning technologies once they 
have moved beyond the proposal stage. This 
question deals directly with the innovative 
ways of developing curriculum and instruc-
tions as mobile devices come with limited 
processing power. 

•	 Thirdly, decision and policy-makers must 
eschew a ‘one size fits all’ approach to plan-
ning, implementing and evaluating wireless 
devices and other mobile learning technolo-
gies in favor of a more situated method that 
acknowledges and even celebrates the com-

plexity noted above. This notion links with 
the concept of providing a flexible learning 
and assessment environment using mobile 
technologies (Rushby, 1998). A key consid-
eration here is the type of investment made 
in capital expenses versus infrastructural 
expenses.

FUTURE RESEARCH DIRECTIONS

On the basis of the preceding discussion, the au-
thors have distilled four possible future research 
directions pertaining to the innovative design 
and application of mobile learning and teaching 
environments in university learning and teaching. 
These posited research directions, the first three 
of which derive from and follow the implications 
and recommendations articulated at the end of the 
previous section, have been expressed in the form 
of an overarching research question and several 
proposed sub-questions:

•	 What are likely areas of convergence and 
divergence between educational imperatives 
and mobile learning technologies?

 What are the non-negotiable elements of 
successful learning and teaching practice? 
Which factors facilitate and inhibit the en-
actment of such practice? Which competing 
pressures are placed on learners and teach-
ers? Which competing pressures are placed 
on the designers and implementers of mobile 
learning technologies? What other priorities, 
apart from educational imperatives, might 
motivate those designers and implementers? 
Which aspects of mobile learning technolo-
gies are most likely to contribute to meeting 
educational imperatives? Which aspects (if 
any) are likely to privilege technical capa-
bilities at the cost of those imperatives?

•	 What other educational principles and 
strategies are automatic inclusions on lists 
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of criteria for evaluating the educational 
effectiveness of mobile learning technolo-
gies?

 
 Do other researchers agree that engagement, 

presence and flexibility are pre-requisites 
of the effective inclusion of mobile learn-
ing technologies in learning and teaching? 
Which other educational principles might be 
considered pre-requisites of that outcome? 
Are these principles interdependent and 
mutually reinforcing or might they be po-
sitioned as potentially contradictory of one 
another? Which specific strategies are most 
likely to accompany the enactment of such 
principles? Are strategies tied to particular 
principles and/or sets of strategies liable to 
enhance the attainment of principles as a 
whole?

•	 What are effective techniques for mapping 
and engaging with the complexity of con-
texts and networks in which mobile learning 
technologies must become situated?

 
 What are the relative pros and cons of such 

potential techniques as scenario testing, 
forecasting, actor network analysis, policy 
needs analysis and social network analysis? 
To what extent might such techniques be able 
to elicit important nuances and subtleties 
while still allowing detailed and systematic 
planning? Under which circumstances (if 
any) might some contexts and networks 
be privileged or receive priority attention 
compared with others? Which evaluative 
tools are likely to be most successful in 
interrogating the equity and utility of these 
analytical and planning techniques?

•	 What are other possible approaches to un-
derstanding innovation and how might they 
contribute to understanding the potential 
effectiveness of mobile learning technolo-
gies?

 

 What are the relative pros and cons of such 
approaches to understanding innovation as 
creativity, diffusion, entrepreneurship, prob-
lem solving, strategic behavior and transla-
tion? In what ways do they converge with 
and/or diverge from innovation understood 
as transformation of practice? What similari-
ties with and differences from the analysis 
of the three cases presented in this chapter 
might they offer compared with the authors’ 
deployment of transformation of practice? 
What are the conceptual, methodological 
and empirical links between innovations 
and mobile learning technologies?

This chapter has explored three cases of 
university learning and teaching at the authors’ 
institution as encapsulating evidence of strate-
gies that work and factors that inhibit in enacting 
the three educational principles of engagement, 
presence and flexibility. These principles and 
strategies have been posited as pre-requisites of 
the successful implementation of mobile learn-
ing and teaching environments. They have also 
been linked directly with efforts to associate that 
implementation with pedagogical innovation, 
understood as the transformation of pedagogical 
practice. 

The argument prosecuted in the chapter has 
been that both challenges and opportunities con-
front advocates of mobile learning technologies 
who wish to see a more widespread adoption 
of such technologies in the learning and teach-
ing policies and experiences of contemporary 
universities. The authors contend that, on the 
basis of the analysis presented in the three cases 
explored here, mobile learning can indeed con-
tribute simultaneously to pedagogical innovation 
and to transformed practice in university learning 
and teaching, but only if these and other edu-
cational principles and strategies that work are 
incorporated at the center of future decision and 
policy-making.
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ABSTRACT

The increasing sophistication and rapid uptake of mobile phones among university students is provid-
ing an unprecedented platform for the development of classroom interaction systems. This chapter 
describes the development of a SMS-based classroom interaction system and explores the impact that 
this application can have on students’ learning experience. The findings indicate that instructors and 
students perceive a number of benefits from the additional channel of communication in the classroom. 
The chapter concludes with a summary and recommendations for future practice and research. 

INTRODUCTION

Classroom interactivity has a number of sig-
nificant benefits: it promotes an active learning 
environment, provides greater feedback for lec-
turers, increases student motivation, and enables 
a learning community (Angelo & Cross, 1993; 
Bishop, Dinkins, & Dominick, 2003; Hake, 1998; 
Mazur, 1998; McConnell et al., 2006). On the 
other hand, interactive activities for large classes 

(for instance, over 100 students) have proven to 
be quite difficult and, often, inefficient (Freeman 
& Blayney, 2005).

During the past six years, the rapid proliferation 
of mobile devices, particularly cellular phones, in 
the student demographic has changed the levels of 
student access to information and communications 
technology (ICT) in the classroom, presenting 
an extraordinary opportunity to develop interac-
tive classroom systems and to enhance students’ 
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learning experience (Schwabe, Göth, & Frohberg, 
2005; Scornavacca, Barnes, & Huff, 2006; Sheng, 
Nah, & Siau, 2005). 

The present challenge for researchers is to go 
beyond anecdotal perceptions and obtain empiri-
cal evidence about the impact of these technologies 
in the classroom. This chapter aims to describe the 
development of a classroom interaction system as 
well as to understand the impact that mobile ap-
plications such as short-message-services (SMS) 
can have on students’ learning experience. 

The chapter is structured as follows: the next 
section illustrates the theoretical background 
used in this research. This is followed by a brief 
description of the system as well as the trial that 
took place. Subsequently a discussion of the survey 
results is presented. Finally, the chapter rounds 
off with a summary and conclusions.

CLASSROOM INTERACTIVE 
FEEDBACK SySTEMS

The traditional lecture theatre environment has 
provided universities with a cost effective and 
scaleable means of teaching students. Particularly, 
over the last century, as participation in univer-
sity education has grown, the lecture theatre has 
coped with the growth in student numbers, but 
this growth has come at the price of making any 
form of interaction difficult and inefficient. The 
work of Laurillard (2002) and social constructivist 
theorists (Jonassen, Peck, & Wilson, 1999) sug-
gest that a further price of the traditional lecture 
delivery is reduced engagement and student learn-
ing. This is not inevitable, however. The work of 
Mazur (1998) suggests that the use of interactive 
pedagogies that are able to engage students in 
peer discussion and activities, guided by the 
lecturer, can result in effective student learning 
outcomes. Using interactive classroom pedagogies 
it is possible to promote a more active learning 
environment, increase the motivation of students, 
inform the work of teachers and generally enable 

a genuine learning community in the classroom 
(Angelo & Cross, 1993; Bishop et al., 2003; Hake, 
1998; Mazur, 1998; McConnell et al., 2006).

The decision to engage in a more interactive 
pedagogy is, however, not a trivial one, and it 
requires effort and application on the part of the 
teaching staff. Large classes of more than 100 
students are clearly where the most benefits of 
a more interactive approach can be realized but 
the inherent inefficiency, inaccuracy and lack or 
anonymity present significant problems (Freeman 
& Blayney, 2005).

Classroom feedback systems (CFS) provide 
one possible technological affordance that can 
efficiently enable interaction in large classes. 
Known by a vast array of names and produced 
commercially by a range of vendors, CFS technolo-
gies have been used since the sixties (Judson & 
Sawada, 2002; Penuel, Roschelle, & Abrahamson, 
2005) allowing students to respond to questions 
and have the results processed and displayed for 
use by the lecturer and the class as a whole. Mod-
ern systems provide the ability to answer a range 
of question types from simple yes/no through 
to detailed responses, free-form questions and 
role-playing (Bollen, Eimler, & Hoppe, 2004). 
Other media such as images are now also being 
used in particular contexts (Seppälä & Alamäki, 
2003). The hardware used now ranges from small 
infra-red units like those used with televisions, 
through more reliable radio units, to the use of 
Web systems accessed by wireless personal digital 
assistants (PDA) or laptops. 

These systems are generally well regarded 
by students when they are used, and many case 
studies describe the use of CFS technologies in 
disciplines ranging from the physical sciences 
(physics, chemistry, geology), through mathemat-
ics, accountancy and literature (Blodgett, 2006; 
Bollen et al., 2004; Carnaghan & Webb, 2005; 
Draper & Brown, 2004; Freeman & Blayney, 2005; 
Hall, Collier, Thomas, & Hilgers, 2005; Mazur, 
1998; McConnell et al., 2006). There is also some 
evidence to suggest that teachers also benefit, not 
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only from a better understanding of what their 
student’s current knowledge is, but also by gain-
ing the ability to vary their teaching in response 
to information from the students (Bishop et al., 
2003; McConnell et al., 2006).

A variety of positive outcomes from the use of 
CFS technologies have been reported including 
improved understanding of important concepts 
(Mazur, 1998; Penuel et al., 2005), increased 
student engagement and participation (Freeman 
& Blayney, 2005; Penuel et al., 2005), improved 
quality of discussion in the classroom (Penuel et 
al., 2005) and a better teacher awareness of student 
difficulties (Penuel et al,, 2005).

However, not all studies of CFS have been 
positive. Using CFS technology without specific 
pedagogical changes appears to have no benefit 
on measured student performance and learning 
outcomes, despite the positive perception of the 
technology reported by the students (Blodgett, 
2006; Carnaghan & Webb, 2005; Judson & 
Sawada, 2002; Penuel et al., 2005). It is clear that 
asking questions like “do you understand this” 
are not going to result in useful outcomes for 
either the student or the lecturer (Blodgett, 2006). 
Further, Slain et al. (2004) noted that when using 
CFS technologies, student outcomes in assess-
ment tasks that operated at higher cognitive levels 
(Bloom, 1956) showed a much more significant 
improvement than the outcomes from assessment 
tasks that only test memorization. This suggests 
that CFS technologies have less value as a tool 
for supporting recall as opposed to understand-
ing and thus will not be of great value when rote 
memorization is the only outcome expected from 
students. There is also the risk that the increased 
student engagement will expose the limitations 
of the lecturer, both in terms of their own depth 
of understanding but also in their ability to cope 
with a more dynamic classroom environment 
(Hall et al., 2005). Penuel et al. (2005) contends 
that the CFS technology does provide a vehicle 
for positive change, but that this will only occur 
if the actions of the teacher using the technology 

changes the culture of the classroom in a such a 
way as to support the student’s engagement and 
peer interaction. 

As well as the pedagogical challenges, the use 
of CFS hardware also introduces some difficul-
ties for students and institutions. Historically, 
CFS systems depended on a significant wired 
infrastructure that was commonly built into 
lecture theatres (Judson & Sawada, 2002). The 
introduction of wireless units has helped reduce 
that need, but now means that the students either 
have to own or rent their own units or use a unit 
provided in the lecture. Either approach has prob-
lems, with students either losing or forgetting the 
units, or institutions needing to provide teaching 
assistants who hand out and collect units in class 
(Draper & Brown, 2004). Requiring students to 
purchase the hardware, even in environments 
where deals are made with textbook publishers to 
subsidize the equipment, can be problematic for 
student budgets (Greer & Heaney, 2004) and this 
is likely to be even more of a problem if wireless 
PDAs or Laptops are used. 

Personal Web-enabled devices such as PDAs 
have a number of problems of their own which 
can reduce their utility as CFS devices. The larger 
display and more flexible programming environ-
ment means that PDAs can be used to provide a 
rich set of student feedback but this comes at the 
price of significant issues such as battery life and 
a complicated and unreliable wireless configura-
tion (Bishop et al., 2003). There is also a problem, 
shared with laptops, that these devices are more 
capable and flexible which increase the tempta-
tion for students to engage in off-task activities 
(Ward, Reeves, & Heath, 2003). This latter issue 
may also be a symptom of a more general issue 
with some students preferring the anonymity of 
a traditional lecture that allows them to engage 
in activities other than participating in the class 
(Duncan, 2005; Mazur, 1998).

In the New Zealand context, despite signifi-
cant growth in access to computers and wireless 
Internet access, students tend not to own portable 
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devices such as PDAs and laptops (Barnes & 
Scornavacca, 2005). The preferred mobile com-
munication device is undoubtedly the mobile 
phone (InfoSynch World, 2004). As with most of 
the world, mobile phone ownership and the use of 
short message service (SMS) communication has 
rocketed up over the past five years (Haghirian, 
Madlberger, & Tanuskova, 2005; Scornavacca & 
McKenzie, 2006). Mobile phones are regarded 
as essential devices by the student demographic 
and have the advantages of being familiar, per-
manently configured to work correctly, and bat-
tery lives generally measured in days rather than 
hours (Carroll, Barnes, & Scornavacca, 2005; 
Gopal & Tripathi, 2006; Scornavacca, Barnes, 
& Huff, 2006). 

The potential advantages of mobile phones as 
educational devices enabling a form of mobile 
learning or m-learning outside of the physical 
classroom are well described in the literature 
(Quinn, 2000). Generally these have been aimed 
at the mobile professional, engaging in informal 
or on-demand learning but there are examples 
built around more formal e-learning settings 
such as the linking of Web discussions to mobile 
phones via filters and triggers. In one of the few 

examples of classroom use of mobile phones, 
Markett et al. (2006) describes the use of SMS 
to collect text in the form of a semi-structured 
discussion during class that can then be contin-
ued in a more traditional Web-based discussion 
afterwards. Sadly however, the problems caused 
by disruptive mobile phone use have more often 
led to the banning of mobile phones in classrooms 
and the use of jamming equipment. This can lead 
to unusual solutions such as that of Bollen (2004) 
who reported the development of an SMS-like 
system on PDAs in order to avoid restrictions on 
using mobile phones in class.

THE TxT-2-LRN SySTEM

The development of the TXT-2-LRN (text-to-learn) 
system is based on the assumption that nowadays 
most students have a SMS enabled mobile phone 
and that they bring it to the classroom. Therefore 
most of the necessary ICT infrastructure for a 
classroom interaction system is already in place. 
In order to take advantage of this opportunity it 
was necessary to enable the instructor to receive 
messages from students while lecturing. A very 

Figure 1. TXT-2-LRN Infrastructure
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simple solution was adopted: it comprises of a 
mobile phone connected to the instructor’s laptop 
and the installation of a SMS management tool, 
SMS Studio, which supports SMS-based voting, 
chat, information, quizzes and other services (see 
www.codesegment.com). An alternative to this 
set-up would be using an SMS-gateway instead 
of the phone. The SMS software enables the in-
structor to easily read incoming SMS messages 
on the computer screen as well as automatically 
analyze the results of polls. In addition, it also 
allows the instructor to send messages to any 
mobile phone. Figure 1 presents a diagram of the 
system’s basic infrastructure:

 Based on the literature review on mobile 
technologies, ICT in the classroom and pedagogy, 
two new classroom dynamics were designed: 

Open Channel—This allows students to send 
questions or comments to the instructor’s laptop 
via SMS without interrupting the class. The 
instructor was able to read the messages on the 
laptop screen and decide whether or when would 
be appropriate to comment on the message re-
ceived. The instructor was able to easily manage 
the student messages by chunking them together 
and reviewing them at class “checkpoints,” the 
points during a class when the instructor pauses, 
asks (verbally) whether there are any questions or 
comments, then proceeds to the next topic or seg-
ment. In order to make sure that no valid question 
or comment was overlooked, replies to questions 
that were not addressed during class could then be 
supplied by the instructor afterwards via SMS or 
a traditional discussion forum. Figure 2 presents 

Figure 2. Screenshot - Open Channel
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how students’ messages were displayed on the 
instructor’s laptop. 

M-quiz—during the class, the instructor 
presented a slide containing a question related to 
the topic and four options (A, B, C, D). Students 
discussed the question and were then able to use 
their mobile phones to cast votes and were able 
to see on the projector screen real-time graphics 
showing the results. This feature is used mainly 
for concept tests (Mazur, 1998) or to trigger class 
discussions. Figure 3 presents how the M-quiz 
results were displayed on the instructor’s laptop, 
a separate screen containing only the graph was 
displayed to the students (using the projector).

Figure 4 presents an overview of the classroom 
activities using the system. Notice that in the 
beginning of each lecture a slide was presented 
reminding students that if they have a question 
or comment they may raise their hand or send an 
SMS. The instructor’s mobile phone number also 
appeared in a corner of all remaining presentation 
slides. The interactive quiz (M-quiz) happened 
only once per lecture and students were invited to 
discuss their answers with the people next to them 
before casting their votes. In addition, students 
were informed that by sending a message their 
mobile phone number would be disclosed, however 
their identity would remain anonymous. 

Figure 3. Screenshot – M-Quiz
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USING TxT-2-LRN IN THE 
CLASSROOM

FCOM110 is a mandatory course for all bachelor 
of commerce and administration (BCA) students, 
which introduces them to the major areas of study 
of the faculty of commerce at Victoria University 
of Wellington, New Zealand. There are about 
1,200 students enrolled in this course, making it 
one of the largest cohorts in the university. One-
hour lectures were delivered three times a week 

to four groups of approximately 300 students. In 
April, 2005, during the five lectures on informa-
tion technology, students were introduced to the 
TXT-2-LRN system and actively encouraged to 
use their mobile phones in class. During the trial, 
using the system was voluntary and students paid 
for their own messages. At the end of the fifth 
lecture, 600 students were randomly selected to 
answer a survey containing 22 questions measur-
ing mobile phone usage, user acceptance of the 
system, and perceived impact on students’ learn-

Figure 4. Overview of TXT-2-LRN Classroom Activities
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ing experience. A total of 569 valid questionnaires 
were returned. The questionnaire was developed 
in conjunction with Victoria University’s Teaching 
Development Centre (UTDC) and it received face 
and content validation. The results are described 
in the following section.

RESULTS 

The sample presented an approximately equal 
gender distribution (52.7% female, 47.3% male), 
mostly aged between 18 and 22 years (72.9%), who 
were predominantly in their first year of studies 
(68%), and mainly native English speakers (64%). 
Most students (79.3%) attended more than four 
out of the five lectures involving the trial. These 
results are consistent with the overall student 
population enrolled in the course.

Almost all students (96.8%) owned a phone 
that they often carried in classes. Most students 
(64.9%) sent more than 14 messages per week and 
spent on average $35 per month with their phones. 
New Zealand has two mobile phone operators 
that offer quite different price structures on their 
SMS services. Vodafone NZ charges 20 cents per 
SMS, while Telecom NZ offers a flat rate of $10 
per month for up to 500 messages. In our sample, 
despite the price difference favoring Telecom 
for heavy SMS users, Vodafone’s market share 
was slightly greater (54.5%), and the majority of 
students (82.8%) used pre-paid cards instead of 
a monthly plan.

During the trial, approximately a quarter of 
the students used the open channel to send a 
question or comment in classes. However, over 
90 percent of them perceived that the ability to 
send the instructor SMS’s during class was in one 
way or another useful. The instructor involved in 
the trial had a very positive experience using the 
system and perceived an overall gain in quality 
and quantity of student feedback during class. In 
addition, the number of comments and questions 
received via the system (about 15 per class) was 

valuable without being disruptive. It is important 
to highlight that approximately 130 students at 
some point of time during the five lectures actively 
contributed with comments and questions. That 
is a substantial improvement for this large class 
environment where questions are not normally 
asked by the students.

Students also indicated their reasons for not 
using the open channel. Most (42.5%) responded 
that they had nothing to say, 33.6 percent gave 
cost as the main inhibiting factor, while only 4.6 
percent believed it to be distracting. Analysis of 
results showed a highly significant dependence 
between cost as an inhibiting factor for using the 
open channel and the students’ mobile phone op-
erator. Approximately 40 percent of the Vodafone 
subscribers indicated cost was a factor compared 
to 26 percent of Telecom subscribers (Chi2= 13.96, 
d.f = 4, 1-p = 99.26). 

Most of the students who used the open 
channel also participated in the M-Quizzes. The 
participation in M-Quizzes was higher than use of 
the open channel. More than half of the students 
entered at least one M-Quiz and 80 percent of 
them perceived that the M-Quizzes were somehow 
useful. On the other hand, the instructor noticed 
that this activity provided several benefits for 
the classroom environment (e.g., instantaneous 
feedback on concept tests or using results to 
stimulate class discussion). It was also noticed that 
students seemed to be very interested in the result 
of polls that reflected their collective opinion on a 
given issue. In the case of the M-quizzes, student 
participation was mainly inhibited by cost (55%) 
and lack of interest (20.7%). A small number of 
Telecom NZ users also reported having some 
issues regarding network availability. 

So far, the survey questions have examined 
largely descriptive aspects of students’ mobile 
phone usage as well as drivers and inhibitors for 
using the TXT-2-LRN. The remaining questions 
examine the impact of this application on respon-
dents’ learning experience. Table 1 summarizes 
the results. For these questions, respondents were 
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asked to answer questions using a Likert scale 
from 1 (strongly disagree) to 5 (strongly agree). 
Reliability analysis was carried out to investigate 
the internal consistency of the scale used in this 
part of the questionnaire (Crombach’s alpha = 
0.92). A non-parametric sign test showed that the 
mean response to each of the first six questions 
was statistically significantly (at p < 0.001) greater 
than the neutral point on the scale, in particular 
the increased engagement and interactivity, 
improved classroom discussions and the ability 
of the lecturer to react to the student’s feedback 
effectively (Freeman & Blayney, 2005; Penuel 

et al., 2005). The perception that the system had 
less impact on their interest in the subject and the 
study of it is also consistent with many other stud-
ies (Blodgett, 2006; Carnaghan & Webb, 2005; 
Judson & Sawada, 2002; Penuel et al., 2005).

Response patterns were analyzed for co-de-
pendence to determine the existence of socio-de-
mographic effects. Gender, age, year of study and 
mobile phone usage did not present any significant 
dependence. However, students’ native language 
not being English was a significant variable. 
The expectation was that English-as-a-second-
language (ESL) students would find the system 

Table 1. Top Ranked Impacts of TXT-2-LRN in the Classroom

Questions Mean s.d Rank Sig. 
Using txt messages increased the levels of interaction in class. 4.05 1.02 1 p < 0.001 
Using txt messages during class made the classes more interesting. 4.04 1.00 2 p < 0.001 
Using txt messages in the classroom is a good idea. 3.83 1.06 3 p < 0.001 
I found this interaction method effective. 3.76 1.03 4 p < 0.001 
In general, I liked using txt facilities as part of this course. 3.67 1.10 5 p < 0.001 
I would like to see more use of txt facilities to assist my studies. 3.67 1.09 5 p < 0.001 
The use of txt messages during class increased my interest in the 
subject. 

3.58 1.06 6 p < 0.001 

The use of txt messages during class enhanced my study. 2.95 1.01 7 --- 
 

Figure 5. Preferred Method of Communication
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more useful than native English speaking students. 
This assumption was based on the idea that most 
of the ESL students would be more comfortable 
interacting via the SMS channel as it would give 
them more opportunities to express themselves 
clearly (Elgort, Marshall, & Mitchell, 2003). 
Surprisingly, the result of the analysis found that 
native English speakers had a significantly more 
positive overall perception of the system than the 
ESL counterparts. 

Students were also asked to indicate their pre-
ferred of method of communication if they would 
like to ask the lecturer a question (traditional vs. 
SMS). For this question, respondents were asked to 
answer on a Likert scale from 1 (raise my hand) to 
5 (send an SMS). SMS appeared to be the strongly 
preferred method of communication for asking 
questions. Figure 5 summarizes the results.

Finally, students were asked for their opinion 
regarding the class size that this system would be 
most appropriate for. 74.8 percent believed that it 
should be used mostly in large classes. 

CONCLUSION

The rapid proliferation of mobile phones among 
the student population is generating a novel plat-
form for the development of classroom interac-
tion systems. This research described the use of 
a classroom interaction system and explored the 
impact that mobile applications such as SMS have 
had on students’ learning experience.

The findings indicate that students and instruc-
tors can benefit from the additional channel of 
communication in the classroom, which implicitly 
points out individual learning experiences. The 
lecturer perceived a gain of quality and quantity 
of feedback from the students. Students indicated 
that the system was useful, making classes more 
interesting and interactive. The “open channel” 
was found to be an especially useful, efficient 
and preferred method of communication, in 
comparison to the traditional “raising hands” 

method of asking questions (see chapter I for the 
theoretical foundation of communication support 
in mobile learning). While students perceived 
only a moderately positive impact of the system 
in terms of increasing their interest in the subject 
and enhancing their study, they indicated that they 
would nevertheless like to see more use of this 
technology in the classroom. Overall, the main 
inhibitor for adoption of SMS in the classroom 
was the cost of text messages, rather than a per-
ception of the systems value. Recent changes in 
the pricing structures offered for SMS services 
should see this barrier further reduced, increasing 
the usage of the system in the classroom.

FURTHER RESEARCH DIRECTIONS

Further research should be undertaken regarding 
students’ performance and learning outcomes 
versus use of the system, particularly longitudinal 
studies demonstrating a stable benefit and imple-
mentations of the system. Also further studies 
could investigate the use of the system in different 
socio-demographic contexts and disciplines. In 
addition, activities outside the classroom should 
be investigated in order to extend the boundaries 
of the classroom through mobile technologies.
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ABSTRACT

This chapter investigates how mobile games can be used for an efficient transfer of knowledge in learn-
ing processes that connect between the real world and the virtual world. In this chapter, the pervasive 
game concept is implemented on mobile phones as a means of enabling interaction and communication 
to support learning activities. The chapter presents the design of a new pervasive learning game, which 
was compared with a conventional pedagogical approach in terms of long-term learning results and 
learning efficiency. The empirical results revealed that the pervasive game led to higher energetic acti-
vation, more positive emotions and attitudes towards learning activities, and more efficient knowledge 
transfer than the conventional case-study approach.

INTRODUCTION

The current debate about effective and efficient 
learning can be characterized by the learning 
environments that support learners’ autonomy 
and enable cooperative learning for authentic 
problems (Euler, 2005; Gräsel, 1997). This ap-
proach should allow the effective transfer of core 

competencies such as the capacity for teamwork, 
autonomy or readiness to take on responsibility, 
because in professional life these features are often 
even more important than simple professional 
competence. This claim originates from the view 
that knowledge imparted by conventional learning 
methods, such as pure “tell-test teaching,” leads 
to accumulation of inert knowledge. This kind 
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of knowledge is sufficient for passing exams in 
school, but fails when applied in real situations, 
especially in professional life (see also chapter 
XIV for this professional learning experience). In 
a more open and complex situation students (or 
learners) often fail to translate the things learned 
into real-life problem solving.

As a reaction to this situation, application-
orientated learning environments, such as the 
traditional paper-based case study, which are 
conducted in teams, have been introduced. Em-
pirical studies (e.g., Thomas, 2000) for learning 
by case studies have been in existence for many 
years. However, this approach neither enables a 
direct interaction with the real world nor includes 
technologies that are frequently used by students. 
In order to address this problem, one should look 
for Web, mobile, and interactive learning methods. 
We personally believe that this would be possible 
by means of a special type of digital game, namely 
pervasive games.

In general, digital games are considered to 
involve participants more actively in a learning 
process. However, commercial games often lack 
such pedagogically desired learning content. 
Digital game-based learning—the combina-
tion of digital games and high-quality learning 
content—would be in this context an invaluable 
pedagogical-didactic medium, engaging the stu-
dent in the learning process. 

The combination of digital games, in particu-
lar, with the real world, for example in the form 
of pervasive games, provides immense oppor-
tunities, but at the same time also represents a 
challenge. Mobile phones are the most important 
communication devices for young people, with 
penetration rates of over 100 percent in many 
European countries. It would therefore seem logi-
cal to use them for innovative learning models 
as well. However, up to now, mobile phones have 
mostly been used exclusively as devices for simply 
delivering certain learning modules, not as an 
interactive medium for learning. Consequently, 
we chose the “low tech–high involvement” ap-

proach in developing a system that does not require 
sophisticated devices and can be used in a large 
variety of situations. 

The objective of this chapter is to employ 
currently available technological opportunities 
to develop an innovative learning platform that 
enables efficient, practice-oriented transfer of 
knowledge. In this context, learning games based 
on pervasive gaming would present a very prom-
ising approach. The concrete implementation of 
pervasive learning games would facilitate empiri-
cal research of this novel learning environment 
and an accompanying analysis of the games’ 
potentials. The results could provide an innovative 
contribution to coping with current challenges in 
knowledge transfer.

BACKGROUND 

Traditional learning methods no longer suffice 
to fulfill the requirements of a modern teach-
ing structure and do not sufficiently contribute 
to the acquisition of core competencies such as 
teamwork, independence and willingness to take 
on responsibility. It is against this background 
that current problems and constructivist solution 
approaches (see also chapter I of this book for 
more details) and their limitations are discussed. 
In addition, the potentials of mobile technologies, 
which present high-level, emotional information 
and communication channels, are discussed. Us-
ing these potentials in pervasive games leads to the 
development of a new type of game-based learning 
that can be employed in the creation of an innova-
tive learning environment and for the expansion 
of constructivist solution approaches.

Transferring Knowledge

Traditional teaching methods in schools and 
universities often build upon the principle of 
the “Nuremberg funnel” (Hirschfelder, 2006) 
in which all content can be learned as expertise 
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through a methodology which is purely based 
on lectures. The teacher is assumed to know 
what knowledge needs to be acquired and how 
the learning objective can best be achieved. The 
learning material is thus split into smaller units, 
according to the needs of an average learner, and 
an attempt is made to “funnel” this knowledge 
into the learner using a suitable presentation 
format. The learner attempts to follow along with 
the lecturer and assimilates the learning material 
more or less passively (Thissen, 1997).

Although educational psychology has long 
since shown that this traditional teaching method 
exhibits inadequate effectiveness and suboptimal 
sustainability (Elbel & Laake, 2005; Edelmann, 
2000; Edelstein & De Haan, 2004; Riedl & 
Schelten, 2000), this type of knowledge trans-
fer remains the standard practice in almost all 
educational institutions. However, this leads to 
known problems such as the loss of motivation 
and lack of interest, knowledge gaps, diminished 
problem-solving capability and inadequate deci-
sion-making skills.

Constructivism and its Limitations

The search for possible ways to address the 
shortcomings of traditional teaching methods has 
led to the development of constructivist learning 
approaches. The source of this observation is the 
assumption that knowledge is actively constructed 
by the learner. The development of knowledge is 
always closely associated with existing knowledge 
and can only proceed successfully if the new in-
formation can be inserted into known structures 
(Thissen, 1997). The low level of efficiency of the 
Nuremberg Funnel principle can also be derived 
from this constructivist approach, because the 
teacher cannot assume that the learned material 
will be perceived by the learner in the same manner 
as he himself perceives it. The teacher therefore 
cannot transfer the knowledge to the learner in 
an easy manner by means of lectures.

The constructivist notion of learning (Bruhn 
et al., 1998; Mandl & Gräsel, 1997; Notterman & 
Drewry, 1993; Thissen, 1997) is based on several 
basic assumptions, which are briefly summarized 
here. Firstly, it is assumed that learning is an 
active and constructive process. This implies 
that no direct transfer of knowledge is possible 
and that the teacher can only support the learner 
through the creation of suitable learning situations. 
Furthermore, learning is viewed as situation and 
context-related. The situation in which the knowl-
edge transfer occurs is considered important for 
subsequent use of the learned material. Learning 
is also understood as a self-directed process in 
which the learner must be active in order to be 
able to associate existing knowledge with the 
learning material. Therefore, the greater the activ-
ity on the part of the learner the more successful 
the learning process. Finally, in constructivism, 
it is important that learning is a social process. 
That is, knowledge is only constructed in social 
exchange between the teacher and the learner and 
learning is strongly influenced by the social and 
cultural environment of the exchange.

In the scope of the constructivist approach, 
successful learning only occurs if the selected 
learning method corresponds to the above-
mentioned basic assumptions and appropriately 
supports the knowledge transfer. Constructivist 
learning methods are available to fulfill these re-
quirements, including self-directed, cooperative, 
problem-oriented and situated learning (Thissen, 
1997).

Digital learning games are discussed in the 
following as a concrete example of constructivist 
learning (for both individual and collaborative 
learners). In addition to the significance of this 
approach in the constructivist learning theory, 
the limitations of this learning method are also 
discussed. Applying a learning method that tran-
scends these limitations forms the central point 
of this paper.
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A Popular Information and 
Communication Channel

One approach to designing a more efficient teach-
ing structure is to search for new opportunities 
to create innovative learning environments. In 
this context, the use of mobile technologies, in 
particular, lends itself to surmounting the chal-
lenges of previous learning methods, for example 
by using digital learning games. 

Today, mobile technologies present high-level, 
emotional information and communication chan-
nels that have changed the attitudes of primarily 
young people over the last ten years more than any 
other technology. For example, the penetration rate 
of SMS use among 29-year-olds is 98.4 percent in 
Germany (Talkline, 2006), significantly higher 
than the use of the wired Internet, which amounts 
to 81 percent (Barth & Cerny, 2006). Every fifth 
person in the same age group sends more than five 
SMS messages per day (Dimoco, 2004). Some 
91 percent of under 24-year-olds have their own 
mobile phone turned on and carried 24 hours per 
day (Forum Mobilkommunikation, 2002). 

No other medium has come close to attain-
ing the same rate of uptake as the mobile phone 
in recent years. Currently, there are over 540 
million GSM users in Europe, and the market 
penetration of GSM and 3G networks is over 85 
percent, where 15 member states show a penetra-
tion rate of over 100 percent and only eight states 
a penetration of less than 60 percent (Research, 
2007). Smartphones in particular, (i.e., mobile 
phones that typically use the operating system of 
a third-party provider and enable users to install 
programs themselves as required) are becoming 
more and more popular. According to the “Telephia 
European Subscriber and Device Report” (Q3 
2006) (Telephia, 2006), 8.8 percent of recent 
mobile phone buyers selected Smartphones. In 
this respect, Europe is clearly the leader compared 
to the United States, which is often considered 
a benchmark in the digital economy (only 3.8 

percent of United States mobile phone buyers 
opted for Smartphones). 

The technical configuration of mobile phones 
at least potentially facilitates numerous usage pos-
sibilities. Most mobile phones owned by young 
people are Internet-capable and have a camera. 
About half the mobile phones are equipped with 
an infrared interface or Bluetooth for wireless data 
exchange. Almost 40 percent of users can utilize 
their phones as an MP3 player or radio. Mobile 
gaming is also a well-established phenomenon. For 
example, 29 percent of 16-24 year-olds use their 
mobile phone to play games (Glu Mobile, 2006). 
Playing mobile games is thus among the most 
popular activities on a mobile phone, in addition 
to SMS transmissions, voice telephony and taking 
pictures (Feierabend & Rathgeb, 2006).

Advantages of Pervasive Games

The basic idea described in this chapter is to use 
the potential of the mobile phone communication 
channel and combine it with the possibilities of 
digital learning games in order to create a new 
and improved learning environment. The concept 
of pervasive gaming lends itself to this purpose, 
in that the real world fuses with the virtual world 
(Walther, 2005). In this context, one can speak of 
pervasive game learning, an expansion of mobile 
game-based learning.

Pervasive games take place in the real world, 
and the player communicates with his fellow 
players and the remote control system via wireless 
technologies. Various communication channels 
are available for this, among them, the mobile 
phone. Additional core technologies needed for 
pervasive gaming are portable displays, which 
render the digital content tangible in the real world 
independent of location, and sensor technologies, 
such as cameras, through which the status of the 
player can be ascertained (Benford et al., 2005). 
These technological prerequisites are fulfilled 
by modern mobile phones, which therefore offer 
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the ideal medium for the execution of pervasive 
games.

Numerous characteristics distinguish perva-
sive games from conventional computer games. 
Important elements, which are consistently 
mentioned in the literature (Jegers, 2006; Jegers 
& Wiberg, 2006; Thomas, 2006; Walther, 2005), 
are the location-independent mobile playing field, 
the connection of the tangible real world with the 
intangible virtual world (i.e., augmented reality), 
and the increased social interaction between the 
players. Additional characteristics of pervasive 
games are the ubiquity of the game and the incor-
poration of the locality into the game. Pervasive 
games also offer the possibility of an uninter-
rupted, 24-hour-a-day game in which participation 
itself is the true motivation of the player.

Due to their special characteristics, pervasive 
games offer an optimal information system for 
the creation of a learning environment that is in 
complete agreement with constructivist learn-
ing theory. However, the resulting concept of 
pervasive learning games has not been widely 
researched to date. The only known implementa-
tions of pervasive game learning environments 
are the “Savannah” project (Benford et al., 2004), 
in which children were taught to understand the 
behavior of a lion, and “ProjectY,” developed by 
Siobhan Thomas (2006b). The learning effects 
of these pervasive games were not empirically 
studied, however, which means that no empirical 
data are available regarding the effectiveness of 
pervasive learning games.

DEVELOPING A PERVASIVE GAME 
FOR LEARNING PURPOSES

Due to the problems discussed in the previous 
section, the objective of the work described in this 
chapter is to create a mobile learning application 
that can be successfully employed in modern 
teaching. The focus is on supporting practical 
learning and the associated acquisition of the core 

competencies needed for everyday work activi-
ties. Furthermore, the playing mechanics of the 
developed pervasive game should be flexible in use 
and easily adaptable to new learning material. In 
order to meet these demands, a pervasive learning 
game is developed and directly evaluated in the 
learning context. A direct survey of students while 
and after they play the pervasive games provides 
indications of the advantages and disadvantages 
of the developed learning game. Additionally, a 
direct comparison with conventional case-study-
based learning is made to provide further evalu-
ation. With this systematic evaluation, this study 
should counteract the lack of empirical data for 
an efficiency analysis of pervasive games.

Design Decisions

The basic idea of this chapter is to use the potential 
of the mobile phone communication channel and 
combine it with the possibilities of case-study-
based learning and digital learning games in 
order to create a new and innovative learning 
environment. Unfortunately, although the use 
of pervasive games has numerous advantages, it 
is also often associated with high development 
and implementation costs and consequently has 
a limited mass appeal. Technologically complex 
equipment is often needed, which makes prac-
ticable and seamless application in a learning 
context nearly impossible. Because of this prob-
lem, our objective is to develop a pervasive game 
that does not require costly equipment, such as 
head-mounted displays. Above all we place value 
on a high degree of mass appeal and economic 
feasibility in the learning context because it is only 
under these basic conditions that comprehensive 
practical use is realistic.

Today’s mobile phones are one of the few 
mediums that have high penetration rates for 
young people, the relevant target group, and 
simultaneously bring with them almost all the 
technological prerequisites for pervasive gaming. 
As previously discussed, most young people have 
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high-tech phones that feature large color screens, 
allow digital picture-taking and transmission 
of MMS (multimedia messaging service) mes-
sages, and are Internet-capable. In combination 
with the capability for communication via voice 
telephony and SMS, today’s mobile phones can 
thus provide the core technologies required for 
pervasive gaming. On this basis, the following 
section presents a game concept and its technical 
system implementation that only requires an MMS 
and camera-capable mobile phone from users, that 
is, the students. This approach guarantees a high 
degree of mass appeal in contrast to previously 
implemented pervasive games and thus has much 
potential to prove itself in practical use.

A Sketch of the Game

The pervasive learning game ‘Digital Economy’ 
connects the real and virtual worlds, with the game 
system requesting students via SMS to find and 
analyze special everyday situations in the study 
area of the digital economy. The students work in 
teams and must document the specified situation 
and submit a proposal for improvement as quickly 
as possible by means of MMS. The contributions 
are then displayed on a Web site in a mobile blog 
and, based on their quality, earn the teams a vary-
ing number of points in the high score list. This 

game concept is presented in detail in the following 
section and can be easily adapted to other learning 
topics due to its versatile design.

The basis for the draft of the game idea was 
the creation of a practical learning environment 
in which the students can deal with the learning 
topic in the real world. In order to ensure simple 
and universal application of the game concept in 
various teaching materials, the game was devel-
oped based on the three core elements given in 
Table 1. These core elements can be easily adapted 
by teachers to various learning materials; they 
simply select a suitable problem with regard to 
the topic to be communicated.

In order to embed the core elements into the 
game, the students compete in teams to find the 
most innovative and fastest problem description 
and solution. The reference to a problem is com-
municated by the game leader in the form of an 
‘opportunity alarm SMS.’ Then the students must 
hurry to the specified location and photograph 
the problem with their camera phone and send it 
to the game system via an ‘opportunity MMS,’ 
including the accompanying problem description. 
The students must then find innovative real world 
solution approaches. Each team is required to 
find a best-practice solution within a specified 
time frame and to send a description, including 
photo, via a ‘solution MMS.’ The opportunity 

Table 1. Core elements of the game

Indication o f a problem: T he s tudents are given a location 
where there is a problem connected with the learning topic. The 
students are asked to identify this problem.  
Description of the problem: After identifying the problem, the 
students m ust describe t he p roblem a nd s end this d escription 
back to the game leader for assessment. The described problem 
represents a worst-practice situation. 
Problem resolution: Finally, and most importantly, the students 
must f ind a best-practice situation for the resolution o f the real 
world problem. 
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and solution MMS are awarded 0-3 points by the 
game leader; these are immediately added to the 
team’s high score. A single game cycle consists 
of several different opportunity alarm SMS, 
which are randomly sent out after the expiration 
of the preceding opportunity. This results in a 
continuously changing score, which contributes 
significantly to strengthening the gaming compo-
nent. Additionally, the dynamics of the game are 
further increased through the continuous move-
ment of the students in the real world as well as 
through notifications regarding the contributions 
by opposing teams.

The game idea proposed here is intended to 
lead to a unification of the advantages of case-
study-based learning and learning games, and 
also to contribute to overcoming the limitations 
of both of these learning methods. For example, 
the learners come into contact with real problems 
through the pervasive game, which removes the 
limitation of a simplified representation of reality 
in conventional case studies. Furthermore, the 
learner can play the pervasive learning game at 
the same time as conducting other everyday ac-
tivities (in the case discussed here, the game ran 
for approximately two weeks), which represents 
a time-saving compared to conventional case 
studies. The use of several different opportunity 
alarm SMS also counteracts a possible overem-
phasis of individual cases in case studies. The big 
advantage of the pervasive game developed here, 
compared to conventional digital learning games, 
is that it promotes the key qualifications for social 
competence and teamwork, because searching for 
and documenting solutions is coordinated and 
agreed upon within the group.

Building a Connection to the Learning 
Context

The game idea previously discussed is not oriented 
to specific learning materials. However, in order 
to test the practical feasibility of the concept, it 
is necessary to focus on a specific learning topic 

and actively integrate the pervasive learning game 
into a teaching subject. To this end, we will focus 
on the topic of the ‘Digital Economy.’

This novel learning approach was first tested 
during the winter semester 2006/07 at the Karl-
Franzens University in Graz within the scope 
of both the ‘Principles of Digital Economy’ 
and ‘Modeling of Business Models and Digital 
Economy’ courses. A focal point of these courses 
was the communication of the methodological 
principles of networked thinking and acting in 
the digital economy. Using this practical learn-
ing, the objective is to show why it is important 
to concern oneself with business models and the 
digital economy, and how one can handle complex 
problems. An application-oriented presentation 
format should teach students networked think-
ing for the strategic management of a company. 
Students should also learn how to set objectives 
and circumvent problems in the digital economy. 
Moreover, the digital economy sector not only 
requires new knowledge but also offers com-
pletely new possibilities to constantly update this 
knowledge. Therefore, a central objective is the 
mediation of the skill of continuously undertaking 
a knowledge update in the digital economy area 
through independent work in a new field.

In addition to expositional teaching for the 
communication of basic facts, case studies and 
teamwork are suitable for achieving the course 
objectives, in order to apply the acquired knowl-
edge to concrete problems in business practice. 
Because the developed pervasive learning game 
is considered as an optimization of case-study-
based learning, courses on the topic of the digital 
economy are especially suited for use in this novel 
learning environment.

Therefore, the following procedure was em-
ployed in the courses. First, the principles of the 
digital economy were presented by means of a 
practice-oriented presentation format. Then the 
students were randomly divided into two groups 
and, in teams of five, dealt with the learning topic 
by means of either case studies or pervasive gam-
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ing. In order to evaluate the lecture, the results 
from the case studies and/or the pervasive learning 
game as well as from a class exercise were ana-
lyzed. Using this evaluation criterion, the students 
were supposed to present proofs about the skills 
of understanding, application, analysis, synthesis 
and evaluation of the learning material.

Practical Implementation

Building upon the use cases, this section pres-
ents the system-oriented implementation of the 
pervasive learning game environment that was 
developed. Through the systematic stringing 
together of the use cases, the logical game cycle 
can be illustrated in an activation diagram. Based 
on this activation diagram and the use cases, the 

pervasive game is implemented via a software 
connection of the various user interfaces. 

The use cases define the interactions be-
tween the actors and the observed system that 
occur during the course of the game. Each use 
case always describes exactly one action or one 
process. Illustration of the use cases therefore 
enables an elementary description of the devel-
oped game concept. Figure 1 shows an overview 
of the most important use cases that occur in the 
‘Digital Economy’ pervasive learning game. The 
systematic cycle of the game that results from 
piecing together the use cases is illustrated in an 
activation diagram (Figure 2).

The backend system, which was developed in 
Java and deployed on the JBoss application server, 
is illustrated in Figure 3. The core of the system is 

Figure 1. Use cases for the ‘Digital Economy’ pervasive game
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Figure 2. Activation diagram of the ‘Digital Economy’ pervasive game
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the game engine, which controls the entire cycle. 
It is here that it is determined at runtime how 
incoming SMS or MMS with specific key words 
will be responded to, when certain time frames 
(for example, for the transmission of opportunity 
or solution proposals) are open, and which mes-
sages will be sent to the mobile terminals in the 
event of errors. The game management module 
enables easy management of these parameters via 
a Web interface. The overall playing mechanics as 
well as the transactions are stored in a relational 
database (MySQL), which is mapped to the Java 
layer using hibernate. Communication with the 
front end (PC via Web browser or mobile phone 
via SMS and MMS) is controlled by the respec-
tive interfaces. The backend also makes available 
the functionalities for the use of the moblog, via 
the UI libraries.

An Example from the Game

In this subsection, an example from the game is 
given to illustrate the cycle from the posting of 
an ‘opportunity alarm SMS’ to the submission 
of an ‘opportunity MMS’ and a ‘solution MMS.’ 
In the present example, students can learn about 
the possibilities for user-friendly and economic 
guided tours through a museum by using the 
potential of the digital economy.

In this situation the text of the “opportunity 
alarm SMS” could read as follows:

Opportunity alarm 1! Location: Lan-
deszeughaus, Herrengasse. Hint: What difficul-
ties could you experience if you wander through 
a museum without a guide? Max. validity: 1/12 
- 20:00. “Opportunity MMS” with “dec1” to 
0676/800 812 00. Good luck!

Figure 3. System architecture of the “Digital Economy” pervasive game
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A possible ‘opportunity MMS’ for this ‘op-
portunity alarm’ is shown in Figure 4.

A possible solution for this ‘opportunity MMS’ 
can be found in the art museum of Graz (Kunst-
haus Graz). Students could formulate a suitable 
‘solution MMS’ is shown in Figure 5.

Testing the Effects of the Game

The pervasive learning game developed in the 
scope of this study is intended to serve efficient 
communication of long-term knowledge that can 
be successfully employed in subsequent profes-
sional life. Evaluation of the long-term effect 
and practicability is not immediately achievable, 
however, because as a rule the learners cannot 
be observed for the extremely long time frames 
required. Therefore, a general study methodology 
was selected that investigates the development of 

activating and cognitive processes in learners. 
Based on the effects of the learning method on the 
activating and cognitive processes, conclusions 
can then be drawn not only about the long-term ef-
fects and the practical feasibility of the knowledge, 
but also about the learning efficiency, for example. 
This approach may guarantee that evaluating the 
learning success is sensible, because activating 
and cognitive processes serve to describe and 
explain human behavior (Kroeber-Riel & Wein-
berg, 2003; Trommsdoff, 2004), and learning is 
defined as a change of behavior in specific situ-
ations (Edelmann, 2000).

Measuring the Effect Constructs and 
the Flow Experience

The activating processes are critically important to 
the explanation of behavior, because they supply 

Figure 4. Example of an ‘opportunity MMS’

 

dec1 If you go on your own, you have the advantage that you can determine how long 
you want to visit each exhibit. However, the disadvantage is that nobody provides you 
with information on the exhibits. That is a significant drawback of an individual tour.  
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the individual with energy and place the individual 
in a state of motivation and productivity (Kroe-
ber-Riel & Weinberg, 2003; Trommsdoff, 2004). 
Within the effect analysis we observe activating 
processes based on the “activation,” “emotion” 
and “attitude” constructs. These constructs are 
split into several effect dimensions and can be 
determined by means of standard indicator scales. 
Details about the individual effect dimensions and 
the scales employed are illustrated in Table 2.

The cognitive processes, which serve primar-
ily to deliberately control mental behavior, com-
prise the processes of information assimilation, 
information processing and information storage 
(Kroeber-Riel & Weinberg, 2003). Our study 
investigates the development of these processes 

by means of an individual knowledge test that fo-
cuses on the interrogation of practical knowledge 
(see Table 2). The students were also interviewed 
about their subjective learning successes. 

In addition to the evaluation of the develop-
ment of the effect constructs, we are interested in 
how much more pronounced the flow experience 
(Csikszentmihalyi, 2000) is for a pervasive learn-
ing game than for conventional learning methods. 
Therefore, the flow scale (short version) according 
to Rheinberg, Vollmeyer, and Engeser (2002) (see 
also Table 2) was used. The flow experience is 
described as a sense of the total submersion in an 
activity (Csikszentmihalyi, 2000), which occurs 
during an intrinsically motivating activity such 
as playing a game. Also, of interest is whether 

Figure 5. Sample ‘solution MMS’

 

del1 T he d rawback of m oving independently without a “human” guide through the 
museum is removed by a digital guide! This example is given by the art museum Graz, 
where a Mobile Space Guide provides visitors with important information about all the 
exhibits. Every visitor is provided with this guide, implemented by a Nokia 770, when 
entering the museum. By pushing a single button, the visitor can request information on 
all objects in the exhibition. 



  ��

Learning by Pervasive Gaming: An Empirical Study

the flow experience is a decisive factor behind a 
possibly positive effect of the pervasive game in 
the learning process. This assumption stands to 
reason, as several studies (Drengner & Zanger, 
2003; Schiefele & Roussakis, 2006) have reported 
a strong connection between the flow experience 
and mental activation as well as a connection with 
positive emotions. Such a connection would be 
reflected in correlations that transcend the effect 
of the learning method.

Hypotheses

Based on the characteristics of pervasive games, 
it can be assumed that such pervasive games 
are more effective than conventional learning 
methods. The following hypotheses regarding the 
development of effect constructs can be derived 
from this in our empirical study:

In relation to conventional case studies, the 
“Digital Economy” pervasive game produces:

(H1.1) An increased energy activation

(H1.2) More positive emotions

(H1.3) A more positive attitude vis-a-vis learn-
ing material

(H1.4) A more efficient transfer of knowl-
edge 

Furthermore, the following hypotheses can be 
made in connection with the flow experience:

(H2.1) The ‘Digital Economy’ pervasive game 
produces a stronger flow experience than the 
conventional case study.

(H2.2) A strong flow experience is associated 
with mental activation and positive emotions, 
which is reflected in positive correlations with 
these constructs that transcend the effect of the 
learning method.

Table 2. Overview of the indicator scales used

Construct Dimensions Indicator scales

Activation Energy activation
Tenseness

Activation-Deactivation Checklist (AD-ACL) (Thayer, 
1989)
German translation: by Imhof (1998)

Emotion

Interest, joy, surprise, 
rage, disgust, disdain, 
shame, guilt, fear, 
sadness

Differential Emotions Scale (DES) (Izard, 1977), 
German translation: Merten/Krause (1993)

Attitude to learning material 
Attitude to learning method

Activity, evaluation, 
strength Semantic differential (Osgood et al., 1975)

Information assimilation,
processing
and storage

Individual knowledge 
test

Test of practical knowledge: 
ten questions, assessment with grade

Subjective learning 
success Student interview

Flow experience Flow value Flow scale (short version) (Rheinberg et al., 2002)
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The correlations between the individual hy-
potheses are illustrated in Figure 6. It must be 
noted that the illustrated constructs comprise 
several dimensions in each case. This study does 
not include a detailed discussion or a verification 
of the measurement model for the individual effect 
dimensions (see Table 2), because the reliability 
of the employed standard scales has already been 
comprehensively tested in published literature.

Study Process

The hypotheses were tested by means of an 
empirical study. To this end, a total of 100 stu-
dents were randomly assigned to two groups, 
the control and the experimental group, in two 
courses at the Karl-Franzens University in Graz. 
The control group had to deal with the topic of 
the digital economy within the scope of a con-
ventional case study. In the experimental group, 
the conventional case study learning method was 
omitted; instead students were to be taught the 
same learning material by means of the ‘Digital 
Economy’ pervasive game. In order to enable all 
students of the second group to participate in the 
pervasive game, MMS-capable mobile phones 
were lent out to the students for the duration of 

the game. The pervasive game and the case study 
were both conducted at the same time over the 
course of two weeks in December 2006 and in 
January 2007.

Results of the Empirical Study

Multivariate Variance Analysis

The experiment conducted in the study design 
was conducted in two different courses for the 
same topic but at different times and with differ-
ent students. Consequently it was not ensured a 
priori whether the data sets gathered from the two 
courses could be viewed in a uniform manner. A 
multivariate variance analysis (MANOVA) was 
therefore conducted at the start of the evaluations 
with the learning method (case study or pervasive 
game) and the course groups (first and second 
course) as fixed variables. The dependent variables 
employed were all effect dimensions illustrated 
in Table 2 (including flow values, knowledge test 
and subjective learning success). The MANOVA 
conducted clearly shows that the learning method 
affects the development of the knowledge con-
structs (probability of error less than 0.001). In 
contrast, the affiliation with a specific course group 

Figure 6. Correlations between the hypotheses
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has no significant effects (probability of error 
of 0.833) on the effect constructs. Likewise, the 
interaction effects between the learning method 
and the course group is negligible (probability 
of error of 0.995). Therefore, the data sets from 
both course groups can be combined and viewed 
in a uniform manner. 

The following section discusses the effect con-
structs in detail, whereby the dependency of the 
learning method (case study or pervasive game) is 

analyzed. Differences in the individual constructs 
are considered significant when the MANOVA 
exhibits a probability of error of less than 5 percent 
for this dependent variable; a value of less than 1 
percent is designated as highly significant. The 
mean values for the respective learning method, 
the employed scale range for illustrating the 
measurement, and the probabilities of error for 
significant group differences are illustrated for all 
effect dimensions (other than the less developed 

Table 3. Development of the effect dimensions

Construct Scale Dimensions Perv. game1 Case study1 Sig.²

Activation 0 (not at all) -
3 (very strong)

En. activation 2.282 (0.090) 1.763 (0.091) .000

Tenseness 1.153 (0.080) 1.270 (0.081) .302

Emotion 0 (not at all) -
4 (very strong)

Interest 3.918 (0.107) 3.370 (0.109) .001
Joy 3.203 (0.119) 2.499 (0.121) .000
Surprise 2.374 (0.123) 1.652 (0.125) .000

Sadness 1.351 (0.084) 1.708 (0.085) .004

Attitude to learning material² 1 (very positive) -
7 (very negative)

Activity 2.668 (0.176) 2.991 (0.179) .202
Evaluation 2.406 (0.156) 2.838 (0.159) .056

Intensity 2.556 (0.125) 3.013 (0.127) .012

Attitude to learning method³ 1 (very strong) -
7 (not at all)

Activity 2.531 (0.122) 4.079 (0.141) .000
Evaluation 2.705 (0.121) 3.558 (0.110) .000

Intensity 3.147 (0.101) 3.626 (0.100) .000

Flow experience 1 (low) - 7 (high) Flow value 5.033 (0.123) 4.314 (0.125) .000

Information assimilation, 
processing and storage

1 (very good) -
5 (insufficient)

Knowledge 
test 3.401 (0.174) 3.793 (0.177) .117

1 (very positive) -
5 (very negative)

Subjective 
learning 
success

1.820 (0.068) 2.180 (0.079) .000

1 Mean value (standard error)   
² 2-sided
³ Measurement after the end of the experiment (case study or pervasive game)
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emotions of rage, disgust, disdain, fear, shame and 
guilt) in Table 3. The determined results confirm 
hypotheses (H1.1)-(H1.4) as well as (H2.1) and are 
discussed in more detail in the following section. 
Furthermore, Table 4 illustrates the correlations 
between the flow value and several effect dimen-
sions. These results show significant positive 
correlations in both learning groups (pervasive 
game and case study) between the flow experience 
and the energy activation, interest and joy, which 
also corroborates hypothesis (H2.2).

Activation Effects

The energy activation is significantly higher in 
the pervasive game than in the case study. This 
is important inasmuch as the energy activation 
dimension is viewed as a prerequisite for affective 
and cognitive processes. It significantly strength-
ens the processes of information assimilation, 
processing and storage. The energy activation is 
also considered a basis for a high degree of motiva-
tion and productivity (Kroeber-Riel & Weinberg, 
2003). A state of high activation is also associated 
with a positive mood and a sense of well-being 
(Thayer, 1978). A high degree of energy activa-
tion while playing a pervasive game therefore 
has a positive effect on the learning capacity and 
learning efficiency. The high degree of energy 
activation also substantiates the assumptions of 

Thomas (2005, 2006a) regarding the activating 
effect of pervasive games.

Table 5 contains a comparison of the results 
of the activation measurement with the results 
gathered by Imhof (1998), who ascertained the 
activation dimension during a break and towards 
the end of a typical course lecture. Compared 
to conventional course lectures, the ‘Digital 
Economy’ pervasive learning game shows a 
clearly increased energy activation, which con-
firms the extraordinary activation potential of the 
game. Although the energy activation in the case 
study is clearly less than the value in the ‘Digital 
Economy’ pervasive game, it is still somewhat 
higher than it is in conventional lectures (see 
Table 5). In summary, it has been shown that case 
studies activate students more than conventional 
lectures, but not nearly to the level of the pervasive 
learning game.

The tenseness dimension is associated with 
anxiety, agitation, tension and stress (Thayer, 
1978, 1989). Because this dimension is not very 
pronounced in either of the learning methods, it is 
assumed that the students did not find themselves 
in a direct stress situation in either of the learning 
methods. Despite the low tenseness values for the 
case study and the ‘Digital Economy’ pervasive 
game, these measurements are slightly higher than 
the values for conventional course instruction (see 
Table 5). This slight increase is comprehensible, 

Table 4. Flow effect correlations

Energy
activation Tenseness Interest Joy Surprise Sadness

FLOW – 
Per. game

Correlation acc. to 
Pearson
Significance1

.439**

.002

-.133

.363

.369**

.009

.413**

.003

.135

.354

-.361*

.011

FLOW - 
Case study

Correlation acc. to 
Pearson
Significance1

.331*

.023

-.356*

.014

.534**

.000

.325*

.026

.043

.773

-.427**

.003

1Significance: ** Probability of error < 1 percent; * Probability of error < 5 percent.
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because case-study-based learning and pervasive 
gaming requires more individual responsibility 
from students and thus also causes more tension 
and stress. Nevertheless, these tenseness values 
are still so low that they need not be associated 
with any negative effects.

Affecting Emotions

The existence of very positive emotions among 
the participants of the pervasive game confirms 
hypothesis (H1.2) and is consistent with the 
experiences reported in previously conducted 
studies on learning games (Conati, 2002). Strongly 
pronounced emotions such as interest, joy and 
surprise also form an important prerequisite for 
a positive attitude vis-a-vis the learning material 
and a longer memory retention regarding the 
experiences gained from the game.

Affecting Attitudes

The ‘Digital Economy’ pervasive game changes 
people’s attitude to learning material in a posi-
tive manner, which is especially and strikingly 
evident when comparing the measurements taken 
before and after the experiment. This quality ex-
ceeds all the previously known accomplishments 
of pervasive learning games and constitutes an 

important new finding of the present study. The 
positive attitude is particularly important for the 
penetration of the learned material into the long-
term memory. If a student’s attitude towards the 
learning material is low, then the student will 
only learn because of outside pressure, which 
negatively affects the subsequent retrievability 
of the acquired knowledge.

In addition to the attitude towards the learning 
material, the attitude towards the learning method 
was also studied. Measurements taken after the 
end of the experiment show that the attitude to-
wards the pervasive game is clearly better than 
the attitude towards the case study. This indicates 
a high degree of acceptance and fun while play-
ing, and substantiates previous experiences from 
pervasive learning games (Thomas, 2005). It has 
also been proven that learners generally respond 
more positively to learning games than they do 
to other learning methods. However an important 
factor in the present study is that the positive 
attitude toward the game can truly be converted 
into learning capacity. 

Effects on Information Assimilation, 
Processing and Storage

The knowledge test focused on interrogating 
practical knowledge, and yields better results for 

Table 5. Comparison of various activation measurements

Permitted scale values between 0 
(min.) and 3 (max.); measurements 
by Imhof (1998) were 
correspondingly scaled.

Sample
Dim. A:
E n e r g y 
activation

Dim. B:
Tenseness

This paper;
Topic: digital economy

Pervasive game 2.28 1.15

Case study 1.76 1.27

Measurements during a break (A, at 
12:00 p.m.) and towards the end (B, 
at 1:00 p.m.; C, at 3:00 p.m.) of the 
course lecture (Imhof, 1998)

Group A 1.68 0.76

Group B 1.65 1.00

Group C 1.28 0.85
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students in the pervasive game group. However, 
the 0.117 significance of the difference was above 
the 5 percent probability of error. As mentioned 
before, it must be noted that a knowledge test can-
not evaluate all aspects of learning. For example, 
the penetration of the learned material into the 
long-term memory, the applicability in practical 
situations and the acquired experiences cannot 
be tested.

In this context, subjective learning success is 
an important indicator of learning capacity. In 
a student survey, the learning success achieved 
with the pervasive game was evaluated as being 
significantly better. This positive finding vis-
a-vis the pervasive game is consistent with the 
other effect dimensions and indicates an efficient 
knowledge transfer.

Effects of the Flow Experience

A great deal of attention was placed on the flow 
experience in this chapter due to its close as-
sociation with intrinsic motivation and unforced 
action. In principle, the empirical assessment (see 
Table 3) shows that the pervasive game produces 
a significantly stronger flow experience than the 
case study simultaneously conducted. In addition 
to the associated positive effects, the following 
section compares the measured absolute values 
of the flow with other activities in order to gain 
a better idea of the motivating effect of the per-
vasive game. 

The present data confirm existing papers re-
garding the flow experience in games (Rheinberg 
et al., 2003; Schiefele & Roussakis, 2006). The 
results show that the pervasive game produces a 
much stronger flow experience than the conven-
tional case study. The strong flow experience 
points to a high degree of intrinsic motivation 
in the learner and shows that the game is being 
played for the game itself and not due to an ex-
ternal incentive, for example, a good grade. This 
free choice is an important basis for the transfer 
of practical knowledge and practical experience. 
The high flow value is also an indication for a 
sensible balance between the level of difficulty 
of the task and the skill level of the learner (Csik-
szentmihalyi, 2000). This equilibrium confirms 
that the ‘Digital Economy’ pervasive game neither 
overburdens nor insufficiently challenges the 
learner and thus creates good preconditions for 
motivated learning.

In order to better assess the observed flow 
values, Table 6 compares the results gathered 
within the scope of this paper with empirical 
data from other samples. It is evident that the 
flow value observed in the pervasive game is very 
high compared to other studies. A higher value 
(5.16) was observed only in graffiti sprayers. In 
contrast, the flow values for solving statistics 
problems are significantly lower, both during 
and after a lecture. Thus the flow value for the 
pervasive learning game clearly exceeds the 

Activity (sample size) Mean flow values

1) “Digital Economy” pervasive game (N=49) 5.03

2) “Digital Economy” case study (N=47) 4.31

3) Graffiti spraying (N=292) 5.16

4) Statistics problem (N=123) 4.57

5) Lecture – middle (N=63) 4.43

6) Lecture – end (N=63) 4.21

Table 6. Flow values for various samples (data for activities 3-6 from Rheinberg et al., 2003)
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flow values attained with conventional learning, 
which indicates a particularly motivating effect. 
In contrast to the pervasive game, the case study 
does not seem to differ from the flow values for 
a lecture or for the solving of statistics problems 
(see Table 6).

The correlations between the flow value and 
the effect dimension illustrated in Table 4 sub-
stantiate the assumption that the flow experience 
is an important factor for the development of the 
‘activation’ and ‘emotion’ constructs. The pres-
ent results are consistent with known research 
results that associate the flow experience with 
positive activation, a high degree of interest and 
a high degree of motivation (Schiefele & Rous-
sakis, 2006).

FUTURE RESEARCH DIRECTIONS

Based on the evaluation presented in this paper, 
the pervasive game represents a promising, novel 
learning environment that is capable of efficiently 
transferring knowledge. However, in order to 
ensure sustained diffusion of the pervasive learn-
ing game concept presented here, the following 
research questions should be investigated in 
detail.

Configuration of the Pervasive 
Learning Game

A central question is what the institutional/orga-
nizational configuration of such systems should 
look like so that the learners and institutions in 
which they are involved actively use the pos-
sibilities of pervasive gaming. Together with the 
technical mass production capability of the sys-
tem, this is a central success factor for sustained 
diffusion of the pervasive gaming technology. 
The objective of such a continuative study should 
be the formulation of configuration possibilities 
and recommendations as well as the justifica-
tion thereof. It must also be determined in which 

teaching structure the potentials of the pervasive 
game can best be utilized. In this context it is the 
task of organizational research to determine the 
situational variables deemed as relevant and to 
subsequently draw the right conclusions for the 
organizational configuration. 

Exhausting the Technology 

From a technological perspective, the main 
challenge is to implement expanded functions 
of pervasive gaming without needing dedicated 
front-end systems that restrict the mass production 
capability. Backend systems should be developed 
that support advanced pervasive games on existing 
terminals. A development of this nature includes 
the implementation of new game components that 
make the game even more realistic and dynamic. 
It is expected that such an expansion can lead to 
even higher flow and activation values.

In addition to improving the backend systems, 
the rapid technological progress in the mobile 
phone sector should not be disregarded. The 
continually changing technological basic condi-
tions will increasingly offer new possibilities for 
pervasive games. Due to this factor, the concept of 
a pervasive learning game presented in this paper 
should be critically reviewed in two to three years 
with regard to new technology developments, and 
correspondingly updated.

Only Good Because it’s New?

An additional central research question is whether 
the positive results for the pervasive game can be 
attributed at least in part to the short-term effect of 
novelty or whether the pervasive game represents 
a sustainable new learning method. To answer this 
question, time series analyses must be conducted 
that analyze the change during repeated use of the 
pervasive game by the same test subjects.

Although it is likely that short-term effects 
play only a minor role due to the very clear effect 
of the pervasive game, a study of these effects is 
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an important basis for the sustainable diffusion 
of pervasive learning games. Only if repeated 
use of the game yields the desired learning effect 
will it be appropriate for educational institutions 
to install the required backend system. Should 
the positive effects decrease sharply after only 
one use, the short-term improvement of learning 
capacities would not justify the costs of purchasing 
and/or supporting the required pervasive learning 
game infrastructure.

CONCLUSION

Using the “Digital Economy” pervasive game, this 
study presents a modern, multifaceted learning en-
vironment that was developed to cope with current 
problems in knowledge transfer. The potentials 
of mobile phones were used in a targeted manner 
as an individual communication and information 
channel in a pervasive learning game. The results 
of current research were taken into account in 
the development of the game concept and the 
subsequent system implementation in order to 
gain the most benefit the positive characteristics 
of pervasive games.

Subsequent to the development of the system, 
the pervasive game was tested in the learning 
context using the topic of the digital economy, 
and compared to a conventional case study. The 
assessment of the accompanying empirical study 
showed a very positive effect for pervasive games. 
Compared to the conventional learning method, 
the pervasive game produced a higher degree of 
activation, more positive emotions, an improved 
attitude towards learning material and greater 
learning success. 

Moreover, a significantly greater flow experi-
ence was observed in students in the pervasive 
game. Beyond the influence of the learning 
method, the degree of the flow experience corre-
lated with the positive effects and could therefore 
be considered a decisive factor for the success 

of the pervasive game. This result re-confirmed 
the correlations between the flow experience, the 
activation and emotion constructs discussed in the 
literature (Drengner & Zanger, 2003; Schiefele 
& Roussakis, 2006).

The results show that the pervasive game of-
fers a good alternative to the rigid structures of 
conventional learning methods. The pervasive 
game promotes active, cooperative and problem-
oriented learning that first and foremost serves 
to generate experiences and consequently the 
transfer of practical knowledge. On the one hand, 
the pervasive game promotes networked thinking, 
and on the other hand it enables the intensified 
acquisition of key skills needed for everyday 
professional life. 

An advantage of the game presented in this 
paper compared to previous pervasive games is 
the high degree of mass production capability of 
the system that occurs through the use of widely 
distributed mobile terminals. In contrast to techni-
cally complex pervasive games, the course instruc-
tor only needs an operational backend system with 
the corresponding software. In this manner, the 
basic economic preconditions for a sustainable 
diffusion of this technology are fulfilled.
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ABSTRACT

In recent years, educators across the globe have begun to employ portable, digital media players, 
especially iPods, as educational platforms. Unfortunately, while the iPod grows in favor as a mobile 
multimedia learning environment, relatively little is empirically known about its educational impact. 
This chapter explores the use of the iPod as an educational platform and reports on a study designed to 
examine individual differences in iPod use as a mobile multimedia learning environment. This exploration 
into applied and basic research involving the iPod reveals that iPods are being used across a variety of 
content areas, educational levels and geographic locations, involving a variety of pedagogies. However, 
very little research has been conducted to establish the efficacy of the iPod for fostering learning. To 
address this need, the authors conducted a study that examined the effects of working memory capacity 
(WMC) on learning within an iPod-based mobile multimedia learning environment. 
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INTRODUCTION

Mobile learning, or m-learning, is typically 
defined as learning with mobile technologies 
(see Laouris & Eteokleous, 2005). This type of 
definition generally emphasizes the ability to 
move beyond place-bound teaching and learning 
environments (Goh & Kinshuk, 2006; Seppala 
& Alamaki, 2003) based on the application of 
wireless educational technologies (e.g., mobile 
phones, personal digital assistants, laptop comput-
ers, portable digital media players). Educational 
research into the efficacy of mobile learning 
and mobile technologies tends to focus on “their 
use embedded in classroom practice, or as part 
of a learning experience outside the classroom” 
(Naismith, Lonsdale, Vavoula, & Sharples, 2006, 
p. 11).  One arena in which this is especially the 
case is the use of portable digital media players 
(e.g., iPods, Zunes, MP3 players). In recent years, 
educators across the globe have begun to employ 
portable digital media players, especially iPods, 
as educational platforms (see Belanger, 2005; 
Cebeci & Tekdal, 2006; Trelease, 2006).

The use of the iPod for educational purposes 
has included lecture capture at Duke University 
(USA), podcasting at Auckland University of 
Technology (New Zealand), foreign language in-
struction at Astley Community High School (U.K), 
math instruction at Apollo Parkways Primary 
School (Australia), and an entire degree at Sligo 
Institute of Technology (Ireland), to name only a 
few. Unfortunately, while the iPod grows in favor 
as a mobile multimedia learning environment, 
relatively little is known about its educational 
impact. How well do students learn from podcasts? 
How are students using iPods to view or re-view 
lectures? Does listening to native speakers on the 
iPod affect learners’ foreign language listening, 
writing, or speaking skills?  This chapter explores 
the use of the iPod as an educational platform and 
reports on a study designed to examine individual 
differences in iPod use as a mobile multimedia 
learning environment. 

IPOD RESEARCH

Over the past several years, research addressing 
the use of the iPod as a mobile multimedia learning 
environment has included both applied research, 
which is designed to solve problems, produce 
products, or fulfill a specific need; and, basic 
research, which is designed to expand the current 
knowledge base regarding learning in iPod-based 
mobile multimedia learning environments. There 
is, however, a disparity between the depth of ap-
plied and basic research, with there being much 
more applied research than basic research. 

Applied Research: 
iPods in the Classroom

Mobile multimedia learning environments can 
take on many forms as technological advance-
ments abound and are being used to supplement 
and even replace some forms of formal classroom 
education. The use of iPods and podcasts for 
educational purposes is a growing trend in the 
realm of education from primary school through 
college. Even the military has incorporated these 
educational tools for learning.

The Navy College Program for Afloat College 
Education (NCPACE) teamed with Dallas Tele-
College to institute educational programs using 
the iPod for deployed sailors, thereby reducing 
the number of computers needed on board ships 
while still allowing the sailors the opportunity to 
learn (Jay, 2007). In addition, the National Defense 
University’s Information Resources Management 
(IRM) College not only uses video iPods to deliver 
education but also to allow students to create 
assignments for their courses, such as recording 
interviews with officers. 

New Mexico State University (NMSU) offers 
educational programs to the airmen on Hollo-
man Air Force Base so that they can continue 
to pursue their education while on deployment 
(Venegas, 2007). Their iPod program begins 
with “sociology in a sack” in which the iPod is 
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loaded with sociology lectures and includes sup-
port materials such as a syllabus, sample quiz-
zes, and instructions for the program. Upon the 
end of their offsite operation, the airmen return 
the iPods to the school and take their exams for 
course completion. Considering distance educa-
tion courses often utilize the Internet for most 
of their materials and lectures, this program can 
meet the needs of those airmen who are deployed 
in places where Internet connections are scarce 
and therefore limit the opportunities to continue 
their education. 

In addition to military use, Apple has reported 
that there are a plethora of elementary schools, 
secondary schools, and universities that have 
reported success with the use of their iPod de-
vices for educational delivery and production. 
For example, Bob Sprankle, a teacher at Wells 
Elementary School in Maine, has been using iP-
ods and podcasts with his third and fourth-grade 
students to teach research, writing, and presenta-
tion skills as well as the embedded technology 
expertise that inevitably accompanies projects 
such as these (Apple Education, 2007a).

Vanderbilt University (2007) has partnered 
with Sheridan School District in rural Arkansas 
to transform students’ use of a lengthy bus ride 
into educational time. This project, the Aspirnaut 
Initiative, was formed as a way to elevate the 
mathematics and science achievement of the rural 
community base and one aspect of this project 
includes the use of iPod podcasts for the students 
(Clark, 2007; Vanderbilt University, 2007). This 
three-year project includes iPods programmed 
with lessons that focus on science and math and 
as a bonus the students get to keep the iPods if 
they complete the full study. The school district’s 
superintendent states that beyond the focus of the 
current project, the students may actually receive 
course credit for the time they spend learning while 
commuting to and from school (Paul, 2007).

High school students preparing for college 
admissions are also a targeted audience for iPod 
use. Kaplan, a college-preparation company, re-

cently began to offer customizable iPod programs 
to students via Apple’s iTunes store (Man, 2007). 
This innovative SAT preparatory program allows 
students to purchase materials for viewing and 
practice with timed and untimed tests and the 
student can even vary the level of difficulty of 
the programs they choose. Kristen Campbell, the 
national director of SAT and ACT programs for 
Kaplan Test Prep, thinks that students will em-
brace these types of programs because they allow 
students to study in a medium in which they are 
familiar and comfortable. Currently, Kaplan is 
the only test-prep company offering these types 
of study programs via the iPod iTunes store.

The University of Minnesota’s School of Public 
Health (SPH) features podcasts for many different 
uses for students and the general public (University 
of Minnesota School of Public Health, 2007b). 
They feature weekly health segments (Public 
Health Moment) and public lectures sponsored 
by SPH (Public Lectures). Their “Public Health 
Matters” section contains student and faculty-cre-
ated podcasts that cover a wide variety of topics 
related to current research within the department 
and other public health issues (University of Min-
nesota School of Public Health, 2007a).

The University of Utah (UU) uses podcasts for 
a wide variety of information-sharing endeavors. 
They present podcasts of lectures, interviews, 
speeches, performances, and have developed 
several series of lectures for download (University 
of Utah, 2007). UU features five major categories 
for podcast feeds including humanities, politics 
and society, health and wellness, science and 
technology, and arts and culture. They also have 
several other podcast program offerings to include 
the Genetic Science Learning Center, Hinckley 
Institute of Politics, Humanities Happy Hour, and 
Sci-Fi Fridays. 

The University of Wisconsin-Madison began 
their podcasting integration with iPods in 2005 
to assist students with language acquisition in a 
German language class (Apple Education, 2007b). 
Their goals included incorporating class content 
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(language instruction) into the daily lives of their 
students outside of the traditional classroom 
models and making homework more fun for the 
student. Instructors report that their project actu-
ally helps students learn the German language 
more easily and increases student motivation 
because they format some of their podcasts in a 
fun radio show style with fictional callers; thus 
decreasing straight lecture format and time for 
the students.

iPod initiatives at Georgia College and State 
University (GCSU) began in 2002 and have 
evolved into more than lectures and music to 
enhance the classroom education of its students 
(Georgia College and State University, 2006). By 
the 2006-2007 academic year, there were nearly 
50 iPod-based projects designed to reduce in-class 
lecture time and increase time for students and 
faculty members to collaborate on experiences and 
discuss the most important course content areas. 
These innovative iPod projects have spawned other 
technological advancements for the university 
as well, such as their iColony project, a virtual 
learning community for students with similar 
interests; and iDreamers, a group of faculty and 
staff members interested in further developing 
plans for iPod usage in the future. 

The University of Virginia’s (UVA) Web 
site boasts an enormous amount of iPod-based 
information available for their students as well 
as the general public. They list 20 categories of 
information to choose from ranging from aca-
demic lectures to science and research (University 
of Virginia, 2007). The available podcasts also 
include recurring series, such as Engaging the 
Mind, Technology in World History, and others. 
In addition, each school at UVA is represented 
with links for individual podcasts related to top-
ics of interest for that particular area of expertise 
and interest. 

While many higher education institutions are 
employing iPod technology, there are few who are 
formally evaluating their iPod and/or podcast-
ing programs. Duke University was one of the 

first higher education institutions in the United 
States to implement an iPod program. In August 
of 2004, more than 1,600 entering first-year stu-
dents were given iPods (Duke University, 2005). 
Approximately 48 courses implemented iPod 
content during the first year of the program. These 
courses included music, foreign languages social 
science, and humanities (Duke University, 2005). 
Additionally, first-year engineering students used 
their iPods in the engineering programs’ required 
computational methods course.

As part of the program evaluation conducted 
by Duke’s Center for Instructional Technology, 
data were gathered via several methods: student 
and faculty focus groups; a survey of first-year 
students and faculty; course feedback; and con-
versations with staff, administrators, and campus 
stakeholder groups. As part of the evaluation, the 
Center for Instructional Technology wanted to 
discover how iPods were instructionally used. 
They found five categories of academic use for 
the iPod: disseminating course content, record-
ing classroom activities, recording field notes, 
supporting study of the content, and storing 
and transferring files (Duke University, 2005).  
The evaluation also revealed several benefits in 
utilizing the iPods. The overall benefits reported 
after the first year of the program included the 
convenience of portability, easy digital recording, 
flexible location, increased student interest and 
engagement, and enhanced support for individual 
learning differences. 

Despite the benefits of using the iPod in the 
classroom, Duke students and faculty reported 
several problems (Duke University, 2005). One 
problem concerned the challenges of integrating 
multiple systems for storing, accessing, sharing, 
and distributing content. Another issue was the 
limited pre-existing documentation and training 
resources regarding academic uses. Furthermore, 
integrating the iPods with Duke’s existing technol-
ogy infrastructure was difficult. PC users were 
also affected by the limited documentation and 
training. The inadequacy of documentation and 
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training may have contributed to another prob-
lem: a lack of awareness and accurate knowledge 
among students and faculty regarding how iPods 
function and their academic applications. A final 
set of difficulties with the iPods was bulk purchas-
ing and licensing issues. 

At the institutional level, Duke University re-
ported several benefits from incorporating iPods 
into the classroom. The evaluators found four ma-
jor institutional impacts (Duke University, 2005). 
The first was increased collaboration and com-
munication between campus technology groups, 
which resulted in wider planning and improvement 
of Duke’s infrastructure and technology services. 
The second impact was the widespread attention 
resulting from the program. Duke gained new con-
tacts, partnerships, and collaborations with other 
institutions of higher education, publishers, and 
technology vendors. Third, the program sparked 
conversations between faculty, administrators, 
students, and staff about how to best implement 
technology in the classroom. Consequently, the 
2005-2006 Duke Digital Initiative was created 
with continued iPod use and further incorporation 
of other technologies. Finally, the iPod program 
increased overall awareness of Duke’s commit-
ment to technology. 

However, there were some problems with 
the evaluation, especially regarding the survey 
response rate. Only 28 percent of first-year stu-
dents involved in the program responded to the 
survey, while only 13 percent of first-year student 
faculty responded (Duke University, 2005). The 
low numbers suggest that perhaps not all benefits 
or problems were accounted for. The program 
also began with no formal objectives, a limitation 
remedied in the 2005-2006 Duke Digital Initiative. 
Finally, cost was not addressed in the evaluation. 
While the implementation program cost $500,000, 
there were no data included regarding how much 
money the university would have to spend to 
continue such a program.  

Cost was addressed, however, in the 2005-
2006 program evaluation report (Duke University, 

2006). One of the main challenges mentioned in 
the report was the difficulty of acquiring mul-
timedia course content in a cost-effective and 
timely manner. Additionally, cost was alluded 
to in other challenges. Ongoing planning, train-
ing, and support is an expensive challenge due 
to how rapidly technology changes. Furthermore, 
the university lacked the classroom capabili-
ties to meet the demand for video recording of 
classroom presentations. Upgrading classroom 
infrastructure to meet this demand would be 
an expensive endeavor, although as part of the 
2007-2008 Initiative infrastructure development 
is planned. 

Cost was not the only challenge. The evaluators 
again found that faculty and students need more 
training on how to use the iPod and to transition 
classroom pedagogy into the multimedia envi-
ronment (Duke University, 2006). Improvements 
slated for the 2007-2008 year include more de-
velopment and utilization of support services and 
teaching strategies in addition to further research 
of technology in learning and instruction. 

Besides Duke University, many other Ameri-
can colleges and universities have implemented 
iPod programs and podcasting as a means to ad-
vance instruction. The University of Michigan’s 
School of Dentistry started a podcasting program 
in response to first-year dental students’ anxiety 
regarding the quantity of information presented in 
their courses (Brittain, Glowacki, Van Ittersum, 
& Johnson, 2006). Originally, the students asked 
for video recordings, so the School of Dentistry 
asked an advisory group to study the situation 
and recommend solutions. In the first pilot study, 
the focus was on what type of media format was 
best for lecture review. The results revealed that 
students preferred an audio-only format over video 
or audio-synced PowerPoint. The preference was 
due largely to the mobility of the audio files. 

Two more pilot studies were conducted to 
fully examine the issue (Brittain et al., 2006). 
The second pilot study focused on the costs 
involved with recording lectures. Recording via 
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the computer, although more expensive than re-
cording with the iPod, was deemed more suitable 
by students and faculty due to its superiority in 
audio recording quality. The School of Dentistry 
decided to use a computer and automated record-
ing, processing, and posting tools to reduce staff 
time, thus decreasing the overall costs involved 
with the project. 

Finally, the third pilot study looked at the dis-
semination of recordings, in particular the file 
format students preferred most (Brittain et al., 
2006). MP3 and AAC files were both found to be 
equally well-liked, so the school decided to post 
both file types to a centrally located Web site for 
downloads. Due to convenient access, students’ 
usage of the recordings rose from 28 percent to 
57 percent . 

In addition to the many American higher 
education institutions using iPods and podcasting, 
international institutions are also bringing iPod 
technology into their classrooms. One such insti-
tution is Charles Stuart University in Australia. 
Researchers investigated and evaluated the use of 
podcasting in an undergraduate and postgraduate 
class by studying the listeners, producers, and 
educators involved in podcasting the course (Chan, 
Lee, & McLoughlin, 2006). Some of the students 
were part of the production team, which created 
podcasts targeted towards other students in the 
class, who served as the listeners. 

To evaluate the “listening” students, an online 
survey was employed to gather data concerning 
students’ podcast use, the educational value of 
the podcasts, and the knowledge and skills gained 
through listening to the podcasts (Chan et al., 
2006). The researchers had a 42 percent response 
rate to their survey. The majority of students used 
the available podcasts frequently, felt they were 
useful, and helped with assignments. 

To evaluate the “producers,” the researchers 
used a focus group interview (Chan et al., 2006). 
The focus group questioned participants about 
motivation, benefits related to involvement, skills 
developed, lessons learned, and suggestions for 

improvement. After coding the transcripts, the 
researchers found that the main area the produc-
ing students elaborated on was the skills they 
developed from participating in the production of 
the podcasts, especially with regard to teamwork, 
communication, and critiquing others. 

A study at another international institution 
looked at an undergraduate course in commu-
nication (Edirisingha, Rizzi, Nie, & Rothwell, 
2007). At Kingston University in London, stu-
dents enrolled in the Introduction to Intercultural 
Communication course served as participants. 
Students were surveyed and interviewed as part 
of the study. The survey revealed that 50 percent 
of the students had not listened to any of the pod-
casts available to them via the virtual learning 
environment (VLE). The main reason given for not 
listening to the podcasts was a lack of time. Other 
reasons included; they did not know the podcasts 
were available, they had technical difficulties ac-
cessing the materials, and they did not view the 
podcasts as relevant for learning. Additionally, of 
those who did listen to the podcasts, many did not 
download the podcasts because they could access 
the material any time they wanted. Furthermore, 
31 percent noted that they preferred their MP3 
player to be dedicated to music listening only, 
indicating they did not want the podcasts residing 
on their portable players. 

Students were also surveyed regarding their 
activities while listening to podcasts (Edirisingha 
et al., 2007). The majority of respondents (47%) 
reported they only listened and did not partici-
pate in other activities, while 33 percent noted 
that they took notes while listening. Only seven 
percent reported doing other activities while 
listening to the podcasts. These findings suggest 
that the students, for the most part, engaged with 
the podcasts.  

In addition to the previous findings, the re-
searchers asked students about the key learning 
objectives related to the podcasts (Edirisingha et 
al., 2007). Students rated the following statements 
favorably: (a) Podcasts were useful for me to know 
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more about the assessed work, (b) Podcasts were 
useful in preparation for workshops/seminars, 
and (c) Podcasts provided a good supplement to 
the other learning material for this module. Other 
statements regarding motivational aspects were 
rated highly as well. The students, however, did 
not believe that the podcasts were helpful in or-
ganizing weekly activities or made good use of 
their time. A study by Edirisingha, Salmon, and 
Fothergill (2007), looking at learners’ attitudes, 
found similar results. 

Although students may remark that the pod-
casts are useful and aid their learning, there is 
little empirical evidence to support these claims. 
While many institutions are now using podcasts 
and iPod technology, more information about 
how humans learn from mobile technology is 
needed before such programs are implemented 
in the curriculum.

Basic Research: 
iPods as Mobile Multimedia 
Instructional Environments

Part of the allure of iPod-based mobile technology 
is the mobility (being able to use the technology 
in multiple and mobile environments). Unfortu-
nately, while there is substantial applied research 
involving the use of iPods in education, there is 
very little basic research examining how students 
learn from iPods. Due to the paucity of education-
ally related basic empirical literature on the use 
of the iPod, the following studies are taken from 
a wide array of disciplines.

Salvucci, Markley, Zuber, and Brumby (2007) 
examined participants’ ability to drive under the 
distraction of iPod usage. Participants were asked 
to search for and play music, podcasts, and videos 
while using a driving simulator. Salvucci et al. 
(2007) found that searching for and the selection of 
all three media types had a significant detrimental 
effect on driver performance, measured by lateral 
deviation (drivers ability to maintain a central 
lane position) and speed change (drivers ability to 

maintain a constant speed). Overall, Salvucci et al. 
(2007) discovered that simply listening to songs 
or podcasts had no significant effect on driving 
performance, but that searching for and selecting 
media led to an increase in driver distraction and 
a decrease in driver performance.

O’Hara, Mitchell, and Vorbau (2007) also 
found distraction during mobile technology use 
in a study addressing individuals’ daily use of 
mobile technologies, including iPods. O’Hara et al. 
(2007) studied the behaviors of established users 
of mobile technologies and found that the technol-
ogy was being consumed in a variety of places 
and times such as at home, work, cafes, gyms, 
and airport lounges, as well as while driving to 
work, eating lunch, and going to bed. Reasons for 
using these mobile technologies included avoiding 
others, blocking out the surrounding environment, 
sharing videos, using time more effectively, and 
managing solitude. During the study, O’Hara et 
al. also found that the use of mobile technologies 
could lead to divided attention; that is, users often 
needed to divide their attention between watching 
a video using the mobile technology and monitor-
ing others around them or being aware of events 
such as the arrival of a desired bus (2007).  

While Salvucci et al. (2007) and O’Hara et al. 
(2007) found that iPod-based mobile technology 
is used in a variety of locations, for a variety of 
reasons, and that iPod use may be distracting, 
Hürst, Lauer, and Nold (2007) focused on screen 
size or the presentation modality effect on learn-
ing. Hürst et al. (2007) had participants view an 
animation on algorithm application using either 
an iPod, with a 2.5” screen, or a laptop computer. 
In addition Hurst el al. (2007) had participants 
view either an animation with on-screen text 
explanations or animation with audio narration. 
Hürst et al. (2007) deduced that there was no 
difference in student learning based on screen 
size (i.e., iPod versus laptop), but that students 
who viewed the animation with audio narration 
presentation learned more than students who 
viewed the animation with on-screen text presen-
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tation. Hurst et al.’s (2007) findings that learning 
was improved through the use of animation with 
audio narration, as compared to animation with 
on-screen text, is in agreement with previous 
research (Ginns, 2005; Mayer & Moreno, 1998). 
Also, when asked which of the devices partici-
pants preferred for learning, half expressed no 
preference and the other half preferred the device 
they had used to engage the material with audio 
narration presentation. Ultimately, Hürst et al. 
(2007) concluded, “maybe the most important 
observation from our experiment is that people 
actually were able to learn something by using 
mobile devices” (p. 164). 

The findings of Hürst et al. (2007) have dem-
onstrated that iPods may be used effectively to 
foster learning and the findings of Salvucci et al. 
(2007) and O’Hara et al. (2007) lead credence to 
the question of whether or not attention, or dis-
tractibility, is a variable of interest in the use of 
iPods in education. With the issues of learning 
and attention in iPod-based mobile multimedia 
instruction environments in mind, a study was 
conducted. 

IPODS AND INDIVIDUAL 
DIFFERENCES: A STUDy OF 
WORKING MEMORy

iPods are currently being used in many primary 
and secondary schools, as well as colleges and 
universities, as an educational platform. As the 
previous discussion of basic research into iPod 
use demonstrates, however, little is known regard-
ing how the iPod-based educational environment 
interacts with the learner. One aspect of the 
learner that may bear on the use of the iPod as 
an educational platform is the learner’s attention. 
Attention has previously been demonstrated to 
be an essential component of learning in desktop 
multimedia instructional environments (Mayer, 
2005b; Mayer & Moreno, 1998; Moreno & Mayer, 
2000). This previous research has demonstrated 

that when attention is split between two sets of 
stimuli, such as an animation with on-screen 
narrative text (Mayer & Moreno, 1998); or when 
attention is diverted from instructional content 
to non-instructional content, such as when an 
animation is accompanied by non-essential 
sounds, music, or videos (Moreno & Mayer, 
2000); learning suffers. In addition, Mautone and 
Mayer (2001) have indicated that when attention 
is guided toward instructional content, learning 
improves. 

Given the iPods’ mobility and its 2.5” screen, 
it is reasonable to question whether attention plays 
a special and important role in learning complex 
mental tasks in an iPod-based multimedia learning 
environment.  In general, learning complex mental 
tasks has been sensitive to individual differences 
in attention; specifically, in individual differences 
in the ability to control attention (Daneman & 
Carpenter, 1980; Oberauer, Süb, Schulze et al., 
2007; Wilhelm, & Wittmann, 2000). The ability to 
control attention is a central component of working 
memory capacity (WMC; Kane, Bleckley, Con-
way, & Engle, 2001; Kane & Engle, 2003), where 
WMC is defined as the ability to (a) maintain the 
current cognitive task in working memory, (b) 
maintain task relevant information in working 
memory, and (c) retrieve task relevant informa-
tion from long-term memory (Feldman Barrett, 
Tugade, & Engle, 2004). A study was completed 
to assess the importance of attentional control, 
low WMC versus high WMC, in stationary and 
mobile multimedia learning environments using 
the iPod. 

Working Memory Capacity

Working memory capacity (WMC) represents 
the ability of an individual to control his or her 
attentional resources relative to working memory, 
especially in the presence of distraction (Feldman 
Barrett et al., 2004; Unsworth & Engle, 2007). 
That is, WMC moves beyond working memory 
storage capacity (see Miller, 1956) to include both 
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storage and processing capacity (see Daneman 
& Carpenter, 1980; Kane & Engle, 2003). Thus, 
ultimately, WMC is a measure of control: the abil-
ity to control the maintenance of information in 
working memory (storage) and the retrieval from 
long-term memory of information relevant to a 
current problem or situation (processing). This 
control is most evident when there are distractions, 
internal (e.g., thoughts, drives, feelings) or external 
(e.g., talking, music, motion), challenging the at-
tentional system (Unsworth & Engle, 2007). 

Is this type of attentional control important? 
Previous research has indicated that individuals 
with high WMC outperform individuals with low 
WMC on measures of general fluid intelligence 
(Conway, Cowan, Bunting et al., 2002; Kane et 
al., 2004), long-term memory activation (Cantor & 
Engle, 1993), attentional control (Kane et al., 2001; 
Rosen & Engle, 1997), resistance to proactive 
interference (Kane & Engle, 2000; Lustig, May, 
& Hasher, 2001), primary memory maintenance 
and secondary memory search (Unsworth & 
Engle, 2007), and resistance to goal neglect (Kane 
& Engle, 2003; Roberts, Hager, & Heron, 1994).  
While these studies have indicated a positive ef-
fect for WMC on memory attributes, there is also 
extensive literature indicating that high WMC 
positively affects more academic pursuits, such as 
reading comprehension (Daneman & Carpenter, 
1980), language comprehension (Just & Carpenter, 
1992), vocabulary learning (Daneman & Green, 
1986), reasoning (Conway et al., 2002; Kyllonen 
& Christal, 1990; cf. Buehner, Krumm, & Pick, 
2005), computer language learning (Shute, 1991), 
lecture note taking (Kiewra & Benton, 1988), 
Scholastic Aptitude Test performance (Turner & 
Engle, 1989), mnemonic strategy effectiveness 
(Gaultney, Kipp, & Kirk, 2005), and story telling 
(Pratt, Boyes, Robins, & Manchester, 1989). This 
research has demonstrated a strong, positive rela-
tionship between variations in WMC and varia-
tions in complex cognitive task performance. 

A Study of iPods and Individual 
Differences

To investigate the effects of high and low WMC 
students’ learning in stationary and mobile iPod-
based multimedia learning environments, 76 
undergraduate students (52 males and 24 females) 
were taken from a larger population of 294 stu-
dents who were administered the OSPAN working 
memory span test. The OSPAN test measures 
working memory capacity and requires students 
to solve math sentences aloud (e.g., is (2 + 6) – 2 
= 4?) while also maintaining a list of unrelated 
words in working memory (La Point & Engle, 
1990; Turner & Engle, 1989).  Using the OSPAN 
test scores, the upper and lower quartiles of the 
original 294 students were designated as high (n 
= 38) and low (n = 38) WMC, respectively. These 
76 students were then randomly assigned to either 
the stationary instruction group (n = 38) or the 
mobile instruction group (n = 38). 

All students, regardless of WMC (high or 
low) or instructional group (stationary or mobile) 
engaged in a multimedia tutorial designed to ad-
dress the workings of a car brake. The multimedia 
tutorial consisted of a narrated Flash animation 
explaining how a car brake works (see Mayer & 
Anderson, 1992).  This explanation included draw-
ings of a foot pressing a brake pedal, a piston mov-
ing inside a master cylinder, brake fluid moving 
out of the master cylinder, brake fluid expanding 
smaller pistons in the wheel cylinder, and these 
smaller pistons pushing the brake shoes against 
the brake drum (see Figure 1). The animation from 
the foot stepping on the brake pedal to the brake 
shoes pressing against the brake drum lasted 30 
seconds; however, this 30 second animation was 
played three times in order to accommodate the 
narration. Thus, each multimedia instructional 
episode lasted 90 seconds. Finally, this car brake 
multimedia tutorial was presented on a 5th genera-
tion iPod (i.e., video iPod) with a 2.5” screen and 
Altec Lansing headphones.
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Figure 1. Sample animation screens and accompanying verbal content from the brake tutorial (anima-
tions adapted from and text quoted from Mayer & Anderson, 1992, p. 446) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

  
1. “When the driver steps on the car’s brake 
pedal, a piston moves forward inside the master 
cylinder.” 

2. “The piston forces brake fluid out of the 
master cylinder and through the tubes to the 
wheel cylinders.” 

  
3. “In the wheel cylinders, the increase in fluid 
pressure makes a set of smaller pistons move.” 

4. “These smaller pistons activate the brake 
shoes.” 

  
5. “When the brake shoes press against the 
drum, both the drum and the wheel stop or slow 
down.” 
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Students in the stationary instruction group 
viewed the multimedia tutorial on an iPod while 
sitting in a chair at a desk in a computer lab. 
Students in the mobile instructional group were 
first provided with a random number from 1 to 3 
and then asked to walk 25 yards down a hallway, 
and back, repeatedly, until the multimedia tutorial 
came to an end. Every five yards along this walk 
was a two-sided sign on the floor that included 
the numbers 1, 2 and 3, and above each number 
an arrow pointing left or right (see Figure 2). 
Participants were instructed to walk to the side of 
the sign indicated by the arrow above the number 
to which they were assigned. This walking and 
navigating, while engaging in the multimedia 
tutorial, simulated the type of mobile environment 
one might encounter while trying to walk across 
a college campus.

After students finished engaging in the multi-
media tutorial, whether in the stationary or mobile 
instructional group, they were seated and asked to 
answer both recall questions assessing students’ 
ability to remember the essential knowledge to 
which they were exposed and their ability to 
express this knowledge, and transfer questions 
assessing students’ ability to apply the knowl-
edge recalled to new, yet similar situations (i.e., 
near transfer). Students’ recall of the car brake 
tutorial was assessed using a single open-ended 
question: “Please provide an explanation of how 
a car brake works.” Two trained raters evalu-
ated each student’s recall response (r = .90) and 
provided one point for the inclusion of each of 
the following idea units, regardless of wording: 

“(a) driver steps on brake pedal, (b) piston moves 
forward inside master cylinder, (c) piston forces 
brake fluid out to the wheel cylinders, (d) fluid 
pressure increase in wheel cylinders, (e) small 
pistons move, (f) small pistons activate brake 
shoes, (g) brake shoes press against drum, and 
(h) drum and wheel stop or slow down” (Mayer 
& Anderson, 1992, p. 450).

Students’ ability to transfer knowledge from 
the car brake tutorial was assessed using four 
questions (see Mayer & Anderson, 1992, p. 449): 
(a)  “Why do brakes get hot?”; (b) “What could 
be done to make brakes more reliable, that is, to 
make sure they would not fail?”; (c) “What could 
be done to make brakes more effective, that is, 
to reduce the distance needed to bring a car to a 
stop?”; and (d) “Suppose you press on the brake 
pedal in your car but the brakes do not work. 
What could have gone wrong?” Two trained raters 
evaluated each student’s responses (r = .83) based 
on acceptable answers established by Mayer and 
Anderson (1992). Acceptable answers to the first 
transfer question, “Why do brakes get hot?” in-
cluded friction causes brakes to get hot; acceptable 
answers to the second transfer question, “What 
could be done to make brakes more reliable, that 
is, to make sure they would not fail?” included 
maintain a back up system or use a system to cool 
the brakes; acceptable answers to the third transfer 
question, “What could be done to make brakes 
more effective, that is, to reduce the distance 
needed to bring a car to a stop?” included using 
a brake shoe that is more sensitive to friction or 
providing a smaller gap between the brake shoe 

Figure 2. Directional signs used in the mobile learning environment

→ ← ← 

1 2 3 
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and brake drum; and finally, acceptable answers 
to the fourth transfer question, “Suppose you press 
on the brake pedal in your car but the brakes do 
not work. What could have gone wrong?” included 
that there may be a leak in the brake fluid line or 
that the brake pads are worn.

Results and Discussion

The results of the study addressed high and low 
WMC students’ cognitive performance in station-
ary and mobile multimedia learning environments. 
Overall, there was a significant difference in 
cognitive performance between participants who 
learned in a stationary learning environment as 
compared to participants who learned in a mobile 
learning environment. Specifically, participants 
in the stationary learning environment recalled 
more idea units (M = 5.74, SD = 1.75) from the 
car brake multimedia tutorial than participants in 
the mobile learning environment (M = 4.92, SD 
= 2.96), F(1,72) = 4.72, MSE = 25.94, Cohen’s d 
= 0.33, p = .03.  In addition, participants in the 
stationary learning environment transferred more 
car brake knowledge (M = 5.58, SD = 0.59) than 
participants in the mobile learning environment 
(M = 4.97, SD = 1.21), F(1,72) = 19.02, MSE = 
12.36, Cohen’s d = 0.69, p = .00. These results 
indicated that participants recalled and transferred 

more information when learning in a stationary 
versus a mobile learning environment. Specifi-
cally, it was found that students who learned about 
car brakes using a portable digital media player 
(i.e., iPod), while navigating a walking course that 
required attention to the path taken, performed 
significantly more poorly on measures of recall 
and transfer than students who learned while 
simply sitting at a desk. 

In addition to the stationary/mobile learning 
results, an analysis of the WMC data indicated 
that high WMC students recalled more idea units 
(M = 5.92, SD = 2.67) that low WMC students (M 
= 4.74, SD = 2.07), F(1,72) = 7.27, MSE = 39.94, 
Cohen’s d = 0.49, p = .00. Similarly, for transfer, 
high WMC students generated more valid transfer 
responses (M = 5.61, SD = 0.67) than low WMC 
students (M = 4.95, SD = 1.16), F(1,72) = 29.96, 
MSE = 13.63, Cohen’s d = .69, p = .00. These results 
are consistent with previous findings regarding a 
general WMC effect (Doolittle, 2007; Unsworth & 
Engle, 2007), that high WMC students outperform 
low WMC students on recall and transfer after 
engaging in a multimedia tutorial.

The preceding results demonstrate that stu-
dents learn more from a short cause-and-effect 
multimedia tutorial when stationary, as opposed 
to when mobile, and that high WMC students 
learn more than low WMC students. However, a 

Table 1. Means and standard deviations of recall and transfer from engaging in a car brake multimedia 
tutorial for instructional groups (stationary, mobile) and WMC groups (low, high)

Note: Maximum score for recall was 8. Maximum score for application was 7.

Instructional Environment

Stationary Mobile

Recall Transfer Recall Transfer

M SD M SD M SD M SD

Low WMC 5.33 1.68 5.50 0.51 3.71 2.33 4.00 1.35

High WMC 6.43 1.69 5.71 .072 5.63 3.10 5.54 0.65
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significant question yet to be answered is whether 
or not there are individual differences in station-
ary/mobile learning when WMC is taken into 
account. The answer is mixed. Specifically, there 
was no interaction between instructional group 
(stationary, mobile) and WMC (high, low) for 
recall of the car brake tutorial. There was, how-
ever, a significant interaction for transfer (see 
Table 1), F(1,72) = 11.98, MSE = 7.79, p = .00. An 
examination of the means indicates that mobile 
learning environments are less advantageous to 
low WMC students than high WMC students. 
This examination was confirmed using a contrast 
analysis comparing the mobile-low WMC group 
to the remaining three groups (i.e., mobile-high 
WMC, stationary-low WMC, stationary-high 
WMC), F(1,72) = 27.53, MSE = 0.65, Cohen’s d = 
1.33, p = .00. These interaction results indicate that 
if deep learning, as measured by transfer, is the 
goal of instruction, mobile multimedia learning 
environments significantly disadvantage students 
with low WMC. Namely, students with the least 
attentional control and the most susceptibility to 
distraction (low WMC students) performed the 
poorest under conditions that required significant 
attentional control: learning while mobile.

IPODS AS MOBILE MULTIMEDIA 
LEARNING ENVIRONMENTS

The preceding discussion and research has indi-
cated that (a) iPods are currently being used as 
educational platforms; (b) podcasting is the typi-
cal, although not the only, pedagogy of choice; 
and (c) students can and do learn from engaging 
with the iPod. However, previous research also 
indicates that (d) little basic empirical research is 
being conducted on the efficacy of the iPod as a 
learning platform; but (e) recent empirical research 
has demonstrated that students with low working 
memory capacity perform less well in mobile 
learning environments than students with high 
working memory capacity. These findings begin 

to bring into focus the landscape of iPod-based 
instruction, although a crisp and clear picture is 
still distant. 

At the most basic level, it is important to note 
that Hürst et al. (2007) and the study reported 
within this chapter both found that students learn 
as the result of engaging in an iPod-based instruc-
tional episode. In the case of Hürst et al., students 
learned strategic knowledge, a search algorithm, 
while students in the current study learned proce-
dural knowledge, how a car brake works. These 
foundational findings provide support for the use 
of the iPod as an instructional platform.

The research of Salvucci et al. (2007) and the 
current study, however, also demonstrate that 
the iPod must be used with caution and that all 
students may not benefit equally from the instruc-
tional use of the iPod. Salvucci et al. found that, 
generally, using the iPod can require significant 
attentional resources in conditions of distraction, 
for example, using the iPod while driving. Fur-
ther, the present study revealed that students with 
considerable attentional resources—high working 
memory capacity—were unaffected by distrac-
tions when using the iPod; however, students 
with fewer attentional resources—low working 
memory capacity—were negatively affected by 
distractions while using the iPod. These findings 
demonstrate that students’ attentional control has 
a significant impact on the efficacy of the iPod 
as an instructional platform.

As mobile learning opportunities have become 
ubiquitous with the advent of portable, lightweight 
devices (e.g., mp3 players, mobile phones, PDAs) 
it is imperative that educators, instructional de-
signers and instructional technologists maintain 
a 360o view of the educational playing field. At 
this nexus of pedagogy, design and technology 
“there is a tension… that comes from the fact 
that most mobile devices in current use are not 
designed specifically for education or training 
but rather for personal information management 
or personal communication” (Kukulska-Hume & 
Taxler, 2005, p. 3). Kukulska-Hume and Taxler 
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goes on to state that “future projects ought to 
address learning gains more directly, to gather 
evidence of what can be learnt using these [mobile] 
devices” (p. 189).  These comments emphasize that 
for mobile learning to be educationally successful 
there is a need to focus on the development of 
educationally appropriate technology, individu-
ally appropriate pedagogy, and the interaction 
between the technology and the individual. 

FUTURE RESEARCH DIRECTIONS

Research and explorations involving mobile mul-
timedia learning environments utilizing portable 
digital media players is just beginning. While the 
initial findings are promising, much is still un-
known. What specific types of pedagogies work 
best with specific types of mobile technologies 
based on specific areas of instructional content? 
What individual difference variables (e.g., spatial 
ability, reading ability, prior knowledge, working 
memory capacity) affect students’ success when 
learning in mobile multimedia learning environ-
ments? How can mobile multimedia learning 
environments be made more accessible to students 
with special needs?  How can, or should, the use 
of mobile multimedia learning environments be 
integrated into the daily educational environments 
of students? 

Currently, educators are forced to create mobile 
multimedia learning environments within mobile 
devices that were not originally designed to foster 
learning; cell phones, MP3 players, and PDAs 
were designed more as communication tools than 
educational tools. Given that these communication 
tools are being adapted for educational purposes, 
it is essential that educators share their adapta-
tions so that others may benefit from and expand 
these initial efforts. In addition, however, these 
case studies of adaptation must include rigorous 
evaluation and assessment so that there is evidence 
from which to make educated decisions. Without 
rigorous evaluation and assessment the field of 

mobile learning runs the risk of devolving into a 
faddish application of technological flash without 
substance. 
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ABSTRACT

This chapter explores mobile learning where location and game like or playful activity adds to the 
context of learning. The relationship between space, play, and the development of context and learner 
identity is explored through an examination of the issues concerning the context of space, narratives, 
and engagement. There is a discussion of the meta-knowledge and specific learning attributes we would 
want to encounter in mobile game like learning. These issues are further explored in three case studies 
of learning activities which have been designed such that the context of location and game like or play-
ful learning is significant. The examples include simple games based on multiple choice questions, a 
complex multi-role simulation and an environmental tagging and hypermedia project. The case is made 
for the potential of the context of location, and game-like learning in mobile learning.

INTRODUCTION

This chapter looks at two specific aspects of 
mobile learning. First, learning where location 
plays an important part in the context of learning, 
and subsequently the chapter will refer to locative 
learning. Second, the chapter will also explore 
(though not in every case describe) elements of 

fun and playfulness that are explicitly designed 
into the learning experience. The case examples, 
described in the chapter, are all drawn from the 
work of Futurelab, an independent research and 
development organization based in Bristol, UK 
during its first five years. Futurelab was set up to 
catalyze and network education, technology and 
media organizations into innovative activity that 
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had the potential to transform learning and teach-
ing (see also Owen 2005). It was funded mainly 
from government sources, but there has also been 
funding from commercial sources (detailed on 
Futurelab’s Web site.)

Specifically, this chapter investigates some 
general research questions about technology and 
learning and then looks at some particular research 
questions in each of the case studies. The major 
questions we have are:

• Can we make playful, game-like activities 
that deliver educational experiences we 
value?

• Can we use technology that adds to the con-
text of space, which increases the learning 
potential of that space?

And,

• Can we use technology to add new play-
fulness to space—technologies that add 
learning context to space—that significantly 
change that space for learning purposes?

These questions broaden into examining is-
sues like:

• What relationships are important between 
space, play, and the development of context 
and learner identity?

• What meta-knowledge and specific learning 
attributes can we foster in mobile game like 
learning? 

• What is the importance of narrative, the 
temporal rhythms, the context, projected 
identities, collaboration, and creativity in the 
design of mobile learning experiences?

Three cases will be described. Each case 
contributes in its own way to increasing our 
understanding of the ways that technology and 
location can work together to provide new learning 
experiences. Each case study in itself generated its 

own research questions and the approach has been 
bottom-up pragmatic understanding rather than 
any attempt at grand theory building. However, 
from these concrete examples we can begin to 
look for a coherent picture of some of the issues 
and opportunities that locative learning presents. 
However, it is also fair to say that there is a fairly 
explicit commitment to constructivist learner 
centric approaches and to a strong element of 
user-involved design in all the cases.

The three case studies are:

• Light Aircraft Pilot: where we use a par-
ticular approach to multiple choice quizzes 
to encourage game like learning based in a 
real world context;

• Savannah: where we use GPS enabled, 
wirelessly networked HP iPAQs to create 
a multi-player role playing game where the 
school soccer pitch is turned into an African 
Savannah and the students become a pride 
of lions; and

• Mudlarking in Deptford: The use of GPS 
enabled handheld devices to add information 
to the spaces that the learner is in.

Light aircraft pilot is part of the COLLAGE 
(collaborative learning platform using game-like 
enhancements) project, where students visit his-
toric sites or sites of ecological interest and play out 
roles mediated by hand-held computers and mobile 
phones. COLLAGE was funded by the European 
Union (EU) e-learning program. The chapter also 
draws on two other EU funded programs, which 
had Futurelab as a partner. These ran over a longer 
timescale than most Futurelab projects, and all 
three had a specific intent of outlining research 
themes in learning with technology in location. 
The other two projects were La Piazza (part of 
the Kaleidoscope Network of Excellence) which 
was a pre-research exercise in intergenerational 
learning in technology enhanced public spaces; 
and Puente (funded by the EU Minerva program) 
which has been a continuation of La Piazza with 
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an opportunity to implement some ideas. The 
research questions that arise from the EU proj-
ects are focused on how to design experiences. 
Specifically these experiences were for locative 
learning with fun and games as additional dimen-
sions and designing for intergenerational learning 
experiences.

This chapter will not address technological 
issues other than is necessary to describe the ap-
plication. Typically any project suffers the issues 
of working at the limits of what technology can 
do or in using technology in new ways. There is 
a confident belief that it will get better and what 
we need for locative learning can and will be 
delivered at a price we can afford.

BACKGROUND

Located learning is a specific subset of what has 
been called mobile or m-learning. M-learning 
has been defined by a list of potential applica-
tions—quizzes, games and information services 
provided on handheld devices (see mlearning.
org). A great advantage of learning with these 
devices is that they permit learning on the move 
and learning anywhere. The fact that the learning 
is anywhere is what distances such mobile learn-
ing from what is described in this chapter. This 
chapter describes learning somewhere, where 
the location and the context of the learner in that 
location matter to the learning process.

There are both similarities and differences 
between learning somewhere and learning any-
where. There are many interesting problems to be 
solved by the anywhere learning scenario. Access 
to such learning is easy in the developed world 
with mass ownership of phones and the importance 
of phones in the culture of young people (see, for 
instance, Prensky (2004)). The mass ownership 
of powerful interactive pocket devices can have 
a significant impact on learning. However, there 
is also something powerful about learning from 

where you are, either because of the place itself, 
what is in the place, or the people who are shar-
ing the place with you. Alternatively, it could be 
the journey you are on, and that you are leaving 
a trace or trail of your presence. There are very 
significant overlaps between learning anywhere 
and located learning. In La Piazza we describe 
Learning Nomads (see Ackermann et al., 2006) 
who are characterized by the emergence of new 
habits of learning because learning and com-
munication technology is always with them. The 
learner will be able to make a choice when they 
feel the context of the place is a necessary part 
of that which they want to learn or just choose to 
learn anything (or nothing).

Technology-supported, located learning is not 
new. There have been audio tours of historic attrac-
tions and museums for some time. The addition 
of wireless networked learning is the innovative 
feature. In 1996, Jim Spohrer envisioned a por-
table educational device, the Worldboard, which 
would overlay the virtual and physical worlds 
(Spohrer, 1999). The Worldboard would give its 
user access to the history of its surroundings, make 
visible hidden features such as buried pipelines, 
and allow the user to add virtual annotations to 
that place. Such devices are now almost realized 
as exemplified by the research of the Ordnance 
Survey in the UK, and the work of Chris Parker, 
Chris Phillips and Andrew Radburn in their Aug-
mented Reality and Zapper experiments (Bryant, 
2003; Revell, 2004).

Located learning, using a mobile phone or 
similar devices can allow fieldwork to take on 
completely new dimensions. When the whole 
world becomes a classroom, it seems irrelevant 
to sit in school to learn history, geology, botany, 
or environmental studies. Our research questions 
however demand we take more account of learner 
motivation and the context of space in a way that 
it becomes meaningful to the students socio-cul-
tural context; space becomes place. 
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Figure 1. Ordnance Survey Experiment with information overlays from mobile devices from direction 
sensitive GPS Systems (Zapper)

Figure 2. Ordnance Survey experimental system for augmented reality urban information overlays.
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Games and Play

Another significant thread in the mobile activi-
ties we have developed is playfulness, fun, and 
games in the learning activities. Mobile learning 
provides interesting contexts and new affordances 
for the design and implementation of games. 
The location, mobility and the inter-player com-
munication capacity of the devices all contribute 
to innovative possibilities for game and play 
designs. There has been an increased interest in 
the educational use of computer games. A lot of 
this has to do with motivation (see Prensky, 2001), 
which is a significant part of a successful learning 
intervention, however there are other reasons as 
well; play allows the learner to try out roles and 
project themselves into new identities (Gee, 2003; 
Shaffer, 2007). An additional factor is that play 
with mobile technologies also allows for a more 
embodied experience. In other words, you learn 
with your whole body, you do not just squat in 
front of a screen (Schusterman, 2005)

There are some characteristics identified 
in games research that are useful to designing 
mobile games. Some of the earliest work on 
computer games (Malone, 1981) focused on how 
they might sustain intrinsic motivation. Malone 
describes three factors: challenge, fantasy and 
curiosity. Challenge implies that the outcome of 
an activity should be at the edge of the potential 
performance of the learner as undertaking tasks 
well within their capability removes the game 
element. Fantasy implies that we can project our 
current identity into some new role through a nar-
rative supplied by the game. Curiosity implies that 
the outcomes are varied and uncertain as it is less 
entertaining to watch and participate in a game 
where the result is already clear. Malone and many 
recent writers have drawn on ideas presented by 
Csikszentmihalyi (1992) who describes entry into 
flow, a state where the mental (and embodied) self 
is absorbed in an activity to produce a virtuous 
circle of mental and physiological engagement. 

This is common to the games. The video associated 
with the Savannah project has students claiming 
as much in their own language; “it was good being 
a lion” etc. In turn Csikszentmihalyi describes 
the influence of the anthropologist Roger Callois 
(1958/2001) in describing four broad classes of 
games that are endemic in human society:

• Agon, which have competition as their main 
element; 

• Alea, which are games of chance; 
• Ilnix, or vertigo, the fun to be had on a 

roller-coaster; and 
• Mimicry, in which alternative realities 

such theatre and dance are performed in 
groups. 

Clearly all forms are possible with mobile 
devices. I shall describe Savannah in a case study 
below that demonstrates agon, alea, mimicry 
and, if the students are particularly active, ilnix 
as well. At the time of writing, the Wii product 
from Nintendo is popular especially because of 
new game play arising from physical movement 
and ilnix. The games developed in COLLAGE tend 
to involve mimicry, however they are organized 
as teams of students and are therefore open to 
competition.

Shaffer (2007) also discusses the value of 
games in allowing students to project identities 
and to adopt the behavior of others. He describes 
epistemic games, in which school students take 
on and practice adult roles like investigative 
science journalist or town planner and use the 
computer tools that are appropriate to that role. In 
the COLLAGE project we have specific examples 
of environmental journalist and light aircraft 
pilot that are mobile enhanced, location based 
learning games that also demonstrate Shaffer’s 
epistemic concept and are examples of Callois’ 
mimicry. The intention of gaming in education 
is clearly more than motivation, and in the cases 
we describe there is an element of role projection 
and the development of identity. Vygostsky (1933) 



  �0�

From Individual Learning to Collaborative Learning

and Singer et al. (2006) point to the importance 
of play in coming to understand the world both 
cognitively and in social-emotion growth, and we 
can infer from Callois’s ilnix that we also come 
to understand the world’s kinaesthetics through 
play as well. Vygotsky reinforces the importance 
of play in understanding the world at an early age 
because play allows us to disassociate thought 
from current perceptions:

“Since a situation is always communicated, psy-
chologically through perception, and perception 
is not separated from affective and motor activity, 
it is understandable that with his consciousness 
so structured, the child cannot act otherwise than 
as constrained by the situation—or the field—in 
which he finds himself. In play, things lose their 
motivating force. The child sees one thing but 
acts differently in relation to what he sees. Thus, 
a situation is reached in which the child begins 
to act independently of what he sees” Vygotsky 
(1933).

However the importance of this continues 
in later life. In the same paper Vygotsky (1933) 
notes:

“Henceforth play is such that the explanation 
for it must always be that it is the imaginary, 
illusory realization of unrealizable desires. 
Imagination is a new formation that is not pres-
ent in the consciousness of the very young child, 
is totally absent in animals, and represents a 
specifically human form of conscious activity. 
Like all functions of consciousness, it originally 
arises from action. The old adage that children’s 
play is imagination in action can be reversed: 
we can say that imagination in adolescents and 
schoolchildren is play without action.” Vygotsky 
(1933) (emphasis added)

Thus, by structuring learning in play, we are 
allowing engagement in fantasy and actions that 

would otherwise be impossible. The concept of 
Savannah came to me when considering how I 
might have improved playing “cowboys” when 
I was a child had I access to the technology we 
used in Savannah. By using mobile technology 
and game-attributes there is a major reconnection 
with the games and play that have featured as hu-
man learning over the eons to the concepts and 
methods of computer game play of today.

However, as well as traditional values in play, 
there are all the reported advantages of the com-
puter game generations. There are meta-learning 
effects in learning from computer games. Gee 
(2003) provides a list of 36 things we learn from 
computer games. These are Prensky’s useful 
translations of the 36 things and an attempt to 
classify them by attributes that may model ex-
periential learning.

1.  Doing and reflecting
2.  Appreciating good design
3.  Seeing interrelationships
4.  Mastering game language
5.  Relating the game world to other worlds
6.  Taking risks with reduced consequences
7.  Putting out effort because they care
8.  Combining multiple identities
9.  Watching their own behavior
10.  Getting more out than what they put in
11.  Being rewarded for achievement
12.  Being encouraged to practice
13.  Having to master new skills at each level
14.  Tasks being neither too easy nor too hard.
15.  Doing, thinking and strategizing
16.  Getting to do things their own way
17.  Discovering meaning
18.  Reading in context
19.  Relating information
20.  Meshing information from multiple media
21.  Understanding how knowledge is stored
22.  Thinking intuitively
23.  Practicing in a simplified setting
24.  Being led from easy problems to harder 

ones
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25.  Mastering upfront things needed later
26.  Repeating basic skills in many games
27.  Receiving information just when it is 

needed
28.  Trying rather than following instructions
29.  Applying learning from problems to later 

ones
30.  Thinking about the game and the real 

world
31.  Thinking about the game and how they 

learn
32.  Thinking about the games and their cul-

ture
33.  Finding meaning in all parts of the game
34.  Sharing with other players
35.  Being part of the gaming world
36.  Helping others and modifying games, in 

addition to just playing.

In designing our games such as Savannah 
and those in COLLAGE this list provide a cross 
check that the game experience is richer than the 
supposed learning content alone. These attributes 
are not intrinsic to games, however. In our experi-
ence, it seems that what is a good game design 
allows these attributes to be addressed explicitly. 
One of the goals of the COLLAGE project is to 
provide some support for teachers to develop 
game like learning themselves and checklists 
like this provide explicit support for their design 
processes.

Almost inseparable from the notion of play is 
the role of narrative in playful learning scenarios. 
Part of the toolkit developed in the COLLAGE 
program is material support for workshops to 
derive narrative from place and context and 
then in turn map the narrative to learning goals 
and a game design. Game and location signifi-
cantly come together. Stories have always been 
important for education, and place (as opposed 
to plain “space”) has a central role in any story. 
Geography has always been an implicit compo-
nent of education as explored by Casey (1997) 
who stresses the importance of place in human 

activity. Learning in place is critically part of 
human learning and mobile technology clearly 
has a lot to offer. In developing this link between 
location and playfulness we have used location 
in two ways. In Savannah we take an ordinary 
space—in this case a school sports field—and use 
technology to convert it into a different space; we 
add unreality. In most other cases, particularly 
in the Mudlarking example, we use technology 
to add to what is already in the location. The key 
integrating word between learner, location and 
the mediating narratives is context, and getting 
the technology to support context. This is one 
of the major non-trivial problems for ubiquitous 
mobile learning.

The critical issue for “learning in place” activi-
ties in mobile learning is fundamentally linked to 
the concept of context. Dourish (2004) develops 
two distinct elements to explore the issue of context 
in ubiquitous computing which is a fundamental 
of located learning. He says: 

“First, I have argued that context is an emergent 
property of occasions of interaction, rather than 
being a stable, objective set of features that ex-
ternally characterize activity. Context remains 
critically important for understanding, contextu-
alizing and disambiguating forms of activity and 
information, but it is in the nature of context to 
be continually negotiated and redefined. Second, 
I have argued that these contextual properties 
take on their meaning or relevance through their 
relationship to forms of practice; that is, it is 
engaged action around artifacts and information 
that make those artifacts meaningful and relevant 
to people. The meaning of a technology, then, 
cannot be divorced from the ways that people 
have of using it”Dourish (2004).

The tension Dourish presents between the two 
aspects of context is reflected in the experiences 
described here. Even in a game, where we have 
strongly mediating narratives (suggesting and 
scaffolding practice) there is a constant to and 
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fro from being in and out of a game character or 
role - being participant or pupil - and personal 
re-configuring of the space that the learner is in. 
This tension shows up in the interaction between 
imagination as described by Vygostsky on play, 
and the immediacy of location. Young (2002) 
points in particular to the perception-action 
behavior in computer game play, simultaneity of 
what we might term reflection and action.

Some of our tools developed in COLLAGE and 
Create-A-Scape (developed from the Mudlarking 
experience) provide environments that can also be 
authored by learners. There is symmetry between 
user and creator. This is a particular feature of 
modern Internet software (sometimes referred 

to as Web 2.0). This seems particularly true of 
locative applications, and in particular, Google’s 
opening of their maps and Google Earth appli-
cations has lead to a flowering of locative-based 
creative collaborative activity (see for instance 
http://googlemapsmania.blogspot.com/#top). The 
overall creativity emerges from a network effect; 
a small action by the many creating a resource 
that is valued by all. Thus by adding personal an-
notations to some ubiquitous information system 
attached to some location, repeatedly by many 
visitors, new knowledge and patterns emerge. 
Further, more traditional views of creativity are 
possible with symmetrical tools and systems. 
The toolsets allow students to create their own 

Table 1. The co-design method sequence

Stage Method

Deciding what to research Consulting with stakeholders: (Government, media and technology industry, educationalists)

Understanding what needs to 
be done

Commissioning leading experts in the field to undertake a literature survey written to be 
understood by stakeholders

Calling for Ideas Publishing an open call for ideas- providing context information from lit survey 

Selecting ideas

Filtering over 100 ideas down to 3, Using representatives of stake-holders to judge what ideas 
to take forward based on originality, potential educational benefit, potential contribution to 
knowledge, technical feasibility, and the nature of the potential development and research 
partnership

Discovery
A deeper literature review in relation to the specific idea rather than the generic area. A 
commercial review of existing need/provision
Produce a background paper.

Design workshops round 1

Bringing in multidisciplinary team (subject experts, designers, technology experts, education 
researchers, teachers) to contribute knowledge to paper-prototype some concepts to expand the 
idea.
Taking the idea to children (or whoever end-users will be) for additional paper-prototyping.
Consolidating this knowledge as design brief.

Wire-framing Developing an elaborated model of what we expect.

Design Workshop 2 A repeat of previous workshops with more concrete examples including children’s work.

Build Initial working prototype

Trial 1 to trial n Iteratively test and review prototype with end users. Gather data from trials: video, interview, 
questionnaires – whatever is appropriate

Project review Original stakeholders, potential new end-users.

Post-project publication In video, print and web form. Material presented both for academic publication and for a wider 
audience. Conference and more public presentation. Press releases and interviews.
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location based games and other media to share 
with others.

In conclusion to this overview of the issues, 
when we make a holistic combination of the is-
sues in location, games and learning we note the 
overlaps between place, the narrative of place, 
identity and the narrative of identity. Narrative 
seems to be a powerful linkage, and attention to 
the learners’ engagement with, or creation of, nar-
ratives, seems to provide a thematic undercurrent 
to the design and development of activities.

METHODOLOGIES

Futurelab works to different rhythms and outputs 
when compared to university research laboratories. 
Everything Futurelab does is done in collaboration 
with others. Partners can be individuals, freelance 
workers, large or small media companies, large 
or small technology companies, universities and 
of course schools and other educational institu-
tions. All projects, including those described, 
are relatively short in the first instance, usually 
six months, and if they demonstrate value they 
are extended. The case studies do not present a 
model of implementation of theories; neither do 
the theories above have explicit empirical evidence 
derived from the implementation of the cases. 
Rather, it is a case of a dynamic between devel-
oping practice and reflecting upon practice. It is 
an iterative process that is grounded in practice 
and the role of reflection. Building theory and 
confirming experimental hypotheses are part of 
the iteration, however the main aim is to improve 
practice (teaching and educational media design) 
as born out of experience.

The process is of co-design. Design with inven-
tors, technologists, artists, academic researchers, 
and importantly end users, typically teachers and 
learners. The sequence of the method is shown 
in Table 1. 

This complex sequence is subject to rigorous 
project management methodologies. The frequent 

reference back to stakeholders ensures a high level 
of triangulation and questioning of evidence. It 
is better suited for the development of activity, 
tools and practice than producing scholarly re-
ports. However, what is lacking in formal types 
of experimental rigor such as the use of control 
groups and pre-and post testing is compensated for 
by stake-holder validation. In the case examples 
that follow, the first is taken from a part of the 
process, whilst Savannah and Mudlarking have 
been through the whole of the cycle.

THE CASE ExAMPLES

Light Aircraft Pilot

This is a simple illustration of being game like; 
choosing to implement as narrative and focusing 
on identity. The example arises in an early stage 
in the methodology process, using the software 
with teachers and students to discover issues that 
might arise. Some of the issues were about the 
limitations of mobile learning solutions such as 
legibility of screens in bright sunlight situations, 
finding situations where having both hands free 
was important, and so on. This helps discover 
very practical points to address in implementation 
such as how and when do you expect the student 
to consult the mobile device. However going 
trough the iterative process in co-design also 
sensitizes the co-design partner to possibilities, 
as in this case.

The scenario involves the use of a simple mul-
tiple choice question (MCQ) creation tool imple-
mented on a mobile device. High school physics 
students used the application on a field visit to a 
private airfield. The aim of the experience is to 
provide contextualization of physics knowledge 
gained in the classroom and to stimulate further 
interest in science by investigating the science 
of flight. The students would gather information 
using the hand-held device and test their knowl-
edge in situ. The teacher had devised a series 



  ���

From Individual Learning to Collaborative Learning

of questions that could be answered in the field 
based on information that would be supplied by 
knowledgeable people in the location either as 
part of their demonstration or asking practitioners 
directly while on location. The students would 
have a guided tour around the airfield and an 
extended period examining a light airplane. The 
original intention of the teacher was to use the 
MCQ authoring system of the mobile device to 
produce a list of questions that would focus and 
direct the student learning to key points. However, 
the teacher’s questions mainly asked for factual 
recording or recall of what the students had, or 
will have, seen and heard. However it is possible, 
using the technology available to the teacher, to 
reconfigure the activity in such a way that the nar-
rative of the location can create a role-play where 
the solutions to the problems arise in the role.

A specific piece of information that is part of 
the experience is the fact that when airspeed falls 
below a level that flight can be sustained (i.e., the 
aircraft will stall), a horn sounds in the wings that 
is solely powered by the movement of air across 
the device. This horn scream is a highly audible 
failsafe device.

In the original formulation of the system, a 
question on this topic looked like the following:

When the airspeed falls below 50 Knots 

a) The altimeter will show…
b) A horn will sound on the wings…
c) Wrong answer (c)
d) Wrong answer (d)

However it is possible to create questions that 
fit a more authentic role playing game based on 
the narrative of the location and context. We have 
to imagine we have been constructing the ques-
tions in the way a pilot (or engineer or whatever) 
would be given a task. The student acting on 
knowledge gained on the field trip is expected to 
act in ways determined by context and role. With 
a role/play narrative approach the questions would 
be formulated like this:

(As a pilot) you hear a loud scream of a horn 
coming from the wings. You realize you have 
to

a) Incorrect answer
b) Pull back the throttle to increase airspeed
c) Incorrect answer
d) Incorrect answer

This in itself now becomes part of a problem 
solving narrative that the student needs to engage 
in. The student is placed in a situation of apply-
ing their knowledge in the way that a pilot has 
to use knowledge.

At this stage in our understanding we are acting 
on a hypothesis that learning through a problem 
solving narrative is better than learning that just 
requires recall. We do not have hard evidence 
to reveal any such improvement (the number of 
subjects answering this question, or most of our 
mobile learning experience, hardly allows the 
construction of scientific, validated, replicable 
studies). All we can say is that by reformulating 
questions that require the same level of factual 
knowledge it is possible to engage the student 
into different patterns of activity and approach 
to knowledge. This example demonstrates that 
with a little thought a simple MCQ program on 
a mobile device can be turned in to a locative 
narrative role playing game. 

Savannah

The simplicity of the previous example contrasts 
starkly with Savannah, which took advantage 
of new affordances of connectivity of handheld 
games devices, and shifted the focus away from 
the individual player to the connected player able 
to find fellow gamers on any city street (Flintham 
et al., 2003). The game was a product of the col-
laboration of Futurelab, HP labs (Bristol), the 
BBC Natural History Unit and the Mixed Reality 
Laboratory of Nottingham University. In this case 
we had two iterations of trials with 35 children 



���  

From Individual Learning to Collaborative Learning

from six different schools.
The game consists of two related areas of activ-

ity. In the first, children are able to play at ‘being 
a pride of lions’ outside in a playing field (100m 
by 50m), interacting with a virtual Savannah and 
exploring the opportunities and risks to lions in 
that space. Children are given global positioning 
system (GPS) devices linked to personal digital 
assistants (PDA) through which they ‘see,’ ‘hear,’ 
and ‘smell’ the world of the Savannah as they 
navigate the real space outdoors. The second loca-
tion, the ‘den,’ is an indoor space where children 
can reflect on how well they have succeeded in 
the game, access other resources to support their 
understanding, and develop strategies for surviv-
ing as lions in the virtual Savannah.

In order to ‘sense’ the Savannah, children use 
their handheld PDAs (with headphones), moving 

around the playing field outdoors acting as lions 
(Figure 3). They hear the sounds of the Savannah 
relating to the specific zones or wildlife there, they 
see still images of the environment and animals 
to be found in the zones and they ‘smell’ the 
scents to be found in those zones, through still 
pictures of animal paw prints. On these PDAs, 
the children can also ‘mark’ specific information 
and send it back to the Den for later analysis; in 
later levels they can also ‘attack’ specific features 
of the Savannah.

They also have an energy bar that lets them 
know their specific energy levels at any time 
(Figure 4). The PDA also receives messages 
sent by facilitators in the den, such as ‘you are 
too hot,’ ‘you are hungry,’ or on occasion ‘You 
are dead – return to the den.’ In the den, there 
is an interactive whiteboard and flip chart. The 

Figure 3. Students playing Savannah
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whiteboard comprises a map of the Savannah, 
and a series of ‘energy bars,’ each of which relate 
to the relative energy of each individual lion. On 
returning to the den, children can pull up on the 
whiteboard the trails that they have made in the 
Savannah, and recall the sounds and images that 
they encountered at specific points, ‘marked’ and 
sent back to the den.

The virtual Savannah map comprises a number 
of zones including long grass, short grass, gully, 
kopje, spring, and trees. These areas are also 
populated by the wildlife that one would find in 
those different parts of the Savannah. All these 
aspects of the gaming environment are based on 

research carried out as part of the BBC Natural 
History Unit’s work in this area, and a specialist 
BBC ‘lion expert’ with over 10 years of experi-
ence working in African Savannahs was involved 
in designing the play space. The main challenge 
for the children in the game is to understand and 
survive in this territory. The environment con-
tains a number of threats: for example, an angry 
elephant, an old water buffalo, bush fire and, on 
the fringes of the territory, the Masai.

All of these have to be avoided. Attacking 
them would lead to certain death. There is also 
another pride of lions and they have to kill any 
of the pride’s cubs. A number of animals can be 

Figure 4. Savannah PDA showing energy bar
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found in the Savannah that they could successfully 
kill and eat, essential for their survival. Some 
of these require one lion, and others require the 
whole pack to successfully kill them. There are 
also sources of water and shade. The children 
have to balance the costs and benefits of different 
types of activity, whether attacking, drinking, 
sleeping or running, in order to maintain their 
energy levels.

They also have to negotiate with each other, 
in order to decide whether or how to collaborate 
in achieving the game’s objectives.

Savannah was designed to explore the over-
arching question: “Is it possible to create an inte-
grated mobile gaming and research environment 
which encourages children to develop self-moti-
vated and collaborative approaches to developing 
conceptual understanding of animal behavior?” 
The specific learning objectives informing the 
Savannah design were developed iteratively with 
the technical development of the project. 

The aim of the Savannah experience is: 

1)  To encourage understanding of animal 
behavior and longer-term survival. By the 
end of playing Savannah, children should 
have: 

 
a)  Developed an understanding of the key 

features of the Savannah environment, 
b)  Developed a conceptual understanding of 

the opportunities and threats faced by lions 
in the Savannah environment, 

c)  Developed a conceptual understanding of 
the strategies and choices faced by lions in 
interaction with the Savannah environment, 
and 

d)  Developed a conceptual understanding of 
the relationship between individual lion 
behavior and longer-term survival of the 
species. 

2)  To encourage strategies for working with 
problems as a team. By the end of playing 

Savannah, children should be able to use 
a range of different strategies for problem 
solving, including: 

 
a)  Research 
b)  Discussion 
c)  Hypothesis generation and testing 
d)  Revision of ideas 
e)  Requesting expert advice 
f)  Listening to each other and building on each 

others’ ideas. 

In addition to this, there was the overarching 
objective of exploring the extent to which features 
of computer games design and mobile comput-
ing could contribute to creating an engaging and 
enjoyable experience for children, and encourage 
self-motivated learning in the process of playing 
the game. These issues map onto the generic 
learning from games list from Gee (2003).

Savannah is a clear attempt to develop a 
learning resource that makes extensive use of 
locative technology, game play and fun with a 
strong element of collaboration, role-play and 
identification. It provided for multiple rhythms: 
in the moment in the field and reflective learning 
and research back in the Den. It required identifi-
cation, imagination, and reutilization of learned 
knowledge. There is a strong narrative of place, 
role and time. The research has been described in 
a full report (Facer et al., 2004) and in a number 
of journal and conference articles.

On a very basic level, both of the first two 
objectives (1(a) & (b)) were met in the trial: the 
evidence of children’s creation of maps of the 
Savannah, their discussions and planning suggest 
that by the end of playing Savannah children had 
developed an understanding that the Savannah 
consists of a number of different types of environ-
ment, including trees, grassy areas, marsh/lake 
areas, and areas of threat, such as rivers, human 
villages and other lions’ territories. The children’s 
discussion of these features while placing cubs 
and planning hunting, and while out on the field, 



  ���

From Individual Learning to Collaborative Learning

suggests that this mixed landscape, by the end of 
the play, had become an underlying assumption in 
children’s planning and play activities. That there 
were threats and dangers, as well as opportunities 
for food and water in the environment, and that 
these threats took a number of different forms was 
also an underlying assumption by the time children 
reached the later levels of the game. The children’s 
engagement with the game—the running away 
from elephants or fire or humans, the attacks on 
animals—embody in practice children’s under-
standing of these features of the environment and 
their potential implications for lions. 

The children’s planning activity also evidenced 
an awareness of different strategies for survival 
(1(c)), primarily based around different hunting 
techniques. The discussions amongst some of the 
groups about group success, once they entered 
the den, suggested awareness that success was 
not simply individual (1(d)). 

 However, it is clearly possible, on observing 
children’s play in the Savannah to take a more 
critical approach to the actual achievements of the 
experience in supporting children’s understand-
ing of the complexity of animal behavior and its 
relationship with the environment, in particular 
in respect of objectives 1(b)-1(d). This may be a 
function of the trial nature of the activity. Most 
gaming activity allows for repeating actions over 
again at increasing levels of complexity and this 
was not possible in our trials. We suspect that as 
a result of this limitation, children’s awareness 
of opportunities and threats in the environment 
was almost wholly structured around the notion 
of what might attack them and what they might 
attack; there was no opportunity to discuss, for 
example, the different threats to the animals posed 
by changes in the season, competition for water, 
and impact of human occupation of the Savan-
nah. Similarly, the strategies explored for survival 
were comprised predominantly of hunting. The 
focus on conserving energy, for example, was 
subordinated to the demand to gain food. The key 
strategy of expending very little energy as a lion 

was not explored in the game, the negotiation of 
demands of cubs and hunting was sidelined, and 
the only choices open to the players were related 
to hunting and drinking tactics. Indeed, if we 
consider objectives 1(c) and 1(d), it could be said 
that the notion of lions as strategists and lions as 
part of a pride with long term survival as a goal, 
were almost wholly subordinated to ‘game goals,’ 
with the children’s focus almost exclusively on 
game play rather than linking that game play 
in with a wider conception of animal behavior, 
evolution and habitat. 

The game very successfully offered the 
children the opportunity to play at being lions, 
to experience first-hand some of the challenges 
and difficulties that lions might experience, but 
it also encouraged a focus on the mechanics of 
the game play (getting together in one place at 
one time), on simple game rules and game objec-
tives (to some extent, rules that were significantly 
more simplistic than the children’s pre-existing 
expectations of animal behavior). 

In essence, it offered children the opportunity 
to learn about the Savannah environment in the 
same way that lions themselves might learn about 
it. It might not matter, for example, to a lion why 
particular animals can be found in particular 
places, how their individual survival is linked with 
species survival, in what ways human presence 
can operate as a threat. Ironically, this sort of 
approach is advocated as an important aspect of 
game-based learning, drawing for its justification 
the ways in which animals might learn: 

“Games are thus the most ancient and time-hon-
ored vehicle for education. They are the original 
educational technology, the natural one, having 
received the seal of approval of natural selection. 
We don’t see mother lions lecturing cubs at the 
chalkboard; we don’t see senior lions writing their 
memoirs for posterity. In light of this, the question, 
‘Can games have educational value?’ becomes 
absurd. It is not games but schools that are the 
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newfangled notion, the untested fad, the violator 
of tradition. Game-playing is a vital educational 
function for any creature capable of learning” 
(Crawford 1982, Chapter 2). 

The den environment successfully offered 
children the resources and the time to reflect 
on their success and failure out on the field, but 
again, this environment was prestructured by the 
objectives of the game itself. Reflection, then, 
was organized around the narrative and achiev-
ing game objectives to such an extent that these 
other questions, the why, the how, and so on, were 
effectively irrelevant. What is clear is that if we 
wish children to develop conceptual understand-
ing of these relationships there are two options: 
(1) model this into the game’s rules or (2) provide 
these opportunities for thinking before or after 
the game in a different environment altogether. 
Without either of these two, the level of under-
standing is likely to make for an effective lion, 
but it won’t make for a particularly rich human 
understanding of these phenomena. 

 The second set of objectives was related to 
providing a resource that would enable children 
to develop strategies for working with problems 
as a team. By the end of playing Savannah, it was 
intended that children should be able to use a range 
of different strategies for problem solving. From 
the evaluation, at a relatively superficial level, 
we can confidently say that Savannah provided 
an opportunity for children to practice these 
different skills. It provided sufficient challenge 
to encourage children to research, to talk about 
different strategies, to ask for help, to listen to 
each other (with some prompting), to test out ideas 
in the field and to refine them. We clearly saw all 
of these activities taking place. However, what 
was clear was that the experience as currently 
structured provided little scaffolding to encour-
age children to develop these skills further and to 
reflect upon them. There is a need, therefore, to 
revisit the design. The injunction to ‘research’ at 
the outset and throughout, for example, was not 

accompanied by support in reflecting on what 
‘research’ actually means. The design offered 
insufficient help in formulating specific questions 
or hypotheses and defining how these could be 
explored. Similarly, although the children were 
encouraged to consider listening to each other 
and to work as a team, we provided few struc-
turing elements in the environment to facilitate 
this amongst children who had little experience 
of this way of working before they started. If we 
are to encourage these skills, it is clear that some 
degree of reflection on the processes of working 
together and of problem solving needs to be made 
explicit. The emphasis in our original design of 
a scoring system based on lion survival and the 
insufficiently designed ‘team work scores’ need 
to be revised, and opportunities for reflection on 
these processes offered before or after participa-
tion in the experience. 

 Savannah has provided an interesting testbed 
for exploring ideas in the three areas of mobility, 
collaborative learning and games. It was an early 
experiment in mobile locative technology with 
strong narrative game elements and has provided 
an interesting platform on which we can build for 
further learning. Unfortunately, it has not been 
possible to continue to use Savannah itself as a 
testbed for refining our understanding of these 
mobile games worlds. Nevertheless, Savannah 
has highlighted the real strengths and weaknesses 
of games-based learning, in particular, it has em-
phasized the real engagement and enthusiasm that 
children demonstrate in these environments, but 
also the relative limitations of rule-based worlds 
for teaching complex issues where children act 
as participants within, rather than manipulators 
of, the narrative of the game’s world (i.e., where 
they cannot control or reflect upon the rules of 
the world). 

A video of children playing Savannah can be 
viewed on the Futurelab Web site.
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Mudlarking in Deptford 

Field trips have long been a part of education, but 
the full potential of this activity is not always real-
ized since it is often a static, one-way experience. 
The Mudlarking in Deptford project was designed 
to enable young people aged 11-14 to actively 
engage with an area of historic and educational 
interest, Deptford Creek, by using geo-positioning 
(GPS) mobile technology to design and produce 
their own guided tour. Students helped to create 

multimedia ‘enhanced landscapes’ which were 
combined to create a wider historical tour that 
combines text, drawings, images (still and video) 
and audio, and which future visitors to the creek 
can access and perhaps add their own reflections 
to (Figure 5).

The outcome was a rich and fluid journey 
companion for all visitors to the creek. The context 
of the project is the multiple layers of history that 
exist in any rich urban and metropolitan environ-
ment like London. Mudlarks were young children 
(from the seventeenth to the twentieth century) 

Figure 5. A screenshot of the map of the creek with the hotspots as it appears on the PDA and the au-
thoring screen
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who lived alongside the Thames who would work 
in the tidal mud to discover things of potential 
value to sustain themselves and their family. 
Mudlarks would sift through the many layers of 
silt in a manner we replicate with the layers of 
cultural history of a location. Juliet Sprake from 
Goldsmith’s College London, who brought the 
project to Futurelab said:

“The Mudlarking in Deptford project encourages 
students to actively discover their environment 
by traveling through the area, noting the Creek’s 
various smells, sights, sounds, objects and build-
ings. Students are then encouraged to make wider 
associations with issues such as regeneration, 
industrial heritage and natural habitats”

The key phrase is actively discover.
We used the functionality of the technology 

provided by HP Labs that we used in the Savan-
nah experiment to add another dimension to field 
work experience: mobile geo-positioning systems 
(GPS) on handheld computers allowed students 
to record their observations in real-time, and to 
see immediately the connections between the 
layers of history before them. They added their 
own texture to the layers of history and experi-
ence around the site. Thus the concept was born 
of using technology to aid the modern mudlarker 
to not just access the past but extend it, enabling 
today’s students to leave virtual objects for other 
visitors about their environment, as well as access 
possible future scenarios put there by colleagues 
or strangers (artist’s impressions of future ideas 
such as floating allotments). This activity led to 
responses like:

“At first I thought that doing a tour for other 
people would be boring but it has been fun and I 
have learned more about the environment. I also 
learned about the history of the creek”

However at the heart of the project was a 
desire to give students an opportunity to author 

their interpretation of their location, relating 
back to the key points of stories, identities, traces 
and trails. Inasmuch as we already had working 
technology the purpose of the experiment was to 
discover what else do we needed to do. How do 
we support learners in this new design/expressive 
experience in new media? 

Key research questions project were:

•  How can mobile technologies enable young 
learners to interact with an everyday urban 
site differently?

•  How can sharing experiences through loca-
tion-sensitive technologies create a common 
understanding between users?

•  How far can the application enable users to 
represent their knowledge in an innovative 
way?

Additional aims of the project included:

•  Encouraging local people to re-imagine an 
otherwise familiar environment

•  Working with local students at the design 
stage.

Much of the focus was on the process of design, 
considering the intellectual and software tools 
that would scaffold the expression of the students. 
Generating media was more technically complex 
than the locative tools. We brought in professional 
designers to work alongside the student to teach 
techniques.

The experts collaborated with the student 
design group to develop an interactive landscape, 
centered around four major destination points 
(or nodes) on the journey; navigating from their 
present position using GPS, which was one of the 
features of the trial that most excited the students, 
against a suggested map. Dynamic activities were 
suggested around each of the nodes. One of the 
most popular was the ‘wobbleometer,’ which 
takes place on a bridge that vibrates in response 
to local traffic in a spectacular way. Another was 
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the ‘tarantella,’ named after the famous Span-
ish dance, that referred to the mesh structure of 
“The man-made hills near a dance centre which 
students thought looked like webs made by a 
giant spider.”

The trial of the students work was split into 
three parts. 23 students from the local area were 
involved, around half of which were from the 
co-design team who had originally designed the 
tour. A second group was selected from a different 
school, which had not been involved in the project 
prior to the trial. Students set off on suggested 
routes for the tour. During the tour, a teacher and 
an observer, who ensured the students’ safety 
and watched their behavior during the tour, ac-
companied all students. Finally, the whole group 
met back at the Creekside Centre for a post-tour 
debriefing with interviews and questionnaires.

Overall, responses to the Mudlarking in 
Deptford project were extremely positive. Using 
four nodes to structure the tour allowed students 
to take a break from the technology to converse 
with fellow students, and to complete other activi-
ties while traveling between nodes. The students 
were interested in the technology and being able 
to identify their position on a map gave them a 
sense of being truly involved in the tour. It also 
acted as a ‘safety net’ to reaffirm that the tour 
was working even when no particular content 
was being delivered to the handsets. The students 
enjoyed taking part not only in activities they had 
worked on themselves, but also those designed 
by other students. In addition, because the tasks 
are interactive and fun, they are likely to serve as 
more effective memory prompts in the classroom. 
There was a lot of interaction and collaboration at 
the nodes along the route. Students shared ‘hidden 
stories’ from the environment, both during and 
after the tour. In this way the flexibility of the 
experience is demonstrated. The ability to record 
their own experiences for a ‘real’ audience was an 
attractive feature for the students, and the variety 
of methods available to record stories meant that 

all students were able to capture at least some 
experiences to share with others.

The emphasis on co-design introduced in 
Mudlarking is also strongly represented in the 
La Piazza and COLLAGE programs. From the 
La Piazza program we developed a series of 
workshop prompts (see Ackermann et al., 2006) 
and in COLLAGE we have developed a series 
of workshop tools to elicit roles, narratives and 
game mechanics.

These were tentative attempts to devise the 
toolkit that will allow learners to draw from 
and contribute to pervasive layers of electronic 
information in their environment. We found that 
thinking through the issues, that is the design of 
that electronic information, is the most signifi-
cant issue that links with the issues set out in the 
introduction. It has been the focus of Futurelab’s 
contribution to COLLAGE. It is the key issue of La 
Piazza with the additional dimension of building 
stories between generations. A practice is emerg-
ing to enable learners to focus on narrative and 
role as enablers to move from space to place.

As a result of the Mudlarking experience, 
Futurelab has gone on to produce the Create-A-
Scape website which provides the authoring tool 
and contextualizes it with workshop materials and 
case studies of use. COLLAGE will produce tools 
to develop location based game-like learning and 
it will come with materials to support workshops 
on game design that embody some of the concepts 
outlined in this chapter.

FUTURE RESEARCH DIRECTIONS

Although this chapter focused on the foundations 
of articulated philosophical positions such as 
Casey’s understanding of place, and the basis of 
well developed learning theories (e.g., Vygotsky on 
play) our experimental work, although principled 
and well grounded in the reality of real children 
and real teachers, is experimental. There has been 
no widespread trial of Savannah. Although Cre-
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ate-A-Scape (Mudlarking software) is now widely 
available there has been no scientific affirmation 
of the value of “location,” “game” or “play.” There 
is no uncontestable evidence about role, identity, 
and collaboration. It would be unreasonable to 
expect them. We have been at a stage in the cycle 
when we are only beginning to try to find if there 
are new possible practices, let alone being able to 
prove their efficacy. What we have is a dynamic 
between experiment and potential practice. This 
must continue without apology for lack of rigor-
ous scientific validation. Waiting for confirma-
tion requires large-scale implementation that is 
unlikely to be funded, and by the time it has been 
achieved the world will have moved on.

Having said that, there is a clear need for met-
rics that can point to success and failure in things 
that are not normally or easily assessed. We need 
to know more about assessing the emergence of 
identity rather than just the acquisition of content 
knowledge. We need metrics for knowing that 
someone is a better or weaker collaborator, a 
better or weaker strategist, better or weaker place 
sensitivity and so on. This may emerge from work 
on serious games as Gee (2003) and others make 
claims for games developing some of these attri-
butes. However, as we are interested in identity, 
more longitudinal studies of learning and other 
habits in mobile lifestyles are needed.

Setting up experiments like Savannah is dif-
ficult and therefore their replication is difficult. 
This does not make for a good experimental 
method. We may need a research infrastructure 
(indoor facilities, outdoor facilities, good wireless 
networking, reliable equipment, on-the-spot tech-
nical help) that provides a research arena before 
adequate research can be done. However, on the 
other hand, as free open access Wi-Fi technology 
and reliable low cost mobile hardware proliferates, 
the requirement for a research facility may not 
be so essential. We should be able to set up and 
repeat experiments more easily in future.

Notwithstanding the need for better assessment 
of what we do, the market and technology sustain 

a rapid cycle of development. New mobile tech-
nologies appear; new forms of visual display will 
be significant for learning, processors are getting 
smaller and cheaper and can be embedded in any 
everyday object. There will be a continued need, 
therefore, to experiment and use the affordances 
of new technology to create new learning experi-
ences. This will continue the dynamic between 
technology, experimentation and pedagogic prac-
tice. I expect more interpersonal connectedness, 
more augmentation of reality, smarter access to 
information about place in place and so on. The 
growth of interest in social software adds new 
layers of user habits and possibilities. We live in 
interesting times.
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ABSTRACT

Many studies have examined the impact of collaborative technology in distributed learning environments. 
Few of those studies involved new collaborative technologies such as mobile computing, and few were 
empirically tested. This chapter addresses the need to empirically examine the impacts of new collabora-
tive technologies including mobile, wearable, embedded, and ubiquitous technologies, on distributed 
learners. The chapter introduces a technology-independent framework for considering collaborative 
technologies, including mobile technology; it relates expected technology impacts to user preferences 
using a generalizable research framework rooted in the social science, communication and technology 
acceptance literature. The framework is updated to include the lens of contextualization richness, and 
the results of an empirical test of the framework are presented. The results show user preferences for 
technologies with a high range of design features to support cognitive learning, while showing prefer-
ence for technologies with a low range of design features to support perceived learning. Next steps and 
implications for future work conclude the chapter. 
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INTRODUCTION

Academic and business professionals are increas-
ingly tethered to their mobile, wearable, and col-
laborative computing devices, yet we have few 
empirical studies examining the impact of such 
technologies on their users (Althaus, 1997; Ben-
bunan-Fich & Hiltz, 1999; Cisco, 2003; Johanson 
& Torlind, 2004; Mark, Fisher & Poltrock, 2002). 
Increasingly, these technologies are found in dis-
tributed learning environments, where users are 
offered the possibility of distributed information 
exchange, knowledge management and enhanced 
learning (Hiltz & Wellmann, 1997; Kim & Bonk, 
2002; Roschelle, 2003). 

These technologies have been traditionally 
described as differing in media richness (Daft 
& Lengel, 1986; DeSanctis & Gallupe, 1987), as 
well as in synchronicity—the degree to which 
information is exchanged instantaneously—and 
the extent to which the technologies enable dis-
tributed collaboration. Of late, these technologies 
have also been described as differing in degrees 
of contextualization richness; the degree to which 
the technologies provide information about a situ-
ation, intentions, and feelings about information, 
as represented by members using the technologies 
(Majchrzak, Malholtra, & John, 2005).

No matter how these technologies are distin-
guished from one another, however, our under-
standing of the impacts of newer collaborative 
technologies such as mobile devices on distributed 
users is incomplete. Thus, although some studies 
evaluating the impact of traditional collaborative 
technologies on distributed learners have been 
undertaken (e.g., Alavi, Marakis & Yoo, 2002), 
little empirical research has been undertaken 
assessing the impact of newer forms of collab-
orative technology on distributed international 
learners. 

Our research addresses this need by presenting 
the results of an empirical analysis evaluating the 
impacts of newer and traditional collaborative 
technologies on users in a distributed learning 

setting. We begin with an overview of previous 
work, and then outline our research framework. 
The results of an assessment of different tech-
nologies in the setting using the framework are 
presented. We conclude by discussing implications 
of the research.

BACKGROUND 

Collaborative technologies are traditionally de-
fined as tools that enable individuals to jointly 
engage in the active production of shared knowl-
edge. New collaborative technologies are rooted 
in this heritage, and are defined as those technolo-
gies such as wearable, ubiquitous, and mobile 
computing that offer their users the benefits of 
any-time, any-space, any-distance communica-
tion and collaboration. When first introduced, 
new collaborative technologies were described as 
differing from existing audio and video systems in 
terms of media richness, or the degree to which a 
technology offers multiple cues, immediate feed-
back, natural language interfaces, and message 
personalization (Daft & Lengel, 1986; Galegher 
& Kraut, 1992). Media richness theory proposes 
that communication effectiveness improves if 
the technology used by participants matches the 
information processing requirements of the tasks 
to be performed, and suggests that rich media is ap-
propriate for equivocal communication activities, 
such as negotiation, belief monitoring, analysis, 
decision-making and reflective interaction. Simi-
larly, media richness theory suggests that leaner 
media is appropriate for unequivocal activities, 
such as message passing, identifying informa-
tion, or storing text, data, or messages. When 
technology capabilities are matched appropriately 
to task and environmental requirements, media 
richness theory suggests that user performance 
and processes will be enhanced. 

Many studies have been undertaken to study 
the impact of conventional technologies on users. 
Unfortunately, few of these studies have examined 
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the impact of newer collaborative technologies on 
users who use them frequently; users engaged in 
distributed learning. Distributed learning is the 
process by which individuals acquire knowledge 
and understanding, primarily through social in-
teractions across time and/or geographic distance, 
using information and communication technolo-
gies (Alavi et al., 2002). Following Johnson et al. 
(1991), distributed learning involves the social 
creation of knowledge through instructional 
strategies that emphasize small-group learning 
among students: 

Learning arises from the opportunity for the 
group members to monitor each other’s think-
ing, opinions, and beliefs, while also obtaining 
and providing feedback for clarification and 
enhancement of comprehension. An individual’s 
exposure to the group members’ points of view 
may challenge his/her understanding, and can mo-
tivate further learning (Glaser & Bassok, 1989). 
Thus, in collaborative distributed environments, 
learning occurs through communication and 
collaborative interactions, often those that are 
technology-mediated (Alavi et al., 2002). 

New collaborative technologies such as mo-
bile computing are increasingly being used in 
distributed learning environments to enhance 
learning and to facilitate knowledge exchange, 
communication, participation, and community 
building. However, the impacts of technology 
introduction in distributed learning settings 
have been portrayed in contradictory ways: on 
one hand, technologies have been found to be 
integrative, connecting disparate others and miti-
gating location effects of distance or geography 
(Constant, Kiesler, & Sproull, 1996), increasing 
the power of marginal group members (Sproull 
& Kiesler, 1986), providing rich communities 
(Wellmann & Guila, 1999), providing support not 
found in traditional learning environments (Bonk 
& Kim, 1998), and nurturing the development of 
online community between participants, increas-

ing the flow of information, as well as enhancing 
group support, commitment, cooperation and 
satisfaction with the group effort (Brufee, 1993; 
Dede, 1996; Harasim et al., 1995; Haythornth-
waite, Kazmer & Robins, 2000; McGrath, 1984; 
Wellmann, 1999).

On the other hand, collaborative technologies 
have been criticized for providing a reduced cues 
environment ill-suited to emotional, expressive, or 
complex communications, and for providing an en-
vironment with longer decision times, anti-social 
flaming behaviors, and decreased social involve-
ment (Daft & Lengel, 1986; Kiesler & Sproull, 
1992). The critical literature acknowledges that 
collaborative technologies foster interactions 
among participants, but there are questions about 
whether the increased or enhanced interactions 
promote knowledge exchange and/or learning 
because of the absence of non-verbal cues, which 
limits the modes of communication among par-
ticipants (Curtis & Lawson, 2001). 

Early work in assessing technology impacts 
in distributed learning environments measured 
student performance outcomes, such as grades 
on tests or grade point averages (GPAs) (Alavi, 
1994). In other studies, a comparison was made 
between learning outcomes (students’ grades 
and/or perceived learning) in a distributed en-
vironment and learning outcomes obtained in 
a traditional face-to-face environment (Hiltz & 
Wellman, 1997; Storck & Sproull, 1995). More 
recently, collaborative technology has been seen 
to impact both cognitive and perceived learning 
outcomes in distributed settings (Alavi et al., 
2002). Cognitive learning involves changes in 
an individual’s mental models; that is, internal 
representations of knowledge elements compris-
ing a domain as well as interrelationships among 
those knowledge elements. Perceived learning 
involves changes in a learner’s perceptions of skill 
and knowledge levels before and after the learn-
ing experience. Approaches to the measurement 
of these two variables differ: cognitive learning 
measures are often outcome or performance-
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related, while perceived learning measures are 
often process-related (Alavi et al., 2002). 

Decision researchers have long been inter-
ested in the impact of technology introduction 
on users and on the systems where the technol-
ogy is introduced, considering variables such as 
an individual’s decision-making performance 
(Biros, Daly, & Gunsch, 2004; Chen & Lee, 
2003; Gosh & Ray, 1997; Smith, Johnston, & 
Paris, 2004; Todd & Benbasat, 1999); confidence 
(Adidam & Bingi, 2000; Cowley, 2004; Morton, 
Ackermann, & Belton, 2003) and satisfaction 
(Chang, Chang & Paper, 2003; Muylle, Moenaert 
& Despontin, 2004; Wang, 2003;Wixom & Todd, 
2005; Woodroof & Burg, 2003;), as well as user 
workload (Bunce & Sisa, 2002; Kristensen et al., 
2004; Sauer et al, 2002; Sebok, 2000; Sohn & Jo, 
2003; Xie & Salvendy, 2000); vigilance (Wright 
& McGown, 2001); effort (Kuo et al., 2004); 
fatigue and stress (Chenoweth, Dowling, & St. 
Louis, 2004; De Croock, Merrienboer & Paas, 
1998; Goode, 2003). 

To summarize, then, many studies have 
examined the impact of collaborative technol-
ogy in distributed learning environments, but 
few of those studies involved new collaborative 
technologies such as mobile computing, and 
few were empirically tested. Thus, this research 
addresses the need to empirically examine the 
impacts of new collaborative technologies includ-
ing mobile, wearable, embedded, and ubiquitous 
technologies, on distributed learners. In the next 
section, we outline the research framework for 
this study, which compares the impacts of newer 
collaborative technology with the impacts of more 
traditional collaborative technology on distributed 
learners.

RESEARCH FRAMEWORK

Following the literature just surveyed, we initially 
distinguished collaborative technology design 
features along two dimensions; media richness 

and synchronicity. Media richness is defined 
as the degree to which the technology provides 
multiple cues, immediate feedback, natural lan-
guage interfaces, and message personalization 
(Daft & Lengel, 1986; Galegher & Kraut, 1992). 
Synchronicity is defined as the degree to which 
communication is exchanged instantaneously 
and in real-time.

We hypothesized that the design features of col-
laborative technologies would have non-random 
impacts on two measures important in distributed 
learning settings; cognitive learning outcomes and 
perceived learning processes (Alavi et al., 2002). 
For instance, the richer and more synchronous the 
technology, the greater we hypothesized the posi-
tive impacts on learner outcomes and processes 
in the distributed learning environment would be. 
Positive impacts on learning processes are defined 
as improved perceived learning; improved com-
munication, collaboration and participation; as 
well as improved information gathering, analysis 
and decision-making. Positive impacts on learn-
ing outcomes are defined as greater technology 
use; more user satisfaction and confidence; and 
reduced effort, workload and frustration/stress 
when using the technology. These constructs are 
illustrated in Figure 1. 

In this study, following Alavi et al., (2002), 
both input-output and process measures were 
used to measure learning impacts. Table 1 lists 
the propositions and Table 2 the operationaliza-
tions, dependent variables, and data collection 
methods for each proposition. As seen in Figure 1, 
we hypothesized that technology design features, 
operationalized in a range from low to high, and 
covering the degrees of media richness and syn-
chronicity of the technologies, would impact the 
learning outcomes and processes of distributed 
learners in non-random ways. We acknowledge 
the impact of learning inputs, such as knowledge, 
skills and abilities, motivation and effort in our 
research design, but those variables were not 
measured in this study. 
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PROCEDURE

An empirical assessment of the research frame-
work was undertaken, using the propositions 
outlined in Tables 1 and 2. Data were collected in 
a distributed learning environment, a senior under-
graduate/fifth year course in information technol-
ogy strategy and structure that was team taught 
at two institutions in the spring 2003 semester. 
One institution was in the eastern United States; 
the other institution was in Warsaw, Poland. 

The course was designed to promote learning 
and understanding of the processes involved in 
organizations seeking to use information technol-
ogy as a strategic competitive asset. The 16-week 
course employed a mix of pedagogical techniques: 
classroom lectures and discussion, case analyses, 
group working exercises, and guest speakers. 
Eight of the 16 weeks were distributed across the 
two learning settings; the remaining eight weeks 

were face-to-face sessions involving only the resi-
dent learners in each location. At the beginning 
of the semester, participants were organized in 
small groups of three to four members in order 
to collaboratively analyze cases of organizations 
faced with various information technology (IT) 
strategy dilemmas.

Groups were asked to collaborate in their 
case analysis assignments using three technolo-
gies—audio technology, high bandwidth video-
conferencing, and mobile technology—and were 
required to jointly analyze and present case analy-
ses to students in both settings simultaneously, us-
ing real-time high bandwidth videoconferencing. 
We were interested in examining the impact of 
mobile technology on distributed learners. Fol-
lowing our research framework and hypotheses, 
the other two technologies were chosen to repre-
sent a range of technology design features, from 
low to high. The case analysis groups included 

Figure 1. Research framework
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members from both the United States and Polish 
institutions. Participants in these groups were also 
required to prepare a written summary of their 
joint case analysis, and were tested twice during 
the semester on their knowledge of IT strategy 
concepts and their ability to apply those concepts 

in a case analysis. Completion of the case analy-
ses required application of the concepts, ideas, 
techniques and skills taught during the semester, 
and constituted 80 percent of the student’s grade 
for the course.

Table 1. Propositions

Input-Output Propositions

1. Participants using technology with a higher range of design features will show more technology use than participants using 
technology with a lower range of design features.

2. Participants using technology with a higher range of design features will report more satisfaction in the technology than participants 
using technology with a lower range of design features. 

3. Participants using technology with a higher range of design features will report more confidence in the technology than participants 
using technology with a lower range of design features. 

4. Participants using technology with a higher range of design features will report less effort required to use the technology than 
participants using technology with a lower range of design features.

5. Participants using technology with a higher range of design features will report less workload required to use the technology than 
participants using technology with a lower range of design features.

6. Participants using technology with a higher range of design features will report less frustration/stress in using the technology than 
participants using technology with a lower range of design features.

Process Propositions

7. Participants using technology with a higher range of design features will report improved perceived learning when using the 
technology than participants using technology with a lower range of design features.

8. Participants using technology with a higher range of design features will report improved communication when using the 
technology than participants using technology with a lower range of design features.

9. Participants using technology with a higher range of design features will report improved collaboration when using the technology 
than participants using technology with a lower range of design features.

10. Participants using technology with a higher range of design features will report improved participation when using the technology 
than participants using technology with a lower range of design features.

11. Participants using technology with a higher range of design features will show improved information gathering when using the 
technology than participants using technology with a lower range of design features.

12. Participants using technology with a higher range of design features will show improved analysis when using the technology than 
participants using technology with a lower range of design features. 

13. Participants using technology with a higher range of design features will show improved decision-making when using the 
technology than participants using technology with a lower range of design features.
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Participants were provided with access to 
three different collaborative technologies as tools 
for their team case analyses. Audio technology 
involved voice telephone interactions between 
team members on the collaborative projects. 
The handheld technology was a Dell Axim X5 
personal digital assistant (PDA) with voice, wire-
less Internet and e-mail, text, simple message 
system (SMS) texting, graphics and animation 
capabilities. Participants were asked to use only 
handheld technology to communicate by e-mail 
so as to clearly distinguish technology use and 
communication channels by participant. High 
bandwidth videoconferencing provided real-time 
voice, video and audio communication between 

the United States and Polish participants over 
a dedicated T1 line for periods of one hour at a 
time. No costs were incurred by team members 
to use this technology, although scheduling vid-
eoconference time in advance was required. All 
participants were provided with access to the high 
bandwidth videoconferencing media. Because 
of technology deployment difficulties in Poland, 
however, only the United States-based partici-
pants were provided with access to the audio and 
handheld technologies. This was disappointing 
in terms of the research design, as the research 
could only examine mobile learning impacts for 
the U.S. subjects. 

Table 2. Operationalizations and measurement of dependent variables by proposition
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The technologies were characterized by their 
range of design features, which included media 
richness and synchronicity (Table 3). Overall, the 
high bandwidth videoconferencing presented the 
highest range of system design features, as well 
as the highest degree of media richness, with real-
time audio and video cues for its users, natural 
language interfaces (voice), message personaliza-
tion (calling participants by name, and participant 
recognition over time), and almost immediate 
feedback due to the T1 link. High bandwidth 
videoconferencing was highly synchronous, but, 
because of the slight transmission delays of real-
time audio and visual data across the ocean, was 
not characterized as the most highly synchronized 
technology. However, overall, the high bandwidth 
videoconferencing technology was character-
ized as the technology with the highest range of 
design features. 

At the other end of the spectrum, the handheld 
technology presented the lowest range of design 
features: it provided a medium degree of media 
richness, as its text, graphics, SMS, voice and 
electronic mail capabilities provided multiple 
cues to users, almost immediate feedback, and 
a medium degree of message personalization 
and natural language interfaces. Of the three 
technologies, however, the handheld technology 
provided the least synchronicity, as participants 

were forced to endure time lags between transmis-
sion of most messages (text attachments, SMS, 
graphics, e-mail or animation). Overall, therefore, 
the range of design features, as operationalized 
by media richness and synchronicity, was least 
for the handheld technology. In the middle, the 
audio technology provided a medium range of 
technology features. The audio technology was the 
leanest of the technologies, providing only audio 
cues to its users. However, the audio technology 
was highly synchronous. Taken together, the audio 
technology therefore presented a medium range 
of design features, as summarized in Table 3. 

Participants

A total of 49 individuals participated in the study: 
24 were students from the United States-based 
college and 25 students from the Polish university. 
Ninety percent of the U.S. college students were 
United States nationals; 50 percent of the Polish 
university students were Polish nationals; the 
remaining students at the Polish institution were 
of Greek, Singapore, Dutch and German national-
ity. The average age of the United States college 
students was 20.5 years; of the Polish university 
students, 24.5 years. All had completed at least six 
courses in business and information technology, 
and all participants reported more than average fa-

Table 3. Technology design feature characterization (*following Hancock, Thom-Santelli & Ritchie, 
2004; 1 = highest, 3 = lowest)

Media
Features*

Handheld (Text, 
graphics, SMS, 
e-mail, voice, 
animation)

Audio
 (voice phone)

High Bandwidth 
Videoconferencing

(Audio, video, real-time T1 
link, distributed graphics)

Media Richness 2 3 1
Synchronicity 3 1 2

TOTAL RANGE OF 
DESIGN FEATURES Low (5) Medium (4) High (3) 
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miliarity with technology. None had been involved 
in previous examinations of technology impact 
in a distributed learning environment. Sixteen 
percent of the United States college students and 
80 percent of the Polish university students had 
previous experience with handheld technology 
prior to the semester when the evaluation was 
conducted. One of the challenges associated with 
this study was the small sample size, which limits 
the strength of the study’s results. 

Method 

All participants were provided with e-mail ac-
counts, Internet access, and Blackboard accounts 
on the same server at the U.S. institution. Internet 
access was provided as an information source and 
as a publishing medium for posting project and 
background information. Blackboard accounts 
provided each participant with a publishing 
medium, calendar, announcement capability, a 
common course reference and a common docu-
ment and file repository. All participants had 
previous experience using the Internet and e-mail; 
all United States subjects had previous experience 
with Blackboard. None of the Poland participants 
had previous experience using Blackboard. 

Participants in both locations were required 
to analyze identical case studies of organizations 
utilizing information technology as part of the 
organization’s business strategy. Groups analyz-
ing each case were comprised of students from 
both distributed settings. Groups were required to 
collaborate on case analyses and jointly present the 
results of their case analysis in one-hour real-time 
sessions using high bandwidth videoconferencing 
between the two distributed learning sites.

Unfortunately, there were deployment dif-
ficulties with some of the technologies in the 
Polish university. As a result, although the United 
States college participants had access to all three 
technologies, handheld, audio and high band-
width videoconferencing, students in the Polish 
university only had access to the high bandwidth 

videoconferencing technology. Thus, the impacts 
of different collaborative technologies were only 
studied using data from the United States college 
participants. The data from the Polish university 
participants is used for comparison of the high 
bandwidth videoconferencing results. 

At the end of the semester, all participants 
completed the same seven-point Likert-scale sur-
vey that queried participants about their learning 
processes within and between groups. The survey 
solicited participant opinions about the effects 
of the technologies utilized on the dependent 
variables listed in Table 2. If participants did 
not use a particular technology, they were asked 
to disregard that section of the survey. For each 
question, the answers ranged along a 7-point scale 
from “strongly disagree” to “strongly agree.” 

Statistical analyses of the data were performed 
and the results are presented in the next section. 
First, contingency table analysis was used on 
the responses by United States participants to 
individual survey questions to test whether sup-
port existed for the propositions in Table 1. The 
analysis takes into consideration the repeated 
measures nature of the data whereby the same 
participant was exposed to different technologies 
and provided responses that were classified into 
one of several categories. Second, categorical data 
analysis was then used to test whether differences 
exist between the perceptions of participants at 
the two locations.

RESULTS

Technology Analysis 

To assess the different technology contributions 
to learning outputs and processes, we first exam-
ined technology use by participants at the United 
States college who utilized three technologies in 
a variety of learning contexts, and responded to 
survey questions about their use and perceptions 
of the technologies. The American participants’ 
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Table 4. Significant findings and support for propositions

1. Input-Output Measures

Dependent
Variable

Technology
Preferred

Strongly
Agree 
(%)

Strongly
Disagree 
(%)

Technology
Strongly
Agree 
(%)

Strongly
Disagree 
(%)

Statistics Proposition

Greater 
control over 

tasks
Handheld 64% 14%

Over High 
Bandwidth 

Video
29% 14% χ2 = 2.8* --

Handheld 62% 8% Over Audio 15% 0% χ2 = 3.6* --

More 
improvement 

in task 
performance

Handheld 62% 8% Over Audio 15% 8% χ2 = 6.0** --

Increased 
productivity

Handheld 57% 14%
High 

Bandwidth 
Video

29% 21% χ2 = 3.6* --

More 
satisfied 
with info 

provided by 
technology

High 
Bandwidth 

Video
50% 0% Audio 29% 0% χ2 = 3.0* Supports P3

Handheld 69% 0% Audio 31% 0% χ2 = 5.0** --

More 
confident in 
performance 

of 
technology

Handheld 62% 0% Audio 23% 0% χ2 = 3.6* --

More 
reduction 

in physical 
effort 

required to 
complete 

tasks

Handheld 29% 7%
High 

Bandwidth 
Video

21% 36% χ2 = 2.8* --

More 
reduction in 
mental effort 
required to 
complete 

tasks

Handheld 29% 21%
High 

Bandwidth 
Video

14% 43% χ2 = 3.6* --

Audio 15% 15%
High 

Bandwidth 
Video

15% 38% χ2 = 3.0* --

More stress
High 

Bandwidth 
Video

0% 54% Handheld 0% 92% χ2 = 3.6* --

Audio 8% 69% Handheld 0% 100% χ2 = 3.6* --

More 
frustration

Audio 8% 62% Handheld 0% 92% χ2 = 2.8* --

* = p < 0.10; ** p < 0.05  ^ Chi-square statistic based on matched pairs design (Fleiss, Levin & Myunghee, 2003)
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2. Process Measures

Dependent
Variable

Technology
Preferred

Strongly
Agree 
(%)

Strongly
Disagree 

(%)
Technology

Strongly
Agree 
(%)

Strongly
Disagree 

(%)
Statistics Proposition

Improved 
learning over 

distances 
among team 

members

High 
Bandwidth 

Video
33% 8%

Over 
Handheld

8% 25% χ2 = 3.6* Supports P7

Improved 
collaboration 
among team 

members

High 
Bandwidth 

Video
33% 17% Handheld 8% 25% χ2 = 4.0** Supports P9

Improved 
collaboration 

between 
teams

High 
Bandwidth 

Video
42% 8% Handheld 25% 25% χ2 = 4.0** Supports P9

Improved 
analysis 

across time 
among team 

members

High 
Bandwidth 

Video
27% 0% Handheld 18% 36% χ2 = 5.0** Supports P12

Improved 
analysis 

across time 
among team 

members

High 
Bandwidth 

Video
31% 0% Audio 15% 23% χ2 = 2.8* Supports P12

Improved 
analysis over 

distances 
between 
teams

High 
Bandwidth 

Video
36% 9% Handheld 18% 18% χ2 = 3.0* Supports P12

Improved 
decision-
making 

across time 
among team 

members

High 
Bandwidth 

Video
18% 18% Handheld 9% 45% χ2 = 4.0** Supports P13

Improved 
decision-

making over 
distances 

among team 
members

High 
Bandwidth 

Video
36% 18% Handheld 27% 36% χ2 = 3.0** Supports P13

Improved 
decision-
making 

across time 
between 
teams

High 
Bandwidth 

Video
36% 18% Handheld 18% 36% χ2 = 4.0** Supports P13

* = p < 0.10; ** p < 0.05  ^ Chi-square statistic based on matched pairs design (Fleiss et al., 2003)
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responses were interpreted as follows: “strongly 
agree” was interpreted to correspond to a score 
greater than or equal to 6 on the 7-point scale; 
“strongly disagree” was interpreted to correspond 
to a score of less than 3 on the 7-point scale; and 
“partially agree” was interpreted to correspond 
to a score of 3 or greater, but less than 6, on the 
7-point scale. Two technology treatments for each 
survey question were compared.

Data for each survey question were analyzed by 
using a chi-squared test for matched pairs (Fleiss, 
Levin & Myunghee, 2003); in the context pre-
sented here, each participant served as his/her own 
control. As such, the null hypothesis of principal 
interest is the homogeneity of technology effects 
at the two ends of the ordered agreement scale 
using responses for each survey question. Thus, 
support for each alternative proposition in Table 
1 exists when more respondents strongly agree 
(or less strongly disagree) on a particular survey 
question that the technology with a higher feature 
range resulted in an improved learning process 
or outcome. For this type of analysis, the value of 
the test statistic is approximately distributed as 
chi-squared with one degree of freedom if the null 
hypothesis is true. Table 4 presents a summary 
of the statistically significant results.

Table 4 shows very interesting results regard-
ing their support for the propositions in Table 1. 
First, Table 4 shows that there were stark contrasts 
between the input-output and process results. For 
instance, with the exception of the proposition 
concerning satisfaction with the technology, 
there were no statistically significant input-
output results with the Unite States participants 
using the three technologies. At the same time, 
participants expressed almost uniform preference 
for the handheld technology over high bandwidth 
videoconferencing, relating that the technology 
with the lowest range of design features provided 
greater task control, greater productivity, and 
required less physical and mental effort to use. 
This result directly contradicts the input-output 

propositions, which suggested that the technolo-
gies with the higher range of design features would 
be associated with enhanced performance and 
greater satisfaction.

This trend was not isolated to the preference 
of the participants for the handheld technology 
over high bandwidth videoconferencing, however. 
Table 4 also shows that participants similarly 
showed significant preference for handheld tech-
nology over the technology with a medium range of 
design features, the audio technology, relating that, 
again, the handheld technology provided greater 
task control, improved task performance, greater 
satisfaction with the information provided, greater 
confidence in the technology, and less frustration 
or stress with the technology being used. Thus, 
participants almost uniformly reported improved 
performance with the handheld technology, con-
trary to the stated input-output propositions. 

These findings might be explained as an 
overwhelming endorsement of the novel hand-
held technology by learners, if it were not for the 
process results reported in Table 4. In contrast to 
the input-output results that reported participants’ 
preference for the technology with the lowest 
range of design features, the same participants 
expressed significant preference for the technol-
ogy with the highest range of design features in 
the process results; learning over distances, col-
laboration between and among teams, analysis 
across time and distance, and decision-making 
across time and distance.

In almost all of the significant process find-
ings, the technology with the highest range of 
design features (high bandwidth videoconfer-
encing) was preferred over the technology with 
the lowest range of design features (handheld 
technology). In addition, the technology with the 
highest range of design features was preferred over 
the technology with a medium range of design 
features (audio technology). Thus, participants 
expressed significant preferences for different 
types of technology in different learning states, 
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expressing preferences for technology with a low 
range of design features (handheld technology) 
to improve input-output performance, or cogni-
tive learning, while expressing preference for 
technology with a high range of design features 
(high bandwidth videoconferencing) to improve 
their learning processes, or perceived learning. 
Both results have significant implications for 
teaching, learning, and future research, and will 
be discussed in the following section. 

Interestingly, Table 4 reports no significant 
findings for process measures that are critically 
important in learning: communication (P8), par-
ticipation (P10), and information gathering (P11). 
From this study, we cannot make any inferences 
about the impact of a range of a technology’s de-
sign features on the participants’ communication, 
participation and information gathering. 

Location Analysis

The results just reported focus on the impacts re-
ported by United States participants utilizing three 
technologies in a distributed learning setting. In 
this section, we discuss the results reported by both 
United States and Polish university participants 
utilizing technology with a high range of design 
features (high bandwidth videoconferencing) in a 
distributed learning setting. Although not related 
to our interest in mobile technology impacts, we 
include the results here to broaden our under-
standing of collaborative technology impacts for 
technologies with a high range of design features, 
a range not shown with the handheld technology 
examined in this study, but a range that is seen 
in other mobile technology.  

Analyses were conducted using data from 
the two independent samples (United States and 
Polish groups), with the responses by participants 
from each sample distributed over the categories 
of agreement used in the previous section. Tradi-
tional chi-square tests for independence between 
location and strength of agreement were conducted 
for separate survey questions. Results of the data 

analysis are phrased in terms of rejecting the 
null hypothesis of independence. Only results 
that are significant at the five percent level are 
summarized in Table 5.

Note that the only significant input/output 
findings in Table 5 were Polish students who 
reported improved satisfaction with and confi-
dence in the high bandwidth videoconferencing 
technology, when compared to the U.S. students. 
These results run counter to the U.S. students’ 
input-output results reported in Table 4, as the 
U.S. students reported statistically significant 
improved satisfaction and confidence with the 
handheld technology, rather than the audio tech-
nology, and no statistically significant results for 
high bandwidth videoconferencing. These results 
may reflect novelty effects for the Polish students, 
as the handheld results may reflect for the U.S. 
students; it may also be the case that the Polish 
students, who used leaner technologies in their 
daily work, may have expressed a preference for 
technology with a higher range of design features 
in this study. 

On the process side of Table 5, the results are 
similar, with Polish students reporting significant 
improved learning, information gathering and 
decision-making among team members using the 
high bandwidth videoconferencing, compared to 
the results reported by the U.S. students. In this 
case, these results echo the findings in Table 4, 
where U.S. students reported statistically signifi-
cantly improved learning and decision-making 
among team members when using the high band-
width videoconferencing. Thus, with the process 
measures, both U.S. and Polish participants 
agree that the high bandwidth videoconferencing 
technology, with a high range of design features, 
supports improved learning and decision-making, 
with the Polish participants’ reports significantly 
stronger than the U.S. participants’. This may 
suggest that participant reports of improved learn-
ing and decision-making with high range design 
feature technologies may transcend locational or 
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Table 5. Significant findings for U.S. vs. Polish participants for high bandwidth videoconferencing

1. Input-Output Measures

Dependent
Variable

Country
Strongly
Agree 
(%)

Strongly
Disagree 
(%)

Vs. Country

Strongly, 
Partially 
Agree 
(%)

Strongly 
Disagree
(%)

Statistics* Finding 

Satisfied 
that high 

bandwidth 
video helped 

increase 
productivity 
on projects

Poland 73%, 13% 13% U.S. 25%, 56% 19% χ2 = 7.9**

Stronger 
agreement 

from Polish 
students 
than U.S. 
students

Confident 
in the 

reliability 
of the 

information 
provided 
by high 

bandwidth 
video

Poland 64%,29% 7% U.S. 25%, 75% 0% χ2 = 6.8**

Stronger 
agreement 

from Polish 
students 
than U.S. 
students

2. Process Measures

Dependent
Variable

Country

Strongly, 
Partially
Agree 
(%)

Strongly
Disagree
(%)

Vs. Country

Strongly, 
Partially
Agree 
(%)

Strongly
Disagree
(%)

Statistic^* Finding 

High 
bandwidth 

bideo 
improved 

learning over 
distances 

among team 
members

Poland 58%,33% 8% U.S. 13%,67% 20% χ2 = 6.1**

Stronger 
agreement 

from Polish 
students 
than U.S. 
students

High 
bandwidth 

bideo 
improved 

information 
gathering 

over 
distances 

among team 
members

Poland 64%,18% 18% U.S. 13%,63% 25% χ2 = 8.1**

Stronger 
agreement 

from Polish 
students 
than U.S. 
students

High 
bandwidth 

bideo 
improved 
decision-
making 

among team 
members

Poland 75%, 17% 8% U.S. 20%,60% 20% χ2 = 8.2**

Stronger 
agreement 

from Polish 
students 
than U.S. 
students

 ** p < 0.05  ^ Chi-square statistic based on conventional test for independence
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geographic differences, a finding examined in the 
next section. It should again be noted that both sets 
of participants preferred technology with a high 
range of design features for perceived learning 
or process measures, an outcome first identified 
with the U.S. participants in Table 4. This, too, 
may represent a location-independent finding that 
transcends geographical differences.

It is interesting that Table 5 reports no sig-
nificant finding with respect to whether U.S. or 
Polish participants’ effort, workload or frustration 
(in the input-output measure analysis) or commu-
nication, collaboration, participation or analysis 
(in the process measure analysis) were improved. 
These results are similar to the results in Table 4, 
where no significant results for U.S. participants’ 
communication and participation were found. No 
inferences can be made in this study, therefore, 
about the impact of collaborative technologies with 
varying design features on users’ communication 
or participation, a surprising result. 

Contextualization Richness Analysis

Recently, calls in the literature have questioned 
the value of media richness models in general 
(Carlson & Zmud, 1999; Markus, 1994) and spe-
cifically for explaining how individuals perform 

in distributed groups (Saunders, 2000). Instead, 
it has been suggested that the concept of media 
richness should be replaced with the concept of 
contextualization richness, particularly for indi-
viduals in distributed learning groups (Majchrzak 
et al., 2005). Contextualization richness can be 
defined as the degree to which context information 
about messages is structured for easy absorption, 
with context defined as information about a situ-
ation, intentions, and feelings about the message 
as owned, evolved and represented by members 
in the communication process (Majchrzak et al., 
2005).

As reported in earlier sections, the tech-
nologies under study were characterized by 
their range of design features, which included 
media richness and synchronicity, as described 
in Table 3. Following the recent call in the 
literature to incorporate contextualization 
richness in technology design feature analy-
ses, we described the technologies using the 
lens of contextual richness, as seen in Table 
6: the handheld and audio technologies were 
both characterized as having a low range of 
design features, and the high bandwidth vid-
eoconferencing was characterized as before, 
as having a high range of design features. 
Audio technology, providing single (audio) 

Table 6. Revised technology design feature characterization (*following Hancock et al.,2004; 1 = high-
est, 3 = lowest)

Media
Features*

Handheld (Text, 
graphics, SMS, 
e-mail, voice, 
animation)

Audio
 (voice phone)

High Bandwidth 
Videoconferencing

(Audio, video, real-time T1 
link, distributed graphics)

Media Richness 2 3 1

Synchronicity 3 1 2

Contextualization 
Richness 2 3 1

TOTAL RANGE OF 
DESIGN FEATURES Low (7) Low (7) High (4) 
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channel message formatting, is clearly the 
leanest technology with respect to contextual 
information. Handheld technology, which pro-
vides a mix of message formats for contextual 
information from various participants, text, 
graphics, animation, e-mail, texting, voice 
(over IP), as well as video playback capabili-
ties, provides a medium degree of contextual 
richness. High bandwidth videoconferenc-
ing, which provides a wide array of message 
formats from multiple participants in real 
time, voice, audio, video, real-time graphics, 
animation and videoconferencing, provides 
the highest degree of contextual richness of 

the three technologies. 
Interestingly, review of Table 6 shows that 

the addition of a contextual richness construct 
would not have changed the characterizations 
or the results reported in Tables 4 and 5. This 
suggests that the use of the contextual richness 
construct may not provide any additional ex-
planatory power to the conclusions or results of 
this research; it also suggests that the concept 
of using a range of design features from low 
to high may be a more robust measurement 
construct than simply evaluating technologies 
in terms of their individual features (media 
richness, degree of distribution, synchronicity, 
or contextual richness), a notion the literature 

Table 7. Significant preferences summary

U.S. Participants

Handheld (Text, 
graphics, SMS, 
e-mail, voice, 
animation)

Low Range

Audio
 (voice phone)

Medium Range

High Bandwidth 
Videoconferencing

(Audio, video, real-time T1 
link, distributed graphics)

High Range 

Cognitive Learning

•	 Task Control
•	 Task Performance
•	 Productivity
•	 Confidence
•	 Satisfaction
•	 Effort
•	 Frustration
•	 Stress

Perceived Learning

•	 Learning*
•	 Collaboration
•	 Analysis
•	 Decision-making*

Polish Participants

Cognitive Learning •	 Productivity
•	 Confidence

Perceived Learning
•	 Learning*
•	 Information-gathering
•	 Decision-making*

= Location-independent significant findings 
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supports (Carlson & Zmud, 1999; Majchrzak 
et al., 2005; Markus, 1994).

DISCUSSION

Table 7 summarizes the significant results of this 
study. Participants expressed significant prefer-
ences for technology with a low range of design 
features (i.e., handheld technology) to improve 
cognitive learning, as measured by metrics such 
as task performance, confidence and satisfac-
tion; they expressed significant preferences for 
technology with a high range of design features 
to improve their learning processes, such as per-
ceived learning, decision-making and analysis. 
All participants reported improved learning and 
decision-making when using technology with 
a high range of design features. However, no 
support could be found for the propositions that 
suggested that technology with a high range of 
design features improved communication, col-
laboration or participation, which suggests that 
further investigation is warranted. 

These results suggest three conclusions: first, 
different ranges of technology design features can 
support different learning outcomes and process-
es; second, a mix of technology design features 
may be important to enhance learning; and third, 
more investigation is required to understand the 
impact of technology design features on improved 
communication, participation and collaboration 
among distributed international learners. These 
conclusions are broadly supported by the existing 
literature, as noted earlier.

There are alternative explanations for the 
results that were observed. We were not able to 
measure or assess cultural differences between 
the Polish and U.S. students, which is clearly an 
area for future research. In addition, it was not 
possible to measure the novelty effects of the 
technologies, particularly for the Polish students; 
novelty effects may clearly have played a role in 
determining the impacts of the technologies on 
their users, both Polish and American.

Considering the results more broadly, this 
study offers a number of research contributions: it 
introduces a framework for considering collabora-
tive technologies, including mobile technology, 
which transcends any particular technology; 
it also relates expected technology impacts to 
user preferences using a generalizable research 
framework rooted in the social science, commu-
nication and technology acceptance literature. 
The framework is updated to include the lens of 
contextualization richness, and the results of an 
empirical test of the framework are presented; 
the results show user preferences for technologies 
with a high range of design features to support 
cognitive learning, while showing preference for 
technologies with a low range of design features 
to support perceived learning. 

FUTURE RESEARCH DIRECTIONS

Overall, this study suffers from a number of limi-
tations. First, as mentioned earlier, the number 
of participants in the study is small, limiting the 
strength of the conclusions that can be drawn from 
the results. In addition, the technology infrastruc-
ture in Poland was significantly different than 
that available in the United States, which caused a 
modification in our original experimental design: 
instead of evaluating three new collaborative 
technologies in a distributed international learning 
setting, we were able to assess three technologies 
in one setting, and one technology in the other 
setting. The two groups of participants shared 
one technology, but the technology infrastructure 
limitations in the Polish setting clearly impacted 
our experimental design. 

Our conclusions would have been strengthened 
if were able to explore more fully the complex 
relationships between technology preferences and 
learning. For instance, users do not always prefer 
rich or high bandwidth technology, as evidenced 
by the lack of consumer adoption of videophones, 
the preference of young people for text messaging, 
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and the results of this study. Future work should 
explore the complexities of the impact of user 
control on communications, the convenience of 
synchronous vs. asynchronous communication, 
and the interaction between tasks and technol-
ogy preferences in distributed learning environ-
ments. We suspect, although we were not able 
to demonstrate in this study, that these variables 
play a significant role in determining technology 
preference and use in choices of collaborative 
technology in distributed learning settings. 

In short, even though the results were sig-
nificantly impacted by the available technology 
infrastructure and small sample size, they still 
have important implications for researchers and 
those interested in the impacts of newer collab-
orative technologies on distributed learners. In 
this study, participants expressed clear preference 
for the handheld technology in order to complete 
the task at hand. Participants using the handheld 
technology indicated that their task performance, 
task control, confidence, satisfaction, effort, stress, 
and frustration were all significantly improved 
with the use of the new technology. However, at 
the same time, the same participants indicated a 
preference for more traditional, but richer, technol-
ogy, in order to improve their learning processes, 
particularly their analysis, decision-making, col-
laboration and learning. These results suggest 
that the impacts of new collaborative technolo-
gies, including mobile technology, on distributed 
learners can be significant, particularly in terms 
of accomplishing tasks, but that learners express 
a preference for technologies with a high range 
of design features in order to support their learn-
ing processes, and they express a preference for 
a mix of technologies in accomplishing learning 
tasks and improving their learning processes. 
Researchers and managers interested in improving 
distributed learning performance and processes 
might therefore consider a mix of low and high-
range design features in the technologies they 
deploy. These results also have significant import 

for researchers interested in the role and impact of 
mobile technologies on distributed learners. 

This study also provides empirical support 
for the strategy of coupling the introduction of 
handheld technologies that promote success-
ful task accomplishment with more traditional 
technologies with a high range of design features 
that enhance the learning processes. Finally, the 
technology and location analyses found no sup-
port for participants’ improved communication, 
collaboration and participation when using tradi-
tional or new collaborative technologies. This is 
surprising, given the previous findings in many 
studies (Alavi, et al., 2002; Hiltz & Wellman, 
1997;Sproull & Keisler, 1986 ), and suggests that 
further analysis of these constructs with new col-
laborative technologies is warranted. 

ACKNOWLEDGMENT

The authors would like to acknowledge the as-
sistance of Bob Clapp and Shaun Black, from 
the Le Moyne College Information Technology 
organization, as well as Michael Fronmueller 
and Bernard Arogyaswamy, our colleagues who 
facilitated the experiment at Warsaw University. 
The assistance of the Warsaw University faculty 
and staff is also gratefully acknowledged.

REFERENCES

Adidam, P., & Bingi, R. (2000). The importance 
of decision confidence to strategy outcomes. The 
Journal of Applied Business Research, 16(2), 
35-50.

Alavi, M. (1994). Computer-mediated collab-
orative learning: An empirical evaluation. MIS 
Quarterly, 18, 159-174.

Alavi, M., Marakas, G.M., & Yoo, Y. (2002). A 
comparative study of distributed learning environ-
ments on learning outcomes. Information Systems 



  ���

Collaborative Technology Impacts in Distributed Learning Environments

Research, 13(4), 404-415. 

Althaus, S.L. (1997). Computer-mediated commu-
nication in a university classroom: An experiment 
with on-line discussion. Communication Educa-
tion, July, 158-174.

Benbunan-Fich, R., & Hiltz, S.R. (1999). Edu-
cational applications of CMCS: Solving case 
studies through asynchronous learning networks. 
Journal of Computer-Mediated Communication, 
4(3), March, http://www.ascusc.org/jcmc/vol4/is-
sue3/benbunan-fich.html

Biros, D., Daly, M., & Gunsch, G. (2004). The 
influence of task load and automation trust on 
deception detection. Group Decision and Nego-
tiation, 13, 173-189. 

Bonk, C.J., & Kim, K.A. (1998). Extending so-
ciocultural processes to adult learning. In M.C. 
Smith & T. Poiurchot (Eds.), Adult learning and 
development: Perspectives from educational 
psychology (pp. 67-88). Mahwah, NJ: Lawrence 
Erlbaum Press,

Brufee, K.A. (1993). Collaborative learning: 
Higher education, interdependence, and the au-
thority of knowledge. Baltimore: Johns Hopkin 
University Press. 

Bunce, D., & Sisa, L. (2002). Age differences in 
perceived workload across a short vigil. Ergonom-
ics, 45(13), 949-960.

Carlson, J.R., & Zmud, R.W. (1999). Channel 
expansion theory and the experiential nature of 
media richness perceptions. Joural of the Academy 
of Management, 42(2), 153-170.

Chang, R., Chang, Y., & Paper, D. (2003). The 
effect of task uncertainty, decentralization and 
AIS characteristics on performance of AIS: An 
empirical case in Taiwan. Information & Man-
agement,40, 691-703.

Chen, J., & Lee, S. (2003). An exploratory cogni-

tive DSS for strategic decision making. Decision 
Support Systems, 36, 147-160.

Chenoweth, T., Dowling, K., & St. Louis, R. 
(2004). Convincing DSS users that complex 
models are worth the effort. Decision Support 
Systems, 37, 71-82.

Cisco. E-Learning. (2003). Retr ieved 5 
April 2003 from http://business.cisco.com/
prod/tree.taf %3Fasset_id-44748&public_ 
view=true&kbns=1.html

Constant, D., Kiesler, S.B., & Sproull, L.S. (1996). 
The kindness of strangers: The usefulness of weak 
electronic ties for technical advice. Organization 
Science, 7(2), 119-135. 

Cowley, E. (2004). Recognition confidence, rec-
ognition accuracy and choice. Journal of Business 
Research, 57, 641-646.

Cramton, C. (2001). The mutual knowledge prob-
lem and its consequences for dispersed collabora-
tion. Organization Science, 12, 346-371.

Curtis, D.D., & Lawson, M.J. (2001). Exploring 
collaborative on line learning. Journal of Asyn-
chronous Learning Networks, 5(1), 21-34. 

Daft, R., & Lengel, R. (1986). Organizational 
information requirements, media richness and 
structural design. Management Science, 32(5), 
554-571. 

Dede, C.J. (1996). The evolution of distance edu-
cation: Emerging technologies and distributed 
learning. American Journal of Distance Educa-
tion, 10(2), 4-36.

De Croock, M., Van Merrienboer, J., & Paas, F. 
(1998). High versus low contextual interference 
in simulation-based training of troubleshoot-
ing skills: Effects on transfer performance and 
invested mental effort. Computers in Human 
Behavior, 14(2), 249-267.

DeSanctis, G., & Gallupe, R.B. (1987). A foun-
dation for the study of group decision support 



���  

Collaborative Technology Impacts in Distributed Learning Environments

systems. Management Science, 33(5), 589-609.

Fleiss, L.F., Levin, B., & Myunghee, C.P. (2003). 
Statistical methods for rates and proportions (3rd 
ed.). New Jersey: John Wiley & Sons, Inc.

Galegher, J., & Kraut, R.E. (1992). Computer-me-
diated communication and collaborative writing: 
Media influence and adaptation to communica-
tion constraints. Proceedings of the 1992 ACM 
Conference on Computer-Supported Cooperative 
Work. Toronto, Ontario, Canada. Pp. 155-162. 
Retrieved 16 November 2004 from http://delivery.
acm.org/10.1145/150000/143474/p155-galegher.
pdf?key1=143474&key2= 6761560011&coll=G
UIDE&dl=ACM&CFID=31360932&CFTOKE
N=55657576,. 

Glaser, R., & Bassok, M. (1989). Learning theory 
and the study of instruction. Annals of Psychol-
ogy, 40, 631-666.

Goode, J. (2003). Are pilots at risk of accidents 
due to fatigue? Journal of Safety Research, 34, 
309-313.

Gosh, D., & Ray, M. (1997). Risk, ambiguity, 
and decision choice: Some additional evidence. 
Decision Sciences, 28(1), 81-104. 

Hancock, J.T., Thom-Santelli, J., & Ritchie, T. 
(2004). Deception and design: The impact of 
communication technology on lying behavior. 
Proceedings of CHI2004. Vienna, Austria: The 
Association for Computing Machinery, 24-29 
April. Retrieved 16 November 2004 from http://
delivery.acm.org/10.1145/990000/985709/p129-
hancock.pdf?key1=985709&key2= 11205600&
coll=GUIDE&dl=ACM&CFID=31360932&CF
TOKEN=55657576,

Harasim, L., Hiltz, S.R., Teles, L., & Turoff, 
M. (1995). Learning networks: A field guide to 
teaching and learning on line. Cambridge, MA: 
The MIT Press.

Haythornthwaite, C., Kazmer, M.M., & Robins, J. 

(2000). Community development among distance 
learners: Temporal and technological dimensions. 
Journal of Computer-Mediated Communica-
tion, 6(1), September. Retrieved 10 April 2003 
from http://www.ascusc.org/jcmc/vol6/issue1/ 
hathornthwaite.html

Hiltz, S.R., & Wellman, B. (1997). Asynchronous 
learning networks as a virtual classroom. Com-
munications of the ACM, 40(9), 44-49.

Johanson, M., & Torlind, P. (2004). Mobility 
support for distributed collaborative teamwork. 
Proceedings of the 2004 Information Technol-
ogy Conference (ITCON), August. Retrieved 23 
January 2006 from http://www.itcon.org/data/
works/att/2004_25.content.00610.pdf 

Johnson, D.W., Johnson, R.T., & Smith, K. (1991). 
Creative learning: Increasing college faculty pro-
ductivity. Washington, DC: ASHE-ERIC Higher 
Education Report (4), Clearinghouse on Higher 
Education. The George Washington University.

 Kiesler, S., & Sproull, L. (1992). Group decision 
making and communication technology. Organi-
zation Behavior and Human Decision Processes, 
52, 96-123. 

Kim, K.J., & Bonk, C.J. (2002). Cross-cultural 
comparisons in on-line collaboration. Journal of 
Computer-Mediated Communication, 8(1) http://
www.ascusc.org/jcmc/vol8/issue1/ kim.html

Kristensen, B., Laursen, B., Pilegaard, M., & 
Jensen, B. (2004). Physical workload during use 
of speech recognition and traditional computer 
input devices. Ergonomics, 47(2), 119-133. 

Kuo, F., Chu, T., Hsu, M., & Hsieh, H. (2004). An 
investigation of effort-accuracy trade-off and the 
impact of self-efficacy on web searching behav-
iors. Decision Support Systems, 37, 331-342. 

Majchrzak, A., Malholtra, A., & John, R. (2005). 
Perceived individual collaboration know-how 



  ���

Collaborative Technology Impacts in Distributed Learning Environments

development through information technology-
enabled contextualization: Evidence from dis-
tributed teams. Information Systems Research, 
16(1), 9-27. 

Mark, G. (2002). Conventions for coordinating 
electronic distributed work: A longitudinal study 
of groupware use. In P.J. Hinds and S. Keisler 
(Eds.), Distributed work. Cambridge, MA: MIT 
Press. 

Markus, M.L. (1994). Electronic mail as the me-
dium of managerial choice. Organization Science, 
5(4), 502-527. 

McGrath, J.E. (1984). Groups, interaction and 
performance. Englewood Cliffs, NJ: Prentice-
Hall. 

Morton, A., Ackerman, F., & Belton, V. (2003). 
Technology-driven and model-driven approaches 
to group decision support: Focus, research phi-
losophy, and key concepts. European Journal of 
Information Systems, 12.

Muylle, S., Moenaert, R., & Despontin, M. (2004). 
The conceptualization and empirical validation of 
web site user satisfaction. Information & Manage-
ment, 41, 543-560.

Roschelle, J. (2003). Unlocking the learning value 
of wireless mobile devices. Journal of Computer-
Assisted Learning, 19, 260-272.

Sauer, J., Wastell, D., Hockey, G., Crawshaw, 
C., Ishak, M., & Downing, J. (2002). Effects of 
display design on performance in a simulated 
ship navigation environment. Ergonomics, 45(5), 
329-347.

Saunders, C. (2000). Virtual teams: Piecing 
together the puzzle. In R. Zmud (Ed.), Framing 
the domains of IT management. Cincinnati, OH: 
Pinnaflex Publishing. 

Sebok, A. (2000). Team performance in process 

control: Influences of interface design and staffing 
levels. Ergonomics, 43(8), 1210-1236.

Smith, C., Johnston, J., & Paris, C. (2004). Deci-
sion support for air warfare: Detection of decep-
tive threats. Group Decision and Negotiation, 
13, 129-148.

Sohn, S., & Jo, Y. (2003). A study on the student 
pilot’s mental workload due to personality types of 
both instructor and student. Ergonomics, 46(15), 
1566-1577.

Sproull, L., & Kiesler, S. (1986). Reducing social 
context cues: Electronic mail in organizational 
computing. Management Science, 32(11), 1492-
1512.

Storck, J., & Sproull, L. (1995). Through a glass 
darkedly: What do people learn in videoconfer-
encing? Human Communication Research, 22, 
197-219.

Taylor, S., & Todd, P. (1995). Assessing IT us-
age: The role of prior experience. MIS Quarterly, 
19(4), 561-570.

Todd, P., & Benbasat, I. (1999). Evaluating the 
impact of DSS, cognitive effort, and incentives on 
strategy selection. Information Systems Research, 
10(4), 357-374.

Wang, Y. (2003). Assessment of learner satisfac-
tion with asynchronous electronic learning sys-
tems. Information & Management, 41, 75-86.

Wellmann, B. (1999). The network community: An 
introduction to networks in the global village. In 
B. Wellmann (Ed.). Networks in the global village 
(pp. 1-48). Boulder, CO: Westview Press

Wellmann, G., & Guila, M. (1999). The network 
basis of social support: A network is more than the 
sum of its ties. In B. Wellmann (Ed.). Networks 
in the global village (pp. 83-118). Boulder, CO: 



���  

Collaborative Technology Impacts in Distributed Learning Environments

Westview Press

Wixom, B.H., & Todd, P.A. (2005). A theoretical 
integration of user satisfaction and technology 
acceptance. Information Systems Research, 16(1), 
85-102.

Woodroof, J., & Burg, W. (2003). Satisfaction/dis-
satisfaction: Are users predisposed? Information 
& Management, 40, 317-324.

Wright, N., & McGown, A. (2001). Vigilance 
on the civil flight deck: Incidence of sleepiness 
and sleep during long-haul flights and associated 
changes in physiological parameters. Ergonomics, 
44(1), 82-106.

Xie, B., & Salvendy, G. (2000). Review and 
reappraisal of modeling and predicting mental 
workload in single-and multi-task environments. 
Work & Stress, 14(1), 74-99. 

ADDITIONAL READING

Alavi, M., Marakas, G.M., & Yoo, Y. (2002). A 
comparative study of distributed learning environ-
ments on learning outcomes. Information Systems 
Researc, 13(4), 404-415. 

Majchrzak, A., Malholtra, A., & John, R. (2005). 
Perceived individual collaboration know-how 
development through information technology-
enabled contextualization: Evidence from dis-
tributed teams. Information Systems Research, 
16(1), 9-27. 

Roschelle, J. (2003). Unlocking the learning value 
of wireless mobile devices. Journal of Computer-
Assisted Learning, 19(3), 260-272. 



  ���

Chapter VIII
Constructing Mobile 
Technology-Enabled 

Environments for an Integrated 
Learning Approach

María Felisa Verdejo
Dep. LSI. LTCS Group. UNED, Spain

Carlos Celorrio
Dep. LSI. LTCS Group. UNED, Spain

Emilio Julio Lorenzo
Dep. LSI. LTCS Group. UNED, Spain

Marta Millán
IES Diego Velázquez, Spain

Sergio Prades
Dep. LSI. LTCS Group. UNED, Spain

Javier Vélez
Dep. LSI. LTCS Group. UNED, Spain

Copyright © 2009, IGI Global, distributing in print or electronic forms without written permission of IGI Global is prohibited.

ABSTRACT

This chapter presents a review of the approach, design and implementation of the networked educational 
infrastructure of the ENLACE project that supports ubiquitous learning processes. The design phase in 
ENLACE was conceived as a set of participatory cycles involving students and teachers in a sequence 
of user scenarios. The supporting technology for a set of collaborative learning activities involving tasks 
of preparation, data gathering, data analyzing, visualization, and modeling related to diverse learning 
arenas are described. The current technical framework based on a Learning Object Repository and the 
learning tools are presented as well as the approach for integrating these tools into the networking in-
frastructure. Considerations about the evaluation and the evolution of the system are also discussed. 
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INTRODUCTION

Mobile technologies have demonstrated the 
potential to enrich learning experiences outside 
the classroom (Faux, McFarlane, Roche, & 
Facer, 2006; Soloway et al., 1999), blurring the 
boundary between formal and informal learning 
(Scanlon, Jones & Waycott, 2005) and shifting 
the best learning opportunities from teacher-
centered practices. Most of the work so far has 
focused on instruments and handhelds used for 
data collection and multimedia information ac-
cess, while visiting museums and field settings 
(Soloway et al., 2001). Moreover, the trend of 
handhelds as student personal devices has opened 
new possibilities of supporting synchronization 
and interactivity for a variety of collaborative 
classroom activities (Tatar, Roschelle, Vahey, & 
Penuel, 2003). However, the provision of technol-
ogy to support learning in different spaces, still 
remains as a range of unintegrated options, and 
typically there is not computational support for 
a seamless workflow of activities where data, 
content, and artifacts could be shared and reused 
by long-term learning processes, either by the 
students, teachers, or other contributing peers in 
a learning community. 

In the ENLACE Projecta we are exploring 
the design and implementation of a technologi-
cal infrastructure as an educational networking 
platform offering services that will provide ubiq-
uitous Web applications for learning activities 
both inside and outside the classroom in order 
to improve student learning and teachers’ work 
(Verdejo, Celorrio, Lorenzo & Sastre, 2006a). 
A guiding principle in our approach is to imbue 
the technology design with a set of rich scenarios 
grounded on current learning sciences research 
on socio-constructivist learning, that is, learn-
ing is considered both a social and a cognitive 
activity (Koschmann, 1996). We are designing, 
with teachers and experts, technology-enabled 
scenarios providing facilities to foster experiential 
and constructive learning activities, meaningfully 

related to different subjects in the curriculum, 
where the study of a problem is considered through 
different facets and methods. 

In our vision students are engaged both in in-
dividual and collaborative activities that promote 
their curiosity by inquiring about open questions 
(Branch, & Oberg, 2004), directly exploring and 
observing their environment, compiling informa-
tion, analyzing and representing data, building 
models to explain and predict behavior, exchang-
ing and discussing their findings, linking their 
views with real problems faced by professionals, 
and opening and contributing to create a shared 
memory with personal traces in a learning com-
munity. For example, a middle school teacher 
proposes a question to their students: “Why does 
this bird live in this place/habitat in the spring and 
summer time?” This question acts as the thread 
for a series of activities in differently localized 
scenarios, including a field trip to a nature park to 
experience and identify that particular habitat, and 
raises topics not only related to the natural science 
subjects (flora, fauna, habitat, and climate), but 
also to music (motivated by the need to identify 
the sounds of the birds), to geography (topographic 
and relief maps) and to mathematics (to calculate 
and represent distances using different measures). 
This also motivates teachers to coordinate them-
selves and integrate their respective agenda into 
a larger perspective. 

The learning workflow includes activities 
for a long term period (to be carried out either 
in sequence, parallel, or overlapping in time) in 
different scenarios (classroom, home, computer 
lab, field trips, and exploratorium). The activi-
ties involve teachers and learners belonging to a 
school and wildlife monitors from an association. 
The educational network enables the collection of 
data in a site of interest, supporting its recording 
and reuse later on. The purpose is to facilitate the 
articulation of physical exploration of a site of 
special interest, with analytical reflection in the 
school. In order to permit a smooth flow through-
out the scenarios of activities, the technological 
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infrastructure should grant a ubiquitous context 
addressing the integration issue in a number of 
dimensions. These include: the school curriculum, 
location and time, social organization levels, as 
well as the heterogeneity of devices, taking into 
account their interoperability and connectivity 
conditions. 

An essential component in the ENLACE edu-
cational networking infrastructure is the “learn-
ing object repository” (LOR) (Verdejo, Celorrio, 
& Lorenzo, 2006b). Technically, the LOR is an 
interoperable persistence mechanism, integrating 
data and artifacts created with heterogeneous 
tools. These user-created artifacts are meant to 
be reused by students in diverse contexts, using 
other tools or different devices (Hoppe et al., 2005). 
Conceptually, the LOR provides facilities to create 
customized workspaces either individual or social 
(a kind of structured memory) and the mechanisms 
for artifacts to be automatically metadescribed 
with shared conventions. For example, using the 
LOR, students can exchange different annotated 
and conceptualized pictures to cover views of a 
tree in different seasons, mine (their own or peers) 
information to complete sample measurements; 
search, query and aggregate collected data. The 
LOR functionality allows students to create and 
enrich incrementally the models of the targeted 
ecosystems, so that they can reflect on different 
observations taken at various sites, at different 
times, all throughout the year.

In this chapter, we present the evolving state 
of the project, highlighting the main issues. First, 
we point out how our work relates to recent de-
velopments reported in the literature. Then, the 
design and implementation approach is described. 
The current technical framework is presented 
afterwards. Some issues related to evaluation 
and technical requirements for the sustainability 
of the approach beyond the research project are 
outlined in our future research directions. A final 
consideration about reusability is discussed in 
the conclusion.

BACKGROUND 

In the last decade mobile learning initiatives, 
from small-scale case studies to large projects, 
have flourished almost everywhere in the world. 
On the one hand many of them are presented as 
opportunities for designing novel learning experi-
ences that move out of the classroom to situate 
learning in a context (Chen, Kao, & Sheu, 2003; 
De Crom, & De Jager, 2005). On the other hand, 
there is an emerging community of practice, where 
mobile learning is often described as informal 
learning, in contrast to other conventional tech-
nological options with an emphasis on “personal” 
(portable, tailored to the needs of the individual) 
“ubiquitous” (accessible and embedded in every-
day context of use) and “non-intentional” (to be 
used as the occasion arise) attributes. 

Furthermore, at the research level, this rela-
tively new area is increasingly an object of analysis 
and reflection. A number of papers have raised 
the issue of what is the special nature of mobility 
(Roschelle, 2003) as well as attempts to define 
the still controversial concept of mobile learning 
(Sharples, Taylor, & Vavoula, 2005). The current 
literature also offers reviews of the pedagogical 
theory in the light of m-learning (O’Malley et 
al., 2005), and discusses the methodological ap-
proaches to design (Stringer, Fitzpatrick, Halloran, 
& Hornecker, 2005) and evaluation of these kinds 
of environments (Taylor, 2003). 

Some authors, including many from this book, 
consider the setting in which learning occurs 
as a continuum from formal settings to social 
structures (Sefton-Greene, 2004). As Faux et al. 
(2006) points out, one of the challenges is to create 
coherent links across different sites, and for this 
purpose, the need is to provide a technological 
infrastructure that supports the development of 
learning services and their deployment for net-
worked collaboration. This implies support for 
mobile personal devices but also enriching the 
switch from individual to collaborative activities, 
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from personal to shared information and reflection 
in small groups as well as participation in larger 
ones such as the class or a community. Interest-
ingly, in many reported experiences with hand-
held devices, the main reason for discontinuing 
their use is the problem of software availability. 
Designing the technological support as a flexible 
and contextualized composition of services for 
different learning contexts is the driving force 
of our approach.

THE DESIGN AND 
IMPLEMENTATION PROCESS

The design phase in ENLACE was conceived as 
a set of participatory cycles involving students 
and teachers in a secondary school, monitors 
from SEOBirdlifeb, as well as project researchers. 
First of all, a feasibility study, testing the mobile 
infrastructure in a variety of settings was carried 
out. Small activities were deployed with different 
technical configurations to evaluate the quality of 
the wireless connection, the period of autonomy 
of the handhelds and portable devices in stand 
alone and connected mode, the robustness and the 
scope and portability of the whole infrastructure 
on a field trip. For example we tested (a) students 
with handhelds, a teacher with a laptop computer 
and a smart blackboard in a classroom with a 
wireless internet connection; (b) students with 
handhelds in a stand alone mode working in the 
school courtyard and in the lab; and (c) a Wi-Fi 
ad-hoc network with a laptop and handhelds in a 
field setting. Evaluation results indicated that the 
use of the PDAs enhanced learners’ experience and 
their motivation, but the initial idea of creating a 
permanent Wi-Fi network with a laptop working 
as a server for the PDAs in the field setting was 
unsuitable with the current state of the technology. 
PDAs ran out of battery in a short period and the 
laptop was a burden for the monitors. 

For the first design cycle, a collaborative 
project involving music, mathematics, science 

and geography as part of the curriculum was 
devised. Adopting an inquiry-based approach, 
a main question to investigate was given to the 
students aged 11-12 years, launching the learning 
processes to be developed in a range of school 
settings: the classroom, the computer room and 
the science lab; at home and on the field trips, 
throughout an academic year. Three teachers and 
27 students were involved as well as four moni-
tors. The selected settings were provided with an 
educational technological network, supporting 
both the individual and the collaborative learn-
ing workflow with different facilities including 
a variety of Web resources and cognitive tools. 
These were deployed on different devices oper-
ating with and without permanent connectivity. 
The next section describes the scenarios (A to E 
illustrated by Figure 1) implemented in the first 
formative design cycle (2005/2006). The forma-
tive evaluation and evolution of these scenarios 
has become essential to refine and develop a 
user-centered system.

The First Cycle

This first cycle was a pilot study including the 
core pedagogical ideas: inquiry and collaborative 
long-term activities, involving both a holistic view 
across the curriculum, and a continuum between 
formal and informal settings. It included five 
scenarios (Figure 1), three of them with mobile 
devices. 

From the technological side, the learning object 
repository (LOR) provided the essential function-
ality for interoperability, as well as mechanisms to 
automatically integrate the outcome of different 
tools. The idea was also to use existing cognitive 
tools, as is the case of ModellingSpace (Avouris, 
Margaritis, Komis et al., 2003), that was chosen 
by the teachers as an adequate modeling tool for 
the age of the targeted students. The added-value 
here was to integrate this “external” tool in the 
flow of the networked support. Other software 
allowing authoring facilities for flexible data col-
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lection and for the management of basic activity 
workflow was designed and implemented.

Scenario A: First Contact and Warm-Up 
Activity in the Classroom

The activity started with an initial session, which 
took place in the classroom with the music teacher. 
In this session students learnt to recognize the bird-
songs that will later be heard on the outdoor trip. 
For this test we used a multimedia content created 
by the SEOBirdlife organization. It features a data 
sheet for every bird detailing its habitat, customs, 
special features and identification tips. It also in-
cludes pictures and sounds. While working with 
this material (students had the opportunity to work 
with it at home also), several interactive tests were 
performed with the Agora voting software tool. 
Agora is a Web tool developed in the framework 

of the ENLACE project. The purpose of Agora is 
to give technological support to a wide range of 
possible discussion and voting scenarios that can 
come up in an educational environment.

In each test, the teacher showed pictures of a 
set of birds, then played a sound and asked the 
students to guess the corresponding bird. Each 
student voted for a bird using his own handheld 
device. Agora then automatically summarized 
and projected the voting results and the teacher 
led a discussion about the results. These tests 
helped to measure the students’ bird identifica-
tion skills. Eventually, the learning session was 
repeated until the students reached a certain level 
of understanding. 

The inclusion of a technological background 
in this scenario is important as it provides the 
students with an introduction to both the hand-
helds and the Agora tool, which will be used in 

Figure 1. ENLACE Scenarios in the first cycle
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many other activities (see scenario E in Figure 
1). In a voting context, the technology grants a 
formal and fair framework, while students feel 
handhelds are both familiar and exciting. Agora 
has been designed to consider two main factors 
that change between different scenarios: the nature 
of the candidates (for instance names of students 
for a delegate election, pictures of observations, 
artifacts such as an activity plan, a concept map 
or any other model) and the student participa-
tion in the candidate proposition and selection. 
These factors can be modified through the ses-
sion manager interface. Furthermore, Agora is 
interoperable with the learning object repository 
so that candidates could be searched and uploaded 
from the LOR.

Once the teacher has created and customized 
the voting session through the session manager it 
is available to be used in the classroom through 
the Web player. The teacher role in Agora can 
switch between two different views: the teacher 
view and the projector view. The projector view 
is the default and is intended to be used with a 
projector showing the whole class the workflow 
of the activity, the current stage, the candidates, 
the voting results, and so forth. The teacher view 
can be used occasionally and provides access to 
more detailed information (for example, finding 
out which students have not yet voted so that the 
teacher can give them a verbal reminder).

This simplicity allows the teacher to place 
workflow control on a student, who can act as 

Figure 2. Agora projector and student’s view on PDA
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an assistant. The workflow changes dynamically 
if, for example, a draw occurs, allowing a new 
voting stage to begin to resolve the draw. The 
student view allows the student to follow the 
workflow and participate when the time comes. 
For example, when the teacher switches to the 
“voting time” stage the student view is refreshed, 
asking the student to check the candidates on the 
projector and then vote through a combo box. The 
projected images serve here as an anchor for the 
activity: a shared reference around which action 
and attention can be coordinated (Crook, 1994). 
Figure 2 shows a picture of both the projector and 
the student (handheld) view.

Scenario B: Preparing the Field Trip 
in the School Computer Room and at 
Home

The next focus was a field trip to a nature park 
called “El Monte de El Pardo” with a variety of 
ecosystems, in order for the students to collect 
different data in situ. Observations and experi-
ments to be carried out were discussed and planned 
collaboratively in small groups (see scenario B 
in Figure 1) in the computer room at school and 
occasionally at home. In this planning phase 
students actively explored the topic to establish 
the information they would need, in particular the 
concept of a habitat, and the observations needed 
to identify and describe it. This took into account 
flora and fauna behavior, meteorological condi-
tions, as well as physical measures or evidence 
for the models students had to build as part of 
their solution. They used a variety of sources, 
including the SEOBirdlife Web site and a profes-
sional botanical database. As a result of this step, 
students created the set of card templates to be 
used during the field trip to collect data. For this 
purpose they used the tool CARDS and with this 
tool they were able to define the different fields 
each card template comprises. Each field can have 
a different answer type (free text, an element of 
vocabulary, number, a range, a picture, etc.). For 

the birds’ example the observation card included 
a field for the name, the GPS location of the spot 
where the birds were heard and the altitude of that 
location. Once a card template had been defined 
it was saved by CARDS in the LOR via Web 
services and it was available to be downloaded to 
the PDAs later on for the field trip. Eventually the 
teacher could run an Agora session with a group 
of students to revise and come to an agreement 
about the fields a card template should have. 
Furthermore, an activity plan for the field trip 
had to be created. In this case it included a set of 
potential tasks for each one, plus its description 
and a set of card templates to be used for data 
collection. These activity templates were also 
created with the application CARDS and stored 
in the LOR for further use.

Scenario C: The Field Trip

PDACARDS is an application allowing the same 
operation of the Web interface of CARDS to fill a 
card using a PDA (Figure 3). PDACARDS needs 
to establish communication with CARDS before 
the field trip in order to download the required 
background images and forms for the chosen 
activities. After this initialization, students can 
collect their data with the PDA in a standalone 
mode. A connection is needed only for a short 
period of time at the beginning of the field trip 
and at the end for uploading filled cards, thus a 
permanent connection is not necessary. This is 
the best solution with the current state of the tech-
nology (a very high rate of battery consumption 
for a permanent Wi-Fi connection, high cost and 
unreliable telecommunications network coverage 
in unpopulated areas).

Once the first synchronization was done, and 
with the students in the forest, they were organized 
into several groups with a SEOBirdlife instructor. 
Groups were dispersed and coordinated to cover 
a variety of ecosystems. After searching and 
choosing a suitable place they stopped to listen 
to the birds in absolute silence. At this point they 
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filled the card with the name of the birds that they 
thought they were listening to, and with their 
GPS position. They carried out other activities, 
collecting a variety of data, depending on the 
itinerary and the questions raised in their activ-
ity plan. For example, selecting a representative 
tree for an ecosystem, deciding which method to 
use to determine its height, taking the measure-
ments needed to calculate the solution later on, 
its location, taking pictures of animal tracks or 
reminders, and counting exemplars in a selected 
area to establish the level of biodiversity. 

The filled cards are stored in the PDA. The last 
synchronization occurs at the end of the activity 
and consists of uploading the filled cards from 
the PDAs to the LOR. The data is submitted, via 
http, to the CARDS application which makes 
a learning object with the card as content and 
adding as metadata information from the context 
session, like author, activity or date. After that 

the LO is sent to the LOR, via Web services, and 
is available for further use.

Scenario D: Analyzing Data and 
Creating Models 

Once students had finished the field trip activity 
where they had collected data about the birds 
and the habitat, they proceeded to analyze and 
elaborate the data, building different models, in 
order to present and justify the answers to the main 
research questions. For example, in the pilot one of 
the models was a topographic profile of the visited 
area showing the location of the observations. This 
learning activity involved building a graphical 
representation of an itinerary using the experimen-
tal data students had collected themselves. First, 
they had to select and aggregate the appropriate 
data (from objects in the repository), then they 
had to construct the graphical representation, 
and finally they placed their observations on the 

Figure 3. Filling a card on the field trip
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representation. For this purpose, three modeling 
tools interoperating with the LOR were available: 
CARDS, ModellingSpace and OXOtool. With the 
ModellingSpace tool, students created an itinerary 
entity, which included the two variables (position 
and altitude), establishing a “table relationship” to 
link these two variables. Once the table was filled 
with the collected values, they could visualize 
the path profile. Students, using CARDS, had to 
search the LOR for their observations, analyze 
their cards, select and aggregate the relevant data 
to generate a position-altitude table representing 
each one of the reference points in their field 
trip path where they have gathered the birdsong 
information. Then they exported this tabulated 
data to the clipboard to be used as input for the 
ModellingSpace. The generated profile can be 
stored as an image file, which can be sent back 
to CARDS, and transformed into a LO with 
contextual generated metadata to be stored in the 
LOR for further use. In this case, students used 
the profile they have created as a background for 
the final habitat map where they placed “active” 
birds icons, linked to their respective cards, allow-
ing them to show the LO complete information. 
OXOtool is another tool developed in ENLACE 
which provides functionality for aggregating “ac-
tive” icons over a background to create a model 
and/or a new composition object.

Scenario E: Discussing and Choosing a 
Representative Profile in the Classroom

The last phase of the learning project took place 
in the classroom again. At this point, the different 
objects representing the habitat profiles built by 
the groups of students were stored in the LOR. 
In these sessions the whole class, using the Agora 
voting tool, proceeded to discuss and evaluate 
which habitat profile was more accurate and even-
tually selected one as a class representation: this 
profile became a new shared learning object and 
was stored in the LOR. Comparing and reflect-
ing is not a straightforward step: the technology 

facilitates knowledge sharing, management, and 
organization of the discussion but for the process 
to be focused and fruitful, it needs to be carefully 
managed by the teachers.

The following sketchy script summarizes the 
first cycle: 

•	 The first phase of problem refinement and 
background information collection; students 
worked individually and in small groups, 
CARDS offered them facilities for authoring 
cards where they could gather and organize 
the information. In parallel, students joined 
for “discussion and consolidation” sessions 
in the networked classroom (Agora, connect-
ing a shared board, a laptop and the PDAs) 
working together in a large group. These 
activities were carried out for different but 
related subject areas, fostering a cross-cur-
riculum perspective. The products created 
are auto-documented digital objects, open 
to inspection and available to be consulted, 
shared and elaborated incrementally with 
different tools.

•	 Planning the field trip, collecting data in 
situ and building models to elaborate, ex-
plain, and justify answers to the questions 
investigated. Students were supported by the 
following tools: CARDS, ModellingSpace, 
and OXOtool networked with the LOR, (run-
ning on desktop PCs) and PDACards for the 
PDAs with GPS cards, working individually 
and in collaboration, both in standalone 
mode, and synchronized with the network. 
The networked tools support situated data 
collection, its aggregation across individu-
als and groups over time and space, and 
input/output links to modeling spaces. It 
is the first step to assemble a collaborative 
activity across a variety of technologies.

•	 Revising and reflecting in a large group, 
using Agora with the LOR, deployed in 
the networked classroom. Students had the 
opportunity to present their viewpoint to 
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the entire class, and carry out an interactive 
peer evaluation. 

The Second Cycle

On the basis of findings from the first cycle, 
some modifications were made to the design and 
deployment of the second one, involving new 
scenarios and applications. 

From the learning point of view the need 
emerged to conceptually organize and relate 
the knowledge and the artifacts created along 
the inquiry process. To this end a version of a 
collaborative concept map tool named COMET, 
interoperable with the LOR, was designed and 
built. Furthermore, this tool enables us to reify 
the mappings between representations (data and 
models). The graphical representation provides 
opportunities for students to present, compare, 
negotiate and share their views on the data and 
models fostering the co-construction of knowl-
edge. As well this, a new version of the OXOtool, 
renamed COMPO, which supports remote col-
laborative modeling and improved functionality 
for discussion and sharing was released. This tool 
allows students to aggregate information from 
individual contributions connecting geospatial 
representations with data or more abstract enti-
ties. COMPO has been designed to run clients on 
different devices (including PDAs).

In order to support the management of learn-
ing activities, from the social organization and 
technical point of view, a Web based e-learning 
platform, PELICAN, was developed. This plat-
form (Vélez, Barros, & Verdejo, 2006) provides 
support for the definition (and reuse) of projects, 
activities, and groups (through a portal user in-
terface) facilitating the deployment of the tools 
mediating the learning workflow.

Other mobility scenarios with PDAs were in-
cluded to enhance the cross-disciplinary approach: 
from a visit to an interactive science museum to 
record the data from the in site simulations students 
could experiment with, to a geomining museum 

where they could examine and identify samples 
of minerals relating to the ecosystems studied. A 
visit to the Museo Del Prado was also planned, 
to look at paintings from the sixteenth century 
where students could find the same landscape and 
think respectively about the historical evolution 
of the area and the factors involved. For each 
scenario, students have designed and authored 
the cards for data collection to be used to record 
the observations and information captured in the 
different visits with the PDAs and used them later 
on. These facilities have supported a more student 
driven approach for explorations, giving them 
direct control and leading to an appropriation of 
the technology. The current system is technically 
described in the next section.

THE SySTEM AT WORK

The ENLACE system has been designed to fa-
cilitate the flow and transformation of data and 
artifacts across tools and scenarios for all the actors 
involved in the learning activities. The educational 
network of ENLACE includes several learning 
tools (Figure 4, ). The artifacts and outcomes 
generated by those tools are encapsulated as LOs 
with a set of metadata according to different LO 
types (Figure 4, ).

A LO type defines the description for a class 
of LOs as an aggregation of a general metadata 
schema plus other metadata schemas purposefully 
defined to characterize these objects. The LO type 
specification also includes the format of content 
(for example, multimedia material, XML files and 
models following tool specific formats) described 
with a MIME type. The first step for integrating 
a tool with the infrastructure consists of defining 
the new LO type in the LOR that will be used for 
storing the outcome generated by the tool. This 
LO type should contain specific metadata that 
will make it possible to customize searching and 
handling of the data according to the functionality 
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requirements of the tool, and will enable artifact 
interoperability among other tools.

For instance, CARDS generates ‘observation’ 
objects that represent direct observations made 
by students during a field trip. This type of LO 
contains metadata about the observation localiza-
tion coordinates and ecosystem. Another tool like 
COMPO, can search only for the LO made in a 
concrete ecosystem or place and reuse them to 
generate a composition.

Thus, the LOR (Figure 4, ) provides the sup-
port for interoperability, together with external 
tools and other tools developed in ENLACE, based 
on artifacts and its metadata. The next sections 
will take a closer look at the LOR and its interface 
between the ENLACE tools.

The LOR Service

The learning object repository service (LOR) 
was developed as the result of the need for a 
persistence mechanism for collaborative learn-
ing in experimental domains and evolved during 
research undertaken in two European projects. It 
was important for students to reuse partial results 
created in their learning activities in further ex-
perimentation and reporting, and also it was ad-
vantageous for the teachers to reuse their learning 
designs for other related activities instead of start-
ing a new definition from scratch. The LOR has 
been designed in order to provide a generalized, 
configurable and interoperable storage framework 
based on metadata for external learning tools. 
From the functionality point of view, interface 
facilities and an API are provided to guide and 
simplify the creation of LO types and the tool’s 

Figure 4. Global vision of ENLACE system
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specific metadata schemas in a declarative way. 
Also, the creation of repository views is possible 
in the LOR in order to build separate workspaces 
for students and teachers. For instance, a group 
repository view can be created to store the artifacts 
generated in a learning activity by a group, a class 
repository view can be defined for the students 
to share results with the whole class, or a private 
teacher’s repository view can be created where 
students can send their assignments but they are 
only viewable by the teacher.

The LOR service provides functionality di-
rectly accessible from a Web portal interface, and 
remotely available via Web services. The Web 
portal interface of the LOR, shown in Figure 5, 
offers the users access to the list of LOs accessible 
in a repository view  and information about 

their corresponding types . The LOR service 
offers facilities for managing LOs, inspecting 
their metadata and viewing and downloading 
their content from the Web (Figure 5, ). Other 
operations include: adding, modifying, deleting or 
searching for objects in the repository and moving 
and copying objects from one repository view to 
another (Figure 5, ).

Searching can be done by querying by example 
(i.e., selecting an object, and using its metadata as 
a starting template), filters (predefined combina-
tion of templates that provide useful and recurrent 
queries) and query patterns (parameterized com-
binations of templates, that the user can modify 
and instantiate) (Mayorga, Barros, Celorrio, & 
Verdejo, 2006).

Figure 5. Web portal interface of the LOR
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The main reason for searching is for reuse. 
Thus the role of metadata is to assist users and 
software tools to query and retrieve potentially 
useful objects for a specific purpose in the learning 
process. The goal is to obtain rich descriptions 
for different kinds of artifacts created by the 
learners, minimizing the manual labor of filling 
in metadata, and, thanks to the definition of LO 
types and specific metadata schemas, granting a 
generalized framework for the external tools to 
metadocument their working objects based on 
their needs. 

In summary, the LOR service, in its current 
state, offers:

•	 A persistence mechanism for community 
sharing and reuse of learning resources

•	 Concern for standards: LOM metadata 
compatibility and content packaging

•	 Interoperability via Web services with ex-
ternal tools

•	 Mechanisms for handling automatic genera-
tion of metadata for objects created with 
external tools via application profiles for 
tools (Verdejo et al., 2006b).

•	 A service for synchronizing distributed 
repositories in a network (Celorrio, Verdejo, 
& Barros, 2006).

•	 Enhanced searching facilities based on meta-
data, including query by example, relevance 
feedback, filters and query patterns. 

•	 Heterogeneity, that is, the possibility of 
storing objects belonging to a variety of 
Learning Resources: LO types/metadata 
schema defined in a declarative way.

The Approach for the Tools

One of the main characteristics of the LOR, and 
what makes it the backbone of the ENLACE 
networking infrastructure, is that it provides 
mechanisms for external tools to take advantage 
of its storage and retrieval facilities. Although the 
LOR incorporates a Web interface for accessing 

the repository objects, its most important feature 
is the tool-adapted persistence mechanism which 
it exposes through Web services for uploading, 
retrieving and searching for the stored objects 
from any computer tool. Many diverse tools 
can be potentially integrated in the networking 
infrastructure via the LOR’s Web services. Fur-
thermore a “wrapper” approach is also provided 
for those tools not able to interoperate directly 
with the LOR’s external interface (Verdejo et 
al., 2006b).

All the main functionalities of the LOR are 
provided to any external application in this way. 
By using these Web services the LOR offers a 
remote interface for storing, searching and retriev-
ing any LO in an adaptive way. These operations 
use the LO types and metadata previously defined 
for the tool’s objects, which can also be requested 
remotely.

The approach for the tools is to provide added-
value functionalities to the infrastructure in a 
modular way enriching the collection of services 
of the educational network. These tools can be 
individually set up in a learning scenario, using 
the LOR to integrate their generated outcomes 
through the learning workflow. Next we will 
describe the tools developed in ENLACE to il-
lustrate this approach.

CARDS and PDACards Tools

CARDS is a software tool for authoring models 
of forms and creating instances of them, such as 
observations, description cards or questionnaires. 
It also provides operations for the user to fill these 
models of forms interactively.

In addition, a set of operations on collections 
of instances are defined in CARDS, such as se-
lecting, filtering, aggregating fields and mapping 
them to generate new instances of other forms 
(for example, a table of position/altitude for the 
different points of the observations cards related 
to an itinerary to be exported to the Modelling-
Space tool). Furthermore, CARDS can be seen as 
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a metamodelling system for wrapping other tools 
products because it allows importing and export-
ing data in different formats, acting as a bridge 
to the LOR functionalities for those standalone 
applications not able to generate descriptions for 
their input/output.

CARDS includes a Web-based authoring 
system (Figure 6 ) for defining models for data 
collection and the metadata associated with these 
models. These models are named card templates 
and they are basically a set of fields grouped under 
sections. Each of the fields of a card template is 
parameterized with a type that determines the 
type of content for the answer slot (i.e., a text, a 
number, a string from a vocabulary, an image, 
etc.) and attributes that describe whether the 
field is mandatory and if multiple answer values 
or default values are permitted. Card templates 
can also contain association information between 
fields and metadata items of a specified LO type 
of the LOR, enhancing automatic metadata gen-

eration when filling cards. Teachers, students and 
instructors are able to create new card templates 
in the authoring system from scratch or just by 
instantiating and stating parameters from previ-
ously created ones.

Once defined, card templates are stored in the 
LOR via Web services and they are ready to be 
used in a data collecting activity. A card is a filled 
instance of a card template. CARDS Web interface 
(Figure 6 ) allows users to fill cards and gener-
ates as a result an LO with an associated type and 
some automatically generated metadata according 
to the information of the card template.

PDACards is a stand-alone application de-
signed for PDAs that allows the same operations 
of the Web interface of CARDS for filling cards. 
It resolves the problem of filling observation 
cards in scenarios where no internet connection 
is available and therefore there is no access to the 
CARDS Web application In this way, a permanent 
connection is not necessary, except for a short 

Figure 6. CARDS tool authoring system
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period of time at the beginning and end of the 
field trip for synchronization. 

When PDAs are given to the students they need 
to connect to the CARDS application in order to 
load the required card templates for the chosen 
activities. After this initialization students can col-
lect their data with the PDA in a standalone mode. 
When the field trip has ended another connection 
is established and all observations are sent back 
to CARDS, which stores them in the LOR.

COMPO

COMPO is a collaborative tool, implemented as a 
Web application, that allows several users to create 
visual associations between LOs online, which 
are stored in a LOR repository, and a background 
image that can be a LO too.

To establish this visual relationship, COMPO 
associates with each LO:

•	 A representative icon (chosen from a large 
collection related with ENLACE)

•	 A size for the icon (five sizes, from XS to 
XL)

Figure 7. An example of the Manzanares river composition
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•	 A descriptive text
•	 A localization within the background im-

age

In this way the relationship between the con-
cepts and the improved meaning gained by the LO 
visualization comes from the shape of the icon, 
its size (representing the importance of this LO in 
comparison with others LOs) and its localization 
in the background image. It has, therefore, a dif-
ferent meaning if the icon is (Figure 7, ) near the 
riverbank or in a forest clearing, or if it is greater or 
smaller. These associations are conceptually very 
easy to understand, in fact, with a simple look the 
user can see the relationship between the LO and 
the background image and the relationship among 
the LOs. In addition, with a double click on the 
icon the LO content associated in the repository 
is displayed in another browser tab.

The COMPO interface is divided into two 
large areas: one private and personal (Figure 7, 
, ,  and ) and one shared and collaborative 
(Figure 7,  and ). In the private area the user, 
selecting filters for metadata (Figure 7, ), can 
query the LOR (through Web services) for LOs 
that comply with the search conditions given in 
the filters, and then choose one or several of them 
from the results (Figure 7, ). To speed up the 
proposal of multiple LOs, COMPO provides a 
proposals basket (Figure 7, ) where it stores the 
selected LOs of different searches. In the basket 
the user selects the icon, the size and the text for 
each LO, and then adds them to the proposal zone 
(Figure 7, ).

Every change made in the collaborative area 
is refreshed in quasi real time in every browser 
connected to the composition, so that when a user 
adds a proposal to the proposal zone (Figure 7, ) 
it appears in every browser at the same time. To 
place a proposal in the image a user can drag and 
drop the icon from the proposal zone (Figure 7, ) 
to the background image (Figure 7, ). He or she 
can change the localization of the icon or remove 
it from the image altogether. These changes are 

refreshed in the other browsers as well. In order 
to obtain precision when placing or moving icons, 
the map allows zoom in/out and provides arrows 
to move in four directions (Figure 7, ).

For the correct management of concurrent 
changes, COMPO implements a writer-reader 
system. Only one user can propose new proposals 
and only one user can move icons to the image 
at any time. The users can see who currently has 
these turns (Figure 7, , tab users) and the state 
of their own turns (Figure 7, ).

To fulfill all these functionalities COMPO 
implements the following series of modules:

•	 A persistent central server contained in 
a servlet (Tomcat Web server using Java, 
Struts and Velocity) that centralizes the com-
position data, the users, logs, chats, events, 
LOR communication, and so forth.

•	 A refreshing module that determines which 
part of a browser composition data needs to 
be refreshed because of the changes made 
in the composition.

•	 An asynchronous data flow system between 
the browsers and the server to refresh in 
quasi real time every change made by a 
user, sending in both directions only the new 
data (using AJAX for sending and receiving 
data and DHTML for modifying the object 
changed in the browser).

•	 A turn based interface to guarantee correct 
concurrency (one user modifies the composi-
tion, the rest watch the changes) allowing 
the users to ask for the turn and give it to 
the next user.

•	 A chat module integrated into the Web ap-
plication (also based on AJAX) to provide the 
users with a direct communication platform 
(Figure 7, , tab chat).

•	 A log module to register the actions per-
formed by any user (Figure 7, , tab log).

•	 A connection module with the LOR using 
Web services to read the metadata filter, 
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make queries, see LO content and save the 
compositions.

In order to offer flexibility for using different 
schemas of collaboration, COMPO allows a series 
of parameters to be configured such as the maxi-
mum time of the turns, the maximum number of 
proposals for a single user, the background image, 
the repository in the LOR where the composition 
will be saved, different roles for the users (man-
ager, normal user, watcher) and different rules to 
allow flexible policies like “everyone can modify 
the proposal of everyone else” or “everyone can 
only modify his or her own proposal” prompting 
the users to negotiate and come to an agreement 
using the chat tool.

COMET Tool

COMET (concept maps for enlace tools) is a con-
cept map tool with extended features for using 
artifacts generated from other learning tools. A 
concept map (Novak, 1977) is a graphical way 
of representing and organizing knowledge. It is 
comprised of textual-labeled nodes (concepts) 
and links (relationships) organized with the most 
general concepts at the top of the map and the 
more specific, less general concepts arranged 
hierarchically below. 

The main goal of this cognitive tool is to provide 
a knowledge representation for a higher level of 
abstraction: a metalevel to link the models that 
learners and teachers have constructed through the 
learning activities. In this way they can explicitly 
interrelate and describe the outcomes generated 
previously with other tools. In order to facilitate 
this reflective process three core functionalities 
are provided, and to illustrate them we will use 
the concept map in Figure 8. It is one of the 
maps generated by the students when building 
their description of “El Monte de El Pardo,” as a 
Mediterranean forest ecosystem.

The first functionality allows students to as-
sociate one of the learning objects stored in the 

LOR with a node on the concept map. When the 
user clicks a node on the map and selects the “add 
LO” option from the menu, a new window, called 
“search LOR,” appears (S at the bottom of Figure 
8). It is possible to search for objects according to 
different metadata criteria as well as seeing the 
content of a concrete object before linking it to 
the selected node on the map. When the object is 
associated, an icon, representing the type of the 
learning object, appears on the right of the node. 
For example, observations are represented by a 
binoculars icon (Figure 8, ), descriptions with 
a book icon (Figure 8, ), ConceptMaps with a 
map icon (Figure 8, ), and compositions created 
with COMPO, by a jigsaw icon (Figure 8, ). 

A snapshot of the searching interface is shown 
by S in the Figure 8. The node selected  is a 
“riverbank transect” node, the query is for all 
the learning objects with the name “Transecto en 
ribera” (Spanish translation of riverbank transect) 
with “LO Type” observation from the activity 
“Excursión al Monte de El Pardo” carried out by 
“2ºF” Group. All the learning objects that match 
these constraints appear in a list with further 
information. Once one of the objects is selected 
by clicking the “add” button in the search LOR 
window, the selected learning object is linked to 
the concept node. Afterwards, the user can see 
the content of the associated learning object by 
clicking on that node.

In this way it is possible to organize the models 
generated by tools as CARDS or COMPO as well 
as to associate observations to concept descrip-
tions. In the example the “riverbank transect” 
observation was data collected on the field trip 
and is linked to nodes representing the descrip-
tions of the kinds of flora located in this transect. 
A description card of the ash tree is displayed in 
Figure 8 . The different pieces of information 
are now in a broader context with explicit links, 
created by the students themselves, to represent 
their global vision of the knowledge construction 
process. Furthermore, the concept map could be 
saved and loaded as another learning object in 
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the LOR, and then be associated with another 
concept on a different map. In this case the link 
is represented by a map icon, as shown in . 
This is a powerful mechanism to encapsulate 
and organize more complex structures, allowing 
different levels of abstraction. 

The second functionality is the possibility of 
associating a set of learning objects with a node 
according to several criteria (in the functionality 
described before the association was only with 
one object). An example is shown in Figure 8  
where the “observations of el Monte de El Pardo” 
concept has a box icon with several other icons 
inside. In this example all learning objects with 
type ‘observation’ and with activity metadata 
equal to “Excursión al Monte de El Pardo” are 

associated with that concept. By clicking the 
node, a window with a list containing all the 
retrieved objects is displayed and each object 
can be inspected. Thus, all the data collected by 
students can be grouped here, defining a kind of 
“view” of the LOR. COMET in this way allows 
the building of a kind of personalized conceptual 
indexing to objects in the LOR. For example, 
a student can build a concept map with all the 
activities he or she has performed, each one in a 
node, and with all the objects created in each one 
respectively associated.

The third functionality provides automatic 
support for merging maps to facilitate the task of 
collaborative concept mapping construction. De-
pending on the collaboration schema, it is the case 

Figure 8. COMET tool
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that students have to join, intersect, complement 
or select alternatives from different partial maps. 
The algorithm inputs two maps and generates a 
proposal for a merged one. The merging algorithm 
is based on Liu (2002). Roughly speaking it is an 
iterative process where the basic step is to compare 
groups of two concepts joined with an edge on a 
map with another map and change the first one 
taking into account the following cases:

•	 If the edge and the concepts linked are the 
same (equal concept names and labeled 
edge) on both maps, then it adds a number 
two (in brackets) on the edge. This means 
that the two maps share the exact link.

•	 If they have the same concepts but differ-
ent labels on the edge, then it writes both 
labels on the edge and the number two in 
brackets.

•	 If only one concept is the same, then it adds 
the different concept (and its edge) 

•	 If both concepts in the second concept 
map are not found in the first map, then an 
unconnected new group for these concepts 
and their edge is added. 

Figure 8 graphically illustrates the result of 
a merging process. In this example two groups 
of students made a different map: one about the 
flora and the other about the fauna of el Monte 
de El Pardo. Both concepts appear in the figure 
connected by a common concept “Biotic factors” 
(Figure 8, ). In the top of the map (Figure 8, ) 
there is an edge labeled “is a [2],” This means that 
the two compared maps had the same two concepts 
linked with the word “is a.” Below this link there 
is another with the label “has/was visited,” this 
is interpreted as this edge appears in both maps 
linking the same concepts but with two differ-
ent labels: “has” and “was visited.” This merged 
map helps students to detect disparities and it is 
a starting point to work together to refine it and 
come up with a consistent and negotiated out-
come. In the figure, the relationship “eat” (below 

the “biotic factors” node) between the “primary 
consumers” and “producers” concepts is a result 
of that refinement process performed by all the 
students in the classroom.

The COMET tool has been developed on the 
CM-ED concept map editor engine (Larrañaga, 
Rueda, Elorriaga, & Arruarte, 2002). This editor 
is a Java stand alone application, which allows the 
drawing of different kinds of concepts as nodes, 
and relationships as edges, and both of them can 
be displayed in several shapes. This editor was 
chosen for its intuitive and friendly interface and 
the potential for extending the code to create new 
functionalities. A number of modules have been 
added: the LORManager is used to interoperate 
with the LOR services and ModelManager to 
render the content of the learning objects. The 
MergingManager is used for the merging pro-
cess and Java WebStart allows the opening of 
the application like a Web page. Furthermore, 
a SocialManager allowing integration with the 
social model in PELICAN is described in the 
next section.

The Pelican Platform

Pelican is an e-learning platform that supports 
several processes related to collaborative learning 
experiences. The goal is to provide a central Web 
site where users involved in a learning process 
can keep in contact forming a virtual community 
where they jointly undertake a flow of collabora-
tive activities. 

One of the core capabilities of Pelican is to 
allow instructional designers and teachers to 
describe learning activities and arrange them 
within a learning project according to certain 
instructional workflow settings. When a new 
activity is created, a set of resources (that is, Web 
references), role allocation information, and ac-
cessible tool-provided services can be specified. 
A learning design is usually created to fit the 
pedagogical requirements of a learning situa-
tion. Nevertheless, each one of its components 
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constitutes an artifact that could be reused in 
another different social and cognitive context. 
To demonstrate, we will show how the scenarios 
previously described in Figure 1 can be specified 
in Pelican. Firstly, a new learning activity has 
to be created in the platform for each scenario, 
indicating the references, roles and services that 

are available for the participants. For instance, as 
can be seen in snapshot A of Figure 9 (Pelican 
manager interface), for the learning scenario A, 
an activity named “recognizing bird songs” has 
been created. Within it, (enlarged on the right hand 
side for better visualization) are two references 
to a relevant Web database of birds , and two 

Figure 9. PELICAN tool
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services, one for the Agora voting tool  and the 
other one for the CARDS tool have been added. 
In addition, two roles must be defined to allow the 
Agora tool to map between the different Pelican 
actors and those that play the role of voter and 
manager in the voting system, typically the teacher 
but occasionally the students . Once all activities 
have been created they can be aggregated to define 
a larger learning project. One of the added values 
of the platform for the users is that services are 
launched automatically with the corresponding 
parameters once an activity starts.

Another important aspect that instructional 
designers must pay special attention to is the social 
context where the collaborative experience is to 
be deployed. It includes considering whether par-
ticipants are to be arranged into several working 
groups, and if this is the case, their properties, such 
as, size, heterogeneity level among members, lifes-
pan, and so forth. These factors depend strongly 
on the settings of the learning scenario, that is, 
the characteristics of the student collective and the 
type of learning tasks to be undertaken. Pelican 
provides a framework to design a “society model” 
specifying the structure of the virtual community 
and then, populate it. The former task requires 
defining the potential different actors and group 
templates. An actor is a stereotype of a user such as 
a teacher, student or monitor, and represents a set 
of permissions and social responsibilities within 
the community. Group templates are stereotypes 
of groups containing structural information such 
as maximum and minimum number of members, 
types of allowed actors, inner group templates, 
and so on. The latter task consists of registering 
new users, creating fresh groups and joining us-
ers within groups embodying one or more actors, 
considering group factors such as size, hetero-
geneity level among members, lifespan, and so 
forth. For instance, the social model defined in 
Pelican to support ENLACE scenarios was cre-
ated to match the actual arrangement of learners 
in the secondary school. In that model the root 
group template is the school. It is built of several 

classroom groups; each classroom group has a 
set of associated teachers, up to 30 students and, 
optionally, a set of working groups. Once a virtual 
community has been arranged a learning project 
can be deployed across different groups. When 
this is finished a fresh set of learning activities 
are created to furnish the Pelican workspaces of 
target groups. A learning workspace in Pelican is 
a virtual environment (snapshot 9B) where col-
laboration takes place. As can be seen in Figure 9 
, users interact within learning activities through 
the embedded services provided by external tools 
(Agora, LOR, CARDS, etc.).

Pelican provides means to integrate different 
supporting tools within workspaces so collabo-
ration can take place across a transversal use of 
them. Nevertheless, in order to offer continuity in 
their use, a proper level of interoperability must 
be supplied. To achieve this goal, other proposals 
(IMS Tools Interoperability Guidelines, 2006) 
support some integration standards (Bote et al., 
2004). Pelican uses a scripting language to de-
scribe how external tools must interact with each 
other and a rule based mechanism to schedule 
their execution along the scenario lifetime. Ad-
vanced administrators can define a set of rules 
that capture all the dynamic aspects of such a 
scenario. These aspects are coded as scripts that 
use Web services technology to communicate in 
the background with integrated external tools 
in order to carry out some coordination tasks 
such as transferring and transforming generated 
products among the tools or preparing them for 
the next phase of the scenario. In the ENLACE 
experience, for instance, all described scenarios 
present an intrinsic continuity between them. 
Scenario A is training for bird recognition, 
scenario B prepares the material for scenario C, 
and so on. The rule based mechanism supplied 
by Pelican can be used to guarantee continuity 
among those scenarios. For example, models 
stored in the group LOR within scenario D must 
be transferred to the class LOR in scenario E and 
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a new Agora session must be dynamically set up 
with the generated products.

FUTURE RESEARCH DIRECTIONS

Evaluation Design

The final design of the system functionality has 
been achieved through a formative evaluation 
process in each of the two development cycles, 
keeping users involved in the design process. 
Usability testing has been performed on the 
software and the network support in the different 
scenarios. The use of multiple interfaces and a 
combination of devices was perceived as natural. 
In parallel, a pedagogic analysis of the learning 
activities and its deployment has been carried out. 
There was evidence of a positive impact on the 
students’ engagement, enhancing their ability to 
control their tasks and their collaborative skills. 
The benefits of in situ data collection combined 
with subsequent modeling, review and reflection, 
were also felt by the teachers to be a very effective 
approach for knowledge co-construction, and to 
have great potential for an integrated use of the 
technology across the curriculum. Outdoor ac-
tivities with monitors succeeded in both bridging 
the move from informal to formal learning, and 
raising awareness on professional work. Techni-
cal issues such as short battery life, and unreli-
able connections were identified as problematic. 
Infrastructure management was also an issue, 
though some attempts to involve students in the 
technical set up seemed to be a feasible approach; 
they become familiar with the technology very 
quickly. In some cases the timing of the activities 
was in conflict with the tight school schedule, 
overwhelming teachers with timetable negotia-
tions with other teachers and groups of students. 
Teachers pointed out the need for software tools 
facilitating the monitoring of the tasks and the 
annotation of students outcomes.

A final evaluation within the project involving 
a larger number of students and teachers, and an 
external evaluation specialist will be carried out 
in the 2007/08 academic year. We will address 
three major targets: teachers, students, school and 
community. Accordingly, the main questions to be 
investigated are (1) What is the impact on teach-
ing behaviors and instructional practices? (2) Is 
the system used in such a way that it will lead to 
enhanced student learning and achievement? and 
(3) what is the impact on school organizational 
and social requirements for an appropriate and 
effective long term implementation.

Although activity theory (Engestrom, 1987) 
is being proposed as a way to interpret settings 
where technology has been introduced, there is 
still not a well established evaluation framework 
to track and understand the learning experiences 
in these kinds of mobile technology supported 
settings (Traxter, & Kukulska-Hume, 2005). 
While we have adopted AT as a global perspec-
tive to capture people and mediating tools in their 
context, a mixed approach taking into account 
quantitative and qualitative techniques is being 
planned, including questionnaires, a range of 
interviews, observation of selected tasks, tests, 
and process and product analysis supported by 
automatic techniques.

The Evolution of the System

As has been stated all along in the description of 
the ENLACE system, a key concept in the evolu-
tion of ENLACE is the continuous integration of 
heterogeneous learning tools into the educational 
network. However, due to the different configu-
ration needs of each of the learning scenarios, 
which can include heterogeneous types of devices 
where the tools and resources have to be deployed 
in order to carry out the learning activities, the 
management of the technical infrastructure can in 
practice become very complex. This task should 
therefore be better supported to enable this ubiq-
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uitous learning framework to be sustainable for a 
school, above and beyond a pilot study.

A working problem that is being dealt with is 
developing an intuitive configuration mechanism 
for the ENLACE educational network that will 
unburden teachers and pedagogical tutors from 
the technology issues by enhancing the technical 
deployment of the learning activities and all the 
associated learning resources. The goal is not just 
merely to provide a vehicle for distributing and 
deploying the needed software resources over 
different nodes, but to also offer computationally 
adapted support for a set of learning activities in 
a particular context for the members of a learning 
community. This configuration mechanism of 
the networking infrastructure should model the 
technological deployment of a scenario design, 
including a personalization system performing an 
adapted configuration of resources—tools, data 
and communication—for each particular type of 
device and user.

In order to overcome this problem, a distributed 
technology with AI techniques for personalization 
and adaptation capabilities would be required. We 
are exploring an agent-based approach which will 
deliver a distributed computational layer to the 
ENLACE system for the personalized configura-
tion of activities in ubiquitous learning scenarios. 
The basic operations regarding this agent-based 
layer in the ENLACE architecture are:

•	 Contextualization—extracting students’ 
environmental information as well as its cur-
rent situation within a social frame, activity 
frame, and localization frame context.

•	 Installation—managing all necessary 
software tools in an automated way on the 
collection of devices involved in the current 
scenario activities.

•	 Personalization—deciding which set of 
activities and learning objects are applicable 
to a specific device-tools environment and 
adjust them if necessary for a specific stu-
dent. 

•	 Selection —extracting the set of necessary 
learning objects from the LOR and the learn-
ing objects that can be considered potentially 
useful for the generated activities.

•	 Distribution—deployment of learning ob-
jects to the students’ devices.

•	 Configuration—initialization and set up of 
all the required tools for the scenario, their 
data and the learning objects for the user’s 
activity with the devices.

•	 Adaptation—adapting data and interface 
for the device-network.

A further step for the ENLACE networking 
architecture is to provide support for tasks that 
were not previously planned but could emerge 
from an interesting real time opportunity. During 
a field trip, occasional events may occur that were 
not programmed in the activity like seeing an 
uncommon type of plant or finding some rare ani-
mal tracks. The networking infrastructure should 
react to these kinds of events. The objective is to 
enrich the experience and enhance the activities 
by taking advantage of unexpected situations and 
providing communication mechanisms among 
the nodes to dynamically reconfigure the current 
learning activity. The architecture (Celorrio, & 
Verdejo, 2007) should support the tracking of 
events from the nodes of the network during the 
activity in order to take advantage of real-time 
information, and offer operations for: 

•	 Community Broadcast—depending on the 
nature of the events, the network can put 
students in contact or inform particular 
members of the community about actions 
that are taking place in the activity. 

•	 Reconfiguration—making the network react 
to exceptional events that may occur during 
the development of an activity by reconfigur-
ing the network and redistributing resources 
amongst users and their devices.
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Communication among different nodes (i.e., 
mobile devices) is still an issue to be solved in 
order to implement a real-time interaction with 
p2p operations. The current state of wireless 
mobile technology is unreliable for guaranteeing 
full usability in ubiquitous learning scenarios, 
such as field trips.

CONCLUSION

This chapter presents a review of the approach, 
design, and implementation of the ENLACE 
project to support ubiquitous learning processes. 
An important issue which has driven our design 
of the technology from the beginning of the 
ENLACE system has been to provide a flexible 
and contextualized composition of services for 
different learning scenarios. All these services 
are intended to be general enough to support 
reusability within diverse learning contexts, in 
order to fulfill tailored pedagogical requests, 
and to be modular and interoperable enough to 
be incorporated within different technological 
contexts, usually by providing Web services ac-
cess interfaces.

As mobile technologies are continuously 
evolving, special effort is made not to compro-
mise our software with a specific type of device 
or technology. The bulk of our applications are 
programmed in Java, which is present in the vast 
majority of mobile devices, and therefore trans-
ferring our software models from one device to 
another would result in few or no changes at all. 
All these design attitudes very closely match the 
agenda of the latest initiatives and projects in 
technology enhanced learning, for instance, the 
SAIL framework (SAIL, 2007).
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ABSTRACT

In this chapter we describe our continuing efforts related to the design, implementation and evaluation 
of innovative educational activities supported by ubiquitous computing in the AMULETS (advanced 
mobile and ubiquitous learning environments for teachers and students) project. We argue that the 
design of innovative mobile learning activities should be guided by collaborative learning scenarios in 
context supported by mobile and ubiquitous technologies. To support this claim, we propose a conceptual 
framework of collaboration in context that can be used when designing novel mobile learning scenarios. 
This framework provides the designer with opportunities to tackle the challenges of designing for in-
novative mobile learning activities. To illustrate our ideas, we present the results of three trials we have 
conducted with children and adult students since the spring of 2006. These mobile learning activities 
have been designed and implemented using our proposed framework. Working with the teachers and 
students gave us the opportunity to design learning activities at authentic settings using meaningful 
content that has relevance for the school curriculum. The outcome of our efforts suggests that outdoor 
learning experiences supported by ubiquitous technologies should be combined with learning activities 
in the classroom to provide learners with meaningful activities.
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INTRODUCTION 

Recent advancements in mobile, wireless, and po-
sitioning technologies, combined with contextual 
computing, are contributing to the development 
of new mobile applications and services. The 
rapid adoption of sophisticated mobile devices 
and applications has created new social tools for 
people to connect and interact; therefore chang-
ing the ways we communicate and collaborate. 
Educational environments are being subject to 
these changes, providing an opportunity for cur-
riculum development that can use these socially 
based mobile devices for supporting different 
aspects of learning and teaching. Mobility offers 
new dimensions to support and promote meaning-
ful learning activities that include features such 
as connectivity, social interactivity and context 
sensitivity (Klopfer et al., 2002). From this per-
spective, mobile technologies allow enhancing 
the learners’ context by the creation of embedded 
ubiquitous environments in authentic settings, 
thus providing innovative ways of interacting 
with them. They also present design opportuni-
ties for multiple kinds of collaboration to support 
different aspects of the learning process (Price 
et al., 2003). 

One of the main assumptions we consider as 
a point of departure for the ideas to be presented 
in this chapter is the fact that in the coming 
five years, whether educators would like it or 
not, more and more students will bring mobile 
devices with wireless communication into the 
classroom. These devices can be in the form of 
tablet PCs, PDAs, cellular phones, smart phones 
or GPS devices. All these technologies and new 
forms of mobile communication and collabora-
tion have been adopted by young people and 
integrated into their everyday lives. Clear indica-
tions of this can be found on sites such as www.
youtube.com, www.flickr.com, www.blogger.
com, and www.facebook.com. Lankshear and 
Knoble (2006) claim that schools ignore some of 
these trends and argue that mobile and wireless 

technologies and new media might be integrated 
into current school educational activities, as they 
are transforming and defining new literacies in 
teaching and learning. Thus, there are a number 
of challenging questions that deserve further 
exploration. What are the implications of using 
mobile computing and wireless communication 
for supporting teaching and learning? What new 
scenarios and applications will emerge? Which 
aspects and processes should be considered while 
designing new mobile collaborative solutions?

In this chapter we describe our continuing 
efforts related to the design, implementation and 
evaluation of innovative educational activities 
supported by ubiquitous computing in the AMU-
LETS (advanced mobile and ubiquitous learning 
environments for teachers and students) project. 
We argue that the design of innovative mobile 
learning activities should be guided by collabora-
tive learning scenarios in context supported by 
mobile and ubiquitous technologies in authentic 
settings. To support this claim, we propose a 
conceptual framework that can be used when 
designing novel mobile learning scenarios. This 
framework provides the designer with opportu-
nities to tackle the challenges of designing for 
mobile computer supported collaborative learn-
ing (mCSCL) and mobile-learning (mLearning) 
environments. To illustrate our ideas, we present 
the results of three trials we have conducted with 
children and adult students since the spring of 
2006. These mobile learning activities have been 
designed and implemented using our proposed 
framework. In the rest of the chapter, we will 
describe in further details how collaboration in 
context with mobile support can be used for the 
theoretical, conceptual and design aspects of our 
research activities, as well as for evaluating the 
results. We described the activities in the trials 
together with a brief explanation of the technology 
we have developed. We will conclude by discuss-
ing the outcomes of the trials in connection to the 
proposed framework and the challenges facing 
innovative mobile learning applications. 
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COLLABORATIVE LEARNING IN 
CONTExT

Learning and collaboration have their roots in 
many different theories of cognition and devel-
opment that support different type interactions 
between peers and experts. Piagetian theories 
advocate for peer-to-peer interactions between 
“equals” enabling conversations that can result in 
cognitive restructuring, while Vygotskian theories 
can be seen to support a peer-to-mentor interac-
tion where the mentor, the more “able” partner, 
facilitates the development of knowledge and 
skills by scaffolding their activity (Price et al., 
2003). Both schools advocate social interaction as 
playing a key role in learning; while Vygotsky’s 
work started a wider theoretical development 
of “cultural psychology” that together with 
anthropology and cognitive science formed the 
basis of situated learning (Littleton & Häkkinen, 
1999 citing Lave & Wenger 1991 and Suchman, 
1987). Situated learning (Lave & Wenger 1991) is 
a general theory of knowledge acquisition that is 
based on the notion that learning (stable, persist-
ing changes in knowledge, skills, and behaviour) 
occurs in the context of authentic activities.

Learning is a social process. It happens in 
collaboration between people and together with 
technology. So, when introducing technology, the 
view should be shifted from seeing it as a cogni-
tive delivery system to considering it as means to 
support collaborative conversations about a topic 
(Brown & Duguid, 2000). The central notion is 
that learning is enculturation, the process by which 
learners become collaborative meaning-makers 
among a group defined by common practices, 
language, use of tools, values, beliefs, and so on 
(Hoppe et al., 2005). Our view on collaborative 
authentic learning activities outside the classroom, 
which will be presented in the coming sections, 
has been guided by the ideas of Rogoff and Lave 
(1984). These authors have suggested that young 
people and adults learn more efficiently, and 
perform more competently in realistic settings 

outside the classroom than they do in many de-
contextualized environments that school usually 
provides (see also an elaboration of learning in 
context by Brown et al., 1989). 

Mobile collaboration in context is our sug-
gestion towards a new framework for the design, 
implementation, and evaluation of innovative 
mobile learning activities and systems. Both 
collaboration and context play key roles in the 
design of mobile learning activities. Mobile 
devices are prevalent in people’s everyday lives 
and can be easily used in the classroom and in 
the field, providing more opportunities than com-
puter labs (Vahey & Crawford, 2002). Roschelle 
and colleagues (2005) suggest that articulating 
a design framework that spans many mCSCL 
activities can be a key contribution to further 
work. Furthermore, collaboration needs to be 
seen from the perspective of shifting away not 
only the outcomes and products of collaborative 
work, but also towards analyzing interactions as 
means of gaining insights into the processes of 
collaborative learning (Littleton & Häkkinen, 
1999). Dourish (2004) raises the importance of 
looking at context through interactions focusing 
on the question; “how and why in the course of 
their interactions, do people maintain a mutual 
context for their actions?”

Winters and Price (2005) highlight the impor-
tance of the context in which a learning activity 
is taking place as a crucial component for design. 
Context plays multiple roles in the interaction 
between physical and social locations, tasks and 
activities and the user’s situation. In the scope of 
our research efforts, we define context as “infor-
mation and content in use to support a specific 
activity (being individual or collaborative) in 
a particular physical environment.” Therefore, 
our definition of context relies upon a three-axis 
structure consisting of the following attributes; 
location/environment attributes, activity/task 
attributes and personal/interpersonal attributes. 
The attributes of this structure are interdepen-
dent, meaning that information about who the 
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user is; where the user is; what the user is doing 
and the interplay between these activities need 
to become valuable inputs to the design process 
(Kurti, Spikol, & Milrad, 2008). 

Figure 1 illustrates the ideas previously de-
scribed while using them as the central compo-
nents of a conceptual framework for designing 
innovative mobile learning activities. A basic 
component of our framework is the learning 
activity system (LAS) simply described as a 
computational system and content repository 
that provides the technological infrastructure for 
integrating educational content into the context 
where the learning activities and collaborations 
are taking place. The surrounding circle of this 
conceptual framework defines the context where 
the activities are happening. The use of this 
design framework allows for creating engaging 
active learning activities in which collaboration 
and context are important components. From a 

technical perspective, the implementation of the 
LAS relies upon the use of different software 
components and ubiquitous technologies, as 
well as sensors in order to contextually support 
collaborative activities across locations (Kurti, 
Spikol, & Milrad, 2007). The learners interact 
with the LAS and with each other, thus promoting 
different modes of collaboration. Each one of the 
three context attributes described in figure 1 can 
be combined in set of pairs (e.g., task, location; 
personal-interpersonal/task-activity, etc.) or as a 
triplet, thus providing the proper context in which 
the learning activity takes place. 

Our research focus is concerned with novel 
ways of using mobile technologies to support a 
range of different collaborative learning activi-
ties rather than to focus mainly on one form of 
collaboration around the computer screen. One 
of the main efforts is on designing new ways 
of collaboration between learners, and learners 

Figure 1. A conceptual framework for collaboration in context 
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with objects in the physical world mediated by 
different ubiquitous technologies. The main col-
laboration modes we have explored in our research 
efforts can be described as follows: peer-to-peer, 
individual-to-group and individual-to-expert 
collaboration. Peer-to-peer collaboration hap-
pened between students within the same group 
that needed to discuss and to find solutions for 
the tasks. The tasks have been designed in the 
way to encourage collaboration between peers 
and were mainly direct without technological 
mediation. Individual-to-group collaboration 
happened while the learners were solving the 
tasks and encouraged to collaborate with the 
other groups outside or inside and thus bridging 
the location contexts of the same activities. This 
collaboration was technology mediated and relied 
upon text (mobile instant messaging) and content 
(audio/video/picture messages). Individual-to-ex-
pert collaboration happened between the children 
and experts. These collaborations were direct and 
technology mediated. These modes of collabora-
tion have been used in the design of the different 
tasks to promote collaborative problem solving. 
This approach enables learners to interact more 
freely and engage in a variety of interaction and 
collaborative modes depending on the different 
contexts in which learning occurs. By linking 
collaboration to context our hope is to utilize the 
fluidity of learners’ actions, relations, and loca-
tions in a way that further defines collaboration 
and context in relation to mobility. In the coming 
section we illustrate a concrete implementation of 
these ideas by describing a number of activities 
we have recently conducted with school children 
and university students. 

THE AMULETS PROjECT

In the AMULETS project we are exploring how 
teachers can develop and implement novel edu-
cational scenarios combining outdoor and indoor 
activities that use mobile computing technologies 

together with stationary computers. During 2006 
and 2007 we conducted three different trials with 
children and university students. The first trial 
took place in June, 2006, in an elementary school 
while the second trial occurred the following De-
cember, in the town square with the same school. 
The third trial took place between April and May, 
2007, and we collaborated with the teacher train-
ing program at our university. 

For the first two trials, 55 elementary school 
children performed remote and co-located ac-
tivities equipped with Smartphones, PDAs, GPS 
devices and stationary computers in the subjects 
of natural sciences, history and geography. The 
educational scenarios consisted of different 
stages with game like features. At the end of the 
learning sessions, all these activities have been 
reconstructed in the classroom using several vi-
sualization tools, including among others digital 
maps. For an elaboration of the results please 
see the work of Kurti et al. (2007, 2008). These 
types of activities provide new opportunities for 
children and teachers to review and to continue 
the learning experience in the classroom, thus 
supporting different aspects of learning such as 
exploration, discussion, negotiation, collabora-
tion and reflection. In the third trial 16 student 
teachers from an environmental science course at 
our university used smartphones and stationary 
computers to explore and to learn about those 
aspects related to tree morphology. In all three 
trials we have developed and implemented edu-
cational scenarios that were designed together 
with teachers. In the first two cases the activities 
were designed to support the regular school cur-
riculum for elementary school children while in 
the case of the university students the scenarios 
were designed in collaboration with the instructor 
to support a module of a university course. 

In the first trial the theme of the scenario was 
learning about “the forest” and in the second trial 
“the history of the city square through centuries.” 
In the forest scenario conducted in the spring 
of 2006, 26 4th grade students (10-11 years old) 
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took part working in seven groups. The activities 
were conducted over a two-day period with only 
one group performing at a time. The active chal-
lenges for the children were based on exploring 
the physical environment, identifying different 
types of tree and measuring the height and age 
of trees. Part of the children’s task was to record 
still images and video clips using the smartphones 
detailing how they solved the problems. This 
co-created content automatically encoded with 
metadata, containing attributes such as GPS co-
ordinates, time stamp, and the phone ID provided 
rich contextual information for later use in the 
classroom. Pedagogical coaches supported the 
children with hands-on techniques describing 
how to measure the height of trees. Additionally, 
animated characters delivered content based on 
a specific location and tag triggered context to 
the smartphones. 

In the city square trial conducted in the fall 
of 2006, 29 5th grade students (11-12 years old) 
participated. They worked in three groups; each 
group was divided into two subgroups of five 
students. One subgroup worked in the local mu-
seum and the second group operated in the field 
(the square). For this second trial, we introduced 
collaborative missions in order to provide the 
children with challenging problems. In order to 
solve them, children at the museum and in the 
field were required to collaborate using a number 
of mobile tools including an instant text messag-
ing system that allowed communication between 
the smartphones in the field and the stationary 
computers at the museum. A narrative journey 
backwards in time relating to the square’s his-
tory was supported by animated characters and 
video clips delivered to the smartphones, thus 
providing the contextual information that was 
needed in order to accomplish the challenges in 
the different missions. Children needed to work 
together in order to complete the tasks including 
deciphering Roman numerals, finding locations 
for historical buildings and solving problems in 
the fields of history and geography. 

In the spring of 2007, 16 student teachers (20-
35 years old) from our university participated in 
this activity. The students were divided into four 
groups and each of these groups split into two sub-
groups. Again, one group became the field group 
while the other part became the base group. The 
field group had two smartphones, with one act-
ing as the communication and messaging device 
with basecamp and the second phone being used 
as a camera. The learning activity was on how to 
teach tree morphology, where the student teach-
ers used a tree key to identify different species of 
tree by bark, type of buds, and the surrounding 
environment. The field group task was to locate 
the trees, send images back to basecamp and 
collaboratively determine the tree species, as 
well as to negotiate answers to questions while 
performing tasks about the environment. After 
the field group completed two stages (from a total 
of four) they returned to basecamp and switched 
roles. This gave the opportunity for all students 
to experience both field and base work (except for 
one student with mobility issues who remained 
in basecamp for both sessions). From observing 
how the previous trials worked, we introduced this 
rotation to allow all the students to take part in 
both activities in order to experience the different 
roles. The students followed up with a post hoc 
activity that consisted of an informal quiz about 
the content they learned during this trial and 
discussions about the activity. The second part of 
the trial took place in the following weeks. The 
students were sent out in pairs into the field to 
identify two species of plants, mark their choice 
on a map via GPS and perform general field 
experiments about the surrounding environment 
during a three weeks period, in order to under-
stand the impact of microclimate changes on plant 
growth. The latest component of this activity was 
a hands-on workshop with the students explor-
ing the design of new mobile learning activities. 
One of the goals of the AMULETS project is to 
work closely with teachers and student teachers 
to help them understand the potential of how new 
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technologies can support their teaching activities. 
From a design point of view, these activities gave 
us the opportunity to allow future teachers to act 
as co-designers (Druin et al., 1998) in the creation 
of novel learning activities. In the following sub-
sections we describe in more detail the different 
activities from the three trials.

Bergunda School Trial

This first trial took place on the outskirts of the 
Bergunda School (near Växjö, Sweden) in the 
surrounding natural environment. During the 
course of these activities, through collaboration 
(initially with the teacher, later with their peers 
within the group and at the end with other groups), 
students learned about different aspects of the 
forest and basic knowledge that could be used to 
identify trees in their environment. Once stage 
one was completed, children were introduced 
to the field activity including a short hands-on 
workshop, providing them with the necessary 
knowledge about how to use the different mobile 

tools available. The collaboration occurred in 
peer-to-peer and peer-to-group contexts for the 
mobile learning activities. For the first task, the 
children needed to identify a particular sort of 
tree out of three different kinds of tree located in 
the surrounding forest. Once they identified the 
trees and received some additional information on 
the smartphone, they needed to scan the correct 
semacode tag (a 2D barcode tag that can be read 
by a camera-enabled mobile phone for embed-
ding URLs to specific location, see: http://www.
semacode.org/) placed on one of the trees. In the 
case of choosing the incorrect tree the children 
received additional information describing how to 
proceed. Upon selecting the correct tree, a video 
animation was sent to the smartphones in order 
to give the children the required information to 
proceed to the next mission. 

These exploratory and task-based activities 
continued by encouraging the children to learn 
how to measure the height and age of the surround-
ing trees. In addition, they gained some knowledge 
about when trees are ready to be processed by the 

Figure 2. illustrates the flow of the learning activities from the pre-activities, to the mobile learning 
application, to the post-activities
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forestry industry. During the entire field trial, the 
children documented their activities by taking 
photographs and videos that contained automati-
cally generated GPS metadata. As part of the game 
related aspects of this activity, our system collected 
the time that it took for each group to accomplish 
the different tasks as well as the answers to each 
mission from the different groups. All this data 
was stored in our repository and we used it for 
further purposes in the follow up activities. At 
the end of the two day event, all the children were 
gathered together in the classroom. The follow 
up activities took place back in the school where 
all groups presented and discussed the content 
created during the trial while this content was 
tailored to a specific location as explained before. 
At the end of the activity, the results (times and 
numbers of points) were presented and the winner 
was announced. This trial was designed as a pilot 
test. The learning activity was divided into three 
stages including a pre-activity (where interaction 
was primarily group-to-expert, as illustrated in 
the top left image (a) in figure 2), a field activity 
(where collaboration was mainly peer-to-peer as 
illustrated in images (b) and (c) in the figure 2) and 
a post activity (where knowledge exchange was 
based on individual-to-group basis as illustrated 
in section (d) of figure 2).

Växjö Square Trial

This trial took place at the main square and at 
the museum of history in the city of Växjö. The 
overall activity was divided into three sessions 
over two days. The students were divided in three 
groups of 10 children. Additionally, each group 
was divided in two subgroups of five students, 
where one subgroup was working indoors in the 
museum, while the other group was outdoors in 
the city square. In this trial, we introduced several 
new features that included collaborative learning 
activities between the indoor and outdoor groups. 
The indoor and outdoor groups were required to 

communicate and collaborate across different 
locations using mobile technologies in order to 
accomplish a task. The collaboration modes used 
in this trial were peer-to-peer (between children 
in the same group) and group-to-group (between 
children in different groups and in different loca-
tions, indoor and outdoor). We relied on the use 
of jigsaw techniques (Aronson et al., 1978) for 
the pedagogical design in different locations, 
thus creating the conditions for our concept of 
collaboration in context. For all these activities 
we explored how different collaboration modes 
worked between the children in different loca-
tions. 

Figure 3 illustrates several of the tasks in this 
trial that occurred simultaneously, in images 
(a) and (b) the learners are decoding a roman 
numeral on the governor’s house. Images (c) and 
(d) illustrate continued negotiations between the 
groups to determine the age of the governor’s 
house. In images (e) and (f) the outdoor group 
has just sent a photograph of the square and the 
indoor group is directing them to where a histori-
cal building once stood in order to relate what 
the square looks like today to what it looked like 
in the 19th century. The activities were designed 
around group collaboration to solve the challenges 
for each task. For the five tasks in this activity, 
the groups needed to discuss and negotiate, thus 
switching roles regarding the different actions 
and decisions to be taken depending on the task. 
We used mobile instant messaging (IM) and the 
exchange of digital photos produced by the chil-
dren to support the discussions and negotiations. 
The outdoor subgroup was equipped with three 
smartphones (Nokia 6630) for content delivery, 
content generation, instant messaging and decod-
ing the semacode tags. The indoor subgroup was 
equipped with a laptop computer equipped with 
a GPRS connection and a mobile handset for still 
photography. Student teachers supervised the 
groups during the activities. While the outdoor 
subgroup was in the field, the indoor subgroup 
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was in the museum. We used animated characters 
and short video clips to provide information and 
additional help for the students. 

Student Teacher Trials

This trial took place on campus at Växjö University 
in the spring of 2007. We worked with 16 student 
teachers, divided into four groups. Each of these 
groups was divided into two subgroups. The field 
groups were equipped with two smart phones, 
one for game control and information and one for 
digital documentation. The control smartphone 
was used with semacodes for the control of the 
learning activities and for sending messages via a 

semacode tag, while the second phone automati-
cally delivered the photographs and audio files 
to base camp once the students took an image or 
finished recording. The field activities focused 
around the identification of four different families 
of trees, where the outdoor group collected data 
(images, video, and audio files) via the smart-
phones. The indoor group analyzed the images, 
audio, and sound in order to determine, with the 
support of a tree taxonomy instrument, to which 
family the tree belonged to according to leaf buds, 
bark colour, and other environmental factors. For 
this third trial we further refined the learning 
activity by running simultaneous trials with four 
groups and splitting the indoor and outdoor ses-

Figure 3. Växjö square trial activities
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sions between them, enabling all the students to 
experience the different roles and aspects of the 
trial. The collaboration modes promoted in this 
trial were primarily based on peer-to-peer and 
individual-to-group collaboration. Images (a, b, 
c, & d) in figure 4 illustrate how the indoor and 
outdoor groups needed to collaborate to solve the 
tasks. The images (e & f) show the brainstorming 
process and idea presentations. In this trial we tried 
to scale down the number of devices and control 
the communication to be more effective. 

The field students set out for their respective 
first stations, where after scanning the “startcode” 
they received an introduction, short audio instruc-
tions and a special tree identification form. They 
used the digital documentation phone to sent 
photographs and audio recordings to the base 

station using a special communication semacode. 
The groups needed to remotely collaborate using 
the mobile media and a Web interface in order to 
identify the tree species.

In addition, the field group used the phones 
to document the environment and to answer ad-
ditional questions that were designed to inspire 
them to explore the tree’s surrounding environ-
ment. Meanwhile, the indoor group compiled 
additional information for the post activities. For 
the post activity, the students worked together as a 
group to reflect over the content generated by the 
different teams, they participated in an informal 
quiz and discussed how the trial worked out from 
a pedagogical point of view. 

The second part of the trial comprised a three-
week period where the students did traditional 

Figure 4. Teacher student trial activities
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fieldwork, collecting environmental data. After 
this activity, the students participated in a future 
technology workshop (Vavoula, Sharples, & Rud-
man, 2002) organized by one of the researchers to 
flesh out how a mobile learning activity could be 
designed in this particular domain. The students 
worked in four groups, brainstorming and testing 
their ideas, and the workshop ended in a presenta-
tion of the best concepts followed up by a general 
discussion. This trial was designed with two goals 
in mind. The first goal was to support a module of 

the environmental science course for the student 
teachers, thus providing an opportunity for them 
to introduce a mobile learning component into 
their course. The second goal of this trial was to 
actively involve the student teachers in the design 
process of mobile learning in order for them to 
become co-designers of new mobile applications. 
Figure 4 illustrates the outcome of this trial. In 
the top four images we see the different groups 
collaborating and the bottom two images show 
the brainstorming and the idea presentations. 

Table 1. Applying our conceptual framework

Trial Location / 
Environment

Task / Activity Personal / 
Interpersonal

Collaboration 

Bergunda 
School

The main activity 
was conducted 
outdoors and 
supported with 
pre and post 
activities indoors/  
School and 
surrounding 
forest

Serial tasks 
about nature 
and history of 
the local 
forest/Co-
located

Collaboration 
between the 
groups and then 
group knowledge 
exchange in the 
post activity

Peer-to-Peer           

Växjö Square The main activity 
was conducted 
both in indoor 
and outdoor 
settings/             
Local museum 
and town square

Parallel  and 
simultaneous 
tasks about 
the history of 
the square 
and live in past 
times/    Co-
located   
Remote

Collaboration 
between indoor 
and outdoor 
groups was 
mediated using 
text and content 
mode

Peer-to-Peer   
Individual-to-Group   

University The main activity 
was conducted 
both in indoor 
and outdoor 
settings/        
University lab and 
surrounding 
nature

Parallel  and 
simultaneous 
and shifting 
roles. Tasks 
about tree 
morphology 
and the 
ecosystem/       
Co-located   
Remote

Collaboration 
between indoor 
and outdoor 
groups was 
mediated using 
text and content 
mode

Peer-to-Peer   
Individual-to-Group   
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Applying the Conceptual Framework

Price and colleagues (2003) have suggested a 
framework for supporting multiple interactions 
between individuals and groups that provides 
multiple collaboration opportunities. We hope to 
address the complexity and fluidity of introducing 
context in collaborative learning environments 
using our conceptual framework (Figure 1). In 
Table 1, we have tried to categorize the different 
trials mapped according to the components of 
our framework based on location/environment, 
task/activity and personal/interpersonal type of 
collaboration.

METHODOLOGICAL 
CONSIDERATIONS

Design studies are typically conceived as test-beds 
for innovation. One of the main objectives of this 
study was to investigate the possibilities for edu-
cational improvement by stimulating new forms 
of learning (Design-Based Research Collective, 
2003). We consider our efforts as being an attempt 
to create innovative, socially-situated exploratory 
learning experiences through elaborated learning 
sequences supported by ubiquitous technologies. 
Within the context of our efforts, the notion of 
socially-situated extends to the idea of learning 
activities guided by the context in which they are 
taking place. 

Design-based research is an attempt to com-
bine the intentional design of interactive learning 
environments (ILE) with the empirical explora-
tion of our understanding of those environments 
and how they interact with individuals (Hoadley, 
2004). The primary aim of Design-Based Research 
Collective is to develop domain specific theories 
(Mor & Winters, 2007). Therefore, we consider it 
as a suitable methodological approach for the field 
of mobile learning. A recent view regarding the 
design of ILEs is presented by the Design-Based 
Research Collective group (2003) who argue that 

design-based research, which blends empirical 
educational research with the theory-driven de-
sign of learning environments, is an important 
methodology for understanding how, when, and 
why educational innovations work in practice. 
Based on those claims, design is central in efforts 
to foster learning, create relevant knowledge, 
and advance theories of learning and teaching in 
complex settings. According to Edelson (2002), 
the emerging design-based research paradigm 
treats design as a strategy for developing and 
refining theories. Design-based research follows 
an iterative cycle of designing, implementing, 
analyzing and modifying. 

The research efforts presented in the former 
sections were conceived and implemented as 
inspired by the ideas and rationale suggested by 
this methodology. Such research is more akin 
to ethnography than to quantitative studies; the 
emphasis is on design processes as planned, ob-
served and reported in their natural settings. In 
our particular efforts, the different educational 
scenarios we developed were created based on 
prior cognitive, educational and technological 
research, relevant learning goals and content peda-
gogy, and knowledge of the specific educational 
context. Different scenarios were implemented 
and a variety of data were collected and analyzed 
to determine the success of the design. Since a 
successful educational design should operate as 
an integrated system, the critical elements of the 
design were identified and their interactions in 
the educational setting were analyzed. If those 
elements were not working in the expected way, 
then the design was modified based on the find-
ings and a revised prototype was implemented. 
In this sense, design-based research has some of 
the aspects of a formative evaluation, especially 
as it informs the next version of the ILE. In the 
research efforts described in this chapter we 
have used design-based research as means of 
exploring how collaboration and context can be 
used to support the design of innovative learning 
activities.
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Trial Design Issues

Roschelle and colleagues (2005) have defined 
co-design as a highly-facilitated, team-based 
process in which teachers, researchers, and devel-
opers work together in defined roles to design an 
educational innovation, realize the design in one 
or more prototypes, and evaluate the prototype’s 
significance for addressing concrete educational 
needs that support our situated learning aims. 
For the AMULETS trials we have worked in this 
manner where teachers, researchers, and students 
engaged in co-design together. Our aim with 
the overall project is to provide mobile learning 
tools and methods for teachers to use in different 
educational settings. 

For the first trial at Bergunda School, we de-
veloped the technology and worked with iterative 
design in conjunction with the teachers. This was 
our initial prototype in terms of how the activities 
worked out in the pre and post sessions with the 
children. As shown in Table 1, the first trial took 
place outdoors with the groups having peer-to-peer 
collaboration. For the second trial, working with 
the teachers helped us to broaden the concept of 
geographically distributed mobile collaboration 
between two groups, providing a space for the 
children to collaborate and negotiate in order to 
solve the tasks. The collaboration between the dif-
ferent locations was mediated by the technology 
of instant messaging and the exchange of photo-
graphs between the smartphones and stationary 
computers. For the third trial, we extended this 
form of collaboration by having all the students 
experience both the indoor and outdoor work. 
Moreover, this activity was designed in a way to 
support reflection and knowledge sharing using 
rich media content and via visualizations using 
a specific web application we developed for this 
particular purpose. 

The trials have been designed in the form of 
game-based activities. One of the main pedagogi-
cal challenges of these activities was to design 
learning tasks that fostered collaborative problem 

solving skills within the same subgroup and with 
their peers. Most of the activities were designed in 
such a way as to promote the division of labour, 
fostering collaboration, first within subgroups 
in the trials and then later across the groups in 
the second and third trial. During the different 
stages of the trials, children and students needed 
to use mathematical and navigational skills, com-
bined with reasoning and argumentation. Strong 
negotiation skills were needed for the successful 
accomplishment of the tasks. In addition, group 
discussions and interactions, as well as col-
laboration, were also activities that enriched the 
learning experience. The integration of all these 
different features into a realistic scenario offered 
children and students a challenging learning 
environment.

THE TECHNOLOGICAL 
ENVIRONMENT

In order to support the different learning activities 
we have developed and implemented a number 
of mobile tools and applications. In the technical 
architecture presented in Figure 5, we illustrate the 
three main components of the technical system. 
The central component is the learning activity 
system (LAS) that is comprised of three main 
functional blocks, the activity generator, the col-
laboration tools, and the presentation engine. The 
activity generator contains the activity control 
system (ACS) that enables collaboration between 
users and devices while retrieving and storing the 
content and it controls the flow of the learning 
activities. The collect, convert, and send (CCS) 
component is the content repository and it is used 
to collect content generated by the different groups 
and to deliver content to the mobile devices and 
computers upon request. The educational content 
delivered to the mobile phones and computers is 
also stored in this repository. The LAS manages 
the automatic generation of metadata, storing the 
tags and the content in the CCS that the two other 
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components, namely the collaboration tools and 
the presentation engine, create and utilize.

The collaboration tools provide the literal 
bridge between groups outside and inside through 
instant messaging, images, and audio. For the 
outdoor activities we have used smartphones and 
PDAs with GPS capabilities to interact, create, 
collect, and communicate throughout the learning 
activities. These devices exchange data with the 
LAS components, retrieving and sending con-
tent and information, as well as interacting with 
the sensors. The collaboration tools enable the 
technology-mediated support for remote groups 
to work together by providing text, content, and 

awareness modes. For the text mode collaboration, 
support was provided by a mobile instant messag-
ing application we developed using instances of 
the Nokia Raccoon software. Nokia Raccoon has 
a built-in python script for enabling mobile text 
communication via instant messages. In addition, 
we used these features to send photographs, video, 
and audio files from the mobile phones to the LAS, 
thus linking the content delivered and created by 
the group. All the content generated by the learners 
contained contextual information such as group 
number, activity type and additional information 
that was stored in the CCS. The user-generated 
data was handled by a python application that ran 

Figure 5. The technical architecture of the learning activity system
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on the smartphones that automatically sent the 
meta-tagged data to the CSS. Depending on the 
different learning situations, this content and its 
associated metadata was available for immediate 
access to the indoors group via the presentation 
engine.

The presentation engine provides the visual-
ization tools to support the collaboration during 
the activities and for reflection in the post activi-
ties through the use of metadata and rich media 
content generated during the group activities. See 
Figure 6 for an example of how the presentation 
engine can render the data from specific tasks 
and actors in the learning scenarios. The fourth 
block of this architecture consists of the sensors 
and actuators that support the outdoor activities 

with location and visual tags (semacodes) to trig-
ger or record events. For the indoor activities the 
children and students interacted through a web 
interface linked to the presentation engine, thus 
providing contextual content and connection to 
activities performed by the outdoor group

RESULTS

Assessing the learning processes and outcomes 
in the type of ILEs presented in this chapter is a 
very complex task, as there are many variables 
involved (different tasks, roles, contexts, etc.). 
Existing and validated methods for pedagogic 
evaluation for these types of specific applica-

Figure 6. Mapping digital content with associated metadata in the 3rd trial
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tions need to be refined in order to accommodate 
the properties of mobility and context. In our 
particular efforts, we used several techniques 
for data collection including questionnaires and 
interviews with the children, students, and teach-
ers, as well as observation protocols and stored 
data files. The questionnaires were mostly used 
to evaluate usability aspects while the interviews 
with children, students, and teachers were used 
more to evaluate the pedagogical related aspects 
of the trial. The digital content generated during 
the trials were saved on the CCS repository and 
we have used those data in different ways in our 
activities and analysis. In the first trial, the stored 
data have been used for reconstruction of the field 
activity in the classroom settings. In the second 
and third trials, the server log files have been 
used to trace the messages exchanged between 
the indoor and outdoor subgroups to investigate 
the collaboration that occurred between these 
subgroups. Additionally, in the third trial, data 
storing techniques were further developed to allow 
further exploration and visualization of how the 
activities unfolded by task and group. The main 
focus of our assessment was to investigate how 
we could use the conceptual framework presented 
in section 2 as a basis to explore the technology, 

pedagogic, and collaborative impact of the mobile 
learning activities. Taylor (2004) suggests some 
key points to consider while evaluating mobile 
learning according to the following:

•	 The learning opportunities presented by the 
new mobile technology

•	 Its (potential) impact on the way people 
perform learning tasks

•	 Its (potential) impact on the human social 
process and interactions

•	 How these in turn are changed or modified 
by the technology

We combined Taylor’s (2004) task based ap-
proach for the evaluation of mobile learning envi-
ronments with our conceptual framework in order 
to develop an assessment strategy to analyze the 
data we collected during the trials. Table 2 pres-
ents this strategy, illustrating how context can be 
used to evaluate the learning activity, describing 
which key points to look at, and which techniques 
should be used for data collection. 

For the trials we chose to evaluate the learning 
opportunity related to the location & environment 
based on the nature of the field trip based activities. 
We used the task & activity components to look 

Context Evaluation Type Data

Location / 
Environment

Learning 
Opportunity

Field Indoor 
Outdoor Remote 
& Co-Located

Survey 
Interviews

Task / Activity Impact on Task Usability Survey 
Observations 
Data

Personal / 
Interpersonal

Impact on Social 
Processes

Collaborative Survey 
interviews Log 
files

Collaboration 
modes

Impact of 
Technology on 
Collaboration

Learning Outcome Interviews, 
Survey, Log 
files

Table 2. Assessment framework
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at how the usability aspects related to the use of 
mobile technologies that may have some impact 
on the way the activities here were conducted. 
For the personal & interpersonal we looked at 
the impact of technology on the collaborative 
learning aspect and for the collaboration modes 
how the technology may have some influences on 
the learning outcome. The data collected during 
the trials and saved on the CCS repository have 
been used in different ways in our activities and 
analysis. The following subsections are used to 
evaluate the three trials based on the ideas pre-
sented in Table 2. Section 6.1 looks at usability 
issues with the learning activity based on the task, 
6.2 on how technology impacted the social and 
collaborative activities, and 6.3 on the learning 
outcomes shaped by the technology.

Impact on Task and Usability

During first two trials, we conducted 55 question-
naires exploring aspects such as perceived ease of 
use, satisfaction and peer collaboration mediated 
by ubiquitous technologies. Of the 26 children 

who attended the first trial, 22 of them described 
the activities as “very enjoyable” while the other 
four described them as “enjoyable.”

Of the 26 students that participated in the first 
trial, 16 of them found the usability of ubiquitous 
technologies as “very easy to use” while the other 
eight for the same question answered with “easy 
to use.” Only one child described the technology 
as “not easy to use.” In the second trial, the us-
ability questionnaire for the technology was made 
separately for the indoor and outdoor subgroups 
since they used different technological tools. From 
29 students that participated in this trial, 14 of 
them belonged to the outdoor subgroups while 
15 belonged to the indoor groups. In the outdoor 
group, eight of the students felt the smartphones 
were “very easy to use” while the remaining six 
described then as “easy to use.” From these 14, 
only four of described the use of semacodes as 
“very easy,” nine described them as “easy” and 
one described the use of semacode as “difficult.” 
Six of students described the instant messaging 
service used as “very easy;” the other six describe 
it as “easy” while the last two did not answer this 
question.

Figure 7. Usability 
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For the third trial, based on the questionnaires 
of the 17 students who responded about the us-
ability, 13 reported that the technology was easy 
to use, three felt it was difficult, and one did not 
answer. Semacode reading was the most difficult 
technology to use according the responses of 13 
of the students. We observed some difficulties in 
the use of the semacode application. The children 
and students also requested better possibilities 
for communication between basecamp and the 
field. Figure 7 illustrates the ease of use of the 
technology across the three trials.

Impact on Social and Collaborative 
Activities

For evaluating the impact of mobile technologies 
on the social and the collaborative aspects of the 
different trials we used questionnaires, interviews, 
and observations. In general, across all the trials, 
and based on the interviews we conducted, all the 
participants enjoyed the activities and thought 
they were fun. From a pedagogical perspective, 
the teachers believed that the game format and the 
narrative style of the activity helped the children 
to concentrate on the task. They both felt that 

the communication and collaboration tasks the 
children needed to solve throughout the activity 
were key components, helping the children to 
learn social and problem solving skills embedded 
in the history curriculum. From the instructor’s 
point of view, the social and collaboration task 
required by the trials and the workshops pushed 
the teachers’ students to discuss more about the 
learning process than in previous courses. 

In the second trial, we used questionnaires to 
assess the collaboration modes. For the outside 
groups, when asked about the collaboration with 
the indoor subgroup, only four of them defined it 
as “very good,” eight of them defined it as being 
“good” and two described it as “not so good.” 
When asked about the collaboration with the out-
door subgroup, five of them described it as being 
“very good,” seven of them described it as “good” 
and one child each thought that this collaboration 
was “not so good “ or “bad.” Here also, one child 
did not answer this question. Figure 8 shows the 
value of collaboration for the students in trial 2, 
where similar questionnaires regarding collabo-
ration were conducted with 16 student teachers. 
Based on their responses, we can say that eight 
preferred the field trials, while seven enjoyed both 

Figure 8. Collaboration in trial 2
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and two liked the indoor activities. From the 15 
children participating in the indoor subgroups, 13 
of them described the collaboration between them 
as “very good,” one described it as being “good” 
and one did not answer this question. 

Overall, the students preferred face-to-face 
collaboration and felt that working together was 
most efficient. Figure 9 is a breakdown of how 
the student teachers ranked the importance of 
collaboration during the experiment by whatever 
mode they preferred.

How Technology Influences the 
Learning Outcome 

In order to assess the impact of the technology 
on the learning outcome, we used questionnaires, 
interviews, structured observations, and the stored 
data files. The interviews with the children in the 
second trial were conducted some days after the 
activities. The focus of the interviews was on the 
overall learning experience. The first question we 
asked was to the children, “What did you learn 
during the activity?” The main denominator 
based on their answers was that they believed they 
learned about what happened in the main square 
during the different time periods in history, but 
when reflecting together with them about when 
things happened in time. It appeared that children 

had problems to differentiate between events that 
took place in different time periods.

For the student teachers, we asked similar 
questions about the activity and similar responses 
were given. In terms of what they learnt through 
the activity, they recognized that the different 
sub groups learnt different things during the trial 
and in retrospect they realized that they needed 
to discuss more in the post activity. The students 
requested better possibilities for communication 
between the group indoors and the groups in the 
field. A hands-on workshop was organized around 
a future technology scenario activity, as a second 
part of the student teacher trial. The goal of this 
activity was to explore and brainstorm about new 
ways of enhancing traditional fieldwork using 
mobile technologies. The focus of this activity 
was based on the identification of plants and the 
measurement of soil temperature, light, and mois-
ture. The purpose of this activity was to encour-
age teachers to think and act as co-designers of 
mobile learning activities rather than being only 
users. One major outcome of this activity was 
the teachers’ concerns about usability aspects of 
the technology and transparent interactions. In 
general, they imagined a future mobile learning 
device that would have more ease of use features 
than the current crop of smart phones. 

Figure 9. Value of collaboration in trial 3
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Analysis

The teachers’ general impression was that the 
trials were successful and they both felt that 
mobile technologies (smartphones in the case of 
these trials) may help children to become more 
engaged in the activities When reflecting about 
novel aspects of this way of learning, the teach-
ers’ main concern was the risk of technology 
potentially overshadowing the learning process. 
The teachers thought that this game-like-scenario 
helped the students to focus on the tasks more than 
traditional learning settings. For the third trial, the 
instructor felt that the use of mobile technologies 
helped to involve the student teachers in learn-
ing how to teach the subject and presenting them 
with opportunities to face learning challenges in 
authentic situations. In terms of what they learnt 
through the activity, they recognized that the dif-
ferent sub groups learnt different things during 
the activity and now in retrospect realized that 
they needed to discuss more in the post activity. 
Similar to younger students, the additional content 
delivered to the smartphones was not recognized 
as important. 

For the first two trials with the children we 
asked the following question, “Do you think that 
was an interesting and enjoyable day and do you 
want to join a similar activity in future?” From a 
quantitative perspective, and based on responses 
from the questionnaires, all of the children (55) 
said that they are likely to participate in similar 
activities with different missions in the future and 
they would like to see more activities of this kind 
integrated into the daily school activities. The 
student teachers had more mixed feelings about 
the learning opportunity; out of the 16 students, 
nine would consider using mobile technology in 
their future classrooms if relevant, four were not 
interested in the technology, since they felt that 
for very young children, it was not relevant, three 
were positive towards using the technology, and 
one did not answer. From the interviews they all 

expressed concern about how to get access to the 
technology when they become teachers.

In summary, based on the results presented 
in the previous sub-sections, we can observe 
that the mobile learning solutions we developed 
provided added value to the locations in the dif-
ferent trials. Like all new technologies introduced 
in educational activities there is always a risk of a 
technology centric approach away from the learn-
ing, but with careful pedagogical planning and 
the involvement of teachers in the design process 
this can be avoided. Both the children and the 
students expressed that face-to-face collaboration 
was more valuable than the technology during 
the trials and during the post-activities. Based 
on our experiences in the second trial, real-life 
situations that the children encountered during 
the activities mattered more than the computer 
generated animated characters delivered to the 
mobile devices. In general, both children and 
students feel that the technology can be used for 
appropriate situations, while the new teachers ex-
pressed concern about what tools could help them 
create future applications easily. From a usability 
perspective and an interaction point of view, we 
can clearly see difficulties in using semacodes 
as the main means for triggering events in the 
field while working with the smartphone. A key 
factor in this respect is the need of training ses-
sions to make users become more familiar with 
this mode of interaction. This fact implies that 
future efforts should focus on how scaffolding 
techniques can be integrated into the application. 
From a social and collaborative perspective, the 
game-like features worked well for the design of 
the learning activities and for the overall experi-
ence. Both the children and the students expressed 
enjoyment in working together and felt that the 
face-to-face collaboration was the most enjoyable. 
This does raise some issues for the future design 
of activities in how we may shift the activities to 
different patterns of collaboration.
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DISCUSSION

Currently, mobile devices are not perceived 
any more as simple communication tools; they 
can be seen instead as new social tools to sup-
port human collaboration and interaction. In 
this chapter we have presented our view about 
the design of innovative mobile learning based 
on new “social technologies.” The hope is that 
learning in mobile settings can be made more 
effective by expanding how people collaborate 
while taking into consideration context as a 
design parameter. The focus of this chapter has 
been to explore how innovative mobile learning 
scenarios can be designed by defining new ways 
of collaboration and interaction between people 
and devices. We have presented our thoughts in 
this direction by proposing a design framework 
based on our view of context and collaboration. 
The general framework for design and evaluation 
presented in this chapter offers new possibilities 
for addressing the challenges for mCSCL and 
mLearning. Integrating different aspects of the 
learners´ context into the design of collaborative 
learning activities can provide new modes of 
interaction that may help to enhance different 
aspects of learning. This latest aspect is especially 
important when it comes to bridging indoor and 
outdoor learning activities. Our framework is 
open enough to provide an underlying foundation 
for future research efforts and open to different 
theories. By providing mobility to the learners 
we can offer more authentic learning opportuni-
ties. According to Jonassen, Peck and Wilson 
(2000) meaningful learning will take place when 
learners are engaged in real world activities. This 
approach to technology-enhanced learning may 
contribute to a richer, more authentic grounded 
experience than conventional learning activities 
conducted in classroom settings using traditional 
material such as textbooks or demonstrations of 
experiments.

The use of design-based research provided 
us with a methodology that combines the prac-

tice and theory of learning. Using this approach 
combined with working together with the teach-
ers and the students gave us the opportunity to 
design learning activities in authentic locations 
using meaningful content that has relevance for 
the school curriculum. The co-design activity 
together with the student teachers aimed to ad-
dress the needs of creating a simple toolbox for 
both students and teachers. The outcome of our 
efforts suggests that outdoor learning experiences 
supported by ubiquitous technologies should be 
combined with learning activities in the classroom 
to provide learners with meaningful activities in 
order to: 

•	 Learn and to explore a topic in authentic 
settings, 

•	 Collaborate in order to construct common 
knowledge, 

•	 Reason and to argument in order to come 
to the solution of a problem, 

•	 Reflect upon things and to support abstract 
thinking 

Our explorations into collaboration in context 
evolved over the three trials presented in this 
chapter. In the Bergunda School trial, the students 
worked in groups in the field. In the second trial 
at the Växjö Square, we introduced the co-located 
subgroups collaborating in different location sce-
narios while the collaboration was mediated by 
mobile technologies. In the third trial, the student 
teachers rotated between the outside and the inside 
activities, thus providing all students with learn-
ing experience at the different locations. Based on 
the assessment of these trials and the post activi-
ties, we have learned that the users placed high 
value on the collaboration aspects of the learning 
activities and the need to develop easier forms of 
communication for collaboration in context using 
mobile and ubiquitous technologies. 

Mobile and ubiquitous technologies offer 
the potential for a new phase in the evolution of 
technology-enhanced learning, marked by a con-
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tinuity of the learning experience across different 
learning contexts. Chan and colleagues (2006) use 
the term “seamless learning” to describe these 
new situations. Seamless learning implies that 
students can learn whenever they are curious in 
a variety of scenarios and that they can switch 
from one scenario to another easily and quickly 
using their personal mobile device as a mediator. 
These scenarios include learning individually, 
with another student, a small group, or a large 
online community, with possible involvement of 
teachers, relatives, experts and members of other 
supportive communities, face-to-face or in differ-
ent modes of interaction and at a distance in places 
such as classrooms, outdoors, parks and museums. 
Seamless learning spaces refer to the collection 
of the various learning scenarios supported by 
personal (and also collaborative) mobile technolo-
gies. In the different cases illustrated in our trials 
we have presented several examples in which we 
have implemented seamless learning spaces by 
augmenting physical spaces with information 
exchanges as well as using geospatial mappings 
between the mobile device and the real-world that 
facilitate navigation and context-aware applica-
tions. According to Pea and Maldonado (2006) 
these last two features play an important role in 
designing mobile applications with an emphasis on 
inquiry processes, social constructivist theories, 
and distributed cognition designs.

FUTURE RESEARCH DIRECTIONS

These experiments have provided us with some 
ideas to develop a set of recommendations for the 
design of new trials in the AMULETS project and 
others efforts. In order to support the design of 
innovative educational practices it is necessary 
to take an integrative perspective to technology-
enhanced learning where pedagogy and learning 
theory are the driving forces rather than mobile 
technologies. From this perspective, mobile tech-
nologies can be used as collaborative mindtools 

(Hoppe et al., 2005) that help learners (in both 
formal and informal settings) to conduct activi-
ties and accomplish results that are impossible 
to achieve without these technologies. Thus, it 
might be beneficial to continue to elaborate this 
framework to help designers to identify educa-
tional situations and requirements in which mobile 
technologies fill a unique role while trying to sup-
port innovative educational practice. By looking 
at the application of our conceptual framework 
(Table 1) and the assessment framework (Table 
2) we can observe how mobile collaboration in 
context can be used to guide future work. Further 
development and implementation of these ideas 
can result in guidelines that can be used for the 
design of technology-enhanced learning envi-
ronments using mobile technologies to support 
innovative educational practices. 

In our future work, we plan to improve and 
to modify our existing activities and technical 
solutions in order to increase the validity of the 
learning situations, as well as providing post-ac-
tivities for fostering reasoning, argumentation and 
reflection combining mobile media, positioning 
techniques and digital maps. From a technical 
point of view, we will explore how to integrate 
RFID tags and Near Field Communication tech-
nology in our technical platform. By doing that, 
we want to asses if this technology facilitates the 
ways people interact with mobile phones and the 
objects compared with the visual tag solutions 
we have been using until now. We will also try 
to develop new ways for promoting collaboration, 
since the students and the teachers identified the 
issue of collaborative problem solving as one of 
the most appreciated things during these trials. 
Another research direction we will be exploring 
is how contextual information and positioning 
technologies can be used to deploy mobile and 
ubiquitous learning environments that will be 
responsive to the learners and the context in which 
the learning is taking place. We are starting to 
explore how intelligent support techniques can be 
integrated in these environments and we are in-
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volved in an EU initiative together with colleagues 
from the UK, Finland, and Holland where we are 
investigating new methods and technologies for 
efficient context-aware collaborative learning for 
workplace learning situations.
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ABSTRACT

In traditional education, most of the communication is one-way, where the teacher teaches and the stu-
dents listen. The students are therefore less motivated to learn. In this chapter, we use the scaffolding 
technique to design an interactive simulation framework called SPS (scaffolding participatory simula-
tion) for collaborative learning. Based on the SPS framework, a system called PLASPS (PDA-based 
learning algorithm system using participatory simulation) was developed to help students learn about 
sorting algorithms. Using this system, the teacher can assign tasks to their students and ask them to sort 
a list of numbers according to a certain algorithm. Learners then collaborate together to complete the 
task. The system checks the result and provides feedback to the students if there is a mistake with the 
positions of the numbers. The learners then correct the number positions and send the result back to 
the system. The collaborative activities and discussions, along with information about any errors, help 
the students to understand the sorting algorithm. 

INTRODUCTION 

In traditional education, most of the communica-
tion is one-way, where the teacher teaches and 
the students listen. With knowledge transmission 

from teacher to student based on instruction, stu-
dents are not required to be active learners and 
can be only passive recipients: all the information 
or knowledge related to learning is automatically 
given through a teacher irrespective of the stu-
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dents’ needs or problems, even if they are in their 
classrooms. In such situations, learners are less 
motivated to learn. In contrast, if learners solve 
their own problems for their own sake, they will 
try to actively acquire the required knowledge and 
skills (Gerhard & Masanori, 2006). Traditional 
education is passive, lacks interaction, and makes 
complicated content hard to teach and understand. 
Poor communication between students and teach-
ers is one of the major problems of mass lectures. 
However, mobile devices can help to address this 
problem and improve interactive communication 
to increase the motivation of students (Kopf et al., 
2005). Innovative educational projects are evolv-
ing in response to the new opportunities that are 
becoming available by integrating advanced tech-
nologies (Barak, Harward, & Lerman, 2007). 

To encourage more active participation and 
interaction among the learners, we designed a 
research framework to support collaborative 
learning. A prototype of a mobile learning object 
on Java programming for the PDA was developed 
to help the students learn sorting algorithms with 
PLASPS (PDA-based learning algorithm system 
using participatory simulation). The research 
framework is applied to the PLASPS. This system 
was then implemented and evaluated.

BACKGROUND 

In the near future, we believe, with the evolu-
tion of improved wireless telecommunications 
capabilities, open networks, continued increases 
in computing power, battery technology, and the 
emergence of flexible software architectures, 
that these technologies can be commonly used 
in mobile learning. The world becomes more 
fluid, networked and complex, and organizations 
will continue to become more mobile than ever 
before (Liebowitz, 2007). Mobile technology is 
associated with any device that is designed to 
provide access to information in any location, or 

while on the move. Specifically, this includes, 
but is not limited to: wireless notebooks, tablet 
computers, mobile phones and personal digital as-
sistants (PDA). One important field where mobile 
technology can make significant contributions is 
in education (Barak et al., 2007). 

Mobile devices (e.g., PDAs or notebooks) pro-
vide different services aiming at the improvement 
of interactivity and creating additional, computer-
moderated channels of communication between 
the learner and the teacher. Mobile devices can 
therefore reduce the problem of lack of commu-
nication between students and teachers, and by 
improving interactive communication we may 
help to increase the motivation of the students 
(Papert & Harel, 1991). 

Further, mobile handhelds can easily be used 
in any classroom or field site; hence they can be 
used more often than computer labs (Vahey & 
Crawford, 2002). 

Using mobile devices for supported collab-
orative learning is known as MCSCL (mobile 
computer supported collaborative learning). 
There has been an increasing amount of research 
about MCSCL in order to enhance learning and 
teaching (Chen et al., 2002; Okada et al., 2003). 
Many studies have examined the use of wireless 
mobile devices in learning. According to Roschelle 
(2003), “90 percent of teachers in a study of 100 
palm-equipped classrooms reported that the 
handheld was an effective instructional tool with 
the potential to impact learning positively across 
curricular topics and instructional activities.” 

There are many projects using MCSCL in 
Tokushima University, such as CLUE (Ogata 
& Yano, 2003a, b) and JAPELAS (Yin, Ogata, 
& Yano, 2004). CLUE is a prototype system for 
embedding knowledge awareness maps, and fa-
cilitates the sharing of individual knowledge and 
learning through collaboration. Learners provide 
their own knowledge about language learning in 
their everyday lives, and share and discuss them 
with others. JAPELAS also addresses language 
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learning. It is very difficult for overseas students 
to learn Japanese polite expressions because these 
expressions change in a complicated manner ac-
cording to context, for instance, hyponymy, social 
distance, and the formality of the conversational 
situation. JAPELAS is intended to help foreigners 
to learn Japanese polite expressions using a PDA, 
anywhere and anytime. 

Types of MCSCL may be classified as follows 
(Roschelle, 2003):

Classroom response systems: This is a 
system where learners can answer the teacher’s 
question immediately with a mobile device, and 
the system will then display the overall result. 
According to this result, the teacher can know the 
level of understanding of each learner about the 
course content. The system turns every learner 
into an active learner. For instance, “ClassTalk” 
is a classroom response system that immediately 
shows teachers the statistics about learners’ an-
swers in the classroom.

Collaborative data gathering: The mobile 
learning environment changes the monotonous 
way of teaching in the classroom whereby the 
learners are only listeners. It lets the learners 
gain experience from real life, and understand 
more deeply what they have learned. The learner 
touches and feels the actual object. For example, 
the bird watching assistance system (Chen et al., 
2002) was developed for this purpose to support 
the learning environment.

Participatory simulations: This is to help 
the learner understand the course content better 
through participation/practice. The learner uses a 
mobile device to take part in a common participa-
tory simulation. Through this active participation, 
the learner can discuss and get the correct answer, 
consequently better understanding what they 
have learned. For example, the Virus Game was 
developed at MIT (Colella, 2000) to explain the 
process of how a virus is spread. Another project, 
JAPELAS (Yin et al., 2004), allows participatory 

simulation where learners play roles in different 
kinds of social situations.

Others applications: A number of researchers 
have developed university-based systems using 
PDAs to support study activities. For example, 
Tokushima University has a project called BSUL 
(Basic Support for Ubiquitous Learning) (Saito, 
Ogata, Paredes et al., 2005) to aid study activity. 
Another project called Perkam (El-Bishouty, 
Ogata, & Yano, 2006) allows the learners to seek 
for and share knowledge, interact, collaborate, 
and exchange individual experiences.

Our approach uses the scaffolding technique 
to design a participatory simulation framework to 
support collaborative learning. The framework is 
called SPS (scaffolding participatory simulation) 
to support student-centered learning. Making use 
of this framework, the learner plays the role of 
data in the simulation of logic to visualize the data 
flow of computers in the real world. This frame-
work uses participatory simulation to encourage 
more active participation and interaction among 
the learners. Students are not simply “active” in 
a participatory simulation, they are enactive and 
this stands to improve both student motivation and 
understanding (Wilensky & Stroup, 2000).

Based on the SPS framework, we have imple-
mented and evaluated a support system to learn 
sorting algorithms called PLASPS (PDA-based 
learning algorithm system using participatory 
simulation). In the following sections, we describe 
how the system uses a participatory simulation en-
vironment for learning about sorting algorithms, 
and how we used the scaffolding technique to 
develop this system. We also describe the imple-
mentation of the PLASPS, the evaluation of the 
system and plans for future work.

PARTICIPATORy SIMULATION

During the past 10 years, computers have been 
used increasingly as simulation machines. The 
widespread popularity of game software like 
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SimCity and SimEarth gives a clear indication 
of the extent to which simulation has permeated 
popular culture. Participatory simulations grew 
out of an age-old tradition of using role-playing 
to help people develop personally meaningful 
understandings of complex or nuanced situations 
(Colella, 2000). Students engaged in participa-
tory simulations act out the roles of individual 
system elements and then see how the behavior 
of the system as a whole can emerge from these 
individual behaviors (Wilensky, 1999).

Participatory simulations are learning games 
where players play an active role in the simula-
tion of a system or process. Thinking Tags are an 
example of wearable computing (Colella, 2000). 
They are small computational devices about 
the size of a name badge that have been used to 
involve people in participatory simulations, by 
wearing small, communicating computers (the 
Thinking Tags), students are transformed into 
players in a large-scale micro world. Like classic 
micro worlds, participatory simulations create a 
scenario, mediated by a set of underlying rules, 
that enables inquiry and experimentation. In ad-
dition, these new activities allow students to “dive 
into” a learning environment and directly engage 
with the complex system at hand. Simulations 
of this type have recently come to the attention 
of educators through the work of Colella (2000). 
Students participate in an active way, analyze 
information, make decisions and see the outcome 
of their actions. This increases the motivation and 
the learning success improves.

Role-playing activities have traditionally 
been used in social studies classrooms, but have 
infrequently been used in science and mathemat-
ics classrooms (Wilensky, 1999). Our use of the 
term participatory simulations is intended to refer 
to such role-playing activities used primarily 
in science and mathematics classrooms to help 
students understand computer science theories 
more easily and clearly. 

The SPS framework focuses on using PDA 
participatory simulations to learn a concept (or 

rule) through doing it. PDA participatory simula-
tions use Palm OS handheld computers (for now 
only Palm OS is supported) to embed people 
inside simulations. Interactions between players 
in the game are mediated by peer-to-peer beam-
ing. Using an SPS-based system, the teacher can 
assign tasks to learners who collaborate together 
to perform them. The system supports the learner 
to do the task step by step, checking every step 
and providing feedback to the learner. Learners 
can understand the concept (or rule) through trial 
and error. When the learner masters the concept 
(or rule) on a certain level, the system will reduce 
the help function gradually and more responsibil-
ity is shifted to the learner. 

PLASPS (PDA-based learning algorithm sys-
tem using participatory simulation) is a specific 
implementation based on the SPS framework that 
is intended to help teach sorting algorithms. In 
this system, all the learners stand in a line with 
PDAs, and the teacher can assign tasks to the 
learners and ask them to do the task by using the 
system. Learners receive these tasks, collaborate 
together and exchange their physical positions 
according to the algorithm. The system helps the 
learner to understand the features of the various 
sorting algorithms.

This research is advocated by pedagogical 
theories such as hands-on learning, authentic 
learning, active learning and discovery learn-
ing. Brown, Collins, and Duguid (1989) define 
authentic learning as coherent, meaningful, and 
purposeful activities. When classroom activities 
are related to the real world, learners receive 
greater academic rewards. There are four types 
of learning to ensure authentic learning: action 
learning, situated learning, incidental learning, 
and experimental learning (Ogata & Yano, 2003, 
2004). The SPS framework employs two forms of 
authentic learning; action learning and experimen-
tal learning based on face-to-face communication. 
The SPS framework brings the learners to learn in 
the ‘real world.’ The SPS framework also employs 
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interactive learning. Interactive learning involves 
interactions, either with other learners, teachers, 
the environment, or the learning material. It also 
uses active learning and discovery learning. 
Active learning is an umbrella term that refers 
to several models of instruction that focus the 
responsibility of learning on learners. Bonwell 
and Eison (1991) popularized this approach to 
instruction. According to Mayer (2004) strategies 
like “active learning” developed out of the work 
of an earlier group of theorists, those promoting 
discovery learning. 

Discovery learning is a method of inquiry-
based instruction. Discovery learning is a con-
structivist based approach to education. Jerome 
Bruner is thought to have originated discovery 
learning in the 1960s. Bruner argues that “Practice 
in discovering for oneself teaches one to acquire 
information in a way that makes that information 
more readily viable in problem solving” (Bruner, 
1961). This philosophy later became the discovery 
learning movement of the 1960s. The mantra of 
this philosophical movement suggests that we 
‘learn by doing.’ Discovery learning takes place 
in problem solving situations where the learner 
draws on his own experience and prior knowledge. 
Discovery learning is a method of instruction 
through which students interact with their envi-
ronment by exploring and manipulating objects, 
wrestling with questions and controversies, or 
performing experiments.

SPS FRAMEWORK

This system is like a scaffold. Scaffolding is a 
great technique that can help the students to un-
derstand the sorting algorithm. At the beginning, 
this system supports the students by providing 
some instructions, and later the fading process 
is started where the students have to practice in-
dependently. There are two parts to this system; 
one is system-driven, which uses a scaffolding 

technique, and the other is learner-driven, which 
allows the student to work independently.

The SPS framework comes from traditional 
education and can be seen as an extension of 
traditional education. In the traditional education 
system, teachers give priority to the learners, and 
learners are normally very passive. For example, 
in learning computer science theory, when the 
teacher teaches some complicated concept or 
algorithm, they only explain it literally but it is 
difficult to make it clear to the learners. Making 
use of this framework, a mobile system to help 
students to understand concepts more easily and 
clearly is developed. In addition, it improves 
interactive communication, and increases the 
motivation and enthusiasm of the learners.

What is Scaffolding? 

Before moving on to the framework, we would 
like to explain the term ‘scaffolding.’ The term 
‘scaffolding’ comes from the works of Wood, 
Bruner and Ross (Wood et al., 1976). In the paper 
“Building Scaffolds in Your Classroom” (Feld-
man, 2003), the ‘scaffolding’ has been explained 
with the following sample of learning: To ride a 
bicycle gives children a wonderful sense of ac-
complishment. Many of us can recall running 
alongside a child, holding the bike steadily as 
the child gained speed and then wobbled off 
independently, unaware that he or she was ped-
aling without support. Scaffolding, as provided 
by human tutors, has been well established as an 
effective means of supporting learning (Soloway 
et al., 2001).

SPS was designed using the scaffolding and 
fading concept, so the framework will give the 
right advice at the right time to the students. In the 
area of educational research, the term ‘scaffolding’ 
has been used to describe various instructional 
techniques for supporting learning activities that 
reflect authentic task situations. Scaffolding 
enables the learners to engage in out-of-reach 
activities; having a ‘knowledgeable other’ or ‘more 
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capable peer’ to support the learners and ‘share 
the cognitive load’ (Jackson et al., 1996). 

The scaffolding concept has also been used in 
other researches such as the BWAS (bird watching 
assistance system) (Chen et al., 2002) for col-
laborative data gathering to support the learning 
environment. This system offers a mobile learn-
ing system, which supports the learners learning 
through scaffolding. The BWAS system contains 
a testing subsystem that evaluates each learner’s 
level of learning. It has a structured-assistance 
learning system; more assistance is given for 
beginners, and as they become more proficient, 
less assistance is given. Learners in the system 
use mobile learning devices to acquire and learn 
through a wireless transmission tool anytime and 
anywhere. Evaluation from their experiences was 
taken and it showed that the learners benefited 
substantially even though the scaffolding support 
was gradually withdrawn. It was also found that 
the learners who used the bird watching system 
improved their learning; above and beyond what 
they would normally be expected to learn.

The timing of the scaffolding is very important. 
When children are just learning to ride a bicycle, 
it is necessary to hold the bike steady to give 
them a sense of security. However, when they can 
pedal without support, if we still hold the bicycle, 
it will prevent them from achieving more speed. 
Therefore we should begin the process of “fading,” 
or the gradual removal of the scaffolding, which 
allows the learner to work independently.

Design of the SPS Framework with 
the Scaffolding Technique 

The design of the SPS framework is divided into 
four sequential parts (see Figure 1), the first one is 
the initial process, the second one is the system-
driven part, which is the process of scaffolding 
to support task execution, and the third is the 
learner-driven part, which is the process of “fad-
ing” to train the learners to think by themselves, 
and the last part is the reflection.

During the initial process of learning and 
problem solving, the teacher will provide general 
ideas, concepts, rules, examples, and so forth to 
the learners to guide them and to make sure they 
have a basic idea of what has to be learned. Fol-
lowing that, the system-driven component will 
assist the learners by providing some instruc-
tions, the learner will gain experience from the 
aid and help messages provided by the system to 
tackle the problems presented in the PDA. After 
some practice using the PDA to solve problems, 
the learner will gradually learn and understand 
the methods and techniques to solve the problem. 
When the learners become more experienced with 
the concept (or rule), the fading process is started 
where the learners use the system to practice in-
dependently. At this stage, the system will reduce 
help messages gradually and more responsibility 
is shifted to the learner. Lastly, the learners will 
be able to solve the problem themselves without 
the help of the system. At the end, learners can 
reflect with the history record.

Initial Process

The teacher explains the concept (or rule), and 
points out the major emphasis, and then explains 
to the learners how to use the system. The final 
explanation will be conducted using the examples 
on the help page. This is very useful to help learn-
ers to understand.

System-Driven

In the system-driven part, the system guides the 
learner to do the task step by step. The system-
driven part acts like a bridge, to enable learners 
to master the concept (or rule). All the learners do 
the task using PDAs, with the system will guiding 
them on how to do the task. A learner can discuss 
and compare with the other learners by indication, 
before exchanging the position. Here, mistakes 
are expected from the learners, but the system 
will provide the learners with some information, 
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which points out the position if it is incorrect 
and how to correct it for the learners to be able 
to achieve the task. The learner comprehends 
through participation in the discussion and help 
from the system to understand the feature of this 
concept (or rule). There are three characteristics 
to support learners in system-driven:

1)  Discussion and help with each other. 
2)  Pointing out the error position.
3)  Providing messages to correct the error.

Learner-Driven

The learners use the learner-driven system to 
practice doing the task by themselves. When the 
learner masters the concept (or rule) on a certain 
level, the process of fading begins. The teacher 
will judge according to the level of understand-
ing of the learners and reduce the system’s help 
function gradually. 

We design the learner-driven part into three 
levels depending on the process of fading as in 
Figure 1:

Level 1 points out the error, but the method 
of how to correct it must be completed by the 

learners, and they can discuss and compare with 
their neighboring learner, before attempting to 
correct the error.

Level 2 does not point out the error, and the 
learners have to correct it by themselves. They 
can discuss and compare with their neighboring 
learners before attempting to correct the error.

Level 3 (see Figure 2) lets everyone do the task 
with the PDA. For example, there are 6 learners 
with PDAs named “Student A,” “S1,” “S2,” “S3,” 
“S4” and “S5.” In this example, the task is to per-
form a sorting algorithm. S1 represents number 18, 
S2 represents number 3, S3 represents number 12, 
S4 represent number 5 and S5 represents number 
10. Student A will have to rearrange the numbers 
according to the task. Student A stands before 
them indicating how to do switch positions and 
do the task. Facing the other learners, student A 
orders them to exchange their position without 
discussing (Figure 2) and he will ask S1 and S2 
to exchange their positions. If Student A passes 
the third level, we can say he can complete the 
task independently. When he finishes the task, if 
there are some mistakes, the other students can 
point out the error and correct him.

Figure 1. Design of SPS framework
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Reflection

Every step is stored in the history record. After 
finishing the task, the learners can see the his-
tory of each step, which points out the wrong 
positions for the learners and the corrections. 
With the history record the learner can reflect 
on the algorithm. The mobile device is used to 
communicate with the server and to store every 
step of the process. The stored steps can allow 
reviewing or restarting at any time.

Characteristics of the SPS 
Framework Relating to Educational 
Scaffolding

Here are the characteristics of the SPS frame-
work relating to educational scaffolding as below 
(Jamie, 1999):

1. Provision of clear directions. The SPS 
framework offers step-by-step directions to 

explain just what learners must do in order 
to meet the expectations for the learning 
activity. A message about how to do the task 
will be provided to support every step.

2.  Clarification of purpose. The SPS frame-
work keeps purpose and motivation at the 
forefront. Scaffolding aspires to meaning 
and worth. At first the teacher should explain 
the concept of the algorithm, and point out 
the major emphasis including what is the 
target or result to be achieved. The SPS 
framework will help the learner to do the 
task based on the target of every step. 

3. Keeping learners on task. By providing a 
pathway or route for the learner, each time 
a learner or team of learners is asked to 
move along a path, the steps are outlined 
extensively. The SPS framework checks 
every step, and the right step will be shown 
to the learners. 

4. Assessment to clarify expectations. From 
the very start, the SPS framework provides 

Figure 2. Overview of Level3
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examples. By these examples the learners 
can know what result is expected at the 
end. Right from the beginning, learners 
are shown rubrics and standards that define 
excellence. In traditional school research, 
learners were often kept in the dark until 
the product was completed. Without clearly 
stated criteria, it was difficult to know what 
constituted quality work. 

Characteristics of the SPS 
Framework

There are three main characteristics in this 
framework:

(1)  The framework uses participatory simula-
tion, and enables students to dive into a 
simulation just like in a game. Active par-
ticipations and discussions in the system also 
help to increase their motivation to learn.

(2)  The framework was designed using the scaf-
folding concept, providing the right advice 
at the right time to the students.

(3)  Using the history record in this framework, 
reflection can be realized for better under-
standing. Also, every step will be saved 
allowing the system to be restarted at any 
stage. 

PLASPS

When learning computer science theory, it is es-
sential to learn sorting algorithms, but it is not easy 
to understand the concept of the different sorting 
algorithms. A prototype of a learning object on 
Java programming for the PDA was developed to 
help the student to learning algorithms with the 
name PLASPS (PDA-based learning algorithm 
system using participatory simulation). We use the 
SPS to develop the PLASPS system, which was 
modeled following the standard specifications of 
Java 2 Platform, Standard Edition (J2SE), and us-

ing Apache Struts. We used a wireless LAN (IEEE 
802.11b), and tomcat 5.0 as the server running on 
a desktop computer, and learners ran this system 
on Pocket PC2003, and an Access database.

Architecture

There are six sorting algorithms in this PDA 
participatory simulation system. They are bubble 
sort, insertion sort, selection sort, quick sort, heap 
sort, and shell sort. There are three modules in 
the system driven part (see Figure 3). 

Server Module

The server will send messages to the teacher or the 
learners. Each time after sorting, the server will 
receive data records from the learner module and 
the server will save these data records automati-
cally. With these records, the server will validate 
the sorting whether it is correct or not, and send 
messages to the learners or teacher.

Teacher Module

The main job of the teacher module is to select 
the sorting algorithm and set the number of the 
learners. After the random data is generated, the 
teacher sends this data to learners. The teacher 
can use a desktop personal computer or a PDA 
for this purpose.

Student Module

The learners will get the data to be arranged 
from the server according to the ID of the learn-
ers. Then the learners have to analyze, compare, 
discuss, and swap the obtained data. The result 
will then be sent to the server and the server will 
make a comparison of the correctness of the re-
sult. At the same time, the teacher can view the 
result and also measure the understanding of the 
learner and revise any new ways to explain the 
compilation of data.
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User Interface

We have designed the system as a central server, 
with four interfaces, the first one is a user interface 
for login, the second one is a learner interface, 
the third one is a teacher interface, and last one 
is a help interface. 

There are two types of users, the teacher and 
the learner. The system can detect the user type 
from his account and display the correct interface 
accordingly.

Help Interface

Before using the system, the learners should know 
the concept of the sorting-algorithms, and how to 
sort these algorithms.

Teacher Interface 

As shown in Figure 4, there are three check op-
tions in this interface; an error checking option, 
a help message to correct the error, and a choice 
for either ascending or descending sort. When the 
error checking option and help message option 
is on, it is in the system-driven mode, if one or 
all of them are off, this system is in the learner-
driven mode.

 The teacher logs in as a teacher user, and the 
teacher window will appear as shown in (A). In 
this window, the teacher can select the sorting 
algorithms and set the number of learners. If the 
selection is ok, the numbers and first-time posi-
tion will appear as in screen (B). The system will 
generate a list of random of numbers and send this 

Figure 3. Architecture of system
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list and the position numbers to the learners. P1，
P2, P3…PN are the positions of the number and 
this data will be saved in the database, these are 
all the settings for the teacher. Then, when the 
teacher clicks ‘next,’ the sorting will be started. 
The system will assign one number in this list 
to each learner. The system also will assign one 
number in this list to each PDA. 

Student Interface

As shown in Figure 4, when learners login with 
their user ID, the (C) ‘Initialization for student’ 
window will be shown. When it is refreshed, the 
number of the user will appear as in the (D) ‘Step 
for student’ window. There are also messages from 
the server and the position of each number. The 

Figure 4. Interface of system
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learner will change his location and the number 
position according to the sorting algorithm. The 
‘upload’ button is used to send the result to the 
server after every step. Students can also review 
the sorting algorithm here and also the number 
of loops for the algorithm.

 
Scenario

This is a scenario about using the system. The 
teacher assigns an array of numbers to his learners 
and asks them to sort these numbers according to 
a certain algorithm. Learners receive these tasks, 
collaborate together to do the task and the result 
of each step is sent to the server. The system will 
check it and feedback the learner with the positions 
of the numbers if there is a mistake. The learners 
will correct the number positions and send their 

new positions again to the server. Learners can 
understand the algorithm through discussions 
and their errors.

Figure 5 is a sample of using the system to 
learn the bubble sort algorithm. In the evaluation 
conducted in a sorting algorithm class, there were 
altogether 30 students and a teacher. The students 
were divided into three groups and were instructed 
to use this system at the same time. In this case, 
the teacher chose the bubble-sorting algorithm. 
The system generates the data randomly and sends 
them to the learners. In the example shown, the 
array list “84, 94, 43, 93, 96, 83, 14, 93, 99, 58” 
was to be sorted in descending order. Learners 
initially stand in a line with a PDA, which displays 
their numbers and positions.

At the beginning the system will give hints 
and instructions to help solve the problem. In loop 

Figure 5. Bubble sort
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1, an initial help message like this will appear: 
“The first person (in this case P1) has to compare 
and change his position with the neighbor if it is 
not in descending order.” After the comparison, 
the new position is uploaded to the server. The 
students will also change their physical standing 
position in the line. The server will evaluate the 
change of positions and send an error message if 
the change was done incorrectly. 

In case of any mistakes in the change of posi-
tions, the message will then ask the learners to 
correct it such as: “Numbers 84 and 94 are not 
in descending order, please change your posi-
tions.” Conversely, if the positions were changed 
correctly, the server will generate a message like 
this: “P2 and P3, please compare your order and 
upload the new positions.” As in the case of P1 
and P2, if the change was incorrect, the server 
will generate a message to aid the learners again 
and vice versa if the change was correct. This 
process is also carried out for the other learners 
until P10. 

As we move on to Loop 2, each learner will 
discuss and compare with his neighbor learners 
according to the messages from server as in Loop 1 
and this process goes on for a few loops depending 
on the problem until the whole array is sorted. In 
each loop, circled numbers are correct and fixed 
while the underlined numbers indicate that these 
positions require changes in next loops.

EVALUATION AND ExPERIMENTAL 
RESULTS

Single Group

In order to evaluate the usability and get some 
feedback for this system, we asked 10 learners 
to evaluate the system twice. Ten PDAs were 
used in this system too. All the participants 
were Master’s students who had learned sorting 
algorithms about three years previously when 
they were undergraduates. Each student holds a 

Figure 6. View
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PDA with a number and stands in a line to sort 
(see Figure 6). Most of them have not used the 
sorting algorithm for a long time so they may 
have forgotten the rules of the sorting algorithms. 
We are proposing that they can use the system to 
review the algorithm again.

We chose learners who have not used sorting 
algorithm for a long time to get their feedback and 

the efficiency of re-learning the sorting algorithm 
again using the system.

Most of the learners commented that they could 
learn sorting algorithms using this system, and 
it is a good way to explain the algorithm by the 
participatory simulation. This system gives the 
opportunity to the learners to see in a practical 
way how the sorting algorithms are done.

Table 1. Comments from single group evaluation

 What do you think about this learning method? 
1 It is very easy to be understood using this way of teaching algorithm. 
2 We can exchange our views on the solution of the algorithm and get the best 

way to solve the problem. 
3 In this way I can get help from the other learner 
4 Studying in this way is quite easy to understand, just like studying in games. 
5 Learning from using the system is more interesting than learning from teaching 

material in a normal class setting. 
6 We can do revision on the algorithm learned in class with this system. 

 

Table 2. Questionnaire used for multiple group test

 

 Questionnaire. 
Q1 Do you think this system is helpful for learning algorithms? 
Q2 The system checks each s tep and gives help information; do you think i t is 

helpful? 
Q3 Do you think this system is easy to use? 

Q4 Do you want to keep using this kind of system to assist learning? 
Q5 Can you understand the algorithm better after making mistakes? 

Q6 Can you understand more deeply when you get help from the other learners? 

Q7 Can you explain well when you help someone else? 
Q8 Do you understand more deeply and are enlightened by the discussion? 
Q9 Do you think it is interesting to study while discussing with other learners? 
Q10 Do you think it is good to use the history record to reflect on the process of 

the sorting? 
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After completing this experiment, we got 
comments from these learners for improving the 
interface, such as “please change the position of 
the buttons.” After we improved the system, we 
evaluated system again. In the experiment, we 
obtained some comments as shown in Table 1. 
According to the comments, we concluded that it 
is a good method to study by this system, which is 
like to playing games in class. It is more interest-
ing than just learning using books only. 

Multiple Groups

Multiple groups can use this system at the same 
time. For the third experiment, we asked 30 learn-
ers to evaluate the system and divided them into 
three groups.

After completing the experiment, a system 
evaluation questionnaire was given out (Table 
2). 

The learners evaluated the system by rating 
each of 10 questions on a scale from 1 (the low-
est) to 5 (the highest). The scale labels were; 1: 
totally disagree, 2: partially disagree, 3: Neither 
agree nor disagree, 4: partially agree, 5: totally 
agree). The average of the points was 4.0. Figure 
7 shows the results of the evaluations by the 
questionnaires.

According to the results for question (1), the 
system is helpful for learning algorithms. For ques-
tion (2), about the system checking each step and 
giving helpful information, the result was not as 
good because they said there some messages did 
not point out the error position. For question (3), 
the evaluation was not as good because this was 
the first evaluation and the interface of system 
was not user-friendly enough. Modifications will 
be made gradually from time to time to improve 
the user-friendliness of the system. We also need 
more explanation for the learners on how to use 
it. Results for question (4) show they liked using 
this kind of system to help learning. 

From the results of question (5), they can 
understand the algorithm better after making 

mistakes. For questions (6) and (7) using this 
method, they appear to benefit form helping 
each other. Questions (8) and (9) show that they 
could understand the algorithm more deeply and 
were enlightened by the discussion. Thus, we are 
also thinking about how to enlighten and help to 
improve the understanding of learners learning 
sorting algorithms. In the discussion, they can 
tell each other what they have learned, and they 
liked studying by discussion. Question (10) asked 
about using the history record to reflect on the 
process of the sorting. Some learners commented 
that by the history record they can know the whole 
process, and they can ponder and reflect on the 
algorithm from the history records.

Most of the learners commented that they could 
learn sorting algorithms using this system, and 
participatory simulation is a good way to explain 
the algorithms. This system gives the opportunity 
to the learners to see in a practical way how the 
sorting algorithms are done, but the current system 
is not easy to use. 

From the evaluation, we can observe that the 
students were able to learn better and enjoy the 
learning process in such group settings. Each 
group would compete with each other to be the 
fastest to sort the algorithm.

FUTURE RESEARCH DIRECTIONS

We noted from the student feedback that the sys-
tem is still not easy to use, so we are planning to 
improve the interface and ease of use in the future. 
We will then perform further evaluation of this 
system to get more in-depth feedback from the 
learners in order improve it to achieve the goal 
of using it in class.

Other future work will include a comparative 
experiment with alternative approaches. The next 
stages of the evaluation will include students who 
have no background of algorithm and will also 
compare these outcomes with those when the 
mobile device is not used. 
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CONCLUSION

This chapter describes the SPS framework, which 
was designed using the scaffolding technique. 
Making use of SPS, the learner plays the active 
role of data in the simulation of logic to visualize 
sorting algorithms. This encourages more active 
participation and interaction among the learners. 
Active participation and discussion while using 
the system also help to increase the motivation 
to learn. The SPS framework uses the participa-
tory simulation method to realize authenticity, 
and using the history record in this framework, 
reflection can be realized for better understand-
ing. The framework was designed using the scaf-
folding concept, providing the right advice at the 
right time to the students. Using the system based 
on the SPS, students not only listen and read but 
also study through discussion with each other and 
doing practical tasks.

Based on this SPS framework, as a sample 
system, the PLASPS system was implemented 
and then evaluated. The teacher can use this sys-
tem to help the learner to understand algorithms 

more deeply. From the evaluation, we conclude 
that by using the PLASPS, participants can learn 
effectively through their discussions, trials and 
errors, and the system is useful for learning al-
gorithms. The communication and discussion is 
always an essential part of the learning process. 
Most of the learners commented that they could 
learn sort algorithms using this system, and that it 
is a good and interesting way to explain the algo-
rithms using participatory simulation. We found 
that it was very easy for learners to understand 
and the main goal is achieved, whereby each 
learner understood the algorithm deeply, and this 
framework encourages more active participation 
and interaction among the learners.

The PLASPS system can help to teach algo-
rithms and the scaffolding technique is suitable 
to support the teachers in interactive lectures. A 
major advantage of participatory simulations is 
the fact that it is easier for learners to see patterns 
and understand coherences. We believe that the 
emerging field of mobile interactive services and 
participatory simulations can improve the learn-
ing experience especially in the case of complex 
problems.

Figure 7. Mean ratings on the questionnaires (min.: 1, max.: 5)
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ABSTRACT

This chapter presents the SketchMap system, which supports children’s situated learning by their experi-
ence of creating maps. In an outdoor environment, each child creates a map in the region of his or her 
school using a SketchMap client. The map is uploaded to the SketchMap server to be shared with other 
children who have created maps of different areas. Children can add new information to the maps or 
can edit them in their classrooms or in their homes. The goal of the SketchMap project is to investigate 
whether it the integration of outdoor and classroom activities, and the sharing of the children’s experi-
ences through the maps, can actually promote collaborative learning. This system has been used in the 
classes “safety map” and “nature exploration” in a Japanese elementary school, and an evaluation of 
the system has also been performed. Some issues that were identified during the educational activities 
are also described here.

INTRODUCTION 

In this chapter, the SketchMap system (Enjoji, 
Ravasio, & Sugimoto, 2006; Ravasio, Tscherter, 
& Sugimoto, 2006; Sugimoto, Ravasio, & Enjoji, 
2006) that supports children’s situated learning ac-

tivities through the creation of maps is presented. 
A key function of SketchMap is the enhancement 
of the children’s learning experiences (Sugimoto, 
2005). To make children’s learning situated and 
contextual, SketchMap supports their outdoor 
fieldwork by providing a technologically en-
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hanced learning environment. It also integrates 
the children’s fieldwork in an outdoor environment 
and advances their reflection and further learning 
processes in a classroom, which is important for 
reaching a deeper understanding (Ackermann, 
1996). SketchMap is used (1) to allow children to 
easily record what they have found during their 
fieldwork, (2) to reflect their learning experiences 
and enhance further learning while using their 
maps, and (3) to support knowledge sharing and 
construction processes by sharing individual 
children’s experiences through the maps. 

In SketchMap, children are asked to create a 
map of the neighborhood of their school. They 
use a tablet PC to retain the natural feeling of a 
sketch with pen and paper, while avoiding the 
difficulties of pen and paper based sketches. For 
example, using a tablet PC simplifies changing, 
or modifying, the scale of a map. The child draws 
a street with a stylus pen or places an icon, rep-
resenting a landmark, by selecting from the icon 
list. A SketchMap tablet PC is augmented by a 
GPS receiver and a USB camera. The child can 
capture an image, a sound, or a video using the 
attached camera, and easily position it anywhere 
on the tablet PC display. During the map creation 
task, all the child’s activities on the tablet PC, 
with time and location data captured through 
the GPS receiver, are logged. As the tablet PC is 
always connected to the Internet via its wireless 
Internet card, a map being created by a child 
can be uploaded automatically to the SketchMap 
server. After the children have returned to their 
schools or their homes, they can access the server 
and browse the uploaded maps. Then the children 
can edit their own maps or add new information 
to other children’s maps.

Even while the SketchMap project was 
underway, evaluation of the use of the system 
was conducted in collaboration with a Japanese 
elementary school. This chapter describes some 
findings gained, lessons learned through this 
practice, and suggests some future work.

RELATED WORK

The use of a mobile device, such as a PDA, to 
individualize tuition in educational environments 
has rapidly led to the transfer of widely known, 
effective pedagogical methods to this novel me-
dium. Examples are the MapIt and PicoMap ap-
plications for concept mapping (Chan & Sharples, 
2002) and Cooties (Soloway, Norris, Blumenfeld 
et al., 2001) projects for science classes. A mobile 
butterfly-watching system (Chen, Kao, Yu, & 
Sheu, 2004) uses content-based image retrieval 
and allows individual learners to retrieve infor-
mation on a butterfly whose image is captured 
using a camera built into the handheld device in 
an outdoor environment.

The range of existing collaborative educational 
systems covers topics as diverse as participatory 
simulations (Benford, Rowland, Flintham et al., 
2005; Colella, 2000; Wilensky & Stroup, 1999), 
classroom communication systems (Dufresne et 
al., 1996), and problem based learning (Cuartielles, 
Malmborg, & Schlaucher, 2003).

Individual and collaborative practices can be 
integrated into a single system. Ishizuka et al. 
(2004) compared the achievements of pupils us-
ing Web-based training systems in combination 
with PDAs in the “integrated study” classroom, 
outdoors, and in a social education facility. De-
guchi et al. (2006) described a system for use in 
an integrated study class, whose aim was to make 
pupils collaborate in the design of a town and ex-
perience the relevant environmental implications. 
Yatani, Sugimoto, & kusonoki (2004) developed 
a system in which pairs of pupils collaborated 
to solve a knowledge quiz about the individual 
insights they gained from the science exhibition 
they were visiting, while Takenaka et al. (2006) 
proposed a system that allows elementary school 
children to collaboratively create and share a 
virtual botanical garden by using a mobile phone 
equipped with a camera. Finally, the purpose of 
the Ad Hoc Classroom project (Chang & Sheu, 
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2004) is to develop a wireless platform so that 
teacher and students can establish a classroom 
dynamically, irrespective of location and time 
limitations (that is, anytime and anywhere).

There have been proposals for systems that aim 
to enhance the use and application of geo-spatial 
data and tools in the context of other knowledge 
domains. An example is the e-MapScholar project 
(Jones et al., 2003), which, together with others, 
provides teaching case studies from varying areas 
of expertise, such as archaeology, civil engineer-
ing, or forestry. In the WebPark project (Dias et al., 
2004), a mobile information system that provides 
visitors to natural areas and parks with information 
about their surroundings has been constructed, 
using smart phones and a GPS that is equipped 
to access the information in the system.

Environmental detectives (Squire & Klopfer, 
2007) is for learning about potential contamination 
of a local water supply using a PDA that provides 
learners with location-sensitive visualization 
and for supporting them in their socially-situ-
ated scientific practices. JAPELAS and TANGO 
(Ogata & Yano, 2004) are context-aware language 
learning support systems, especially for assisting 

foreign students in Japan to learn polite Japanese 
expressions through interactions with real world 
objects. DIGITAL-EE (Okada et al., 2003) is for 
supporting learners conducting fieldwork in an 
outdoor environment and for those in a classroom 
to share the virtually augmented fieldwork and 
enhance their collaboration. CyberTracker (2000) 
is a PDA application designed for conservation 
biology data collection and used in the BioKIDS 
curriculum (Parr, Jones, & Songer, 2002) to en-
hance inquiry learning in an outdoor environment. 
The Ambient Wood project (Rogers et al., 2005) 
uses pervasive technologies to augment woodland 
digitally in a contextually relevant manner and 
to enhance the physical experiences of children 
exploring the outdoor world.

Although there are similarities between these 
predecessors and SketchMap, it differs from them 
as follows.

•	 The basic objective of SketchMap is that 
children’s experiences are augmented by 
their articulation and recognition of the real 
world, and by expressing them as a map.

Figure 1. An overview of the SketchMap system
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•	 SketchMap enhances children’s conven-
tional fieldwork by using a tablet PC that 
retains the features of pen-based interac-
tion.

•	 In order to share individual children’s out-
door experiences, enhance their reflections, 
and use them for their further learning, 
SketchMap allows the children to edit and 
annotate the maps through the server.

CONFIGURATION OF SKETCHMAP

Overview

As shown in Figure 1, SketchMap comprises 
multiple client computers and a server. The cli-
ent computer is used to support the children in 
creating maps in outdoor environments, and the 
server computer is chiefly used to support their 

individual/collaborative learning, using the maps 
in their classrooms or in their homes. 

SketchMap Client

When we began designing the SketchMap client, 
we investigated numerous commercial software 
packages that support children in creating maps. 
Our investigations showed that most of the pack-
ages prepare a blank map and ask children to 
complete it by placing landmark icons on it (e.g., 
a police station or a fire department). However, let 
us assume that we create a map on a blank piece 
of paper. We first have to decide what should be 
placed/drawn on the paper. From an epistemo-
logical point of view, this is closely related to our 
articulation process, namely, how we recognize 
the three-dimensional real world, how we select 
a limited number of objects, such as roads, build-
ings, and shops, from an unlimited number of 

Figure 2. A SketchMap client
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objects, and how we represent and arrange the 
objects on the paper as a two-dimensional map. 
This map creation task requires greater cognitive 
capability or effort than tasks that require children 
simply to place a ready-made icon correspond-
ing to a real world object (because the world is 
already “articulated”). As one of the main goals 
of the SketchMap project is to enhance learners’ 
experiences and reproduce them for their further 
learning, a map creation task that requires a higher 

level of articulation, based on the individual child’s 
viewpoint, is necessary. Therefore, we decided to 
design a SketchMap client that allows the child to 
create a map on a blank canvas while receiving 
moderate assistance. 

A SketchMap client comprises a tablet PC 
(HP Compaq tc4400), a USB camera (Logitech 
Qcam for Notebooks Pro), and a GPS receiver (IO 
DATA CFGPS2) as shown in Figure 2. The child 
carries the client and creates a map with a stylus 

Figure 3. A user interface of a SketchMap client (A Japanese word is translated into English in each 
parenthesis.) 
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pen. The user interface of the client is shown in 
Figure 3. When the child draws a street or places 
an icon, such as a hospital or a municipal office, 
on the canvas (Figure 3 (A)), he/she taps the menu 
in the upper part of the user interface (Figure 3 
(B)) and selects the corresponding item. A USB 
camera attached to the tablet PC is manipulated 
through buttons on the popup window (Figure 3 
(C)) and children can capture an image, a sound 
or a video with the camera. When this has been 
done, an icon that represents the captured image 
(thumbnail icon), sound (microphone icon), or 
video (thumbnail icon) is automatically added 
to the palette, as shown in Figure 3 (D). Then 
the child can drag the icon from the palette to 
anywhere they like on the map. They can easily 
enlarge/shrink an image or a video, or replay a 
sound by tapping the corresponding icon.

While children are creating maps in an outdoor 
environment, the SketchMap client receives GPS 
signals. Children’s activity and location data, as 
given by the GPS, are automatically logged in 
the following format: time, latitude, longitude, 
user manipulation, and item information. The 
user manipulation represents manipulations by 
children using the SketchMap clients. As the 
client makes pen strokes on the tablet PC, it can 
record actions such as photographing, video/audio 
recording, icon dragging, item drawing/erasing 
(a street, park, etc.), and canvas scrolling. The 
item information is written in the SVG/ XML 
format that describes a type of item (e.g., a street, 
park, or icons) and its graphical information (e.g., 
shape, or points of x–y coordinate values). These 
log data are uploaded to the server through the 
wireless Internet and managed by the server for 
sharing and annotation, as described in the fol-
lowing section. 

SketchMap Server

To use the maps created by children in an out-
door environment for collaborative learning in a 
classroom, the SketchMap system on the server 

provides the children with the following functions, 
which are available through a Web browser. 

(A)  A function for supporting reflection

Children repeatedly sketch real world objects 
on their tablet PC and capture them using the 
camera in an outdoor environment, after which 
they finalize their own map. Although children 
can share their own final maps with other chil-
dren and use them for further learning in their 
classrooms and homes, they cannot completely 
remember the map creation processes from the 
final maps. If individual children are effectively 
reminded of when, where, and how they dis-
covered an object described on the map, or why 
they drew or captured it, they can more actively 
discuss and totally understand their own and other 
children’s maps. 

SketchMap allows children to replay their map 
creation processes using the log data described 
previously. Figure 4 shows the user interface of 
the replay module, with the slider at the bottom 
of the figure representing the time that elapses 
while creating the map. Children can change the 
position of the slider and visualize the map that 
was created at the corresponding elapsed time. 
By using the replay module, children can easily 
discover how they created the map; for example, 
they perhaps first drew a street and then inter-
viewed a person walking by. As the person told 
of a relevant location and pointed to it, the child 
took a picture of the place. 

(B)  A function for annotating maps

SketchMap allows children to add new infor-
mation or experiences, related to what they have 
discovered during their outdoor activities, to their 
maps. As each child can view maps created by the 
other children or information annotated by them, 
the children can collaboratively share information 
and knowledge about neighboring areas in the 
vicinity of their school. 
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A Web interface for editing and annotating a 
map is shown in Figure 5(a). When the children 
click a hand-drawn map on the left hand section, 
a comment box with images, videos, or sounds 
recorded in an outdoor environment appears on 
the right. 

The Web server is accessible in their class-
rooms and in their homes, or in any other place 
where a public Internet service is available. This 
allows children to add photographs, sounds, 
or videos that have been captured while they 
commute, and also involves their parents in col-
laborative knowledge construction and sharing 
processes through their participation in the map 
editing and annotation. 

Figure 5(b) is an example of the Google Earth 
based interface that also shows results of children’s 
map creation process. A red icon represents 
where children recorded an image, a sound, or 
a video in an outdoor environment, which is 
placed on the photomap based on the GPS data. 
Children click the icon, and write a comment on 
the popup window with a photo, a sound, or a 
movie. As a map created by individual children 
is often inaccurate in its scale or orientation, it 
might be difficult for the other children, teach-
ers, or parents to understand the map. If only 
the child who created it can understand a map, 
active discussion or participation in annotating 
the other children’s maps does not happen. As 

Figure 4. A user interface for replaying the map creation processes
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Figure 5. Web interfaces for editing and annotating maps
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the Google Earth interface is a photo-based map, 
it is anticipated that it will allow children, their 
teachers, and parents to more accurately identify 
information about the surrounding environment 
where children conducted their fieldwork. 

The current version of SketchMap has been 
developed using the Java language (J2SE5.0), an 
XML database server (eXist), and a Web server 
(apache), and is executable on both Microsoft 
Windows XP and Red Hat Linux. 

EVALULATIONS THROUGH 
EDUCATIONAL PRACTICES

Overview of Educational Practices 
Using SketchMap

Since February 2006, we have undertaken edu-
cational activities using the SketchMap system 
in collaboration with a local elementary school 
(Chiba prefecture, Japan), where the system has 
been used for “safety map” class and “nature 
exploration” class. In these classes, evaluations 
of the SketchMap system have been conducted 
three times during 2006 (February, June, and 
October) and twice during 2007 (February and 
June). To date, more than 200 children have used 
the SketchMap system. 

(1)  Safety map class

Recently, the number of brutal crimes against 
children has increased, and ensuring their safety 
while commuting is one of the most critical is-
sues in Japanese elementary schools (Japanese 
Ministry of Education, Culture, Sports, Science 
and Technology, 2006a). With this in mind, one 
of the measures for protecting children from such 
crimes is to create a safety map from a child’s 
viewpoint. Here, children create a map using 
pen and paper, record photographs with a digital 
camera, and complete the map after they return 
to their classrooms (Japanese Ministry of Edu-

cation, Culture, Sports, Science and Technology 
,2006b). By using SketchMap, which supports 
pen-based interaction with a tablet PC enhanced 
by a camera and a GPS receiver, it appears possible 
to identify differences from, and advantages over, 
the conventional paper-and-pen based method. A 
map created by children is a useful resource for 
ensuring their safety and raising their level of 
awareness about danger, as well as focusing the 
concerns of the children, their teachers, and their 
parents. Therefore, it is expected that children, 
their teachers, and their parents will access the 
map, annotate it, and discuss it voluntarily. 

In the safety map class, as shown in Figure 
6, sixth grade children (age 11 to 12 years) were 
divided into groups of five. Each group was given 
one SketchMap client, and was asked to create a 
map of a specified area around their school, by 
drawing a street, taking a photo, and by placing 
an icon that represented an “empty street” or a 
“blind spot” (these icons denote a dangerous area), 
as well as by recording interviews with residents. 
The task took approximately 90 minutes. After the 
children returned to their classroom, using their 
map uploaded onto the SketchMap server, each 
group presented to the other groups what they had 
found during their outdoor activities.

(2)  Nature exploration class 

The purpose of a nature exploration class (Fig-
ure 7) is to interest children in living things, such 
as insects and plants, by creating a map around 
their school. A child’s experiences in an outdoor 
environment can be a motivation for further 
learning. When they are back in the classroom, 
children share their maps and discuss or question 
what they found during the fieldwork. Moreover, 
as teachers and parents participate in creating 
the map in the classroom or at a home, they can 
easily assess the level of their children’s interest 
in nature and provide them with more relevant 
information through discussion or annotation of 
their maps. 
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In this class, fourth grade children (age 9 to 
10 years) were divided into groups of five. Each 
group was asked to create a map of a specified 
area around their school using the SketchMap 
system. The task lasted approximately 60 minutes. 
In the same manner as in the safety map class, 
when they returned to their classroom, using their 
map, children presented what they had found to 
the other children.

In this chapter, experimental results from 
the safety map class are shown. This class was 
conducted from the second week of June to the 
first week of July in 2007 with the following 
schedule. 

•	 One day for outdoor fieldwork using a 
SketchMap client

•	 Three successive weeks for reflection and 
collaborative map annotation using the 
SketchMap server

Seventy-five sixth graders participated in this 
educational practice, in which the purposes of the 
evaluations were to investigate (a) the usability 
of the SketchMap client for children outdoors 
and (b) how outdoor activities motivate children 
to undertake collaborative learning and knowl-
edge sharing/construction in their classrooms 
or homes.

Figure 6. Children in the safety map class. Three of the five children in one group appear in the photo-
graph. The girl on the left is taking a photograph to capture a potentially dangerous spot. The girl on 
the right is drawing a map on the tablet PC. The boy in the center is managing the individual children’s 
tasks. 
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In this class, maps were not uploaded using a 
wireless network. Instead, the maps were uploaded 
immediately after the children returned to their 
school. The children’s activities outdoors and in the 
classroom were videotaped and post-experimental 
interviews and questionnaires with children and 
their teachers were conducted. 

Experimental Results and 
Discussions

(1)  Usability of SketchMap client

Figure 8 shows the results of the post-ex-
perimental interviews conducted at the end of 
the one-day fieldwork. The children’s responses 
were positive overall, showing that they enjoyed 
creating a map by using SketchMap, and that its 
usability was satisfactory. 

Video analyses during the children’s outdoor 
activities clarified several issues related to the 
advantages and disadvantages of the Sketch-
Map client, some of which are summarized as 
follows. 

Figure 7. Children in the nature exploration class. Three of the five children in one group appear in the 
photograph. The boy sitting in the lower right of the figure is directing a USB camera to a plant. The 
girl holding a tablet PC in the center is taking a photograph and placing a thumbnail icon on their map. 
Another girl (second from the right) is coordinating the other two children’s tasks. A student supporting 
the children in their field work is at the left of the figure. 
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•	 The five children in each group voluntarily 
discussed and allocated their individual 
roles, for example, capturing with a camera, 
drawing a map, discovering an object to be 
captured, and managing individual tasks, 
and changed them halfway through their 
task, although they were not asked to do 
this beforehand. This division of roles al-
lows children to conduct their map creation 
smoothly. 

•	 Children could use the SketchMap system 
easily. During the fieldwork, to record what 
they were interested in, or what they thought 
important for creating their safety map, 
they frequently used the camera to take a 
photograph, for example of a bush, to record 

a sound, for example, an interview with a 
resident, or to make a video, for example, 
of a barking dog.

The remarkable difference between Sketch-
Map and the conventional map creation method 
is that children could not only draw a street, but 
also immediately put a photograph, a sound, or a 
video on the map. For example, if they did not like 
a photograph on their map, they could immediately 
take a new photograph and replace it easily. In 
contrast, it would have been impossible for chil-
dren to place photographs, videos, or sounds on 
the map and then confirm if they were acceptable 
during the fieldwork, when using pen and paper. 
The comments from the teachers showed that 

Figure 8. Results of post-experiment interviews
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the children seemed to be more motivated and 
engaged in the tasks when using SketchMap than 
when using the conventional method.

•	 Weather sometimes made it difficult for 
children to use a tablet PC outdoors. During 
the safety map class, the weather was cloudy, 
and the children could easily distinguish 
what was shown on their tablet PC display. 
However, in one of the nature exploration 
classes on a different day, the weather was 
sunny, and the children could not read the 
displayed information and draw the map 
easily. To solve this problem, it might be 
better to use a tablet PC with a low reflec-
tion display. 

(2)  How outdoor activities motivate children 
for collaborative learning and knowledge 
sharing/construction

Figure 9 shows the number of comments made 
by children on the SketchMap Web server. The 
total number during the three weeks was 29, 
which appeared relatively small. One of the main 

reasons was that the school teachers did not use 
the SketchMap server in their class. The teachers 
expected their children to access the server vol-
untarily, and to edit or provide comments on their 
maps whenever and wherever they liked, such as 
in their free time before, between, or after classes 
in their school, or while they were at home. 

The following is an example of a series of 
comments made by four children (C1, C2, C3, C4) 
and one teacher (T1) on the SketchMap server. 
They tried to enumerate potentially dangerous 
places by referring to a certain part of the map and 
photographs on the server. (Phrases and sentences 
within the brackets have been added by the authors 
to clarify the meaning of the comments). 

C1:  This parking lot seems dangerous, because 
suspicious individuals can easily hide behind 
cars. We might be attacked while commut-
ing.

T1: A location behind the step of the apart-
ment house [next to the parking lot] is also 
dangerous, because it is dark and difficult 
to recognize. 

Figure 9. Number of comments during the three-week experiments
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C1: There are a bush and a hut [around the park-
ing lot] that allow suspicious individuals to 
hide. 

C2: Suspicious individuals can easily enter these 
places, and we cannot recognize them when 
it becomes dark. 

T1:  This photograph [on the map] shows the 
parking lot taken from a distant location. 

C3: I think it is very dangerous because cars 
parked there make it difficult to identify 
suspicious individuals. 

C4: That location [behind the steps of the apart-
ment] seems dangerous because it is dark 
and [the wall of the apartment is] covered 
with graffiti. 

In this case, C2 and C4 walked by the parking 
lot and found information that they had not found 
during the fieldwork. Active discussion among the 
children happened because they revisited a map 
created in their fieldwork and, therefore, had a 
certain level of knowledge about the place.

The questionnaires after the three-week ex-
periments proved that (1) children who accessed 
the SketchMap server and added comments on the 
map could increase their level of understanding 
of the map and (2) could share more information 
and knowledge with the other children.

The experiments also clarified several issues 
to be investigated in our future work.

(1)  More participation by the children is neces-
sary. 

In this experiment, the teachers neither used the 
SketchMap server in class nor strongly suggested 
that the children use it in their schools or homes, 
which reduced the number of children involved 
with the annotation. In future experiments, a cur-
riculum that utilizes the SketchMap server will be 
designed to make children actively participate in 
the annotation and relate their classroom activities 
to their outdoor activities. 

(2)  Role of teachers

The role of teachers was very important for 
discussions about the SketchMap server. Teach-
ers provided suggestions or clues to activate the 
children’s discussions and often moderated them 
by deleting inappropriate comments, such as 
defamation of other children. Every time a com-
ment was added to the map, an email notifying 
a teacher that children had annotated the map on 
the SketchMap server was automatically sent. 
Although some teachers told us that such notifica-
tion emails were useful for easily and promptly 
checking the children’s comments, others said that 
they were sometimes very distracting. 

(3)  User interface of the SketchMap server

Before the practical experiments, the school 
teachers and the authors thought that children 
might not be able to understand a map created by 
other children (Figure 5(a)) and therefore prepared 
a photomap (Figure 5(b)) that is more accurate 
than the hand-drawn map. However, the children 
did not use the photomap frequently, apparently 
because they had certain levels of knowledge 
about the vicinity of their school, and photographs 
and icons attached by children to the hand drawn 
map helped the other children to identify their 
physical locations. 

(4) Parents’ participation

In this experiment, contrary to the teachers’ and 
authors’ expectations, the children’s parents did 
not participate in annotating maps on the server. 
The reason for this is still to be investigated thor-
oughly, but the following two issues can be sug-
gested: (a) parents were not well informed about 
the experiment or the server’s URL, as they only 
knew about the experiment from their children, 
and (b) parents hesitated to add comments because 
they did not want to make their comments visible 
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to the other children and parents. A method for 
effectively promoting parents’ participation must 
be explored. 

(5) Reflection on outdoor activities

Using the replay module reminded the children 
of what they had done using SketchMap, for ex-
ample, drawing a street, taking a photo, or putting 
an icon on their tablet PC. Some children found 
clues for starting discussions or were motivated 
to revisit a place after their fieldwork through 
reflecting on their outdoor activities. 

CONCLUSION AND FUTURE 
RESEARCH DIRECTIONS

This chapter describes a system called SketchMap 
that integrates outdoor and classroom activities 
to enhance children’s learning experiences. 
Children use a tablet PC augmented with a GPS 
receiver and a USB camera to create their maps 
in outdoor environments. The SketchMap system 
allows children to share and annotate the maps 
for collaborative learning and has been used in 
classes in a Japanese elementary school. The 
evaluations of SketchMap proved that children’s 
responses were positive and indicated that it 
could promote children’s collaborative knowledge 
sharing and construction through their outdoor 
learning experiences. However, as the number 
of children and parents who participated in the 
discussions on the SketchMap server was small, 
more investigations are necessary. Consequently, 
in rhe future it will be important for us to un-
dertake further educational practices using the 
SketchMap system, to derive more conclusive 
results to prove its effectiveness. 
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ABSTRACT

In response to the ever-increasing need of private and public organizations for lifelong learning, re-
search in technology-enhanced learning has been geared towards the provision of systems that will 
better support those who pursue education at a number of different stages in their life, move between 
institutions while pursuing a course of study, or make use of resources and facilities from more than 
one institution/organization. The new generation of mobile phones can support applications that would 
facilitate contextual learning through life. This chapter presents our approach to designing a mobile 
application for contextual lifelong learning and the prototype created. The application assists learners 
to access, compose and manage their learning in a range of institutional, informal and work-based set-
tings by keeping them connected with content that is relevant to their studies, and its use is demonstrated 
in three lifelong learning scenarios. 

INTRODUCTION

Lifelong learners increasingly look for more intel-
ligent services and support in order to better meet 
their learning goals and needs (Baajour, Magoulas, 

& Poulovassilis, 2007). As Sharples (2000) points 
out, in lifelong learning it is important to make 
learning contextual, that is: 

Chapter XII
An Architecture for

a Personalized Mobile
Environment to Facilitate

Contextual Lifelong Learning
Dionisios N. Dimakopoulos

London Knowledge Lab, London

George D. Magoulas
Birkbeck College, University of London, London



  ���

An Architecture for a Personalized Mobile Environment to Facilitate Contextual Lifelong Learning

•	 Facilitate learning at different times and 
places, when a person tries to solve a prob-
lem, share an idea, gain an understanding 
or reflect on the current situation; and 

•	 Allow people to continually enhance their 
knowledge to address immediate problems 
and to participate in the process of profes-
sional development.

In everyday life, a lifelong learner tries to solve 
problems, share ideas, or understand situations. 
In order to accomplish their goals, learners need 
information to clarify the current situation, or a 
way to communicate with other members of their 
community in order to share ideas. Furthermore, 
they might want to enhance their knowledge by 
attending courses, which follow specific sched-
ules that have to match with their busy lives. 
This generates new requirements for delivering 
learning content, accessing information, learning 
on demand, and for support at the workplace, in 
the classroom or in the current situation. 

Mobile learning appears to be a promising ap-
proach to enable learning in context and analysis 
of real world problems with the use of mobile de-
vices and applications to better support the learn-
ing process. In this vein, Miertschin and Willis 
(2004) used tablet PCs in a freshman introductory 
computing course. Although a tablet PC might be 
a good choice regarding the goals of the project 
presented by Miertschin and Willis, its size and 
dependability on wireless networks, mainly on 
campus, does not fulfill the requirements for a 
type of learning that is not restricted to specific 
places. On the same wavelength, Valiquette, Wil-
liams, Kutner, and Seeger (2005) proposed a 
mobile application that requires a laptop PC as the 
mobile device and is also restricted to the cam-
pus. These approaches serve their purpose well, 
but do not accomplish the features of contextual 
lifelong learning, which according to Sharples 
(2000) requires applications to be highly portable, 
personalized, unobtrusive, available anywhere, 
persistent, useful and easy to use. 

These requirements make us revisit mobile 
phones as the medium for lifelong learning educa-
tion. While it was not very long ago that mobile 
phones were used just to make calls, the advent 
of the 3G standards and technology has provided 
additional features which may transform mobile 
phones into communication facilitators suitable 
for contextual lifelong learning. 

In particular, with mobile phones being owned 
by most of the students (Lindquist, Denning, Kelly, 
et al., 2007), the creation of mobile applications 
that present and manage the knowledge needed by 
lifelong learners seems apparent. A mobile phone 
by definition is highly portable, personal, avail-
able anywhere and unobtrusive. A thick mobile 
application can be created that adapts to the user 
needs, is persistent, useful and easy to use. Lastly, 
mobile phones also support context awareness, a 
highly desirable feature for the learning process 
(Lonsdale, Baber, & Sharples, 2004). 

This chapter presents our approach to the 
design of a personalized mobile learning envi-
ronment for lifelong learning and our prototype, 
demonstrating its use through usage scenarios. 
The environment interacts with a personal learn-
ing space, giving back information to the user, 
either specific to the situation she is in, or relative 
to the courses she is attending (Dimakopoulos & 
Magoulas, 2006). It comprises server side middle-
ware that performs the intensive calculations that 
could not be executed on a mobile phone, and 
connects the information in the database with 
the mobile client that runs a mobile application. 
Building on our previous work (Dimakopoulos 
& Magoulas, 2006), here we extensively discuss 
design considerations for mobile learning systems, 
proposing solutions to the usability issues of  
small mobile phone screens and we demonstrate 
a design that adopts hierarchical menus and lists 
of items to map the tasks and activities that a 
lifelong learner can do. The tasks and activities 
can be formed as categories, subcategories and 
items in the personal learning space of a student. 
The issue of the limitations on processing power, 
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memory and storage has been addressed by the 
Java Micro Edition (Java ME) that can be used to 
develop a thick mobile client. Lastly, for dealing 
with bandwidth and connection performance, an 
approach is adopted that is based on the idea of 
employing a connection adaptation mechanism 
as proposed in the literature (Alvarez-Cavazos, 
Garcia-Sanchez, Garza-Sanchez, et al., 2005). 

The chapter is organized as follows. The 
next section presents previous work in the area 
of mobile applications for learning. After giving 
an overview of our approach and discussing the 
design considerations that led to the development 
of our prototype, we present the architecture of 
the system. Then we give a user’s view of the 
prototype environment by demonstrating its use 
through lifelong learning scenarios. The chapter 
ends with future research directions.

BACKGROUND 

The literature (Kukulska-Hulme, 2002; Waycott, 
Scanlon, & Jones, 2002) suggests that mobile 
learning should be seen as an extension of tra-
ditional learning and not a replacement. This is 
because not all kinds of activities and content are 
appropriate for mobile devices (Keegan, 2001). 
According to Trifonova (2003), a good approach 
for using mobile devices as learning tools is to 
create learning modules that are short, no more 
than 10 minutes long, to fill the gaps of the 
highly fragmented attention of the user while on 
the move. There are, however, several technical 
and user-related issues that need to be addressed 
before mobile learning applications reach their 
full potential. 

From a technical point of view, there are issues 
that concern the architectural aspects of mobile 
learning systems that need to be addressed. A 
potentially useful approach has been proposed 
by Alvarez-Cavazos et al. (2005) for accessing 
digital libraries on the move. Their architecture 
includes a mobile thick client written in Java ME, 

which is designed to cope with the limitations of 
the mobile environment. It communicates with a 
middleware application on the server using the 
XML-RPC protocol. The mobile client offers a 
subset of the functionality that a desktop client 
offers. This mobile client performs functions to 
deal with the limitations of the mobile environ-
ment and includes:

•	 A local storage mechanism, which stores 
documents in the device for later offline 
usage;

•	 A connection adaptation mechanism that 
provides a constant response time regardless 
of the connection variability, and 

•	 User interaction support that allows the 
user to manage his or her personal digital 
library. 

The mobile client reads the results received 
from the middleware and displays them on the 
screen. The mobile connection middleware stands 
between the database that holds the digital library 
and the mobile devices. This is because accessing 
the database is a resource-intensive procedure 
that mobile clients might not be able to deal with. 
The accessing of the databases is done by the 
middleware and the results are cached in order 
to be served to the users the next time someone 
asks for them. Finally, the middleware performs 
adaptation of the content so that it fits the display 
of the devices. The architecture of our application, 
which is presented later in this chapter, adopts 
several of the ideas of Alvarez-Cavazos et al. 
(2005), such as the local storage mechanism, the 
connection adaptation mechanism, the user inter-
action support and the accessing and adaptation 
of the content with the use of middleware.

Another architectural approach, called eBag, 
has been proposed by Brodersen, Christensen, 
Grnbk, et al. (2005) for nomadic learning. Their 
approach targets the school domain and it is 
designed to support pupils working in a project-
oriented and nomadic learning way, inside or out-



  ���

An Architecture for a Personalized Mobile Environment to Facilitate Contextual Lifelong Learning

side the school buildings. It includes a discovery 
mechanism that is based on Bluetooth proximity 
sensors, which can be used to obtain contextual 
information and to inform about the existence of a 
device within a specific range. In our architecture 
we adopt the idea of incorporating a discovery 
mechanism, as described in that work, in order 
to inform remote servers about the existence of 
a mobile device.

In an attempt to better support context learning, 
Berri, Benlamri, and Atif (2006) have proposed 
an architecture that employs ontologies, which 
are rule-based and are driven by a learner profile, 
and a search agent that searches a set of distrib-
uted learning objects repositories for lightweight 
learning objects. This approach takes into account 
the operational environment and the special 
requirements of mobile learners. Compared to 
previous approaches, this architecture puts more 
emphasis on the user needs through the use of a 
user profile as a set of rules on an ontology that 
helps to contextualize learning content. In this 
way, the extracted conceptual knowledge from 
the source ontology is tailored specifically to 
the needs of the learner. Along the same lines 
is also the work of Lonsdale et al. (2004) that 
uses context information to provide filtered 
content appropriate to users’ goals, settings, and 
resources. Their resources include services and 
various options, such as collaboration tools and 
interaction preferences, on top of the actual learn-
ing content. This is done using a subsystem that 
selects content reflecting the requirements of the 
user. Thus, this approach again combines context 
awareness with user related information. A user 
profile is included in our architecture too. It holds 
information about the user, and is used to tailor 
the content delivered to the learner. 

The importance of understanding the learner’s 
needs in mobile learning application development 
has of course been recognized long before this 
work. For example, Sharples (2000) was among 
the first to investigate the general requirements 
for personal tools to support contextual lifelong 

learning. He identified a set of requirements, such 
as portability, personalization, unobtrusiveness, 
anytime/anyplace availability, persistence, useful-
ness, and ease of use. He also described a mobile 
system for elementary school children. The system 
has been built as a Java mobile application that 
runs on a tablet PC using a metaphor (a rabbit 
avatar) to communicate the different actions to 
users. The system comprises a personal learning 
resource and several tools and activities that create 
new resources. These tools are drawing, writing, 
and communicating, while the actions connected 
with the avatar are capturing images, browsing 
Web pages, and creating and annotating images, 
notes and drawings. However, during user test-
ing, the children couldn't handle the size of the 
tablet PC as it was too big for them and therefore 
it was not serving the unobtrusive requirement 
set by Sharples. 

Lastly, with the users in mind, Holzinger, 
Nischelwitzer, and Meisenberger (2005) have 
presented a multimedia-based application for 
mobiles, the so-called mobile learning engine. 
Their application is constructed so that it is in-
tuitive and users can use it without online help. 
It can serve different didactical and pedagogical 
strategies, such as problem-solving, exploratory 
learning and situated learning. 

In the following sections, we describe the 
approach proposed in this work. The next sec-
tion presents our design approach that addresses 
technical and user related issues, such as the small 
screen problem, mobility, location awareness, and 
discovery. Furthermore, our approach includes 
user profiling to personalize the content, and the 
use of collaboration and communication tools. 
In contrast to many existing mobile learning ap-
plications, which provide learners with learning 
content and resources that relate to a particular 
stage of their lifelong learning, our approach 
aims to create an extensible personal information 
space for lifelong learners that will allow them 
to manage their personal information beyond 
their desktop or a single institution, facilitating 
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access, composition and management of learning 
under varying circumstances and settings, such 
as cross-institutional, informal and work-based 
situations. 

DESIGN CHOICES FOR A
PERSONALIzED MOBILE
LEARNING ENVIRONMENT

Usability considerations play a vital role in pro-
moting mobile applications. One of the big chal-
lenges in this area is how to fit the information 
onto the small screens of mobile phones (Ziefle, 
Schroeder, Strenk, & Michel, 2007). A variety 
of approaches have already been proposed for 
browsing Web sites using mobiles (Baluja, 2006; 
Blekas, Garofalakis, & Stefanis, 2006) but there 
are no guidelines for designing a user interface 
(UI) that would present all the information in one 
screen. Instead, application specific approaches 
have so far been proposed when it comes to screen 
space real estate (Holtzblatt, 2005; Newcomb, 
Pashley, & Stasko, 2003).

In the context of mobile learning, Berri et al. 
(2006) explain that it is not applicable to simply 
port existing learning resources to mobiles from 
desktop based learning. Also, Parsons and Ryu 
(2006) point out that we should not simply apply 
known design requirements from e-learning into 
the mobile learning context, because of the special 
limitations and benefits of the mobile phones. In 
particular, Parsons and Ryu (2006) look at the 
design of mobile learning applications from four 
perspectives: the mobile environment, the learning 
context, the learning experiences, and the learning 
objectives. Regarding mobile environment issues, 
they argue that features of the mobile phones like 
mobility and limitations like small screen, poor 
input methods, and limited battery life dictate the 
creation of a user interface that should meet users’ 
needs without overloading them or operating too 
slowly. They propose the use of rich media objects 
that do not distract the attention of the learners 

from their main activities. In order not to distract 
the learners, the objects have to be in short pieces 
and in several media types. They mention that a 
widely noted feature of mobile phones is commu-
nication support, and they argue that it can con-
tribute to alternative models of mobile learning. 
Regarding the learning context, they argue that 
mobile learning is quite different from traditional 
learning, and they propose design requirements 
by reviewing the features of m-learning, based 
on Wang’s six dimensions of the mobile learning 
context. Particularly relevant to our approach are 
the identities of the learners, which can be valu-
able for the development of personalized learn-
ing experiences, the styles of learners related to 
their learning experience, the collaboration that 
can take place between a group of learners, and 
the spatio-temporal dimension that refers to time 
and location awareness. Regarding the learning 
experiences and objectives, they refer to Preece’s 
claims that application designers should consider 
not only usability goals for their products, but 
also user experience goals to assess how enjoy-
able, satisfying and motivating their product is. 
They propose two metaphors, the cinematic and 
the game metaphor. The cinematic metaphor has 
content that comprises of narrative or story ele-
ments that the learners can easily follow, whilst 
the game metaphor helps to engage learners by 
leveraging the popularity of games.

Drawing on the preceding discussions, Table 
1 lists the design considerations used for the cre-
ation of our prototype personal learning space, 
discussed in the next section, whilst the rest of 
this section provides a more detailed account of 
the main choices. 

Overcoming the Small Screen 
Problem

The small screen of mobile phones is typically 
cited as being restrictive for the creation of a 
usable interface. Beyond handling and visibility 
problems, the restricted screen space allows only 
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Table 1. Design guidelines

Design consideration Reason Example

Tasks and activities modeled as a directory 
(Krikos et al., 2005)

Imposes hierarchy and relevance
Tasks and activities represented as 
categories and items

Hierarchical menus (Luchini et al., 2004) Task-based workspaces Each main task is a category

Reordering of items in the menu (Smyth and 
Cotter, 2002)

Easier access to most used tasks Most used tasks appear first

Use of rich media objects Overcome limitations of the screen Audio or video content

Audio as content in taxonomy (Ractham and 
Zhang, 2006)

More information provided Audio lectures as directory items

Video as content in taxonomy (Liu and Choudary, 
2004)

More information provided Video lectures as directory items

Use of RSS to summarize content (Blekas et al., 
2006)

Facilitate categorization Easier creation of directory items

Small modules of information
Fit the limited amounts of time within 
the fragmented user’s time

Small slices of theory, examples, 
exercises etc

Possibility to post or save quiz answers
Use of fragmented time to reflect on 
course material

Submission of quiz answers using text 
or voice

Grouping of search results (Kules et al., 2006)
Categorization of results into 
meaningful directory categories 

List of percentages that categories 
participate in the results

Organizers and timetables Remind user for important deadlines Calendar and reminder services

Ability to communicate with other users Reinforcement and feedback Discussion board

User profile visibility
Knowledge of the personal 
information held and fine tuning

UI that allows the user to change the 
user profile easily

Location awareness (Aalto et al., 2004)
Discovery of adjacent personalized 
services

Bluetooth sensor that informs remote 
servers about its presence

User profile sharing (Chatfield et al., 2005)
Personalization by systems that don’t 
have knowledge of the user.

Transmission of the user profile to a 
remote server for personalization

Saving user profile on the phone (Brar and Kay, 
2005)

Portability Access to the user profile anywhere

Connection with the base terminal Synchronization of the user profile
Send and receive the user profile to/
from the base system

Social adaptive navigation support (Brusilovsky 
et al., 2004)

Indication of useful material
Number of students that accessed each 
category

a little information to be displayed at a time. Be-
cause of this, memory load is increased, (Ziefle 
et al., 2007), particularly for older users whose 
cognitive abilities (verbal memory and spatial abil-
ity) are less pronounced. Users with high verbal 
memory capacity might have a better orientation 

within technical menus. Nevertheless, orientation 
in menus might still be complicated for some 
users, particularly those who cannot experience 
how the menu can be spatially structured (Ziefle 
et al., 2007).
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Our approach to solve the problem of designing 
the UI was based on decomposing the activities 
the user is called on to accomplish when using the 
personal information space. In lifelong learning, 
learners need to be able to access information 
relevant to tasks and activities that they need to 
accomplish, when they are not at their “base,” 
this being their home, office or university lab 
desktop computer. Such activities are information 
about the courses that they are currently taking, 
information about other learning opportunities 
offered, and access to digital resources in order 
to find information relevant to the task they are 
performing and communicating with peers and 
tutors.

The activities that are provided to learners in 
our approach are modeled as root categories of a 
taxonomy. The taxonomy includes all the infor-
mation that is relevant to their courses and status 

as lifelong learners. Figure 1 shows a snapshot of 
the hierarchical taxonomy used in our approach. 
In our implementation, the root categories are 
activities such as viewing learner’s current 
courses, searching a digital library, participating 
in a discussion board, and so forth. Taxonomies 
are used in the Open Directory Project, and other 
online information directories. In our approach, 
the application relies on a main taxonomy that 
includes all the information, and is common for 
all learners (see Figure 1). Different users make 
different uses of the taxonomy, visiting only the 
parts they are interested in, creating a “person-
ally ordered, edited version” of the taxonomy, 
(Lave, 1988), that would match their personal 
preferences (Nardi, 1996). Figure 1 shows how 
the learner is initially registered to be able to see 
specific parts of the category, a step done by her 
institution when she enrolls.

Figure 1. A hierarchical taxonomy



  ���

An Architecture for a Personalized Mobile Environment to Facilitate Contextual Lifelong Learning

Each category of the taxonomy in our system 
is represented as a menu item. By selecting the 
menu item, a list of items and subcategories 
contained in that category are shown. The idea 
of using menu-hierarchies to let a user navigate 
through the different menu items that represent 
the functionalities of a mobile phone has been in-
vestigated frequently in the literature (Buchanan, 
Jones, Thimbleby, et al., 2001; Ziefle et al., 2007). 
Since the users are already familiar with the use 
of hierarchies (Ziefle et al., 2007), the UI design 
of our application follows the same standard but 
in our case the menu items represent tasks and 
activities the user needs to have access to when 
she is mobile. This approach provides a feasible 
way to guide the user in navigation (Brusilovsky 
& Rizzo, 2002). Ziefle et al. (2007) also report 
that older users, who are an important group in 
lifelong learning programs of study, become more 
disoriented when using hypertext structures inter-
connected by links than when using hierarchical 
menus. In addition, our proposed visualization of 
each category/task follows the design guideline 
proposed by Luchini et al. (2004) that suggests 
task-based workspaces. Moreover, Smyth and 
Cotter (2002) note that the reordering of the items 
in the menu, according to the user preferences, 
helps the users find what they want more readily. 
Hence, our application reorders the items of the 
menu according to the way the user likes to see 
them, or depending on the usage of each item, 
placing frequently used items at the top.

The items in our prototype personal learn-
ing space can represent text or multimedia, e.g. 
podcasts or instructional videos. For example, an 
item can link to a digital repository, facilitating the 
searching for information in books and journals 
for students on the move and on the field of study, 
lecture notes and manuscripts in text, audio or 
video formats. Lindquist et al. (2007) proposed a 
system where the lecturer can post online slides 
that are viewable by almost any computing de-
vice, in any order, at any time. Such an approach 
is beneficial for a lifelong learning application, 

because the user will be able to review specific 
slides in short amounts of time.

Thus, in a real life scenario, the items of the 
categories that are related with teaching material, 
such as text or video, are expected to reside on 
the tutors’ Web sites. Such a Web site could be a 
mix of Web pages, where each Web page could 
be for one lecture, or a group of lectures. Such an 
arrangement of Web pages would not fit well in 
the personal learning space, and would be difficult 
to browse and manipulate using a mobile device. 
One way to alleviate this situation would be to use 
RSS feeds in order to get essential information 
from a Web site as Blekas et al. (2006) suggest. An 
RSS feed delivers a set of items that are chunks 
of information, with a title, a description and a 
link. These chunks are used to describe items in 
the personal learning space instead of the actual 
Web page that contains this information and in 
our approach can be used to populate menu items. 
This might make browsing and searching of this 
information easier for mobile users.

With regards to offering multimedia content, 
which has been proposed in the literature as a 
means to overcome limitations due to the lack 
of output screens, Lee and Benbasat (2003) pro-
pose to convert some parts of the content into 
audio format, so that output space can be saved 
on the mobile screen. Converting text to audio 
will minimize the use of screen for reading that 
is tiring due to the continuous scrolling needed 
for long texts. Liu and Choudary (2004) created 
a system that broadcasts lecture videos to mobile 
devices by using a modified encoding of the 
video, optimized for mobile devices. Ractham 
and Zhang (2006) propose the use of podcasting 
to deliver information to the students. With the 
use of podcasting the students would be able 
to download and listen to the lectures, or other 
information uploaded by the tutors, on the move. 
Recent generations of mobiles frequently feature 
an mp3 player, which could be used to playback the 
podcasts. Of course, there are two related draw-
backs of multimedia over text. One is high cost 
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and the other is slow download time. Therefore, 
the podcasts should be small in size, and contain 
only the information that is needed. Since the 
audio would be solely speech, a small bit rate and 
frequency when encoding the podcast would help. 
The problem faced though is the extraction of only 
the information needed by an audio file. The user 
should be able to download and listen to only the 
part of the podcast that would be relevant to what 
she is searching. This means that large podcasts, 
like a whole lecture, should be sliced into small 
parts that are meaningful and tags could be used 
to make the information available for searching 
(Chang, Zhong, & Kumar, 2001).

Facilitating Navigation in the 
Information Space

Providing users with a large taxonomy and let-
ting them navigate to the parts they are interested 
in would be a waste of time and bandwidth for 
them, as they would always need to navigate 
only to particular parts of the information. There 
is a need for providing views of the taxonomy 
that are adapted to users’ needs, allowing users 
to navigate a personalized subset of the main 
taxonomy. Initially, the personal space is set up 
by the institution or the organization providing a 
service that matches the profile of the student, for 
example, depending on the courses she enrolled 
in, but gradually the user is able to customize the 
content and enrich the information that is linked 
to her personal information space. Searching for 
information within the personal space is assisted 
by a mechanism of automatic categorization of 
the search results into categories of the personal 
learning space, as proposed by (Kules et al., 2006). 
This kind of categorization creates a directed situ-
ated navigation, which helps the users understand 
the context of the results they obtain (Tabard, 
Mackay, Roussel, & Letondal, 2007). 

The personalization of the system requires 
the creation of a user profile. The user profile is a 
collection of attributes that will depict the prefer-

ences of the user regarding various aspects of the 
application and also their usage of it. Beale and 
Lonsdale (2004) have noted that context should 
not be considered as static but as a dynamic pro-
cess, which changes through users’ interactions 
with the learning materials and the surrounding 
world over time. The context features should be 
used either as excluders or as filters. Therefore, 
the system needs a mechanism to fine tune the 
user profile according to the interaction of the user 
with the mobile phone, in order to have an up to 
date view of the user stored in the user profile. 
The user should be able to review and change the 
user profile, so that it matches her way of working 
and thinking. The user should also be able to let 
the system modify the user profile automatically, 
according to the observed use of the mobile ap-
plication, and, if needed, to tweak the values to 
correctly depict her choices. Consequently, the 
system has a screen that the user can review the 
current user profile and change it at will.

Facilitating Communication and 
Information Sharing 

Communication between the learners for sharing 
practices and reflections on course concepts could 
provide additional motivation and help learner’s 
engagement with mobile learning (Davis, 2002). 
In this direction, a discussion board is used in our 
application to enable users, mobile or otherwise, 
to communicate and share their experiences and 
questions. 

Along with the above, in our system a category/
item can be annotated with information about how 
many times other members of the community 
accessed it. This can indicate what parts of the 
overall taxonomy other people from their class 
or group found interesting. This is in line with 
previous work by Brusilovsky and Rizzo (2004) 
who proposed a Web-based system that creates 
a map of resources and indicates the times other 
members of a group have used a specific resource 
by the saturation of the color of the cell. 
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Supporting Mobility, Location 
Awareness and Discovery

Of course, mobile users access content from a 
variety of locations, and so the situations they 
are involved in may change (Weiβenberg, Vois-
ard, & Gartmann, 2004). For example, one case 
could be that the user enters a public library to 
search for information about a specific topic. We 
assume that the topic is relevant to the program 
of study or to an assignment that the learner has 
to write; therefore her user model will contain 
keywords that describe the topic. It would be of 
a great help for a user in such a situation if she 
can receive a personalized view of the library 
catalogue that would present only results that 
match her profile, instead of searching the whole 
catalogue. For this to happen, the library system 
should somehow get hold of certain attributes 
stored in the user profile. This of course imposes 
many privacy issues. First of all, the user might 
not want to share personal information, or share 
only some part of the information. Previous work 
has found that users are willing to share personal 
information if they perceive that they will benefit 
from the personalization that will be performed, 
depending on whether they trust the system re-
garding the way their personal information will 
be used (Chatfield et al., 2005). This approach 
was also used in a system proposed by Brar and 
Kay (2005), where the user profile was saved on 
the user’s mobile device, and could be released 
in exchange for personalized services. Users can 
also create partial profiles, called personas, al-
lowing only some of the elements of the personal 
information to be released, depending on the level 
of privacy that the user wants. To this end, Brar 
and Kay (2005) adapted the W3C specification for 
P3P (W3C, 2006b) in order to inform the users 
regarding the use of their personal information 
from the system, and APPEL (W3C, 2006a) for 
the users to specify their privacy preferences.

Our approach is centered around systems that 
use Bluetooth, which is common nowadays on 

mobiles, to get information about users’ location 
and to receive offerings for personalization from 
other systems (Aalto et al., 2004). Ackerman 
and Cranor (1999) found that users prefer to be 
informed when an exchange of personal data will 
take place, and confirm it. Therefore, when the 
user is inside the range of a Bluetooth network 
in a place like a public library, which could offer 
personalized content, she is informed about the 
services the library system provides, the way her 
details will be used and for how long they will be 
stored, as described by the P3P policy. Then, she 
has the option to either send some of her personal 
data to the system, or decline the offer, and use 
the system without personalization. In order for 
the systems, the mobile device and the service 
provider to exchange information, they should 
be able to communicate using a standard way of 
exchanging information, such as using P3P and 
APPEL, or some other XML based protocol.

Our prototype makes use of the above ideas, 
which have been summarized in the design 
guidelines of Table 1, and will be described in 
the next sections. 

THE ARCHITECTURE OF THE 
MOBILE LEARNING ENVIRONMENT

The system architecture that appears in Figure 2 
shows the connections between the main compo-
nents of the system: 

•	 The mobile client
•	 The Web service that acts as middleware be-

tween the mobile client and the database
•	 The database

The connection between the mobile client and 
the Web service is done using the Internet and 
specifically the HTTP protocol. This approach 
was followed in order to make the mobile appli-
cation lightweight, taking into consideration the 
limitations of the mobile phones. All the logic and 
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expensive calculations take place on the server, 
and the results are provided via Web services, 
which are presented by the mobile application 
on the device.

The mobile client has two main functions. 
First, it tracks user actions, passing them to the 
Web service, where calculations take place on 
the server. It then reads the result of the calcula-
tions and displays the data taken from the Web 
service. A cache of the actions tracked and the 
corresponding results from the Web service are 
held (cached) on the mobile, so that in the event 
of loss of connectivity the system could remain 
usable, at least for the actions already performed by 
the user. This is done by having a small database 
in the mobile client. The second function of the 
client is to act as device that can be discovered 
by remote sensor systems, where personalized 
services are offered.

The Web service component collects the data 
from the mobile client and decides on what the 
user sees next. It uses a user profile to track the 
user preferences. This user profile can be changed 
either directly by the user, through a screen on 
the mobile device, or be adapted by the system, 

through the personalization engine, according to 
the use of the mobile application by the user.

The data that are passed from the mobile phone 
to the Web service are a list of events, which show 
how the user has interacted with the application, 
and also the request made by the user, regarding 
the part of the personal learning space she wants 
to see. The data passed from the Web service to 
the mobile application include the content the 
user requested, the way the content should be 
shown, the way they should be visualized in the 
application, and finally links to other content 
that might be available and is linked by the user 
to the content to be viewed. Table 2 shows the 
attributes of the data passed from the mobile to 
the Web service and vice versa.

The information space incorporates a hierar-
chical taxonomy similar to Web directories like 
the Open Directory Project. The space is avail-
able to all students and holds the information 
from all the courses that are available, and also 
links to other resources like a digital library or a 
discussion board. Its contents can be text, audio 
or video. Each student visits only the parts that 
are interesting to her, creating a model of the 

Figure 2. High level architectural description of the system
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taxonomy that is personally ordered and edited 
(Lave, 1988). The default personal learning space 
for each student is formed by the categories that 
are relevant to the courses she enrolled in, so the 
personal learning space is a subset of the learn-
ing space provided, but the student has the ability 
to explore the whole taxonomy and expand the 
personal learning space. Furthermore, the student 
can expand the personal learning space by creat-
ing new categories that do not exist in the initial 
learning space and by importing into them new 
or existing categories and items from the learn-
ing space. This gives flexibility to the student to 
expand and order the personal learning space in 
a way meaningful to her. The student can also 
create connections between existing categories 
that do not exist, but are relevant according to 
the student’s view.

The user can select between saving the user 
profile on a base system, such as a desktop PC at 
home or at the university, or on a university server 
that runs the Web service, or on a mobile device 
and only release a specific amount of personal 
information for each interaction with the server. 
If the user profile is saved securely in a personal 

computer, then the mobile phone could download 
the user profile by using Bluetooth to build a 
direct connection. If the user profile is stored on 
the university server, then it can be downloaded 
using HTTP.

The system tracks the interactions of the user 
with the mobile client, using a tracking engine, 
and feeds the interactions into the tracking en-
gine of the server. These events are passed to the 
user profile, either directly, if the user selected to 
have a static user profile, or after being processed 
intelligently, to decide whether the user profile 
should be changed or not. The user profile on the 
server either contains all the information or only 
the information that the user agreed to. The event 
captured is then passed to the personalization 
engine where a set of rules will run to personal-
ize the data the user asked to see. These data will 
come from the personal learning space of the 
user, where they will either reside being cached 
from previous calls, or they will be fetched from 
the learning space and be personalized on the fly 
and stored in the personal learning space. These 
data will be passed to a visualization ontology 
that will decide on the way the data should be 

Table 2. Attributes of data transferred

Mobile application to web service Web service to mobile application

Timestamp, event

Name of category
 Subcategory names
 Links to categories
Visualization

1191919191, view 1

“My courses”
 Dissertation, Database design 2 (35), Database design 1 (14), 
HTML Design (37)
 401, 204, 104, 101 
Category

1191919200, view 204

“Database design 2”
 Relationships (37), Queries (33), …
 2041,2042,…
Category
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presented to the user. Then the data together with 
the visualization technique will be passed back to 
the mobile client to be shown to the user.

Beyond the communication with the server 
component, the mobile device is able to commu-
nicate with remote servers available in a public 
library or a museum. The communication with 
these servers is done both by the use of Bluetooth 
technology and HTTP. First, using Bluetooth, 
the phone is discovered by a remote server and 
an offering is sent regarding the services that are 
provided, together with the parts of the user pro-
file that are needed and the URL where the Web 
services of the server can be located. If the user 
accepts the offering, then an HTTP connection is 
created with the remote server to send the portion 
of the user profile needed, and to use the services 
provided. The services provided by remote serv-
ers appear in the personal learning space as new 
categories at the top level. The full contents of 
the services are available while the system is in 
range of the mobile client, but a cached version of 
documents that were retrieved can be held on the 
mobile device as proposed by Cohen, Herscovici, 
Petruschka, et al. (2002).

PRESENTATION OF THE 
ENVIRONMENT

The design of the UI was created by decompos-
ing the activities the learner is able to perform 
when using the application. These activities are 
relevant to the learning subjects she is currently 
enrolled in, and also include services that are 
important to lifelong learning that can be used on 
the move. These activities are the root categories 
of the personal learning space, and appear on the 
main screen of the application (Figure 3). The 
categories shown in Figure 3 are the pre-initial-
ized values. These values were created by the 
institution when the learner enrolled. They map 
the learning subjects and services relevant to the 
courses she enrolled in. The learner can browse 

the courses she has already taken; search digital 
libraries or post comments and questions on a 
discussion board, where she can communicate 
with other students or teachers. The user has 
access to the whole taxonomy, but with the use 
of a user profile, she initially gets only the infor-
mation relevant to the context she is currently 
in. If desired, she can access other parts of the 
taxonomy that are not shown in the beginning. 
There is the option to inspect the user preferences, 
where the user can either change them manually 
or fine tune the automatically generated prefer-
ences that are created by the system, so that they 
better reflect the learner. There is also the option 
to transfer the user model from the mobile to the 
base system. This can be done by using Bluetooth 
technology to create a peer to peer network with 
the base system.

In the following, we present three scenarios 
in order to demonstrate the use of the system in 
lifelong learning.

Scenarios

Martina is a lifelong learner who has enrolled for 
several courses at her local Lifelong Learning 
Network (Gaeta, Ritrovato, & Salerno, 2005; LLN, 
2007). She enrolled for a diploma that will help her 
improve her professional skills. The courses she 
has enrolled in are relevant to her current job. She 
is currently working full time in a company, and 
travels 60 minutes every day by bus to and from 
work. She is keen on using her mobile phone for 
messaging and games during the traveling, and has 
enrolled on the mobile learning application helper 
of the university. She plans to use the application 
to reflect on or understand concepts presented in 
recent lectures and also to organize coursework 
according to the existing deadlines.

Here we will present three scenarios where 
Martina:

•	 Talks about an idea she has about some 
coursework she would like to do as part of 
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her diploma, and tries to find colleagues that 
would like to join the project,

•	 Tries to resolve a problem at her work using 
the reference material of the courses she is 
attending and 

•	 Tries to understand how to put to use the 
knowledge she got from the courses to help 
her with a situation at work.

Scenario �

Martina is very keen with databases. She wants to 
become a database administrator, so she wants to 
have a good knowledge of the way databases work 
and how they should be designed. She is working 
as a data analyst and uses databases constantly, 
so she thought to do a dissertation on the creation 
of a database that would hold data similar to what 

she is using at work, and also to create a Web front 
end that will make it possible to edit the contents 
of the database from it. She logs on to the discus-
sion board of the mobile application (Figure 4a), 
through the option that is available on the main 
screen of the application (see Figure 3), and she 
creates a new personal message to send to her tu-
tor (Figure 4b).The tutor replies that the subject is 
quite big for a dissertation and suggests that she 
should share the topic with another student. She 
goes back to the discussion board (Figure 4a) and 
posts the request publicly (Figure 4c, 4d) so that 
other students of her diploma can read it and reply 
accordingly. In parallel, she is doing some research 
about relevant work that exists in the course notes, 
by following the favorite categories of her fellow 
students (Figure 5), and searching her personal 
space (Figure 6) using the search facility that ap-

Figure 3. The main screen of the system
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Figure 4. Different views of the discussion board

pears at the bottom of the main screen (Figure 3). 
Figure 5 shows the favorite subcategories of the 
learner. Here she can get a quick pick of the most 
used subcategories within a specific category. In 

that view she can find out how many of her group 
members visited each category. This can help her 
find out which are the popular categories among 
the students of her class, helping her to create a 

(a) The discussion board menu, while creating a 
new personal message

(b) Writing a new personal message

(c) Creating a new public message under the 
“Dissertation” discussion board

(d) Writing a new message for the “Dissertation” 
discussion board.
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reading list contributed by the learners. Figure 6 
shows the search results screen, where the user 
is provided with a break down of the results into 
the categories of the taxonomy. A percentage is 
shown beside each of the top level categories 
that appeared in the results, explaining which 
categories contributed most on the results. This 
helps the user understand and choose the closest 
context to the one she is searching for, in case a 
search term is relevant to two or more subjects 
being studied.

Scenario 2

Martina has a problem at her work regarding the 
update of a database. When traveling back home 
from work, she uses her mobile to access course 
materials on database queries that are relevant 
to the problem she is facing. After accessing the 
courses category (Figure 7a) and then the course 

items (Figure 7b), she selects the category with 
the podcasts (Figure 7c) that are relevant to da-
tabase updating. The course items of Figure 7c 
are received from tutors’ Web sites using RSS, 
and the multimedia files are small chunks of 
information; no more than 10 minutes in length. 
The user can either download the files to listen 
them immediately or save them in order to listen 
them later, subject to the available memory of her 
mobile phone.

Martina decides to download the part on 
“Queries…Update” that seems relevant to the 
situation at her work (Figure 7d) and listens to it. 
She understands the concept, but she has some 
questions regarding the way it works in practice. 
She follows the videos category (Figure 7c) and 
chooses to watch a video demonstrating the updat-
ing of a database (Figure 7e). The material covers 
the subject superficially, so she still has a ques-
tion about updating records. She posts a topic on 
the discussion board (see Figure 4a), hoping that 

Figure 5. Favorite subcategories and popularity index
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some of her fellow students have already faced 
this problem and know how to solve it.

Scenario 3

Martina is using databases extensively, but she is 
following the same procedure every time, making 
her work tiring because of repetition. In the last 
databases lecture, the tutor demonstrated how 
to create scripts that automate the procedures 
done on a database, and she thinks it is a good 
idea to put that in practice in her everyday job. 
Traveling to work she logs on to the system and 
downloads the category of examples to look at 
some of the examples provided. She first watches 
a video of the part of the lecture where the tutor 
explains the procedure (Figure 7c), and then reads 
a sample script (Figure 8a). Finally, she attempts 
to answer some multiple choice questions (Figure 
8b) to test her knowledge on the new subject. She 

can submit the answers directly for marking or 
save them on the mobile phone to finish the test 
later. She can also export the solved questions to 
the “base” computer, making it possible for her 
to complete a part of the test on the move with 
her mobile phone, and another part at her “base” 
system. 

Lastly, she adds a new category at the main 
application screen to place the information she 
found in one easy to access category (Figure 8c). 
Generally the user is free to create new categories 
and assign content from other categories of the 
taxonomy, or even link content of one category 
with content of another, creating links that carry 
semantic meaning for the individual. The system 
allows user to add a category at any level in order 
to create meaningful semantic links between 
categories in a personalized way. These links 
provide information about the context in which 
specific categories are viewed, with regard to the 
categories the links are connected to.

Figure 6. Search results
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Figure 7. Screens of the application

(d) Podcasts items (e) Video items

(a) My courses         (b) Course items              (c) Item categories

CONCLUSION AND FUTURE 
RESEARCH DIRECTIONS

Lifelong learners form a rather diverse student 
population with a variety of backgrounds, 
needs and accessibility requirements. Making 
contextual lifelong learning happen in practice 
requires learners to become more aware of their 

own studying and thinking processes, along with 
tools and guidance that support the planning of 
learning. To this end, technology should be used 
effectively to assist lifelong learners to access, 
compose and manage their learning under varying 
circumstances and settings, such as institutional, 
informal and work-based. 
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We proposed design guidelines and an archi-
tecture that can help create useful applications to 
facilitate lifelong learning activities. Nowadays, 
various devices exist that have big differences 
when it comes to their capabilities, which im-
pacts the way mobile learning environment can 
be created. 

The emergence of Lifelong Learning Networks 
and University Federations, which are envisaged 
as groups of institutions that come together across 
a city, area or region to offer new progression 
opportunities for lifelong learners, creates new 
drivers for change to accommodate the needs of 
learners who will move between various groups 
and institutions. Much of this has been made 
possible by the new possibilities offered by the 
Internet and the new approaches in systems design. 
However, lifelong learners may belong to radi-
cally different groups; they come from different 
backgrounds, and are very much concerned with 
the accessibility of the various systems within 
Lifelong Learning Networks or federations, the 
transferring of their personal information for 
cross-institutional e-learning, and the flexibility 

of the curricula offered. Thus, new approaches are 
needed for managing and exchanging performance 
or competency data between different systems, 
assembling or manipulating fragmented user data 
that were stored in different distributed systems. 
In the future the new generation of phones will 
provide more features that will overcome cur-
rent limitations and provide more opportunities 
to create mobile learning environments in this 
context.
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ABSTRACT

To ensure the success of future mobile learning environments, it is essential to develop affordable and 
effective applications that are well matched to the needs of the users. Depending on their unique re-
quirements, effective mobile learning applications should keep up with their learning activities rather 
than simply providing them with conventional course materials on mobile devices. As an early explora-
tion of this line of study, this chapter designs and evaluates a location-aware learning organizer that 
helps university students to manage their learning activities on campus. We confirmed that this situated 
learning experience could lead to markedly different in-depth learning activities. Empirical testing of 
the learning organizer also revealed some potential opportunities for the learners to be more engaged 
in further mobile learning activities. 

INTRODUCTION 

Mobile technologies now allow us to explore 
new opportunities around “m-” neologisms such 
as m-office, m-government, m-commerce, m-
health, m-learning, and so forth. The prevalent 
mobile paradigm inevitably continues to change 
the ways in which people fulfill their lives. For 
instance, several government-funded mobile-
based research projects presented increasing 

possibilities to make some societal changes with 
relevant mobile technologies, e.g., anti-alcohol 
education (Demirjian & David, 1995), quit-smok-
ing program (Horwood, 2003) and HIV/AIDS 
education programs in African countries (Swedish 
International Development Agency started this 
program in 2002 and since). These mobile-based 
education programs exploited the penetration of 
mobile devices and technologies as the medium 
of delivery of the learning contents, which might 
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indicate effective learning (or education) expe-
riences from the learner’s perspective. These 
mobile learning programs are still evolving with 
the widespread support of pervasive computing 
environments, capturing more direct contextual 
information and providing appropriate learning 
contents at the right time and the right place. 

Regardless of one’s intentions, all of us can 
learn something from our daily lives, such as 
from museum visits or consultation with doc-
tors, which is what is principally meant by the 
premises of pervasive or ubiquitous learning en-
vironments. Atkins (2005) coined this particular 
type of learning activity as ‘informal learning’, 
normally a very situation-oriented and more goal 
and task-oriented activity, compared to the formal 
learning experience offered by most educational 
institutions. In particular, as the cost of mobile 
computing devices has fallen well below that of 
conventional desktop machines, we have been 
designing new learning activities employing 
novel mobile or wireless technologies, enabling 
access to pedagogical applications anywhere and 
anytime (Becerra-Fernandez, Cousins, & Weber, 
2007; Eschenbrenner & Nah, 2007; Kukulska-
Hulme, 2007). 

This dominant mobile paradigm has changed 
the underlying pedagogical experiences of what 
we have hitherto taken for granted, namely 
traditional face-to-face or distance learning (or 
e-learning) experiences from educational institu-
tions. Several researchers (e.g., Kukulska-Hulme 
& Traxler, 2005; Rogers et al., 2005) have claimed 
that the most important change mobile learning 
(m-learning) can make, which traditional learn-
ing experiences cannot achieve, is that learners 
can be hooked into the situations where learning 
actually occurs (e.g., the binge drinkers in the 
pub or the smokers outside), proactively putting 
themselves in control of what and how they choose 
to learn. An early example quoted in one of the 
Pan-European m-learning projects is thus worth 
returning to: 

“If you walk as a tourist around an archaeologi-
cal site in Greece, you may be interested in what 
this heritage is about, how long it took to build, 
what historical accounts are, and et cetera, But 
it is very unlikely that you will take notes in order 
to undertake further research when you get back 
home...”

This seems to imply a significant loss of po-
tential learning opportunities associated with the 
place where the learning could happen. That is, 
situated learning is not just for the classroom or 
intentional learning activities, but for the world 
outside classroom doors, which would be a better 
learning arena in many cases. 

We should, however, be cautious about apply-
ing these anecdotally plausible stories to other 
learning activities, especially those occurring in 
formal education sectors. Indeed, people, institu-
tions, universities, and businesses have suffered 
enough from the prophecies of futurologists who 
promise and project that “mobile X” would be 
the virtue of everything in the near future. In 
effect, what we need to do is to take the measure 
of when and how this kind of situated learning 
activity would best serve pedagogical purposes 
in traditional learning arenas. 

There are, therefore, a number of concerns 
regarding the outcomes from this new type of 
learning activity. Kukulska-Hulme and Traxler 
(2005) stated that m-learning alone may not find 
it easy to attract university learners, to engage 
them with educational activities, and keep their 
motivation during learning activities, thanks to 
its un-intentionality or distraction (Ryu & Par-
sons, 2007). Also, chapter V in this book shows 
the “one-size-fits-all” fallacy that m-learning 
researchers may find themselves trapped by. The 
primary issue to be addressed in the development 
of future m-learning systems therefore may be 
how to associate (or bridge) these new learning 
experiences with more conventional ones in order 
to ensure their usefulness. Indeed, there have been 
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a number of studies that have tried to bridge the 
gap between m-learning and conventional learn-
ing environments. One example is the ‘Ambient 
Wood’ project, carried out by Sussex university 
(Rogers et al., 2005), which demonstrated a play-
ful learning experience where primary school 
students could explore and reflect upon a physi-
cal environment that had been augmented with 
a medley of digital devices. A field trip ‘with a 
context’ was created, where children discovered, 
hypothesized about and experimented with eco-
logical processes taking place within a realistic 
physical environment, and these experiences 
were discussed later back in the classroom. This 
project was developed with a view to creating 
future m-learning environments that may provide 
more constructive learning outcomes at the pri-
mary school level, that is, enhancing individual 
learning outcomes coupled with the contextual 
learning experience. 

Yet, whilst the Ambient Wood project dem-
onstrated a number of features that we may find 
useful in building future m-learning applications, 
it is unlikely that they would have the same ben-
efits for those (e.g., professionals or university 
students) whose overall motivation is, to a large 
extent, different from primary school students. 
It might be argued that the learning style of the 
‘Ambient Wood’ project would be perceived as 
being less valuable for professionals or university 
students, and the time-consuming nature of the 
learning activity might be de-motivating to this 
audience. 

This chapter therefore addresses the specific 
context of the university learner and associated 
user profiles in order to explore and model some 
design features that one should pay attention to 
when it comes to designing a situated m-learn-
ing environment for this category of learner. The 
following section begins with a brief account of 
which features of m-learning environments and 
theoretical foundations are closely related to our 
understanding from early studies, so that m-
learning researchers may be aware of the design 

issues involved in creating effective m-learning 
applications for university students. The next sec-
tion covers the learner-centered design practices 
(including modeling situated learning experi-
ences). Usability testing with the intended user 
group in their learning context is then outlined to 
demonstrate the benefits of the situated learning 
experience. Finally, a practical implication of this 
study is described. 

THEORETICAL FOUNDATIONS ON 
DESIGNING SITUATED LEARNING 
ACTIVITIES

As previously discussed, it has been widely pro-
posed that mobile technologies would provide 
excellent opportunities to develop novel education 
or learning environments, extending the current 
educational context into a versatile “anytime and 
anywhere” learning experience. It has thus been 
suggested that mobile technologies could be used 
as a bridge between various learning activities, 
thereby breaking the boundaries of known learn-
ing contexts such as formal learning in schools 
(see more details in chapter IV), life-long learning 
(chapter XII), real-world problem solving activi-
ties (chapter VIII), and establishing one learning 
platform to cover the different learning contexts. 
Yet, there has been little discussion about how the 
new mobile technologies can impact on current 
educational activities and relationships, which 
are now discussed in many chapters in this book. 
To understand the diverse roles of educational 
activities that m-learning (or any learning applica-
tions) can support, we first focused on theoretical 
foundations that could effectively assist the design 
of the system proposed in this chapter. 

Situated Learning and Activity 
Theory 

To a large extent, the literature on mobile or 
pervasive computing has emphasized the context 
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as the most important feature it must have (Dix, 
Finlay, Abowd, & Beale, 2005), defining the con-
text feature as any information that can be used to 
characterize the situation of an entity. Traditional 
learning applications, especially desktop-based 
distance learning applications, have considered 
only a fairly limited set of situational cognitive 
concerns (Brusilovsky, Schwarz, & Weber, 1996). 
These might include user characteristics (i.e., the 
level of understanding of the learning contents, 
their skill level and so forth). In contrast, many 
m-learning applications augment the approach of 
these conventional learning applications with a 
wide variety of contextual and situational infor-
mation from users’ frequently changing circum-
stances and mobility (Tarasewich, 2003). It is 
thus the author’s belief that both situated learning 
theory (Lave & Wenger, 1991) and activity theory 
(Bendy, Seglin, & Meister, 2000; Engeström, 
1999; Leont’ev, 1978) offer us powerful theoretical 
foundations for eliciting and modeling situational 
requirements, and designing more useful m-learn-
ing applications as a result. 

Situated learning theory (Lave & Wenger, 
1991) is a general theory of knowledge acquisi-
tion that is based on the notion that learning 
occurs in the context of activities that typically 
involve a problem or task, other persons and an 
environment or culture (Kurti, Spikol, Milrad, & 
Svensson, 2007), emphasizing highly interactive 
and productive roles for the skills that are acquired 
through the situated learning process. Perhaps 
many mobile learning applications have been 
implicitly or explicitly built upon this theory, for 
instance, chapters VIII and IX in this book clearly 
embody this belief, and relate learning activities 
to a situated learning process. 

The main principle of this theory clearly 
pinpoints that the learner is not gaining abstract 
knowledge that they will then transfer and reap-
ply in later context. Instead, they acquire the skill 
to perform by actually engaging in the process, 
under the legitimate peripheral participation, in 
which the relevant situational settings are dictating 

actions and learning outcomes. Many research 
outcomes (e.g., Brown, Collins, & Duguid, 1989) 
have increasingly supported this learning theory, 
that the failures of students to apply concepts 
learnt in different contexts is in many cases due 
to too much abstraction and de-contextualization 
of learning. The very nature of situated learning 
theory is to revisit the contextual knowledge that 
provides a barometer to guide and support the 
learner. Yet, designing or modeling this situated 
learning activity is challenging, since in many 
cases there are many features that contribute to 
capturing the right contexts or situations. This 
chapter focuses on the location context of the 
learner, to reflect the principal implications of 
situated learning activities (Lyytinen & Yoo, 
2003). 

To model situated learning activities, we also 
took another theoretical framework, the activity 
theory (AT) (Bendy et al., 2000; Engeström, 
1999; Leont’ev, 1978). AT can effectively model 
situational and contextual circumstances that 
are linked to one’s learning activity (Bertelsen 
& Bødker, 2003). Furthermore, many previous 
studies (e.g., Kurti, Spikol, & Milrad, 2007; 
Sharples, Taylor, & Vavoula, 2005; Uden, 2007) 
showed some related evidence that it could pro-
vide a broad conceptual framework to describe 
the structure, development, and context of tasks 
that are supported by a mobile learning system. 
For instance, the author has recently modeled a 
system that helps extramural students conduct 
their course projects on a group basis with AT 
as shown in Figure 1. 

 The main objective of this system was to help 
extramural students who had enrolled in the “user-
centered design” course at Massey University, 
to conduct three group-based practical project 
assignments through this system. This course 
necessitates this group-based practical project 
experience to apply the concepts and techniques 
from the online lecture for a more realistic infor-
mation systems design exercise, which is clearly 
represented as the learning outcome. 
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Principally, the group of extramural students is 
forced to use only two mediating artifacts (num-
bered as “1” in the figure), text messages on their 
own mobile phones and Web-based blog systems. 
These mediating artifact-producing activities 
include the intrinsic communication activities 
among the group members. Using these two 
artifacts the students must complete their group 
assignments (arrow 2), which indicates the object 
activity, that is, three assignments. In effect, to 
carry out these three assignments, the students 
should be in contact with one another using text 
messages and further motivate their collaboration 
with their own project blogs (arrow 3). This group 
assignment basically needed a lot of interviews, a 
literature review, and focus group studies (arrow 
7), the responsibilities for which were to be split 
between the members of the group. The group 
members were asked to regularly report their 
own work-in-progress amongst themselves via 
the blog or text messages (arrow 4), which are 
rule-producing activities. The present status of 

the other group projects is also available through 
the course blogs (arrow 5), which is of great value 
to motivate (or even regulate) their own project 
performance in the following project assignments 
(arrow 6). The activities drawn in Figure 1 would 
be constantly developing to match new needs or 
requirements. For instance, if the lecturer would 
like to be informed about the current status of the 
assignments, she or he can add one rule-producing 
activity in the corner of the triangle to re-create 
new activity systems, consequently the changing 
part of the systematic structure naturally generates 
relevant requirements as needed. 

As can be seen in Figure 1, the situational 
and contextual requirements in a mobile learning 
system can be modeled with the useful mechanism 
that activity theory provides. In particular, the 
three entities—community, rules and division 
of labor—that denote the situated social context 
allow us to consider the situational and contextual 
requirements in an effective way. See Bertelsen & 
Bødker (2003) and Uden (2007) for more details. 

Figure 1. Activity is an intertwined system, if one entity changes, the whole system becomes unstable 
and must develop to obtain renewed stability. This is a part of modeling the relation between the six 
entities from extramural students’ perspective. 
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By modeling these situated requirements through 
the two theoretical foundations discussed above 
to contextualize them, we can increase the rich-
ness of learning activities and make it possible to 
produce more useful learning experience at the 
university level. The following section describes 
the designing experience of the mobile learning 
system to offer this opportunity in terms of how 
the learner’s locations in the learning space can 
be further associated with the students’ learning 
activities.

DESIGNING SITUATED LEARNING 
ExPERIENCE IN THE UNIVERSITy

One practical example of developing a situated 
m-learning system for university students is Scor-
navacca, Huff and Marshall (2007)’s interactive 
SMS (short text messaging service) classroom 
system. They specifically noted a lecturing situ-

ation which involved large numbers of first-year 
university students in a big lecture theatre. Clearly, 
this situation is not easy either for the lecturer or 
the students. In most cases, the lecturer would 
like to know whether the students understand the 
contents that have had delivered to them, but the 
students are unlikely to express themselves or ask 
the lecturer any questions in this context. 

To facilitate a certain level of engagement 
with the class, the students were allowed to ask 
any questions via text messages with their own 
mobile phones, so the lecturer could interactively 
capture important questions from the students 
and effectively respond to them. Indeed, this 
form of educational technology is not new, and 
has already been commercialized, for example, 
‘Clickers™’ (Gilbert, 2005), but Scornavacca et 
al.’s SMS classroom system demonstrated that 
common low-tech mobile phones could be very 
useful at university level without the purchase of 
high-end devices. 

Figure 2. Learning organizer’s time manager and course manager screenshots, reprinted from Corlett 
et al. (2005)
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They found, however, that the learning out-
comes had not been significantly enhanced by 
the system. This result takes into account that 
this system does not aim to provide a bridge 
between the m-learning system and other learn-
ing activities, but simply to enhance the level of 
engagement.

Supporting the notion of enriching the level 
of engagement by mobile devices, Sharples et al. 
(2005) developed a learning organizer on PDAs 
(personal digital assistants) that could assist uni-
versity students in some aspects of managing their 
studies. This was a kind of event calendar system 
that could present basic information about lectures 
(i.e., time-management) or provide access to some 
of the course content, as shown in Figure 2. A 
usability study of the system, however, provided 
no conclusive evidence as to its usefulness to the 
students’ learning processes (Corlett et al., 2005), 
though it hinted that more contextual information 
(e.g., reminders of course deadlines around the 
due dates) might be of use to the students. In this 
kind of physical learning space, the contextual 
information seems to be very relevant to the 
locations in which the learners are. For instance, 
if they are in the lecture room, more preferable 
and desirable information at that time might be 
the course related information. 

Several attempts to include the student’s loca-
tion information in m-learning applications have 
also been made. For instance, the Portable Help 
Desk (PHD: Smailagic & Kogan, 2002) demon-
strated the usefulness of both context and loca-
tion awareness. The campus-wide, sensor-based 
location awareness system provided some useful 
contextual information (e.g., which printer has the 
shortest print queue or the location of their friends 
on the campus to set up a meeting time and so 
forth) to support university students’ campus life. 
However, an early test of PHD did not show any 
clear benefits to the students’ learning outcomes, 
illustrating only minor potential for university-
based m-learning applications. 

Having identified some areas of challenge in 
this line of research, what we intend to explore 
in this chapter is how to extend the university 
student’s learning experience with situated help 
or location information, by reviewing univer-
sity students’ contexts and requirements. It was 
assumed that the two theoretical foundations, 
situated learning and activity theory, could 
elicit the relevant contextual requirements of this 
learning system for the university students. We 
also assumed that a critical success factor for an 
m-learning application for university students 
would be to provide two types of enhancements 
at the same time: learning experience and learn-
ing outcomes. PHD (Smailagic & Kogan, 2002) 
and the SMS-based classroom interaction system 
(Scornavacca et al., 2007) enhanced the learning 
experience of the university student. In contrast, 
the learning organizer (Corlett et al., 2005) sig-
nificantly improved some learning outcomes. This 
chapter takes account of these dual objectives, 
providing a location-aware learning organizer to 
ensure that the system meets university student’s 
requirements within their learning contexts. In 
particular, we would also like to see if this learn-
ing application enhances the learning outcomes of 
the university students, and whether it can hook 
them into subsequent learning activities. Usability 
testing was therefore undertaken to attempt to 
measure these factors. 

Eliciting Requirements and Modeling 
Situated Learning Activities

There have been a wide variety of methodologies 
proposed for eliciting, presenting, and validat-
ing requirements. Specifically, the fundamental 
approaches for collecting requirements are 
shifting away from the data to be processed by 
the system and moving more towards human-
computer interaction or social and organizational 
factors. Sommerville (1996) claimed that social 
and organizational factors affect the require-
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ments analysis process and proposed the use of 
ethnography on which social analysis must be 
based for examining the real everyday needs of 
an organization. However, ethnography analysis 
requires a substantially long period of time to 
perform observation activities, which poses severe 
restrictions on performing ethnography analysis 
in practice. 

We attempted, instead, to collect the univer-
sity students’ learning experiences by using the 
critical incident method (CIM) (Flannigan, 1954, 
1962) which is used to identify critical elements 

from previous experience. We firstly collected as 
many critical and practical incidents as possible 
from 20 university students, asking what types of 
contexts, tasks, information and design features 
would suit a university student’s expectations. The 
interview questions used were as follows: 

•	 Tell me about an incident that you remem-
ber which was an example of an ineffective 
learning experience; 

•	 What were the general circumstances lead-
ing up to the incident? 

Table 1. Interview data summaries. Frequency indicates the number of interviewees from each user 
profile which gave the incidents for each category.

* the excerpts from new students; ** the excerpts from senior students

Category
Frequency

Sample excerptsNew students 
(8) 

Senior students  
(12)

Mobility (or 
location) issues 7 1

*I am a new student, so sometimes…, I have no idea of where QA2 is, I 
don’t even know what QA2 means. That means I missed the first lecture 
in my first ever school life    
* The lecturers never told us where to go for the tutorials and lab sessions. 
I was looking for the labs immediately after the lecture, but it wasn’t so 
easy to find the place which is in the other precinct in five minutes.  

** This … course has changed the lecture room in Week 5. But I haven’t 
got any notice of this room change (interviewer asked why) Actually, I 
missed the Week 4 lecture, so I also missed the Week 5 lecture. 

Learning (or 
contents) issues 2 10

* I want the university to help me easily find assignments, examinations, 
library information, room changes, and so on, cos’ the lecturers never 
kept the course outlines, so I have some difficulties to find the correct 
information. 

** When I arrived to the campus in the morning, I liked to set up today’s 
itinerary, says where I have to get now, and then, and then, when or 
where I can have a lunch and so on. Also, if I have some time off between 
lectures, I want to stay at the library to read some books and do some 
assignments. However, sometimes, the library is full of students, so I 
cannot find a place to study.
** The lecturer told us that we had quizzes next week, but I didn’t know 
what I had to prepare for this, so I had been to his office, but he was not in 
the office. And then I found his telephone number from my mobile phone, 
and left a message in his voice mailbox. But he never returned me at all.  
** I requested an inter-library loan book. … I didn’t collect this book for 
some time, because I didn’t know I could. I had no calls or emails from 
the library, and they charged me $2 fine.  
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•	 Tell me exactly what it was about the learn-
ing experience that was so ineffective at the 
time

•	 When did the incident occur? 

The 20 interviewees were all Massey Univer-
sity students, aged between 18 and 32, randomly 
selected from the user-centered design course that 
the author was teaching in 2007. Twelve of them 
were male, and eight of them were first-year stu-
dents. Eleven of them were international students. 
Each interview took around fifteen minutes. 

After transcribing the interview data, we 
decided upon a coding scheme containing two 
categories for handling the interview data: mobil-
ity issues and learning issues, as depicted in Table 
1. In the first category, the interviewees presented 
some requirements relating to location issues 
around the campus. In the second category, the 
interviewees presented several ineffective learn-
ing experiences that they had at university. The 
frequency column in Table 1 gives the number of 
interviewees who contributed to each category. 
Note that one asterisk (*) indicates excerpts from 
the first-year students, and two asterisks (**) indi-
cates excerpts from those who are senior students 
(i.e., second and third year students). 

Interestingly, the frequencies in Table 1, as 
derived from the protocols, appeared to show 
certain differences between the user profiles 
(new students vs. senior students). That is, the 
senior students had more concerns about learning 
issues, whereas the new students reported more 
mobility issues. 

These interview data served to specifically 
identify the design requirements of the m-learn-
ing application that we were developing in terms 
of three perspectives. Firstly, the interview data 
revealed that most of the new students (seven 
out of eight students) had little idea of where the 
classrooms and laboratory facilities were located 
in a widely distributed campus (in fact there are 
three separate precincts at Massey University in 
Auckland). Because of this, new students are of-

ten unsure of where their next meeting or lecture 
is to take place. In contrast, many of the senior 
students seem to be already aware of this type of 
information, but require more in-depth informa-
tion about their personal studies (learning issues). 
Their concerns during “campus life” revolve 
around the organization of their studies, such as 
being aware of assessments, while also being up to 
date with messages and resources from lecturers 
and/or other students involved in their program 
of study, which were given little consideration 
in Corlett et al.’s learning organizer (2005). The 
new students’ contexts and requirements were 
thus relevant to aspects of interface design, such 
as map support, while the requirements of the 
senior students related to the personalization of 
their learning environment. 

The next consideration was the students’ 
learning context, which emphasizes the needs 
and intended outcomes of specific learning ac-
tivities. In particular, the interview found that 
spatial awareness is very important for the junior 
students, but temporal issues were more relevant 
to the senior students, for example relating the 
time of day to their study schedules. One of the 
interview data showed that when a senior student 
arrives on the University campus, the contextual 
information that they are searching for may be 
related to their course schedule for the day, room 
changes or important messages (e.g., assessment 
information, library records, and so forth). These 
different activities define different design require-
ments. As noted previously, the junior students 
want more navigational support on the campus, 
but the senior students require more contextual 
knowledge and social interaction with lecturers 
or tutors. 

The key point to note from this requirement 
elicitation process is that the success of any m-
learning application relies on taking into account 
different contexts of use for different learner 
groups, who may have different expected learn-
ing experiences, as we have identified from the 
responses above. Figures 3 and 4 show the part of 
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the activity systems used to visualize the require-
ments of the different learning activities.

Design of a Location-Based 
Learning Reminder

To address these design requirements, location 
support was thought to be an essential function 
to be implemented, as depicted in Figure 3 and 4, 
with contextual information linked to the location-
aware service. Indeed, the location in everyday 
life regularly tends to present a particular circum-

stance or stimulus of our activity. According to 
Suchman (1987), the nature of our activities or 
plans of actions would be highly associated with 
particular social and physical circumstances 
pertaining at the time. To account for this under 
the university context, for instance, as a student 
is passing by the library, she or he may think 
about something that is related to the place (e.g., 
return a book requested by another borrower, or 
collect an inter-library loan book). Similarly, the 
lecture room where the student is present would 
be likely to raise awareness of the course-related 

Figure 3. Activity system for junior students. It characterizes the subject, object, and mediating tools 

Figure 4. Activity system for senior students, situating the senior students’ system in use.  
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information (e.g., assessments or assignment due 
dates and so on.) This location-based reminder, 
which was not considered in Corlett et al.’s learn-
ing organizer (2005), would be central to the 
m-learning application that is described in this 
chapter. It is the author’s belief that this application 
allows the learner to be hooked more seriously 
into subsequent learning activities. 

We developed this location-aware learning 
organizer with a PDA phone (HP IPAQ 6300) 
with a separate Bluetooth GPS device (See Figure 
5). It is able to locate the current position of each 
learner on the university map, and to access the 
server using a mobile carrier network (Vodafone 
New Zealand). The aerial photos of the campus 
were obtained from the North Shore City Coun-
cil, and calibrated for use with a GPS device by 
constructing software for the task. Microsoft SQL 
server was used to relate the contextual informa-
tion and the location data. Each component of 
the software was built using Microsoft Visual 
Studio 2005. 

The assumptions of typical users and the 
physical environment for the development of 
this application were that science or engineer-
ing students were concurrently studying four or 
more courses and that activities related to their 
daily study routine included accessing learning 

content and collecting or returning library books. 
In terms of their coursework, most courses include 
lectures, tutorials, and/or laboratory sessions. In 
terms of the physical environment, the Massey 
University campus consists of three separate 
areas, presenting spatial-temporal issues related 

Figure 5. Apparatus used in the system development, GlobalSat BT-338 GPS (Courtesy of GlobalSat) 
and HP-iPAQ 6300 (Courtesy of Hewlett-Packard)

Figure 6. Screenshot of navigation software for a 
user who wants to get to the Quadrangle building 
for her or his next lecture
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to a student’s location context. For instance, most 
lectures take place in theatres in the upper precinct 
of the campus, while many of the tutorials and 
laboratory sessions are some distance away in the 
lower precincts. Therefore, students need to be 
constantly aware of the spatial contexts of their 
learning activities. Figure 6 shows a screenshot 
from the location-aware system. There are indi-
cators representing the user’s current position, 
and a path to their selected location. The map 
is synchronized with the users’ location, mov-
ing and rotating in line with their movements. 
This type of feedback provides the user with the 
necessary navigational information. In addition, 
the user can select their next destination from 
the course calendar, and the path to the location 
appears on the map. 

Figure 7(a) shows the location-aware learning 
organizer’s system architecture. It automatically 
sends the user’s current location to the PDA 
server. The server builds the query for the SQL 
server database (as shown in Figure 7(b)), which 
retrieves the client’s information. The PDA server 
returns the information to the user’s PDA. As 
users move through an area, the PDA server de-

livers contextual information relating the current 
position based on the predefined user’s profile. 
Therefore, the user can request information to 
provide new knowledge and assist their activi-
ties related to study at the university. The major 
challenge was the data set we should put into the 
database, because of the privacy protocols that the 
university applies. We therefore used the student 
records of course enrolments with the consent of 
each student and the lecturers’ voluntary support 
for each class. 

In terms of user-driven information, a user 
could utilize this system to find what books have 
been placed on reference in relation to their course 
of study. As the user walks past the library, they 
can automatically see this type of contextual in-
formation. Figure 8 demonstrates some contextual 
information a user may receive while walking 
close to a lecture theatre. In addition, if the user 
clicks the ‘Assignment 1 available’ link to their 
learning environment, they can see what the as-
signment is and its relevant information from the 
library. In addition, they can access the whole 
m-learning module as shown in Figure 9.

Figure 7. System architecture (a). The system receives the user’s query and matches it to an appropriate 
contextual help, accessing the SQL server database (b)

 
(a) (b) 
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Central to this research was to explore whether 
this location-aware learning organizer could 
effectively support tertiary students’ learning 
experiences without any significant difficulty-
performance tradeoffs. Also, it was intended to 
confirm if this type of m-learning application 
could hook the learner into subsequent learning 
activities. To do this we examined the perceived 
usefulness of the location-aware learning or-
ganizer and its likely support of the increased 
motivation with other learning activities, which 
we describe in the following. 

OBSERVING THE 
LOCATION-AWARE LEARNING 
ORGANIzER IN USE

To explore the perceived usefulness of the loca-
tion-aware learning organizer, we obtained the 
participants’ perceptions of their experience of 
the system. This approach has been validated 
through many usability studies for predicting 
user acceptance and explaining the use of newly 
developing systems (Davis, 1986, 1989; Mathie-
son, 1991). 

The deployment of this m-learning application 
involved exposing 20 student participants (10 new 
and 10 senior) to the system, and then asking 
them to give seven ratings on four questions. All 
the participants (18 males and two females) were 
Massey University students who had enrolled in 
the author’s undergraduate course in 2007. For 
the contextual help information, participants’ 
profiles such as their interests, coursework, and 
library information were collected before the 
evaluation. Based on these profiles, contextual 
information for each participant was added to 
the system database. 

To evaluate the system in use, the participants 
roamed the campus for 15 minutes, where they 
experienced the two major functions of the loca-
tion-aware learning organizer, (i) finding the 
location of their classrooms, and (ii) contextual 

Figure 8. Contextual information presented to 
the user. If a user clicks ‘Assignment 1 available’ 
on the system, one can access the m-learning 
module

Figure 9. Learning module design for the learn-
ing organizer. It provides their current location 
and additional learning module students can 
download
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help. Each user was first asked to find the location 
of their next lecture with this system, and then 
get to that location. As they approached the loca-
tion, relevant contextual information appeared. 
For instance, if the students were passing the 
library, the system proactively displayed their 
library information, for example if there was a 
new book based on their interests or books due 
for return. After using each function, they were 
asked to rate the usefulness of the system on a 
seven-point Likert scale. In this way, we were able 
to examine how much the system was perceived 
to be useful and useable by the different user 
groups, simulating a realistic learning context at 
university level. 

Figure 10 depicts the questions used in this 
usability study. The purpose of this evaluation 
was to determine if this sample of participants 

(10 first year students and 10 second or third year 
students) found the system useful. To answer this 
question the ratings were analyzed in terms of 
their absolute level, that is, whether the mean rat-
ing was significantly higher (agreement) or lower 
(disagreement) than the neutral value 4.00.

Figure 11 gives mean ratings for Scale 1 ‘I think 
the device would be very useful in my university 
life.’ A rating of 1 indicates that the participant 
strongly disagrees with the statement, a rating of 
7 that they strongly agree. Arrows indicate that 
a mean is significantly different from 4, at 0.05 
level, by one sample t-tests. 

Looking at the separate lines in Figure 11, it 
can be seen that there is a reverse effect of the 
functions. The location finder functions were 
perceived as being very useful by new students, 
while in contrast, senior students give a higher 

Figure 10. The questionnaire about perceived usefulness and ease-of-use

 
1. I think this device would be very useful in my university life 
2. The system made me more organized in my campus life  
3. I would like to use this system again 
4. The system made me more engaged with my studies  

 Figure 11. Mean ratings for scale 1 ‘I think this device would be very useful in my university life’
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rating to the contextual help. This tells us that the 
expected learning experiences from the learning 
organizer vary. One-sample two-tailed t-tests 
against the neutral value 4.00 showed that the 
new students efficiently utilized the system to 
discover new locations while feeling confident 
in themselves in using the system. The senior 
students, however, were attracted to the contextual 
information. 

The ratings for Scale 2 and 3 were around 
7.00, indicating that most of the participants gave 
the maximum rating for both functions (so the 
ratings of both functions were averaged out, see 
Table 2). These results show very little variance 
for these scales. Because of this overall ceiling 
effect, the small differences between means are 
not interpretable, so they made it hard to iden-
tify any behavioral differences between the new 
students and the senior students. However, the 
face values of Table 2 were broadly in support 
of the usefulness of the location-aware learning 
organizer in the university context. 

Finally, for Scale 4, the ratings for the location 
finder function were uniformly low, but the rat-
ings for the contextual help were relatively high, 
even though they were not statistically different 

between the new students and the senior students 
(see Table 3). 

There are a number of possible explana-
tions for these results. One is the novelty of the 
technology. The participants who use this loca-
tion-aware learning organizer might have been 
attracted by the new technology, and enjoyed it 
more as a result. 

To explicitly see how the students would 
interact with the system, we further assessed 
the system using the think-aloud technique. Ten 
additional students (five new students and five 
senior students) were further recruited from 
the campus, and the same task procedure was 
applied. Verbal protocol results concurred with 
the usability study, placing emphasis on ease 
of use and the ability to learn from contextual 
information. All the participants were able to 
complete the tasks in a straightforward manner. 
They would create an objective to either find a 
location, acquire some contextual information 
while moving around, or a combination of the 
two. In each occurrence the participants inter-
preted new contextual information, assisting in 
their purpose of studying at Massey. Also, they 
appeared to find the contextual information both 

Table 2. Mean ratings for Scale 2 and 3. Scale 2 ‘The system made me more organized in my campus 
life:’ Scale 3 ‘I would like to use this system again.’ (mean/s.d)

Table 3. Mean ratings for Scale 4 ‘The system made me more engaged with my studies.’ (mean/s.d)

New students Senior students

Scale 2 6.60 (0.84) 6.40 (0.97)

Scale 3 7.00 (0) 6.80 (0.63)

New students Senior students

Location finder 1.30 (0.48) 1.50 (0.71)

Contextual help 3.90 (1.20) 3.70 (2.00)
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useful and informative in relation to their goals of 
being at the location, such as “library books due” 
messages when they were near the library. The 
participants with specific information appeared to 
feel more satisfied with the system, and its abilities. 
Furthermore, we witnessed that six out of the ten 
students who participated in this study expressed 
that they were motivated to access the relevant 
Web sites (e.g., the library Web site or the course 
Web page) just after they saw the contextual help 
in the readout. Therefore they were more likely 
to have a positive attitude to, and respect for, the 
system, learning more and potentially hooked 
into subsequent learning activities.

CONCLUSION AND FUTURE 
RESEARCH DIRECTIONS

There have been a number of repeated questions 
raised about the usefulness of m-learning from a 
pedagogical perspective, such as, is it really pos-
sible to learn with such small handheld devices? 
What kinds of people would use mobile devices for 
teaching and learning? What sorts of subjects and 
situations are appropriate for mobile learning? 

Following from these concerns, we assumed 
that relatively informal and situated (more specifi-
cally location-aware) learning activity support, 
such as the location-aware learning organizer 
described in this chapter, can be more situated, 
experienced, and contextualized within specific 
domains. 

Limitations of the Study 

Though this study seems to provide us with some 
guidance for the potential of future m-learning 
applications within the university context, it 
would be difficult to say whether this location-
aware learning organizer would encourage the 
uptake of m-learning. Most importantly, we did 
not directly assess the most important function, 
that is, the content of the course, which can bridge 

the m-learning application with the conventional 
learning experiences. Indeed, we did implement 
this function, but the very slow connection to the 
content through the GPRS wireless network did 
not allow us to continue this functional test with 
our participants. Future studies will therefore need 
to use the faster HSDPA (high speed downlink 
packet access) network. Also, the effort required 
to collate the large amount required to implement 
a large scale version of this system would be also 
a significant challenge, and may inhibit the uptake 
of this type of m-learning system. As a practical 
approach to address this issue, a student manage-
ment system that is currently up-and-running 
at Massey has also been approached to identify 
some working scenarios that would be available 
for future development ideas.

Future Work 

This study was designed to discover whether 
university students would gain significant benefits 
from contextual help, and how m-learning pro-
cesses might be integrated with current learning 
experiences. Also, we briefly reviewed the two 
theoretical foundations that would work with the 
development of situated and contextual learning 
experiences. We partially reached these objectives, 
identifying the importance of the contextual help, 
especially outdoor location data. However, there 
is no conclusive evidence regarding integration 
of current learning activities, though the loca-
tion-aware learning organizer was perceived as 
being useful. 

The results of this study suggest several oppor-
tunities that could be pursued in future research, 
in particular, we found that the location-based 
reminder would be a useful function to support 
students’ learning activities, which has not been 
demonstrated empirically before. Another would 
be that the indoor location data can be highly 
related to students’ learning activities. 

Indeed, this chapter is not the final result of 
this activity; the main objective here is to foster a 
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wider discussion of m-learning design practices, 
based on an analysis of current research and 
future challenges. 
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ABSTRACT

This chapter describes some conceptual and practical issues in the development of a professional mobile 
learning system. The main focus of the chapter is the implementation of a mobile learning solution for 
the requirements of a specific working environment. The study proposes a conceptual framework for 
mobile learning applications, based on multiple studies of mobile learning design requirements, and uses 
it as a design tool for the development of the new system based on situated learning in the workplace. 
This approach is illustrated through the development life cycle of a prototype mobile learning solution. 
Finally, the chapter reviews and evaluates the success of the prototype and the utility of the framework 
as a design tool, identifies potential issues and outlines ideas for further development and research. 

INTRODUCTION

The Demographics of Professional 
Learning

If we consider today’s business environment there 
have been some significant changes in workforce 
demographics and the technologies that support 
this environment. The ‘millennials’ is the term 
used for generation Y, people born between 1979 

and 1997, who already account for 15 percent of 
the workforce (Hignite, 2007). While the ‘baby 
boomers’ (born between 1946 and 1964) currently 
outnumber the millennials by three to one in the 
workplace, it is estimated that within 10 years this 
proportion will change as more maby moomers 
retire and younger millennials reach their work-
ing age (Hignite, 2007). The differences between 
the new generation of employees and the current 
workforce are significant across multiple levels. 
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Deloitte Consulting summarize the profile of 
generation Y as (Leah, 2006):

•	 Characteristics: techno-savvy, connected 
24/7, independent, self-reliant;

•	 Beliefs: education is good, integrity is ad-
mirable;

•	 Technology: grew up online, never experi-
enced life without computers, all information 
is a click away, expect information on the 
go, use instant messaging, have carried cell 
phones since high school (or earlier);

•	 Work attitude: work well with friends and in 
teams, collaborative thinkers, comfortable 
with speed and change, impatient, love a 
challenge.

These changes in the workforce create chal-
lenges for organizations to attract and also to 
retain new employees. The millennials are the 
most education-oriented generation in history. 
Furthermore, they are motivated and willing to 
constantly learn and gain new skills. They see 
an organization as a hub of resources that will 
provide training, learning, and relationship oppor-
tunities. They are highly mobile and technology 
literate and expect all information to be at their 
fingertips. In the light of these changes, businesses 
are faced with the challenge to not only create a 
good learning and training program within the 
organization but also to rethink the way learning is 
conducted and delivered amongst their employees 
(Koschembahr & Sagrott, 2005). 

The Mobile Professional

In terms of the technology that supports the 
current business environment, major emphasis 
is given to mobile devices and wireless com-
munication of information. The market penetra-
tion of mobile device technology in the business 
professional environment has been tremendous 
over the last decade. Mobile devices such as PDAs 
and smartphones have grown to become an ab-

solute necessity for employees in order keep up 
with their busy schedules and manage their work 
load in a highly dynamic, competitive, and time 
critical business environment. This significant 
push of mobile device usage has been supported 
by considerable advances in wireless technology. 
The rich functionality list featured in the mobile 
devices with their increasingly user friendly de-
sign, wider network coverage, higher bandwidth, 
and faster and more stable connections, make 
mobile devices not only practical to use but also 
a virtual requirement for many professional users 
to deliver their objectives, meet targets and keep 
up with the competition. This sophistication of 
mobile technology allows for more complex uti-
lization opportunities that go far beyond simply 
making a phone call, sending an email or updating 
an organizer.

Professional Mobile Learning

Companies are facing a serious challenge to 
revolutionize the way they deliver and implement 
professional learning among their employees. 
Training in a conventional manner results in 
significant loss of time which leads to potential 
profit loss for the organization. Every hour spent 
in a classroom means missed sales opportunities 
for many employees on the road. Thus, learning 
needs to be flexible in terms of time and place, 
available, and ad hoc in order to fit into the new 
workforce demographics and business environ-
ment.

Professional mobile learning is a way to 
address these issues. Mobile learning enables 
employees to choose what they want to learn, in 
their personalized format, at a time convenient 
to them and wherever they are. Learners can use 
their ‘down time’ to extend their professional 
skills or product knowledge. Learning can be 
done during breaks, before meetings with clients 
or in traveling time. ‘Mobile learning is a solution 
that opens new possibilities to already existing 
technologies’ (Koschembahr, 2005a). Companies 



  ���

Developing a mobile learning platform for a professional environment

already have their field employees armed with 
wireless mobile devices, with which they are 
very familiar and comfortable. People find mobile 
devices personal and convenient. They currently 
have their phones, calendars, inboxes, contacts, 
organizers and conference environments in their 
pockets. Since they carry almost the entire office 
around with them, a classroom should easily fit 
into that same pocket as well.

The research described in this chapter focuses 
on the mobile learning process in a commercial 
context. The concept of learning in this kind 
of environment is significantly different from 
conventional academic learning. It requires ‘just-
in-time’ (Koschembahr, 2005b) and ‘byte sized’ 
learning that will be available on-demand and 
that could easily be incorporated into the orga-
nizational day to day workflow (McGee, 2003). 
In many cases professional mobile learning is 
more content focused than the type of learning 
offered by educational institutions, and is often 
focused on performance support (Kukulska-
Hulme & Traxler, 2005). However, a professional 
mobile learning concept needs to provide more 
than just a support for day to day operational 
activities. While the same platform can merely 
be used for obtaining time critical information, 
there is much greater potential for the context of 
true professional development of the employees 
within an organization. Therefore in this chapter 
we do not simply address down time didactic 
learning. Instead, the focus here is on situated 
and collaborative learning.

Overview of the Problem Domain

This research targets a dynamic professional user 
who is already using a mobile device to perform 
day to day operational activities. The study 
described here was conducted with the help of 
a participating organization and a prototype ap-
plication was developed using a relevant context 
from the business environment. The participat-
ing organization is a major player in the supply 

chain industry in New Zealand and Australia 
and the research focused on the logistics man-
agement component of their business activities. 
The organization already has formal classroom 
based training in place. It is a requirement that 
every warehouse employee undergoes five days 
of induction training. This training consists of 
several components: 

Induction and Customer Service 
Training

This section covers the history of the company, 
the company’s culture and standards, health and 
safety issues and training on customer service.

Overview of the Warehouse Management In-
formation System (WMS)

This part gives an overview of the technology 
used across the business and focuses on the 
warehouse management information system that 
is being used across all warehouses in Australia 
and New Zealand.

Forkhoist training
Practical on site training.
Warehouse operations training

The employees are introduced to all types 
of stock management operations that occur in a 
warehouse on a daily basis. Every operation is 
broken down into a series of steps that need to be 
verified or completed in order for the operation to 
be accurately and successfully accomplished. All 
employees are trained on the standard procedures 
of handling inwards, orders, picking, packing, 
pricing, and inventory management and control

Dangerous goods training

As the company specializes in transportation 
and storage of hazardous goods, every employee is 
trained on all different classes of dangerous goods 
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and the standard health and safety procedures for 
their handling.

The mobility of the organization’s employees 
is driven by the common operations in supply 
chain logistics management such as picking, pack-
ing, placement and inventory management. The 
employees already have access to mobile devices 
(Symbol Windows Mobile Pocket PCs) which they 
use to fulfill some of the logistics management 
processes. The mobile devices connect to a Wi-Fi 
network that is set up across the warehouse. This 
enables the communication between the central 
WMS and employees’ handheld devices.

When goods arrive in the warehouse, the list 
of products, product descriptions and receiving 
quantities are sent from the WMS to the Pocket 
PC of the employee assigned to that job. The 
employee confirms the arrival of the goods by 
scanning each product, entering product charac-
teristics, quantities and other information such as 
expiry dates, batch numbers and pack types. This 
information is then sent back to the WMS and the 
goods become operational in the system. 

Similarly, when an order is received in the 
WMS, the goods need to be picked, packed, and 
sent to the client’s address. The information about 
the requested products, product characteristics, 
quantities and picking location is again sent from 
the WMS to the Pocket PC of the employee as-
signed to the job. The employee uses this infor-
mation to locate the goods in the warehouse, to 
make sure the picked products match the details 
in the order and to record any discrepancies such 
as product shortfalls, grade mismatch, and so 
forth. Once the goods are picked, confirmation 
information is sent to the WMS and the order is 
ready to be packed and dispatched. 

For the purposes of the research, a prototype 
was developed to partially mobilize the learning 
content of the warehouse operation training and 
the dangerous goods component. The idea of the 
research was not to develop a mobile solution 
that would replace the classroom based training. 

Instead the application was intended to provide 
ongoing support for the users in terms of product 
and process information as well as provide the 
basis for skill improvement and development. In 
this sense, it was designed as a combination of 
blended and situated learning, reinforcing more 
traditional training delivery with context relevant 
experiential learning.

Research Objectives

The main objective of this research project was 
to propose a suitable framework for mobile learn-
ing design requirements that provides a solid 
and well-structured basis for implementation of 
professional mobile learning applications. It in-
tegrates relevant factors and design requirements 
for mobile learning that have been identified by 
previous studies in this area. The framework also 
recommends how mobile applications should be 
organized and designed in order to meet these 
requirements. The study then puts the proposed 
framework into practice by using it as a design 
tool in the implementation of a mobile learning 
application for a specific professional environ-
ment.

The content delivered via this application needs 
to be relevant and valuable for the professional 
development of the employees of the collaborat-
ing organization. It needs to provide an engaging 
context for learning, which will keep the user fo-
cused and interested. This application is designed 
for mobile devices that can connect to a wireless 
network. The challenge is to utilize the obvious 
advantages that come with this technology such 
as ubiquity, personalization, and convenience but 
also to deal with some potential pitfalls, such as 
limited real estate, for presenting the content on 
a mobile device, inconsistent connectivity, net-
work coverage, and so forth. Finally, the proposed 
solution should conceptualize a solid and useful 
platform for professional mobile learning that 
brings in measurable results.



  ���

Developing a mobile learning platform for a professional environment

The research questions addressed in this study 
may be summarized as follows:

1. From previous work, what design frame-
works can usefully be adapted to develop 
an effective mobile learning system for a 
professional context?

2. What enhancements might be made to such 
frameworks for the requirements of this 
particular implementation?

3. What practical implementation issues have 
to be addressed in order to produce a work-
ing prototype?

4. To what extend does the implementation, 
driven by the design framework, validate 
the presumptions of that framework, as 
measured by user evaluation?

The prototype developed from the research 
questions and requirements was evaluated against 
the collaborating organization’s objectives in the 
mobile learning context: improving professional 
skills and knowledge in operational activities 
and client’s products; enhancing employee’s 
loyalty and providing ongoing support for mobile 
employees.

Chapter Structure

The next section reviews the conceptual and 
physical design of the system, reviewing de-
sign tools and approaches along with academic 
literature relevant to professional mobile learn-
ing. It introduces the design framework and the 
methodology that are used in this research. The 
following section covers the development of the 
prototype system, providing a description of the 
iterative development cycle, its phases, and its 
milestones. The next section covers the user evalu-
ation of the system, using a group of participants 
from different areas of expertise. The final sec-
tion summarizes the results in the context of the 
initial research proposal. It draws some lessons 

to be learned from the development experience 
and outlines some ideas and suggestion for further 
research relevant to the developed system.

CONCEPTUAL AND PHySICAL 
DESIGN

In order to create a suitable design for the profes-
sional mobile learning system, it was necessary 
to address a number of areas of research and 
development. First, there are issues related to 
the physical mobile device platform for mobile 
learning. Second, there are the specific require-
ments of the application context. Third, there 
are conceptual issues around the components of 
an effective mobile learning application, which 
may be summarized in a suitable conceptual 
framework. This framework may then be used 
to support the proposed system architecture. Fi-
nally, an appropriate research methodology must 
be chosen. This section addresses these issues in 
the context of relevant academic and commercial 
literature.

Mobile Platform Issues

A successful m-learning application gains from 
the benefits of a mobile device but is also aware 
of its limitations. In the context of the technology 
platform, the application needs to provide a learn-
ing context relevant to the user’s requirements; 
present it in an interesting and engaging manner 
and deliver a specific learning objective. Thus, 
mobile learning design must address both the 
characteristics of the mobile environment and the 
learning requirements of the application.

A major decision therefore is the selection of 
appropriate implementation technologies for the 
application and the type of client that will be de-
veloped. According to the system’s requirements 
the client architecture can range from a thin client 
that requires a browser application running on the 
mobile device to a smart client developed in, for 
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example, Microsoft .NET Compact Framework 
or J2ME (Java 2 Micro Edition). A third type of 
client that can be developed is a thick client. This 
is also called a heavy client and unlike the thin or 
the smart client it does not need a network con-
nection to be fully functional. The main aspects 
that need to be considered in selecting between a 

thin, thick, or smart client architecture are sum-
marized in Table 1. 

Thin Client

Thin clients rely on mobile browser technology to 
render pages using mark-up languages. However 
in the mobile context even thin clients are not 

Feature Thin client Thick client Smart client

Provides a rich user 
interface

Yes, but difficult to develop, 
test, and debug. Generally 
ties the application to a 
single browser.

Yes. Easier to develop, test, 
and debug.

Yes. Easier to develop, test, 
and debug.

Can take advantage of 
hardware resources on 
local computer

Yes, but only through 
additional components. Yes Yes

Can interact with other 
local applications No Yes Yes

Can interact with 
server side resources Yes No Yes

Can be multithreaded No Yes Yes

Can function offline No Yes Yes

Can perform well 
in low bandwidth 
and high latency 
environments

No Yes Yes

Easy to deploy Yes
Varies. Difficulty 
depends on application 
requirements.

Varies. Difficulty 
depends on application 
requirements.

Low maintenance and 
change management 
costs

Yes
Varies. Updating the 
application may be 
problematical.

Varies. Costs depend on 
application requirements.

Can be deployed to 
a wide variety of 
clients with varying 
capabilities

Yes, although more complex 
thin clients may require a 
single browser.

Depends on the selected 
implementation 
technology, e.g. A thick 
client developed in .NET 
will have more limited 
deployment options than 
one developed in Java ME, 
though even here there are 
issues with versions and 
libraries.

As for thick client, 
depends on the selected 
implementation 
technology. Relies on 
suitable communication 
mechanisms being enabled 
on the device

Table 1. Features of thin, thick and smart client architectures
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without their difficulties. A number of different 
mark-up languages are used such as WML (wire-
less markup language), XHTML-MP (extensible 
hypertext markup language—mobile profile) or 
cHTML (compact hypertext markup language), 
Devices also have different interface characteris-
tics (different screen sizes and orientation, color 
displays, etc.), different network connectivity 
(cellular connection, wireless LAN) and may have 
other differences in capacity (graphical support, 
plug-in support) so developing web applications 
that will be accessed by wireless browsers is 
quite challenging (Microsoft, 2007). However 
there are a number of server side frameworks 
available that can generate adaptive markup. At 
execution time, the mobile control generates the 
suitable mark up for the device that makes the 
request (Kumar, 2007). 

Thick Client

A mobile thick client has the benefits of a locally 
installed application. It uses local resources and 
can provide a richer user experience. It takes 
advantage of the local CPU, local memory, and 
other devices connected to the client such as bar 
code readers, and so forth. It also can use and 
interact with other software applications installed 
on the device, for example the client can launch 
a media player in order to play a video file. It is 
off line capable so it can be used independent of 
wireless networks and it is easily deployed and 
configured using a simple file copy or a down-
load. However, it has no network connectivity and 
therefore cannot update itself or its data using a 
network connection.

Smart Client

A mobile smart client combines aspects from 
both local applications (thick client) and Web 
applications (thin client). It benefits from local 
resources and is offline capable, but is also a 

connected application that exchanges data on 
the Internet or an enterprise network, enabling it 
to be updated wirelessly and cache data locally 
(Diws, 2005). A smart client usually talks to Web 
services that provide access to a central database 
which enables the data communication flow to 
and from the device in a standard XML format 
(Poddar, 2003). 

Mobile Learning Application Context

The previous section identified some design 
requirements and challenges that arise from the 
characteristics of the mobile environment. The 
focus now shifts to the mobile learning application 
context, with an overview of a number of system 
specific design requirements. These requirements 
are reviewed from the following perspectives: 
user and context analysis, interface design, ap-
plication structuring and organization, learning 
experiences, and learning objectives.

User and Context Analysis

Appropriate user and context awareness is crucial 
in designing applications that are suitable for a 
variety of learners, given that they may have 
very different skills and motivations to learn in 
varying contexts (Syuvanen et al., 2005). As the 
user has a central role in the learning process the 
user analysis is a fundamental element in system 
development. The analysis process should identify 
the characteristics of the user; the user’s familiar-
ity with the mobile device; their motivation and 
interest in learning using a mobile device and their 
expectations from the mobile learning process. 
Different contexts and situations in which the ap-
plication would be used should also be considered 
and catered for.

Interface Design

Regardless of the type of client, interface design 
decisions need to be made based on the character-
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istics of the mobile device the application will be 
deployed on. Grasso and Roselli (2005) suggest 
several guidelines for usable interface design; 
correspondence to the hardware characteristics 
and functions, rationalized content, and simple, 
handy usage. They also suggest interface design 
guidelines from a pedagogical perspective, in-
cluding the role of help and feedback on learning 
tasks, personalization of the application such as 
adding comments or notes for future review, and 
integrating previously learned content into new 
content.

Application Structuring and 
Organization

Meisenberger and Nischelwitzer (2005) outline 
four elements that should be fulfilled by the 
learning application to achieve greater learning 
richness; exposition, exploration, construction, 
and communication.

Exposition defines the characteristics of 
the mobile learning object (MLO). In a mobile 
environment, these should be limited in size, 
presented in a sequence of slides and concluded 
with a set of questions. Where possible, different 
media should be applied to compensate for the 
limited amount of continuous text used. Gener-
ally, mobile learning objects should not contain 
as much information as other types of learning 
objects (i.e., e-learning objects). Due to the nature 
of the mobile environment, the content should be 
split across multiple MLOs. The MLO should 
be highly cohesive but also logically connected 
with other MLOs. Another similar concept is 
that the content should be ‘byte sized’ that will 
be available on-demand and that could easily be 
incorporated into the organizational day to day 
workflow (McGee, 2003).

Exploration allows the user to explore the 
learning content on their own without having to 
follow a predefined learning path. This puts the 
users in charge and motivates them to pursue the 
learning at their convenience. Hyperlinks can be 

used to support this concept though these can lead 
to the ‘lost-in-hyperspace’ phenomenon which 
may lead to negative experiences (Meisenberger 
& Nischelwitzer, 2005).

Construction gives the user the opportunity to 
‘learn by doing,’ for example by using simulations 
and models to create a virtual environment that 
reflects a real life situation that the user follows 
or participates in.

Communication utilizes the benefits of the 
mobile environment to create a dynamic and 
collaborative learning experience. The right 
utilization of synchronous or asynchronous com-
munication models leads to building an engaging 
and motivating system by enabling competition, 
challenge and social interaction among the users 
(Parsons, Ryu & Cranshaw, 2006).

Learning Experience Metaphors

The application needs to provide an engaging 
context for learning which will keep the user 
focus and interested. Two useful metaphors are 
suggested for delivering a satisfying and enjoyable 
mobile learning experience: the cinematic meta-
phor and the game metaphor (Parsons et al., 2006). 
By using the cinematic metaphor, the content is 
presented in a narrative manner that is easy for 
the user to follow. For professional mobile learn-
ing it is important to try to contextualize learning 
into real-life situations. A narrative technique 
can be utilized to illustrate such an example. The 
technique also allows the one-way narration to be 
extended with some input from the user in such 
a way that they can decide the flow and direction 
of the presented content (Walker, 2004). 

The game metaphor incorporates the use of 
games to increase the degree of engagement and 
interest in the application. In a mobile learning 
context, a game can be used to test/confirm the 
knowledge gained after a series of mobile learning 
objects have been reviewed. Schwabe and Goth 
(2005) identify several elements that create an 
engaging context:
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•	 Rules — define and organize the game. 
Should be unambiguous, intuitive and easy 
to follow;

•	 Goals and objectives — that the users try to 
achieve. The user will be more engaged and 
interested to pursue a game if the objective is 
clearly outlined and known from the start;

•	 Outcome and feedback — evaluating results 
against the goal. The user should know how 
they did and what they achieved after they 
finished the game;

•	 Conflict, competition, challenge, opposition 
and interaction — these elements increase 
the motivation of the user and create a dy-
namic and unpredictable environment;

•	 Representation of the story — in the mobile 
learning context this is the way the learning 

content is incorporated and presented in the 
game. 

Learning Objectives

The learning objectives can range from improving 
personal skills or gaining new skills to improv-
ing team building and social interaction within 
the company (Parsons et al., 2006). The specific 
learning objectives are defined in the context of 
the developing application. Different types of 
design approaches and techniques can then be 
selected, utilized, and evaluated for the delivery 
of the desired set of objectives.

Figure 1. A framework for M-learning design requirements (from Parsons et al., 2007)
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Deriving a Framework for Mobile 
Learning Design Requirements

So far, a number of environment and application 
specific design requirements have been outlined 
and grouped into categories based on the context 
from the mobile learning area they target. Parsons, 
Ryu and Cranshaw (2007), propose a conceptual 
framework for mobile learning applications that 
combines most of the design categories mentioned 
in the previous section. Figure 1 shows the four 
pillars for mobile learning design requirements 
that compose this framework: generic mobile en-
vironment issues, mobile learning context issues, 
learning experience and learning objectives, and 
the interaction between them. 

As an example that illustrates the interaction 
between the design requirements and the logic 
flow in the framework, consider an organization 
whose learning objective is the development of 
social and team skills. The development of these 
skills is supported by learning experiences such 
as: social interaction, competition, challenge, op-
position and conflict. To deliver these learning 
experiences, the application needs to implement 
some kind of communication and interaction 
module. The design of this module needs to be 
supported by an adequate analysis of the user’s 
activities; the user’s collaboration in those activi-
ties as well as their spatial-temporal dimension. 
These requirements can then be mapped against 
some relevant mobile environment issues such 
as network connectivity; type of mobile device 
that will be used or media that needs to be sup-
ported.

Further analysis of the framework points out 
a view of the design requirements from a broader 
perspective. The left hand side of the framework 
defines the design requirements: learning objec-
tives and learning experiences. These can be seen 
as expected outcomes from the learning applica-
tion, requirements that are set to ‘work towards.’ 
As illustrated in Figure 1, in order for a mobile 
learning application to encourage development 

of social and team skills it needs to provide ex-
periences such as social interaction, competition, 
challenge, and so forth. The developed application 
is expected to deliver these learning experiences 
to meet the required learning objectives. 

On the other hand, in the framework, design 
requirements relevant to the learning context and 
the technical issues in mobile learning environ-
ment are defined. These design concerns arise 
from the characteristics that are specific to the 
business environment the mobile application is 
developed for and the mobile environment itself, 
that is, appropriate analysis of the business envi-
ronment identifies the different types of learners 
the application should be designed for and defines 
the business activities that determine the content 
of the learning application. Therefore, they can 
be seen as input requirements or requirements 
that are given to ‘work with.’ 

Another practical study in this area undertaken 
by Meisenberger and Nischelwitzer (2005) refers 
to the four categories of mobile learning appli-
cation structuring and organization: exposition, 
exploration, construction, and communication. 
Their study gives an overview of how those 
categories can be practically realized within a 
mobile learning application, and the definition of 
these four categories is used as a design tool in 
the development of the mobile learning engine, 
a computer-aided and multimedia-based learning 
application created for mobile phones (Meisen-
berger & Nischelwitzer, 2005). Compared to the 
previous study that concentrated on the specifics 
and the expectations of environment, this one puts 
the focus on the application being developed and 
provides some guidelines and ideas for appropri-
ate content organization and design that delivers 
different levels of learning-richness.

Based on the two frameworks previously 
introduced, Figure 2 shows a new framework 
of mobile learning design requirements that is 
proposed by combining key features of these two 
complementary frameworks. 

The proposed framework incorporates the 
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four categories of mobile learning application 
structuring and organization; exposition, explo-
ration, construction, and communication. These 
categories make up the fifth pillar of mobile learn-
ing design requirements, ‘application structuring 
and organization,’ which sits in the middle of the 
framework. The idea is that both the ‘work with’ 
and ‘work towards’ design requirements feed in-
formation into this part of the framework which 
puts these requirements into the perspective of 
actual application design. This new column actu-
ally sits like a bridge between the two parts of the 
framework and provides a good starting point for 
implementation of any mobile learning application 
as it directs the developer to the specific element 
of the system that requires work and investigation 
in order for those requirements to be met, that is, 
if an organization requires development of new 
skills or improvement of existing skills among 
the users, then the application should feature one 
or more of the following elements: exposition, 

exploration and construction. As shown in Table 
2, these elements deliver learning experiences that 
support the desired learning objectives, such as: 
logically organized and easy to follow content; 
delivering outcome and feedback back to the 
user; clearly outlined goals and objectives that 
motivate the user and help them engage; using a 
cinematic metaphor for story representation and 
story construction; putting the user in charge of 
their learning process. The development of these 
elements of the system needs to be supported by 
analysis and categorization of different user pro-
files and roles and their activities. Subsequently, 
this will be followed by investigation and analysis 
of relevant mobile environment issues and design 
requirements.  

One of the research objectives of this project 
was to put the proposed framework into practice 
by using it as a design tool in the implementation 
of a mobile learning application for a specific pro-
fessional environment. Following this framework, 

Figure 2. Proposed framework for mobile learning design requirements
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an initial outline of the system architecture and 
design can be made at this stage.

Proposed System Architecture

Following the information gathered from the 
literature review with regards to the design 
requirements for a professional mobile learning 
platform, an informal proposal describing the 
learning objectives for the system is summarized 
in Table 2. This table was compiled from the initial 
requirements analysis and was used as a starting 
point for the system development.

To support the learning objectives outlined in 
Table 2 the mobile learning application needed 
to deliver appropriate learning experiences. Table 
3 links each of the previously specified learning 

objectives with a corresponding set of learning 
experiences from the framework.

The learning content is organized into a se-
quence of logically connected learning objects, 
each designed to deliver a specific knowledge 
objective. The way the flow of the learning objects 
is organized and delivered to the user defines the 
content representation or story. This can be a one 
way representation with the possibility to add 
on an interaction element where the user defines 
the progression and direction of the story/learn-
ing sequence. This puts the user in charge of the 
learning process and they can adapt the delivered 
content to a specific scenario or requirement. 
Each set of learning objects should be concluded 
with a set of questions and exercises. This helps 
to provide an appropriate outcome and feedback 

Learning objective Description

Improved operations 
execution

The aim is to accurately follow the standardized company’s procedures to 
minimize error rate and provide higher standards of inventory management. 

Obtaining new knowledge 
in operational activities

The mobile learning application should extend the classroom based training for 
new operational activities.

Support
The application needs to provide critical, just in time information for mobile 
employees such as product information, dangerous goods qualification, handling 
procedures etc.

Collective learning 

Users should be able to share their comments, feedback or questions with each 
other, and participate in open discussions and forums. The aim is to increase 
social skills and provide an environment that supports and encourages collective 
learning.

 Table 2. Organization’s learning objectives

Table 3. Learning experiences

Learning objective Learning Experience

Improved operations execution Organized Content; Representation or story; 
Goals and Objectives; User in Charge;
Outcome and FeedbackObtaining new knowledge in 

operational activities

Support User’s Input; Outcome and Feedback

Collective learning Social interaction, Communication, Feedback, Information Sharing
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to the users that will summarize their effort and 
achievements in completion of this objective. 

As mentioned in the learning objectives sec-
tion, the application needs to provide critical, 
just-in-time information for mobile employees 
such as product information, dangerous goods 
qualification, handling procedures. In order to 
support this objective, the application needs to 
provide a way of capturing the user’s input, inter-
preting it and returning relevant information, that 
is, the user should be able to find the definition of 
a certain industry term, abbreviation or process. 
Also, the user should have access to important 
product information by entering a product code 
or scanning a bar code. Finally a mobile learning 
feature that enables immediate sharing of informa-
tion, comments, questions or feedback with other 
employees or trainers provides an environment 
for successful collective learning.

In terms of application structuring and orga-
nization, for exposition, the cinematic metaphor 
was adopted. A section of training material was 
selected and separated into series of MLOs, logi-
cally and sequentially connected with each other 
but each representing a cohesive and well defined 

item on its own. Every MLO was presented by 
a series of slides, controlled by navigational 
keys, which defined the tasks that needed to be 
performed in order for the activity presented by 
the MLO to be successfully completed. For ex-
ploration an index table was created for frequently 
used keywords in the industry. The user could use 
this facility as a quick reference for the meaning 
of abbreviations, keywords, and jargon terms. 
Similarly, the application would accept user’s 
input in the form of a product code and return 
important information such as product descrip-
tion, handling procedures, and so forth. To cater 
for the construction element of the system a walk 
through approach was implemented where a user 
could select a direction of execution at decision 
points according to a real life scenario. Finally for 
communication, a game metaphor was applied in 
the form of an interactive quiz. The questions were 
derived from the content of the MLOs presented 
in the exposition part of the system. According 
to the posted answers, appropriate feedback was 
delivered back to the user via the application’s 
interface. To encourage collective learning and 
information sharing a form of mobile forum/dis-

Table 4. User and context analysis

Criteria Description

Familiarity with device
As the employees have been using the mobile devices in their day-to-day 
activities, their familiarity with the device is very good. There would be no need 
for additional training. 

User’s interest in m-
learning

Generally users expressed interest in the concept of delivering learning material 
on their mobile devices. Different patterns of learning styles and preferences have 
been identified among the users in this step. 

User’s expectations
The application will provide support for their day-to-day activities;
The application will provide opportunities for future skill development and 
improvement.

User categorization
The users are separated into teams according to their business activity. Every team 
has a defined set of activities that they perform, i.e. placement, picking, packing 
and control teams.

Time dimension The application should be able to run while executing an operational activity. It 
should also be available for use during down time periods.

Place dimension The application should be available on the company’s premises.
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cussion board was developed where users could 
post their comments and questions. The findings 
from the initial user and context analysis are sum-
marized in Table 4.

In terms of interface design, the application 
followed a similar look and feel to the other mobile 
web applications that are currently in place within 
the participation organization. Special attention 
was paid to personalization by recognizing the 
user and loading content according to predefined 
setup or preference. The user was able to make 
some changes to the content or add notes which 
were available only to that specific user. The ap-
plication in general provided feedback to user’s 
actions and allowed the user to review, cancel or 
modify an action.

For the implementation technology, as the em-
ployees are already using a mobile device in their 
normal operational activities it was an obvious 
decision that the prototype application should be 
running on the same device, a Symbol Windows 
Mobile Pocket PC. Since the mobile devices are 
chosen as a company standard, an assumption 
could safely be made that the application does 
not have to cater for multiple platforms or in-
vestigate compatibility issues. To cater for some 
requirements like communication, collaboration 
or personalization the application needed to be 
connected to a network and potentially query a 
central database.

Given the set of requirements gathered for the 
system, one clear requirement was that the sys-
tem should have network connectivity. Therefore 
(from Table 1) the client would need to be either 
a thin or smart client. However, (also from Table 
1) the limitations of thin clients in terms of user 
interface and high latency environments, coupled 
with the known target platform, reducing issues 
of multi-platform, deployment, suggested that a 
smart client solution would be the most appropri-
ate for this system. The prototype was therefore 
developed as a mobile smart client using Microsoft 
.NET Compact framework. However, the initial 
iterations in fact comprised a thick client imple-

mentation because those modules that required 
network connectivity were only implemented in 
later iterations.

Research Methodology

The methodology applied in this study was design 
research (also knows as design science). The un-
derlying idea of design research is the concept of 
knowledge—process interaction (Thompson at al., 
2004). Basically the research and the design part 
of the project are not considered as two separate 
processes with a single serial execution. They are 
iterative processes that provide feedback to each 
other, thus refining and improving one another 
with the outcomes of each step. From one hand, 
the knowledge is utilized to build the process 
(design). However, the outcomes of the processes, 
their evaluation and implementation generate new 
ideas and clarifications for the knowledge that 
has been put into practice. Each iteration goes 
through several stages: Awareness of problem, 
suggestion, development, evaluation and conclu-
sion (Vaishnavi & Kuechler, 2004/5).

Although the developer has a main goal in 
mind, the research and the knowledge gained 
from each cycle shape the way the next iteration is 
conducted, that is, every milestone is fragmented 
into a series of tasks. The execution of a task 
depends on the outcome and the findings from 
the previous task. This means that a new task can 
be set up on the fly, or removed if it is no longer 
required or relevant to the context.

Each of the process steps can also be explained 
through the expected outputs; a proposal, a ten-
tative design, an artifact (a formal proof of the 
proposal and the initial design), performance 
measures and results. These results can generate 
new knowledge or an intriguing topic which can 
be used as an idea for future design research.

In the specific context of developing a frame-
work for a professional mobile learning platform, 
the design research methodology accommodates 
the complexity and dynamics of the environment 
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of this project. The iterative nature of this approach 
caters for the uncertainties of the environment 
and constantly encourages suggestions for new 
requirements, improvements or modifications. In 
fact it has much in common with commercial ap-
proaches to iterative software engineering. How-
ever, “Routine design is the application of existing 
knowledge to organizational problems…design-
science research addresses important unsolved 
problems in unique or innovative ways or solved 
problems in more effective or efficient ways” 
(Hevner, March, Park, & Ram, 2004, p. 81).

Van den Akker, (1999) suggests several strate-
gies within the design research methodology to 
deal with the complexity of the design research 
process. These strategies are primarily linked 
to the requirements gathering and evaluation 
stages of the process. In this study, the require-
ments gathering stage comprised interviews 
with a domain expert in the area of professional 
learning from the collaborating organization. A 
prototype was developed as an initial proof of 
concept, to gather some feedback and model the 
requirements moving forward. The evaluation 
stage comprised meetings with an expert from the 
collaborating organization followed by a formal 
usability study conducted among the potential 
users of the application.

SySTEM DESIGN AND PROTOTyPE 
DEVELOPMENT 

The development of the mobile learning ap-
plication was executed in three phases. Table 
5 summarizes these development phases along 
with the structural elements of the application 
the particular iteration was focused on. The last 
column outlines the deliverables of each phase. 
Each deliverable is a piece of working software 
which represents a logical module of the appli-
cation. 

The next section follows the implementation 
of the mobile learning application in a structure 
that reflects the iterative development approach 
applied.

Phase One

Following the initial set of requirements and 
the proposed system architecture, a first cut of 
a working mobile learning application was de-
veloped. During this initial phase, the emphasis 
was on project and client setup; interface design; 
the exposition and exploration element of the 
application. 

Phase Structural Element Output

One Exposition, Exploration Logistics Chain of Events, Index Search, Product Information

Two Exposition, Construction Forkhoist Training Videos, Step by Step

Three Exposition, Communication The Challenger, Message Board

Table 5. Application development phases: Focus and deliverables
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Implementation

Following the company’s standards and its pre-
ferred implementation technology, the mobile 
learning application was developed using Mi-
crosoft .NET Compact framework. In this initial 
stage of the system implementation, a thick client 
was developed, that is, the client was stand alone 
and no network connectivity was required to be 
able to use the application. The application used 
only the resources of the device it was deployed 
on for its operation. 

Interface Design

The interface design of the initial prototype was 
kept as simple as possible, following some of the 
previously mentioned guidelines for designing 
useable interfaces from both technical and peda-
gogical perspectives. Because of the limited real 
estate on the mobile device to display learning 
content, tab controls were used to rationalize space 

utilization. Where appropriate, the application 
provides feedback to notify the user of an invalid 
action, mistake or completion of a certain task.

Exposition

The exposition element of the system defined 
the format of the learning content delivered to 
the user. Linking back to Grasso and Rosseli’s 
(2005) technical and pedagogical guidelines for 
designing useable applications, some text exposi-
tion standards were defined at this stage. 

Following the available classroom training 
material and the teaching style applied so far, it 
was easy to break down the main learning con-
tent into a set of operations that were connected 
between each other in some logical order. Every 
operation could be broken down into a chain of 
events. Depending on the particular scenario, 
the events could follow a different order and one 
operation might have multiple execution paths. An 
event, on the other hand, can be further broken 

Figure 3. A typical MLO structure in the mobile learning system
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Figure 4. Example of designing logical connec-
tion between events

Figure 5. A simple index search screen

Figure 6. Screenshots of a product search screen
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down to individual tasks which are cohesive on 
their own but together describe the event in greater 
detail. The task was utilized as a building block 
for the mobile learning object. 

A learning object delivers the details of one 
task. It is logically connected to other learning 
objects and together they make up a larger learn-
ing deliverable; an event. The MLO is limited 
in size in order to fit the real estate on a mobile 
device screen, but also to keep the focus of the 
user. As can be seen on the screen shots in Fig-
ure 3, the user can use the navigation buttons to 
go through the learning objects following their 
predefined sequence. Graphical representation 
was also used to illustrate the logical connection 
between individual events within one operation 
as well as between operations that occur in the 
day to day business within the warehouse. This 
structure allows the user to grasp the big picture 
of the business processes, while giving the op-
portunity for more in depth detailed exploration. 
This is shown in Figure 4.

Exploration

The exploration element of the application gives 
the opportunity to the users to take control of 
their learning process and empowers them to 
choose the content and the delivery style of the 
learning material. Initially, a quick search screen 
was developed where the user can just partially 
enter a term from the business, an abbreviation 
or a keyword. The search engine returns all valid 
matches to the supplied entry and when the user 
selects a particular one, its definition or description 
is displayed in the bottom pane of the screen. Fig-
ure 5 demonstrates an example of an index search 
screen in the mobile learning application:

Providing support for the mobile employees 
in terms of delivering time critical information 
in relation to products, dangerous goods and han-
dling instructions was mentioned as an important 
learning objective of the participating organiza-
tion. A warehouse employee comes in contact with 
thousands of different products on a daily basis, 
some of which are of a hazardous nature and have 

Figure 7. Audio-bar for playback of an audio file Figure 8. Using images for delivering content
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Phase Two

Exposition

As previously mentioned, the application’s expo-
sition element is all about the way the content is 
delivered to the user. During the first development 
iteration, only text, (a very traditional medium), 
was used for these purposes. When it comes to 
delivering learning material there is some content 
that is too complex or simply unsuitable to be de-
livered in a textual format. Therefore, alternative 
means of presentation needed to be explored. 

Since the initial application was developed as 
a thick client, it could utilize the resources from 
the local machine. This enabled audio objects 
to be added to some existing MLOs to further 
emphasize an important note or just to deliver 
some additional information associated with a 
particular event. The user can play the audio file 
with a click on a button and control it via an audio 
bar. An example of this is shown in Figure 7.

Figure 8 shows the integration of an image 
within a MLO as another example of delivering 
content in a different format.

Figure 9. Video media objects within the mobile learning application (IVES Training 2007)

quite specific handling and storage procedures. It 
is practically impossible to deliver this important 
information to the employees via one off conven-
tional classroom based training, or even to expect 
that it will be correctly memorized. A product 
detail screen was developed as part of the initial 
development phase that conceptualizes the basis 
of this requirement. An employee can simply enter 
a product code in the product search screen and 
the system will display important details such as 
description, handling and storage information, and 
so forth. As the employees are already using the 
mobile device in their daily operations, this really 
crucial information is right at their fingertips and 
can be accessed whenever such a situation arises. 
Figure 6 shows some screen shots of the product 
screen developed at this stage.

The initial phase of the development provided 
the basis for the mobile learning solution, defined 
a typical structure of a textual MLO used in the 
exposition element of the solution and delivered 
an example of exploration functionality. In the 
following phase, alternative ways of delivering 
content to the user were examined and a func-
tionality that supports the construction element 
of the system was designed and developed.
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In this particular example, the image is used 
on the product details screen and it provides an 
additional safeguard for ensuring correct manage-
ment of a specific product. 

Operating a forkhoist is a very important 
dimension and is an integral part of every ware-
house operation. Every employee is required to 
undergo a forkhoist course that involves a one day, 
practical, on-site training. When considering this 
element of the training process, video content was 
selected as the most suitable media for delivering 
learning material. Short video files containing 
some common errors when operating a forkhoist 
were made available through the application. For 
the purposes of the non-commercial prototype, 
videos were taken from publicly available samples 
(IVES Training, 2007). The user can select from 
the list of available videos and by clicking on 
the file name, the application launches Windows 
Media Player which plays the file. Going back to 
Grasso and Roselli’s (2005) principles for interface 
design with regards to the use of media objects, 
the selected files are concise and summarize one 
concrete point. Figure 9 demonstrates the use of 

video media objects within the mobile learning 
application.

Construction

The construction element of the system allows 
the user to incorporate their learning into a real 
life scenario. Operations do not always follow a 
predefined and static execution path. Very often 
the chain of events can take a particular direction 
based on a condition that occurs at a decision 
point of the execution of the operation. To cater 
for this uncertainty a walk through approach 
was implemented. This feature enables the user 
to control the execution of an operation based on 
a real life scenario. From a programmatic point 
of view, the flow through the MLOs halts when 
it reaches a decision point. When the user enters 
their selection, the execution continues in the 
selected direction. Figure 10 illustrates a decision 
point in middle of a MLO flow.

The second phase of the system development 
was focused on building a media rich exposition 
element of the mobile application with the imple-
mentation of various ways of delivering content 
to the users. At the same time, functionality that 
supports the construction element of the ap-
plication was developed. The final phase of the 
implementation focuses on the fourth structural 
element of a mobile learning application, com-
munication, and it introduces a slightly different 
form of exposition in the system.

Phase Three

The final phase of system development introduced 
the communications element to the application and 
evolved the application from a thick client to a 
smart client. These features in the system mainly 
target the social and team skills of the users and 
provide for improved collaborative learning and 
inter team interaction. From a programmatic 
perspective, this final development iteration in-
cluded the building of a web service component 

Figure 10. An example of a construction (decision 
point) element 
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that enabled the communication of data between 
a central database and the mobile device.

Implementation

As mentioned in the proposed system architecture 
section the system was intended to be a mobile 
smart client using the Microsoft .NET Compact 
Framework. The functionality developed thus 
far did not require any network connection as all 
information was maintained in a local database 
file deployed on the mobile device itself. However, 
developing an application as a stand alone, thick 
client in the context of professional learning envi-
ronment has several weaknesses. The application 
has no capability for accessing real time data, 
which makes it difficult to justify the relevance of 
the support module of the system. The resources 
of the mobile device are also quite limited, so the 
volume of the data that can be stored locally cannot 
possibly cater for all information that employees 
would require to access. With no connectivity it 
is also impossible to develop any module that will 
assist social or collaborative learning or design 
for delivering user tailored content. 

In order to demonstrate a possible solution to 
overcome the issues mentioned above, in this final 
phase of the system development, a web service 
was developed to acquire information from a 
central database where real time logistics data is 
maintained for the business. The mobile device 
uses a GPRS connection to connect to the internet 
and access the web service. Use of GPRS in the 
prototype rather than Wi-Fi was primarily to en-
able off-site testing and demonstration. Informa-
tion is exchanged between the web service and 
the mobile device in XML format using HTTP 
via the internet.

Communication

To demonstrate the use of the mobile learning ap-
plication in a connected environment, a message 
board feature was developed. The idea of this 
module was that employees could post questions, 
comments, ideas, suggestions or messages under 
a certain topic that would be immediately visible 
to other users. All messages are maintained in a 
central database and shared between the users. 
The application accesses web service methods 

Figure 11. Example of users’ posts to the message board
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via the internet to get messages that are entered 
under a specific topic but also to save a new post-
ing a user wishes to share. This module enables 
the employees to communicate with each other, 
exchange information and improve their col-
laboration skills. Figure 11 shows an example 
of a list of topics and messages entered in the 
message board.

 
Exposition

So far, text, images, audio, and video files have 
been described for delivering learning content to 
the user. Learning material can also be delivered 
in a more interactive manner, where the informa-
tion is not just simply presented to the users, but 
the users are expected to recognize, fill in or 
respond to this content. To illustrate this concept, 
an interactive quiz was developed containing 
questions in a multi choice and true/false format. 
The answers to these questions are analyzed by 
the system and the users get a hint if they make 
a mistake. This hint lets the users rethink their 
answer and encourages them to try to get to the 
correct solution on their own. 

SySTEM EVALUATION

The final phase of the prototype development 
was followed by a formal evaluation process in 
order to get a critical overview of the working 
system. A group of participants from different 
fields of expertise in the area was selected to use, 
evaluate and provide feedback on the developed 
system. Cooperative evaluation, a variation of the 
think aloud evaluation technique was used for 
these purposes. Think aloud is an observational 
evaluation technique where the user is asked to 
talk through the actions they are performing 
while using the system (Dix & Finlay, 2004), 
that is, the user is usually asked to execute some 
predetermined task, talk about what they are 
doing, what they expect and what they believe is 

happening. This technique gives an insight into 
the decision making process of the user and their 
attitude towards the presented solution, and can 
also identify potential issues with the interface or 
logic design of the system. Cooperative evalua-
tion is a more relaxed approach where the user is 
encouraged to actively participate in the evaluation 
process instead of just acting as an experimental 
participant (Dix & Finlay, 2004). In this scenario 
the evaluator can ask additional questions during 
the observation. The users are less constrained so 
they can provide additional explanations, views 
and critical opinions of a certain issues. 

Three participants were selected to take part in 
the evaluation process: a logistics training special-
ist, a mobile application development expert and a 
logistics operations specialist. Tasks from all four 
elements of the system, exposition, exploration, 
construction and communication, were given to 
the participants to work through. Video record-
ing was used to capture the user’s feedback and 
behavior. The results of the cooperative evaluation 
are summarized below, broken down into four 
subsections, one for each structural element of 
the developed application. 

Exposition

To evaluate the exposition element of the appli-
cation, the participants were asked to perform 
two tasks: take the challenger quiz and watch a 
forkhoist training video. 

For the first task, the evaluators were asked 
to answer a series of quiz questions. This task 
was evaluated by the logistics training special-
ist. She found the functionality straightforward 
and easy to use and outlined several benefits she 
considered important from this module and areas 
in the business where she saw this functionality 
being useful. In particular, she saw the potential 
for monitoring the learning process and targeting 
learning activities according to learner profiles 
and work activities. However support for richer 
media objects was suggested, and the inclusion 
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of warehouse documents as learning objects. The 
second task was given to the warehouse operations 
specialist, and it involved going to the forkhoist 
training screen and launching one of the provided 
videos. The participant was happy with the format 
and the content of the video, but expressed concern 
about the quality of the video, especially when 
played in a real warehouse environment due to 
extraneous noise in the environment.

Exploration

To evaluate the exploration element of the ap-
plication, the participants were given a task to 
search for details for the ‘Venezia’ product. This 
task involved getting to the product search screen, 
typing in the required product code and going 
through the returned information.

The first participant, the warehouse opera-
tions specialist, found data input on the search 
screen difficult using the on-screen key pad. It 
was suggested that being able to scan a product 
code instead of typing it in would be a potential 
solution. The same task was then given to the 
mobile application development expert who had 
similar issues with the data input method. He 
suggested an alternative approach where the user 
could type in the first couple of characters and 
the system could return a list of matching codes, 
letting the user select the required one. Once the 
product information was displayed on the screen, 
the participant commented on the fact that in a 
production environment this module should be 
retrieving real time information from a central-
ized database. Several guidelines were pointed 
out by the mobile application development spe-
cialist here, regarding the choice between Wi-Fi 
networks, which are cheaper and more secure, or 
mobile phone networks that would support wide 
mobility beyond the warehouse environment.

Construction

For the construction element of the application, the 
participants in the evaluation were given a task to 
use the step by step functionality for the unload 
process. The initial impression of the warehouse 
operations specialist was that this module is quite 
similar to the logistics chain of events functional-
ity (which is part of the exposition element of the 
system), but designed in a more sophisticated and 
smarter way with the addition of decision points 
and considering the selected choice by the user. 
In terms of the interface design of the module, the 
user preferred the more graphical representation of 
the tasks within one operation instead of a simple 
list of tasks. Overall, the user was happy with the 
idea behind the module and could see the benefit 
of it in a real life scenario. The participant made 
a comment that the system should provide more 
feedback to the user to make them aware of what 
they accomplished and highlight the next task 
that logically follows. Another important thing 
that was pointed out in the evaluation process 
was the necessity to repeat this process in a real 
environment and examine the behavior of the 
system when running in parallel with other ap-
plications on the same device.

Communication

The communications element of the application 
was evaluated through the message board func-
tionality. The participants were given a task to 
view all messages under the topic “Unload” in 
the message board and post a new message under 
the same topic. The first participant to evaluate 
this functionality was the mobile application 
development specialist. Initially, his comments 
were around the performance issues experienced 
when the system tried to retrieve information by 
connecting to a GPRS network. As the cooperative 
evaluation technique encourages the participants 
to express their ideas, comments or suggestions 
regarding the system being examined, the mobile 
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application specialist outlined some industry 
standards for improving performance and avail-
ability in a mobile environment, including smart 
caching. The participant was not happy with the 
way the system handles the process of entering 
messages in the message board. He found it quite 
tedious and frustrating to enter a whole message 
using the key pad of the mobile device. Next, the 
task was given to the logistics training specialist. 
The first impression of the whole idea behind the 
message board was quite positive as a means of 
communication and broadcasting. Along these 
lines it was suggested that it would be quite use-
ful if the message board was visible to the office 
staff and training people who are not based on 
the floor and not using the mobile devices. When 
the participant clicked on the “Unload” topic to 
get all related messages, a comment was made 
regarding the time required to download this 
information from the central database. Another 
issue highlighted was the lack of appropriate 
feedback to the user. If the system is waiting 
for the information to download, a notification 
needs to be displayed to the user that loading is 
in progress which might take some time. Again, 
as with the previous participant, the logistics 
training specialist was not happy with the input 
methods of the system.

Discussion of Results

The evaluation process highlighted several areas 
in the developed mobile learning application 
that require further work or investigation. More 
flexible input mechanisms, a wider spread of rich 
media types (in particular in the message board 
context) and more feedback need to be added. 
Learner profiles are also need to identify different 
learning patterns among the users of the system, 
that is, some learners have a more structured 
learning style where they simply follow logically 
organized content which explains a certain topic. 
Others prefer learning through exploration or col-
laboration, and so forth. The application needs to 

follow the learning progress of the user and cor-
respondently update the content being delivered 
in a manner that is suitable to the learning style 
and current status of the user. 

With applications that rely heavily on network 
connectivity, availability and performance are 
potentially problematical. The results from the 
evaluation highlighted concerns around the speed 
of the message downloading and uploading pro-
cess in the interaction board. Evaluation of caching 
approaches and the performance of different type 
of network needs to be undertaken under realistic 
conditions. System integration is also important, 
integration the mobile learning platform with other 
systems such as human resources.

So far the system has not been evaluated in 
actual deployment. One of the characteristics of 
a good mobile learning solution is that it should 
be easily incorporated into the organizational day 
to day workflow (McGee, 2003). The only way 
to evaluate this is to put the learning solution in 
practice and examine how well it fits with the 
working routine.

CONCLUSION AND FUTURE 
RESEARCH DIRECTIONS

The main objective of this research project was to 
propose a conceptual framework for professional 
mobile learning design and use it to guide the 
implementation of a mobile learning application 
for a specific professional environment. The 
developed prototype was then evaluated against 
the collaborating organization’s objectives in 
supporting their learning program.

The framework identified relevant factors and 
design requirements in the mobile learning envi-
ronment and also guided how mobile applications 
should be organized and designed to meet these 
requirements. Figure 12 shows how the prototype 
may be mapped to the framework. On the one 
hand in the table we have design requirements 
and issues that arise from the business environ-
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Mobile Environment 
Issues and Interface 
Design

User and Context 
Analysis













Application 
Structuring and 
Organization 













Learning 
Experience

L e a r n i n g 
Objectives

Implementation 
Technology:
Mobile smart client 
using Microsoft .Net 
Compact Framework.

User 
categorization: 
Users belong 
to different 
warehouse 
operational teams Exposition: 

Logistics chain;
Forkhist video;
The Challenger 
quiz

Organized 
Content; Goals 
and Objectives; 
content based 
on professional 
responsibilities, 
assessment 
based on 
achieving core 
competencies

I m p r o v e d 
Skills, 
New Skills 
I m p r o v e d 
o p e r a t i o n s 
execution;

Obtaining new 
knowledge in 
opera t i ona l 
activities;

Support

Interface Design:
Consistent design; 
Avoid information 
overload

User activity 
definition: Users’ 
tasks are defined 
based on the team 
they belong to. 

Outcome and 
Feedback; 
contextual 
learning tasks 
assessed with 
interactive 
responses and 
quizzes

Media Supported:
Text, image, audio, 
video

Spatial- temporal: 
Available within 
warehouse 
premises; able 
to run while 
executing daily 
tasks as well as 
during downtime.

Exploration:
Index search;
Product search

Motivation; 
User in Charge, 
professionally 
relevant content 
driven by user 
requirements in 
context

Mobile Device:
Windows Pocket PC

Familiarity 
with device: 
Experienced users

Construction:
Step By Step

Representation 
or Story; User’s 
input affects 
narrative flow 
of learning 
experience

Connectivity: using 
GPRS to connect to 
the internet 

Collaboration 
Activity: Sharing 
information, 
provide support 
and feedback.

Communication:
Message Board

Social 
Interaction: 
Competition, 
Challenge, 
Opposition, 
Conflict:
Shared 
information 
resource

Social Skills, 
Team Skills 
C o l l e c t i v e 
learning

Figure 12. Analysis of the prototype using the design framework
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ment the application was developed for, and the 
mobile environment itself. Thus, the first two 
columns summarize the results from the user and 
context analysis, and document the implementa-
tion choices made in the development process in 
terms of the technology that was used, the type 
of mobile device the application was deployed 
on, media types the application supports and 
type of network connection the systems uses. The 
other side of the framework defines the expected 
learning objectives as defined by the participat-
ing organization. These objectives are mapped to 
relevant learning experiences the system delivers 
in order to support and fulfill the learning objec-
tives. The column in the middle puts these two 
sets of design requirements in the perspective of 
actual application design. It defines the different 
structural elements developed in the application 
and outlines the names of the specific modules 
that were built to illustrate these characteristics 
of the system. 

The experience gained from the implementa-
tion process of the prototype application dem-
onstrated that the framework provides a good 
starting point for the development of mobile 
learning applications as it outlines and clearly 
formulizes all relevant design issues that need to 
be analyzed and considered. This transparency 
easily defined the direction of the actual design 
and development of the application. The introduc-
tion of the middle pillar of the design framework, 
‘Application structuring and organization,’ was 
especially helpful across multiple levels. Initially, 
it focused the development on relevant elements of 
the application that need to be developed in order 
to support the expected learning objectives and 
experiences. Furthermore, the definition of each 
structural element as explained by Meisenberger 
and Nischelwitzer (2005), suggested multiple 
development ideas that were utilized to design 
and implement many of the modules of the ap-
plication. Finally, this structure and organization 
of the application was found useful in the evalu-
ation process as it provided a good guideline for 

different aspects and characteristics of the system 
that needed to be evaluated and it formulated and 
conceptualized the evaluation process itself.

The results from the evaluation outlined 
multiple areas of the system that require further 
work and investigation such as: usability design, 
media use, user recognition and learning content 
customization. However, it has been identified 
that these issues can again be mapped back to 
the framework. This means that they have been 
identified in the framework and are known to 
the developer, but perhaps more work needs to 
be done or a different approach needs to be taken 
in order for those issues to be resolved.

The prototype application was designed for 
the specific requirements of a collaborating pro-
fessional organization. Therefore, the delivered 
learning content is specific and limited to the 
area of interest of this organization. However, 
this approach to developing mobile learning ap-
plications can easily be applied across different 
business learning environments. It has also been 
identified that the success and the acceptance of 
a learning solution depends greatly on the cre-
ativity and design of the learning objects that are 
delivered to the users. The creators of the learning 
content in the application need to have a good 
understanding of the business itself, but also be 
able to transform that information into learning 
material with good pedagogical values that will 
deliver the learning objectives while keeping the 
users interested and engaged. 

As mentioned in the beginning of this chapter, 
the developed prototype is by no means a complete 
and final solution. It is used as a proof of concept 
that helps to evaluate the framework proposed 
in the study. The evaluation results brought up 
numerous points that can be considered as an 
awareness of new problems and thus used as an 
input into a new design research cycles. Therefore, 
it is recognized that the framework has not been 
completely assessed. Further work will include 
completing the application as per the requirements 
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of the collaborating organization, and testing the 
system in a real life environment. 
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ABSTRACT

This chapter reviews and discusses research on applications of handheld devices in education. The author 
classifies these applications into six categories based on their functions: educational communication, 
managing, multimedia access, games and simulations, data collection, and context-aware applications. 
Each category is examined individually and the consequences arising from these applications are analyzed. 
The author posits that handheld educational applications, in many cases, have duplicated traditional 
practice, and that these uses do not seem to have much impact on educational practices. Continued 
research is needed to focus on longitudinal studies of how students’ perceive and use handheld devices 
for their own needs in contexts that change their educational practices.

INTRODUCTION 

Mobile technologies have been increasingly used 
in education. Though laptop computers (Gay et 
al., 2001; Nicol & MacLeod, 2005), tablet PCs 
(Corlett & Sharples, Bull, & Chan 2004; Shih & 
Mills, 2007) and other portable devices like iP-
ods (Belanger, 2005) have been tested in various 
educational contexts, according to some research 
reports on mobile technology applications, it ap-
pears that the most widely used forms of mobile 

technology in education are mobile phones and 
Palms/PDAs (personal digital assistants) (Shar-
ples & Beale, 2003), which are together referred 
to as handheld devices in this chapter. Due to 
the rapid development of handheld technologies, 
more and more educational applications have 
been developed, designed, and used in educa-
tion to “ultimately support a lifetime of personal 
and social enrichment” (Roschelle, Sharples, & 
Chan, 2005, p. 161). Many researchers assume 
that the use of these devices will exert consider-
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able impact on educational practices (Lai & Wu, 
2006). However, to date, it appears that handheld 
educational practices have not been sustainable 
and transferable. The impact that educational 
applications of handheld devices have brought 
about does not yet seem apparent (Song & Fox, 
2007). What consequences have handheld applica-
tions brought about? In predicting the potential 
consequences of new information communication 
technology (ICT) use, Sproull and Kiesler (1995) 
proposed “two-level effects” (p. 4). “First-level 
effects” result from planned uses of ICT, and are 
often associated with improved efficiency, but go 
hand in hand with offsetting consequences. For 
example, delivery of learning content to learners’ 
handheld devices in universities may create more 
opportunities for learners to learn without time 
and space constraints (e.g., Thornton & Houser, 
2005). However, the side effects may be that the 
small screen size and limited computational power 
of held devices are likely to prevent learners from 
effective use of the learning content. “Second-level 
effects” result from unpredicted and uncontrolled 
ICT use, and are often associated with changes in 
social practices and the contexts in which social 
practices take place. For instance, students use 
handheld devices to collect data in the field, write 
annotations for the data collected and transmit 
the data to the teacher who is not in the field but 
in need of the data (e.g., Lai et al., 2007). This 
practice in the specific context cannot be easily 
duplicated using other devices such as desktop 
PCs. Many researchers have taken context into 
consideration in their research work on the use 
of handheld technology. Uden (2007) posits, 
‘Context plays a crucial role in the understanding 
and development of mobile learning applications’ 
(p. 82). Context consists of multidimensional 
overlapping and interacting factors in which 
handheld educational practices are embedded 
(Gay & Hembrooke, 2004). This indicates that 
handheld educational uses cannot be studied 
without considering the immediate contexts in 
which they occur (e.g., Abowd & Mynatt, 2000). 

In the meantime, the immediate context cannot 
be separated from broader contexts such as fam-
ily, institution and community (e.g., Lund, 2006; 
Uden, 2007), which are woven together. Sproull 
and Kiesler (1995) posited that new technology 
use is not simply a matter of add-on experience. 
It leads to new ways of thinking, and thereby 
changes fundamentally how people work and 
interact within a given context. 

Handheld educational applications have been 
reviewed by different researchers from different 
perspectives. However, there are very few com-
prehensive reviews based on handheld research 
reports published in journal articles, conference 
proceedings or as book chapters. In addition, the 
consequences brought about by handheld educa-
tional applications have rarely been analyzed and 
reflected upon. Understanding the resultant effects 
from these practices is critical for future research 
directions. The purpose of this review on hand-
held educational research is thus to understand 
the consequences arising from the educational 
practices and their implications. 

BACKGROUND 

Since the year 2000, handheld educational ap-
plication programs have sprung up in European 
countries as well as the United States (Keegan, 
2002; Vahey & Crawford, 2002). Subsequently, 
these applications have spread throughout the 
world. Three important reviews on the use of 
handheld devices in education have been published 
in recent years, one in the Journal of Computer 
Assisted Learning (Roschelle, 2003), one in the 
Futurelab series (Naismith, Lonsdale, Vavoula, 
& Sharples, 2004), and one in Computers & Edu-
cation (Patten, Arnedillo-Sanchez, & Tangney, 
2006). Roschelle (2003), focusing on the “key 
[classroom] communication issues” (p. 262) of 
mobile technologies that may affect pedagogic 
practices, classified the applications into three 
types. They are classroom response systems 
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(e.g., Davis, 2003), participatory simulations (e.g., 
Facer, Joiner, Stanton, et al., 2004) and collab-
orative data gathering (e.g., Vahey & Crawford, 
2002). Roschelle (2003) points out that handheld 
pedagogical applications are often associated 
with ‘complex views of technology and simplistic 
views of social practices’ (p. 260), and the lack 
of standardization of handheld technologies for 
education hinders the large-scale adoption of 
handheld applications. However, this literature 
review is limited to addressing a narrow scope 
of classroom educational practices. Naismith et 
al. (2004) claim that most reviews of handheld 
applications have been concerned with the use 
of the technologies to address specific areas of 
educational practice. Therefore, Naismith et al. 
(2004), from an activity-centered perspective, 
review the literature of handheld technology 
applications in six theory-based categories of 
activities: behaviorist, constructivist, situated, 
collaborative, informal and lifelong learning, 
and learning and teaching support. Though this 
review summarizes the pedagogical applications 
of handheld devices in a wider scope, it tends to 
be descriptive without critical comments on the 
effects brought about by the handheld devices. 
Recently, Patten et al. (2006), based on previous 
reviews on mobile technology functional ap-
plications and pedagogic practices, developed a 
framework that they termed “pedagogical under-
pinning” (p. 300), merging the two perspectives of 
functionality and pedagogy into one. The authors 
use pedagogical underpinnings to analyze the 
functional breakdown of applications within the 
functional framework consisting administration, 
referential, interactive, microworld, data collec-
tion, location aware and collaborative, and draw 
a conclusion that the functional applications of 
administration, interactive, location aware and 
data collection involve little pedagogy. This 
review combines handheld functional uses with 
pedagogical underpinnings. However, the poten-
tial of handheld technology cannot simply “be 
disassembled into predictable cause-and-effect 

descriptors that can be counted and correlated” 
without considering the context in which they are 
used (Laurillard, Stratfold, Luckin et al., 2000, 
p. 12). Although all these reviews provide useful 
overviews of handheld applications in education 
from different perspectives, there is an emerging 
need to make a more analytical study of these ap-
plications under a more comprehensive framework 
to obtain a better understanding of the technology 
use and its consequences. 

Handheld devices are considered by many 
researchers to have the unique characteristics 
of “mobility or portability,” and “connectivity” 
(e.g., Corlett et al., 2005; Markett, Arnedillo 
Sanchez, Weber, & Tangney, 2006; Swan, van’t 
Hooft, Kratcoski, & Unger, 2005), which ulti-
mately contribute to other characteristics such 
as convenience, expediency, immediacy, acces-
sibility, individuality and interactivity (e.g., Chen 
& Kinshuk, 2005; Cui & Bull, 2005; Markett et 
al., 2006). These characteristics make handheld 
educational applications in relation to functions 
distinctive from other technologies such as desk-
tops or laptops. This technology use is highly 
dependent on the context in which handheld 
practices happen. In the light of this, the chapter 
reviews uses of handheld devices to examine the 
effects that these practices have brought about on 
education in the hope of providing some references 
for future research work. 

HANDHELD EDUCATIONAL 
APPLICATIONS AND DISCUSSION

This section reviews and discusses handheld 
educational applications in six categories with 
sub-categories (See Table 1). 
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Educational Communication 
Applications and Discussion

Educational Communication 
Applications

Liang et al. (2005) list a set of communication 
mechanisms governing classroom learning. They 
are response-collecting, posting, pushing, con-
trolling, file-exchanging, and instant messaging 
mechanisms. Borrowing some of the terms from 
this list, a new classification has been derived, 
termed “educational communication,” which 
refers to one-way or two-way communication 

between students, or between students and the 
teacher that is achieved via handheld devices 
for educational uses. Educational communica-
tion is composed of pushing, posting, response 
and feedback, messaging, file-exchanging and 
classroom communication systems (See Figure 
1), which are expounded as follows: 

Pushing

This category of applications refers to course 
content, assignments, and quiz and assessment 
materials delivered to the students’ handheld 
devices to support their learning without time and 

Table 1. Categories of handheld applications in education

Categories Sub-categories Characteristics

Educational 
communication

Pushing 

One-way or two-way communication among students, 
or between students and the teacher that is achieved 
via handheld devices for educational uses (Liang et al., 
2005)..

Posting

Response and feedback

Messaging

File-exchanging

Classroom communication systems

Managing Personal management Personal arrangements for learning, social activities and 
administrative work in terms of managing assessments 
via handheld devices.Administrative work

Multimedia access

The information or resources that are downloaded 
and stored in handheld devices, or can be accessed via 
Internet using handheld devices for learners to seek 
useful information and utilize it (Churchill & Churchill, 
in press).

Games and simulations

Providing models of real world settings in handheld 
devices for the learners to construct their knowledge 
through active participation in learning activities (Patten 
et al., 2006).

Data collection
Using handheld devices to record and transmit data 
usually in the field or in certain environments (Parr, Jones, 
& Songer, 2004).

Context-awareness

Personalization 
A system using context to provide relevant information 
and/or services to the user depending on the user’s tasks 
(Dey, 2001).

Active context-awareness

Passive context-awareness
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place constraints. Course and content delivery, as-
signment delivery, quiz and assessment delivery, 
and educational services delivery are included in 
this application. One obvious characteristic of the 
handheld uses in the pushing category is to deliver 
learning material, assignments, quizzes and as-
sessments, or educational services to the learn-
ers’ handheld devices by taking advantage of the 
portability and connectivity of handheld devices 
for anytime and anywhere learning. However, 
access to content using handheld devices seems 
simply another kind of resource access similar 
to the access using laptop or desktop computers 
(Corlett et al., 2005).

Course and content delivery — The low-
threshold technology SMS (short message service) 
has been recognized as having great potential for 
course and content delivery. Levy and Kennedy 
(2005) reported an Italian vocabulary learn-
ing program delivered via SMS for university 
learners. Likewise, e-mails were also tested in 
delivering English vocabulary lessons to the 
mobile phones of the university students in or-
der to improve their EFL (English as a foreign 
language) learning (Thornton & Houser, 2005). 
Some content development tools are developed 

to deliver learning content adaptively to a wide 
range of devices such as different types of hand-
held devices, desktops or laptops for ubiquitous 
access (Ally, Lin, McGreal, & Woo, 2005). By 
using compatible applications, handheld devices 
extend the capabilities of existing tools, such as 
desktops and laptops. They allow course material 
to be delivered across heterogeneous computing 
platforms. 

Assignment delivery — Some teachers use the 
handheld device to beam the nightly homework 
assignments to students’ handheld devices (Pfeifer 
& Robb, 2001). Also, students can submit their 
assignments via beaming, Bluetooth or e-mail 
using Wi-Fi networks to their teacher, and the 
teacher can read the submitted work whenever 
appropriate (Lai & Wu, 2006).

Quiz and assessment delivery — van‘t Hooft, 
Diaz, and Swan (2004) envisage that handheld 
devices have a great potential for self-assessments 
with low stakes. Such assessments can encourage 
students to track their progress over time. PDAs 
have been trialed to deliver quizzes in a number 
of projects (Segall, Doolen, & Porter, 2005; van‘t 
Hooft et al., 2004). However, such quiz and assess-
ment types are limited to closed questions instead 

Figure 1. Educational communication
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of open-ended questions owing to the limitation 
of the text input (Segall et al., 2005). 

Educational services delivery — This applica-
tion tends to create mobile learning platforms on 
handheld devices to provide various educational 
services for both learners and teachers. Such ser-
vices include news, help, classified ads, academic, 
financial, library and account management (Chen 
& Kinshuk, 2005). 

Posting

Within this application, information presenta-
tion, dissemination, and annotation via handheld 
devices can be achieved, usually in fixed physical 
settings together with other technologies. The 
learners are encouraged to reflect on and add a 
brief explanation to what they have read or seen 
using their handheld devices, and then publish it by 
sending it to the handheld devices of both students 
and the teacher or shared devices. An example of 
this is an approach to extending co-constructive 
modeling and discussion environments using 
PDAs realized by an annotation tool (Pinkwart, 
Hoppe, Milrad, & Perez, 2003). This application 
provided the possibility for the learners to make 
private annotations to public slides developed 
by the teacher, and allowed the presentation of 
students’ annotations on the whiteboard to initi-
ate certain collaborative tasks among the student 
group following the presentations. Lai, et al. 
(2007) described a study on experiential learn-
ing in a real garden using PDAs at an elementary 
school, in which students were encouraged to 
write annotations during the observation in the 
garden and share them with the teacher. This 
provided important references for the learners to 
understand what they had seen. Other examples 
such as students annotating lecture notes during 
the class using handheld devices (West, Foster, 
& Clayton, 2005) exist. This application supports 
the learners to make just-in-time comments and 
reflections, allowing those learners who are un-
willing to speak publicly to express their views, 

leading to active participation and collaboration 
in learning activities.

Response and Feedback

Within this application, quizzes, and assessments 
are a type of instant two-way communication 
that can be delivered by handheld devices. A few 
interactive quizzes have been tested on handheld 
devices by both school and university students to 
enhance their learning (e.g., Liang et al., 2005). 
For example, multiple-choice questions on hand-
held devices were reported to have increased 
communication among students, and between 
students and the teacher by Liang et al. (2005). 
One scenario ran like this: The teacher delivered 
multiple-choice questions to the handheld devices 
of all the students in class, and asked them to 
answer the questions by pressing certain buttons. 
After all students had responded, the teacher 
could show their answers in a statistical chart, 
which was used to reflect their performance and 
facilitate their discussion. All these handheld ap-
plications, taking advantage of the opportunities 
that handheld devices can offer, provide a new 
experience for the learners to do the quizzes or 
assessment anywhere, anytime. However, without 
this “mobility” feature, this form of learning may 
easily be experienced using other technologies, 
like desktops or laptops. 

Messaging

SMS messaging is used mainly in this application 
to allow, via handheld devices, instant exchange of 
short messages between students and the teacher 
or among students. SMS messages are used for 
notifying students that their feedback is available 
(Seppälä & Alamäki, 2003), enhancing students’ 
awareness of participating in collaborative learn-
ing activities (Liu et al., 2005), and directing the 
learner to tutor support (Kadyte, 2004). In addi-
tion, SMS Message Loop via handheld devices 
was used to increase interactivity in a project 
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(Markett et al., 2006). It allowed for low-cost 
pedagogic implementation of real-time, text-based 
interactions across multi-levels, that is, student-
student, student-lecturer, student-content levels. 
These short messages usually function as “alerts” 
or “reminders” for the learners to participate in 
collaborative learning or social activities, check 
feedback or learning material posted periodically, 
and do their assignments. This application gener-
ally support small group learning, and provide 
educational services for individuals.

File-Exchanging

File exchanging refers to the files that are ex-
changed and shared anywhere, anytime via the 
handheld devices between students and a teacher, 
or among peers. This is also a two-way commu-
nication. A teacher can send exercises via his or 
her device to the students’ devices (Liang et al., 
2005). After students finish writing the exercises, 
they will send them back to the teacher’s device 
for review. The review can be collected later by 
the students via their handheld devices (Liang et 
al., 2005), the supervisors and teacher trainees can 
discuss teaching issues via the handheld devices 
using digital pictures transmitted to the handheld 
devices as a part of the supervising process (Sep-
pälä & Alamäki, 2003). In this process, the learners 
can share the exchanged information anytime, 
anywhere. This encourages collaboration and 
communication among students.

Classroom Communication Systems

Short, asynchronous messages sent via handheld 
devices, are aggregated using a display board or a 
presentation tool in classroom settings (Markett et 
al., 2003). Interaction achieved this way is limited, 
and face-to-face interactions are diminished to 
some extent.

Discussion

Among all the categories of handheld educational 
uses, the category of educational communication 
includes the largest number of sub-categories and 
uses. These practices, at first sight, appear to be 
innovative. By pushing, students can receive the 
learning content anywhere, anytime; by post-
ing, students can make their private annotations 
published to the whole class (e.g., Pinkwart et al., 
2003), enhance their understanding in experiential 
learning (e.g., Lai et al., 2007), or comment on 
other students’ performances (e.g., Hackemer & 
Peterson, 2005); response and feedback via in-
teractive quizzes can enhance student learning; 
messaging can promote instant communication 
(e.g., Liang et al., 2005), file-exchanging and 
classroom communication systems can increase 
interactivity (e.g., Markett et al., 2006). However, 
things are not as satisfactory as they may at first 
appear. These practices often go together with their 
offsetting consequences (Sproull & Kiesler, 1995). 
According to Roschelle’s (2003) survey, handheld 
educational applications take an overcomplicated 
view of technology and a simplistic view of the 
social practices surrounding these applications, 
in particular the social practices that are critical 
to the success of the application. This situation 
is still prevalent in current educational practices 
using handheld devices.

It appears that many uses have fallen into 
the sub-category of ‘pushing’ in education com-
munication. This means that many of these ap-
plications have made use of the handheld devices 
as content delivery and presentation tools to do 
drill-and-practice or simple tutorials. These ap-
plications center around “pushing” content to the 
learners’ handheld devices, and sometimes to the 
desktops, at the same time without the awareness 
that handheld devices have not been ready to be 
the only platform for learning (Ketamo, 2003). 
Students are not particularly interested in these 
content materials as generally the same thing can 
be performed better on a desktop or laptop due to 
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the severe limitations of screen size of the hand-
held devices and other factors (Crowe & van ‘t 
Hooft, 2006). This indicates that handheld devices 
should not be used as the sole delivery vehicles of 
learning materials. Jonassen, Howland, Moore, 
and Marra (2003) posit that technology should 
not be used as delivery vehicles. However, this 
does not mean that pushing applications have no 
educational value. Whether it is useful depends 
on how this technology is used in pedagogic 
practices. A few studies have tested integrating 
mobile technology into other technologies to sup-
port learning. In these studies, mobile working 
adults can learn English vocabulary anywhere, 
anytime using SMS technology via handheld de-
vices, and get detailed instruction on Web-based 
resources using a computer (e.g., Song, in press); 
students can get just-in-time scaffolding when 
they encounter English vocabulary difficulties or 
want to learn culture knowledge while watching 
English films on interactive TV (e.g., Fallahkhair, 
Pemberton, & Griffiths, 2007). In these studies, 
handheld devices have been used to meet students’ 
learning needs.

Next, response and feedback is similar to 
that of pushing for assessment delivery and pre-
sentation but feedback can be triggered after the 
submission of the assessment. In addition, mes-
saging has been used for quick alerting notices to 
remind students to take part in social or learning 
activities. This does not seem, however, to have 
exerted much impact on educational practices. As 
for posting, file-exchanging and classroom com-
munication systems, it seems that these handheld 
educational uses are more interactive, collabora-
tive, constructive, and contextualized. In fact, a 
majority of these communications via handheld 
devices have been achieved in classroom settings. 
Most often, handheld devices have been integrated 
with other technologies to form a learning system, 
in which handheld devices have been used as an 
educational communication tool for posting, mes-
saging, file-exchanging, response, and feedback. 
To increase interactions with the students in 

classroom, an annotation tool on handheld devices 
has been developed and used to post students’ 
private annotations onto public slides. However, 
this way of interaction does not seem to encour-
age students to make participate verbally, and the 
mobile devices have been used in the fixed physical 
setting of the classroom. Ultimately, the use of 
the handheld device to increase communication 
has resulted in silent and elusive communica-
tions in the face-to-face learning environment. 
Teacher-controlled instruction is evident. Also, 
it may distract student attention from the lecture 
while the student is inputting the annotations us-
ing the handheld device. The value of interactive 
handheld devices used in face-to-face classroom 
for silent asynchronous interaction is therefore 
questionable. These practices have involved com-
plicated design for the learning systems in fixed 
physical settings, in which handheld devices have 
been used for limited communication purposes. 
Ironically, the opportunities for the learners to 
make oral interactions in face-to-face settings 
are probably reduced, and asynchronous short 
messages may be encouraged but are controlled 
by the teacher. In his early review of classroom 
use of handheld devices, Roschelle (2003) pointed 
out that many handheld applications focused on 
teacher-controlled messaging applications among 
participants in face-to-face settings. The com-
munication, via messaging, was usually in the 
form of short, asynchronous structured data mes-
sages, which were aggregated via a shared public 
display that was used to make these aggregates 
available for discussion. These features are prob-
ably still prevalent across handheld educational 
uses for communication in classroom settings. 
These practices do not seem to bring about much 
social impact. Handheld technology is distinct 
from other computer technologies in terms of its 
‘mobility’ and ‘connectivity’ (Corlett et al., 2005; 
Markett et al., 2006). However, many research 
studies do not seem to have taken full advantage 
of the ‘mobility’ factor. In contrast a recent study 
carried out by Wei, Chen, Wang, and Li (2007) 
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makes exceptional use of handheld technology. 
In this study, a mobile knowledge forum is set up 
for students to access via their handheld devices. 
Students who encounter learning difficulties can 
ask and record their questions using MMS, then 
e-mail the captured data to a teaching assistant 
who will post the message to the forum for help. 
Other students who want to offer help can record 
their answers and use the same system to post 
their messages to the forum. Students can also 
post recorded discussion files and photos of the 
learning content to the forum for sharing and 
comments from other students. Students can solve 
their learning difficulties and share information 
without time and place constraints by simply 
‘pushing’ and ‘posting.’ The handheld technology 
is used in an uncontrolled and unexpected man-
ner based on the learning needs of the students. 
Such a use changes the way students learn, and 
will lead to ‘second-level effects.’

MANAGING APPLICATIONS AND 
DISCUSSION

Managing applications

In this category, handheld devices are used to 
schedule personal arrangements for learning and 
social activities. They have also been adopted as 
test administration tools in schools and higher 
education. For instance, calendar and timetabling 
features have been widely used by students to 
manage their own study and life (Chen & Kins-
huk, 2005; Corlett et al., 2005). Students’ basic 
organizational skills have been improved, and 
they have a strong sense of personal empowerment 
for scheduling various activities and taking notes 
(Pfeifer & Robb, 2001). In addition, handheld 
devices have been found useful to reduce the 
instructors’ workload in grading, and enrich stu-
dents’ experience in just-in-time learning at both 
universities and schools (Segall et al., 2005; van‘t 
Hooft et al., 2004). In general, applications in this 

category help learners foster organizational skills, 
and handheld devices are thought of as a robust 
educational test administration option (Norris & 
Soloway, 2004; van ‘t Hooft et al., 2004). 

Discussion

Applications in the managing category have 
also replicated the traditional practices of using 
handheld devices to organize various levels of 
administrative work. This personal managing ap-
plication seems to enable the learners to organize 
their activities more efficiently, but the knock-on 
effect is that they have been more controlled by 
the handheld devices. It seems more challeng-
ing for assessments, because delivery measures 
have to be taken to prevent cheating (Segall et al., 
2005), and it is suggested that only assessments 
with low stakes are delivered (van‘t Hooft et al., 
2004). Moreover, administrative time spent in 
designing and managing the PDA-based exams 
are is also an issue to be addressed (Segall et al., 
2005). According to Patten et al. (2006) a man-
aging application does not scaffold or support 
knowledge construction. Instead, this applica-
tion can be implemented more effectively using 
desktop or laptop computers.

MULTIMEDIA ACCESS 
APPLICATIONS AND DISCUSSION

Multimedia Access Application

This type of application refers to the information 
or resources that are downloaded and stored in 
handheld devices, or can be accessed via the 
mobile Internet for learners to seek useful infor-
mation and utilize it (Churchill & Churchill, in 
press). It includes both stored multimedia access 
and online multimedia access. Handheld devices 
can be used for stored multimedia access to refer-
ence or revision materials. Such learning experi-
ences often take place in the field of medicine. 
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In some projects, handheld devices with down-
loaded software containing electronic reference 
guides in nursing/medicine, and drug books are 
distributed to nursing students, so they can look 
up information as they work (Colevins, Bond, & 
Clark, 2006). Likewise, handheld devices were 
used to help health students in the community 
access learning resources provided by the library 
(Walton, Childs, & Blenkinsopp, 2005). The 
downloaded podcasting and videocasting files 
are considered significant resources for health 
professionals. A faculty at the University of South 
Dakota provided students with past quizzes of a 
psychology course downloaded to their handheld 
devices for them to review in preparing for the 
coming course exam (Hackemer & Peterson, 
2005). In another project, handheld devices with 
stored information as guide were used by young 
learners to look for certain plants in an outdoor 
garden (Lai et al., 2007). Questions were posed 
for the learners, and answers could be found using 
the handheld guide. The mobile version material 
could be reviewed whenever and wherever a 
desktop was unavailable. Therefore, the students 
could get access to additional individualized 
mobile revision material for reviewing anytime, 
anywhere they wanted.

Students consider searching learning materials 
from the Internet via handheld devices useful for 
their learning (e.g., Corlett et al., 2005). Using the 
handheld devices, students can get access to a 
course Web site containing all the lecture notes, 
slides, references and Web links (e.g., Luckin,  
Brewster, Pearce, et al., 2005). Chen, Kao, and 
Sheu (2003) described a bird-watching learning 
system, a mobile learning environment developed 
on handheld devices with wireless connectivity. 
The school students could seek the “just-in-
need” information using the handheld devices 
for outdoor bird watch activities, and deal with 
the information required. Based on this research, 
a butterfly-watching mobile learning system 
was developed and tested by school students in 
similar ways (Chen et al., 2005). In the multime-

dia access category, instead of pushing certain 
learning resources to student handheld devices, 
students go to seek the resources which have been 
downloaded or stored in the handheld devices or 
can be accessed via the Internet for revision and 
reference. This allows learners more flexibility 
in choosing just-in-need learning content, and 
dealing with information without time and place 
constraints.

Discussion

This multimedia access application is another 
example that replicates the practices of using 
desktop or laptop computers. Using handheld 
devices to present materials for reference and 
revision is a means for practicing old information 
seeking skills for anytime, anywhere information 
access. However, few students have used the mo-
bile devices to search for information available 
on the Web, and reading e-books via handheld 
devices has been considered troublesome due to 
the constraints of handheld technologies such as 
small screen size, connectivity, processing speed, 
and so forth. (Smordal & Gregory, 2003). There-
fore, basically, anywhere, any time educational 
practices have not yet been fully achieved.

 

GAMES AND SIMULATIONS 
APPLICATIONS AND DISCUSSION

Games and Simulations Applications

Games and simulations in handheld devices pro-
vide models of real world settings for learners to 
construct knowledge through active participation 
in learning activities (Patten et al., 2006). The 
main characteristics required of simulations are: 
(1) an adequate model of the complex real-world 
situation with which the student interacts; (2) a 
defined role for each participant, with responsibili-
ties and constraints; (3) a data-rich environment 
that permits students to execute a range of strate-
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gies; and (4) feedback for participant actions in 
the form of changes in the problem or situation 
(Gredler, 2004, p. 571). 

Several simulations applications have been 
developed on handheld devices for educational 
use (Roschelle, 2003). A good example is par-
ticipatory simulations, which were used to help 
school students to learn science in the classroom 
(Klopfer, Yoon, & Perry, 2005). This case study 
showed that these simulations motivated students 
to engage in self-directed learning and problem 
solving in science learning. Some games have 
been developed for collaborative and construc-
tive learning in schools. Lim and Wang (2005) 
reported a study on a multi-player handheld gam-
ing environment in which students could debate 
open-ended problems from a variety of perspec-
tives using SMS messages via handheld devices 
in class. A pair of students could choose their 
own topics for debate based on the information 
provided in the virtual environment, and reach 
conclusions. In this game-based activity, students 
were provided the opportunity to practice the skills 
of ‘structured academic controversy’ (p. 354). 
Cooties, a simulation program that can be operated 
on Palm OS, lets students work collaboratively 
to examine the spread of disease. The teacher 
can determine the variables such as incubation 
time, individual immunity levels, etc., to start the 
infection. Students work together and may infect 
each other by beaming among their handheld 
devices. Horton and Wiegert (2002) described 
the Clemson Geometry Project, in which billiards 
games were created using Geometer’s Sketchpad 
on the handheld devices to help secondary school 
students explore simple geometric concepts. The 
students could develop their own games based on 
their own rules and constructions in class, and 
made math learning active. These applications 
have been mostly applied in classroom settings 
and have provided opportunities for students to 
engage in a learning experience in a relatively 
novel manner. However, it seems that these mi-
cro-worlds may have been better presented and 

practiced using desktops or laptops with bigger 
screens and greater computational power.

Discussion

Games and simulations provide models of real 
world domains for the learners to construct their 
knowledge through active participation (Patten et 
al., 2006). By providing tasks within real world 
settings, learners are able to engage with topics in a 
novel and innovative manner” (Patten et al., 2006, 
p. 298). However, these handheld applications 
have been practiced mostly in classrooms. Though 
these applications have provide opportunities for 
the learners to engage in the learning experience 
in a relatively novel manner, it seems that it may 
be neither innovative nor effective enough using 
small-screen handheld devices in classrooms. 
Rather, these microworlds may have been better 
presented and practiced using desktops or laptops 
with bigger screens and larger computing power. 
However, this does not mean that mobile games 
and simulations have no educational implications. 
On the contrary, educational games and simula-
tions may be more useful for learning activities 
beyond physical settings. On such example is the 
Ambient Wood, in which children can explore 
the authentic woodland habitats themselves by 
observing, touching, hearing, and smelling dif-
ferent things around them in the real world with 
the help of a probing tool attached to handheld 
devices (Price & Roger, 2004). This encourages 
the children to integrate their physical discover-
ies of the environment (e.g., spotting a caterpillar 
on a thistle) with the more abstract knowledge 
they have learned in the classroom, and make 
reflections. This study provides good pedagogic 
underpinning as it aims at engaging learners with 
exploring their surroundings using a contextual 
learning approach that facilitates constructive 
learning (Patten et al., 2006). This educational 
game augments the reality, and allow learners to 
explore and learn collaboratively in a contextu-
alized environment, which is better categorized 
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under the context-aware applications that are 
elaborated in later in this paper.

DATA COLLECTION APPLICATIONS 
AND DISCUSSION 

Data Collection Applications

Within this category, handheld devices are used 
to record data and information, usually in the 
field or in certain environments (Patten et al., 
2006). Handheld devices have been considered 
powerful, versatile, and rugged tools for data 
collection in the field (Green, 2001; Vogel, Ken-
nedy, Kuan, et al., 2007). For instance, Lai et al. 
(2007) conducted an experimental field study. In 
the study, the students could use handheld devices 
to collect data about the plants in a garden. They 
could use the camera-equipped handheld devices 
to take pictures of the plants as the pictures are 
assumed to be able to provide richer information 
than paper-based resources (Whitelock, Domano, 
Jelfs, & Brna, 2000). The students could also read 
the descriptions of certain plants via the hand-
held devices, compare these descriptions with 
the results observed from the actual experience 
in the garden, and find out the differences. All 
these data collected could be used for preparing 
the introduction to their experiential learning in 
class. In another project, medical students used 
the recording function of handheld devices to 
collect patient data (Cacace, Cinque, Crudele et 
al., 2004). Note-taking has been found to have the 
potential for data collection in the field to facilitate 
the development of field notes during observations 
(Green, 2001; Lai et al., 2007). These notes have 
been readily communicated from the students to 
the teacher by different means. Using PDAs to 
collect data in research projects has been on the 
rise. Parr et al. (2004) reported an evaluation of 
customized handheld data collection software for 
student use. The results showed that the software 
helped students expand the types of data that 

they were aware of, and supported accurate data 
collection. 

Discussion

Data collection applications create learning expe-
riences “that would be either unfeasible, or at least 
problematic without handheld computers” (Patten 
et al., 2006, p. 298). Such applications help students 
collect useful data, and support constructive and 
collaborative learning in context both during and 
after a field trip (e.g., Lai et al., 2007). Students 
can share the pictures taken using the handheld 
device, with any annotations or voice tags added 
to the pictures during the field trip, and upload 
them to a server (Vogel et al., 2007). Without the 
handheld device, it would be hard for students to 
collect useful data during the trip, and carry out a 
series of learning tasks. Using handheld devices 
to collect data during field trips is a widespread 
practice in education. More research is needed 
to explore how handheld devices can be used in 
other situations like lab experiments, in which 
students can use the technology to capture the 
lab results and do reflective and collaborative 
learning after the experiments. 

CONTExT-AWARE APPLICATIONS 
AND DISCUSSION

Context-Aware Applications

Context-aware computing is a relatively new area 
of research, and is applied more often in ubiquitous 
computing (Gay & Hembrooke., 2004; Naismith et 
al., 2004). A system is considered context-aware 
“if the system uses context to provide relevant 
information and/or services to the user, where 
relevancy depends on the user’s task” (Dey, 2001, 
p. 5). Handheld devices are well suited to con-
text-aware applications due to their sensitivity in 
gathering and responding to real or simulated data 
unique to the a particular location, environment 
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and time (Klopfer et al., 2005). A context-aware 
application maybe categorized under three levels 
of interactivity: personalization, passive con-
text-aware application and active context-aware 
application (Barkhuus & Dey, 2003), which are 
illustrated in the following text. 

Personalization 

This feature places emphasis on the specific needs 
and location of individual learners when designing 
learning contents on handheld devices (Cui & Bull, 
2005). An individualized mobile intelligent tutor-
ing system is a good example of this application 
(Cui & Bull, 2005). The system allows the mobile 
language learner to make use of individualized 
grammar learning in terms of tense according to 
his/her own knowledge and location. Cui and Bull 
(2005) posit that such learning packages should 
be: (1) individualized according to the learner’s 
knowledge, (2) individualized according to the 
learner’s location and needs in that location, and 
(3) portable. Another good example of this is 
Ogata and Yano’s (2004) system, which modeled 
the learner’s knowledge of the usage of Japanese 
polite expressions depending on locations, and 
personal attributes (e.g., age). 

Active Context-Aware Application 

An active context-aware application refers to a 
handheld application that automatically changes 
the content of a service for a user based on sensed 
information (Barkhuus & Dey, 2003; Dey, 2001). 
One example is the use of visual codes attached 
to locations and objects within a museum or park 
to enable learners to retrieve Web-based informa-
tion according to their own interest (Mitchell & 
Race, 2005). Each learner could independently 
study then make his or her own decisions about 
the changed context or sensor information. Such 
applications encourage decision-making and 
reflection.

Passive Context-Aware Application 

A passive context-aware application presents up-
dated context or sensor information to the user but 
allows the user to decide how to use the application 
behavior (Barkhuus & Dey, 2003). The functions 
of GPS or other positioning engines are used in 
this application, in which the learners’ positions 
are shown automatically when they move from 
one place to another. Therefore, this positioning 
system presents updated context to the students, 
and gives the students the opportunities to execute 
the application’s features. A game-based activity 
reported by Facer et al. (2004) is an excellent ex-
ample. In the game, students pretended to be lions 
outside in a playing field. They interacted within 
a virtual Savannah using the global positioning 
system (GPS) via handheld devices, exploring the 
opportunities and risks to lions in that space in 
which they could “see, hear and smell” the world 
of the Savannah. MobileGame created a prototype 
for handheld devices; a mixed reality orientation 
game that allowed university students to explore 
collaboratively the opportunities for learning 
support (Schwabe & Goth, 2005). The “physical 
space is augmented with contextual information” 
by using this type of tool (Roschelle et al., 2005, p. 
1). A passive context-aware application augments 
physical spaces and encourages the learners to 
construct knowledge via active participation in 
designed “learning spaces” in appropriate loca-
tions. This creates new opportunities for students 
to participate in social and collaborative activities, 
and provides rich instant feedback.

Discussion

This context-aware application has tested edu-
cational practices that have been hardly explored 
using other technologies such as pencil and pa-
per, desktops, or laptops. These practices allow 
learners to use handheld applications according 
to contextual factors such as time, location and/or 
needs on their own (Chen et al., 2003; Colevins et 
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al., 2006), allow learners to make decisions on what 
applications to use based on the updated context 
information provided by the positioning systems 
(Facer et al., 2005), or autonomously change the 
content of a service for a learner according to the 
sensed information (Mitchell & Race, 2005). In 
these applications, the learning environments are 
adapted and augmented, and learning practices 
are changed. Learners have the opportunities to 
execute their own application behavior for their 
own needs. These educational uses have brought 
about new learning environments, and changed 
educational practices. In Sproull and Kiesler’s 
(1995) words, and with Lankshear, Green, and 
Snyder’s (2000) interpretation, these practices 
have achieved “second-level effects.” Neverthe-
less, this does not mean that there are no problems 
to be tackled.

There are some significant problems that need 
to be addressed in designing context-aware learn-
ing components or systems. Individual learner 
goals and needs have to be acknowledged and 
investigated (Tolmie, 2001), and this is challeng-
ing as these needs and goals are diverse. Also, the 
limited instances of handheld educational uses 
are insufficient to be used to draw out the general 
principles to design these context-aware systems 
(Henricksen & Indulska, 2006). In addition, wire-
less connectivity is limited to certain contexts, 
which is a barrier for anytime and anywhere 
learning (Corlett et al., 2005). Therefore, it takes 
time, energy and money to design context-aware 
learning components or environments. Even with 
this investment the technological complications 
in context-aware design may sometimes result in 
limited educational benefits (Patten et al., 2006). 
Finally, lack of standard platforms prevents rep-
lications of the learning outcomes from being 
achieved via other devices (Patten et al., 2006). 
As technical breakdowns and platform incompat-
ibility still exist, “It is expensive and financially 
risky for software authors to write software for 
many different varied platforms” (Roschelle, 
2003, p. 268). Therefore, designing context-aware 

learning environments or components remains a 
major challenge.

Constraints

Handheld devices are different from desktop com-
puters. They have their own unique characteristics 
as well as constraints. The screen size of handheld 
devices, especially mobile phones, has constantly 
been regarded as one of the main issues limiting 
educational applications (e.g., Chen & Kinshuk, 
2005; Corlett et al., 2005; Crowe & van’t Hooft, 
2006; Kadyte, 2004; Ketamo, 2003; van‘t Hooft 
et al., 2004). Because of the limitations of the 
screen size, resources with longer texts (e-books 
for example) have been considered inappropriate 
for viewing on mobile devices. Designers have to 
condense the learning content to suit the techno-
logical environment (e.g., Bull & Reid, 2004). “To 
be effective, teaching materials and Web sites will 
need to be designed for display on small screens” 
(Corlett et al., 2005, p. 170). However, Web pages 
adapted to the PDA or mobile phone screen size are 
still limited (Bull & Reid, 2004). Handheld devices 
are quite restricted on the format and length of 
the browsed content. They typically display less 
than 20 lines of text on the screen; and may run 
different operating systems and support different 
mark-up languages (Zhang, 2007). Therefore, a 
variety of approaches have been proposed for 
implementing adaptation of multimedia Web 
content such as multiple encoding, transcoding, 
layered encoding (transcaling and multicasting) 
and rate shaping (for details of these techniques, 
please refer to Zhang, 2007). 

Though SMS appears to be a popular feature 
of mobile technologies, it lacks interactivity and 
space (e.g., Kadyte, 2004), but is useful for orga-
nizing social activities (Smordal & Gregory, 2003). 
In addition, inputting text data to the handheld 
device is considered troublesome by users (Corlett 
et al., 2005; Markett et al., 2006; van‘t Hooft et 
al., 2004). Students do not think that a keyboard 
will help them in data entry (Cacace et al., 2004). 
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Therefore, even if students are provided with 
handheld devices, they still prefer to use desktop 
computers to write text (Markett et al., 2006), es-
pecially longer texts (Ketamo, 2003). Also, it was 
reported that students using handheld devices to 
input or read texts during lectures both distracted 
the lecturer and were distracted themselves from 
the lecture (Markett et al., 2006), and trying to 
write while commuting is difficult.

Wireless connectivity is also not without prob-
lems. Learners can only get access to the Internet, 
e-mail friends, and transmit data within the areas 
with wireless network coverage (Corlett et al., 
2005). As General Packet Radio Service (GPRS) 
is still relatively expensive and slow for Internet 
access, Wi-Fi (wireless LAN) is an alternative 
infrastructure for wireless connections. Recently, 
there has been an initiative of universities around 
the world to participate in eduroam, or education 
roaming, a Wi-Fi mutual access system, which will 
enable cross-institutional Wi-Fi access for staff 
and students in local and overseas universities that 
are eduroam members. The University of Hong 
Kong has also collaborated with PCCW, a tele-
communication service provider and Y5ZONE, 
to provide staff and students with free Wi-Fi ac-
cess to the Internet at the PCCW and Y5ZONE 
Wi-Fi hotspots throughout Hong Kong, including 
entertainment and leisure stores, coffee shops, 
fast food chains, the airport, restaurants, shop-
ping malls and MTR stations in Hong Kong. This 
will greatly enhance the availability of Internet 
access for using mobile devices for educational 
purposes. Also more and more 3G services have 
been promoted by delivering some content in 
terms of news, games, and so forth. to the 3G 
users’ devices. These high bandwidth networks 
can also support educational uses. 

In addition, because many handheld devices 
only support IEEE 802.11b (with 11mbps data 
transfer rate) networks, the speed of data trans-
mission and Internet access is considered slow, 
especially slow in processing multimedia objects 
(Smordal & Gregory, 2003). However, with the 

arrival of the Opera mini and Deepfish dedicated 
mobile browsers, the speed of accessing and 
browsing the Internet is closer to that of a wired 
computer (Godwin-Jones, 2007), and mobile 
browsing is becoming more and more power-
ful. The release of the Apple iPhone for the US 
market adopts a version of the Safari browser 
that features faithful rendering of original page 
design (Godwin-Jones, 2007).

There are several other technical issues that 
impact on using handheld devices, and lack of 
technical support may be a constraint on their 
widespread educational use (Hackemer & Peterson, 2005; Walton 

et al., 2005). Both researchers and students experience 
data loss due to battery related problems (e.g., 
Corlett et al., 2005; van‘t Hooft et al., 2004). There 
are other constraints such as inconvenience in 
mobile printing, limited storage (Bradley, Haynes, 
& Boyle, 2005), slow processing speed (Sharples, 
Corlett, & Westmancott, 2002), low resolution 
(Crowe & van‘t Hooft, 2006), security and cost 
(Bradley, Haynes, & Boyle, 2005). Even in more 
recent research studies, technical issues have been 
encountered (e.g., Crowe & van’t Hooft, 2006; 
Lai & Wu, 2006; Swan et al., 2005). Because of 
these limitations and others, though handheld 
devices have the potential to benefit learning and 
teaching in a range of aspects, it is not advisable 
to design complicated learning environments or 
components on unproven technology at this stage. 
With the rapid development of technology, mobile 
devices are becoming more and more powerful 
and useable. Touch phones have been on the 
market for users to input words by just typing 
on the virtual keyboard; the storage of the many 
handheld devices has been expanded by miniSD 
or SD cards, the processing speed and screen 
resolution has been increased, and the battery 
life has become becoming longer. Therefore, the 
future of the handheld device for educational use 
is promising.



���  

Handheld Educational Applications: A Review of the Research

SUMMARy

There is no denying that handheld device applica-
tions do provide students with more opportunities 
for their learning. A few innovative uses such as 
data collection, context-aware applications, and 
uncontrolled uses exist. These practices take ad-
vantage of the unique characteristics of handheld 
portability and connectivity (Corlett et al., 2005; 
Norris & Soloway, 2004), and allow learners 
some degrees of freedom to take advantage of 
the handheld devices for their learning practices. 
These practices using handheld devices are as-
sociated closely with the context in which these 
applications take place. Nevertheless, it seems that 
the majority of handheld applications have been 
developed from the perspective of researchers 
and used by students. These handheld uses have 
been practiced in a planned or controlled manner 
(Lankshear et al., 2000). The way that students 
learn using handheld devices, in many cases, 
has duplicated the traditional way of learning. 
Jonassen et al. (2003) point out that “technologies 
have traditionally been used to support teacher 
goals, but not those of learners” (p. 8). To date, 
new information technologies continue to be used 
this way. Students have limited opportunities to 
explore how the handheld device can be used 
for other educational practices. Yet, student use 
of handheld devices is driven “more by personal 
experience than by any university-wide promo-
tion” (Hackemer & Peterson, 2005, p. 161). Draper 
(1998) asserts that most ICT programs in educa-
tion do not have significant impact on educational 
practices because only a very limited proportion 
of their potential is used. This also seems to be 
the case in handheld educational uses. The uses 
of handheld devices in education remain largely 
add-on experiences without bringing about much 
impact on social practices. In other words, the 
consequence of handheld educational practices has 
not achieved “second-level effects.” Sproull and 
Kiesler (1995, p. 4) assert that new communica-
tion technology at its early stage tends to be used 

for improving efficiency, or achieving “first-level 
effects,” but is often to accompanied by negative 
consequences. Though many research results 
have been generally positive, which may partly 
be owing to “strong novelty effect” (Thornton 
& Houser, 2005, p. 224) or “Hawthorne effect” 
(Swan et al., 2005, p. 110). “It seems to us that 
many of the tests and pilots themselves rest on a 
‘common sense’ view of learning,” so the cred-
ibility of outcomes is challenged (Traxler & 
Kukulska-Hulme, 2005, p. 7). 

FUTURE RESEARCH DIRECTIONS

With the advent of handheld technology, the con-
text of the technology use in education becomes 
more and more emergent, dynamic and complex. 
This calls for new thinking about context and 
settings in the handheld educational uses as these 
uses are not triggered by constant proprieties of 
contexts such as fixed settings and scheduled time, 
but by a mixture of diverse contextual components. 
In addition, Jonassen et al. (2003) point out that 
technologies should be used to support students 
to articulate their learning goals in contexts so 
that they can understand more and are better able 
to use what they have learnt in new situations. 
Therefore, future research should focus more on 
how students explore and use handheld technology 
for their learning needs in varied contexts through 
a longitudinal empirical study, and less on the 
technical design or development of complicated, 
unsustainable software or learning systems. Such 
a research approach intends to understand the 
process of how actions or events take place, lead 
to the research outcomes, and are shaped by the 
unique context in which they occur (Maxwell, 
2004). It should also aim to investigate what edu-
cational uses of handheld devices students prefer 
for their educational practices, what the constraints 
of handheld devices are, what contextual factors 
(both broader factors such as institution, family 
and specific contextual factors such as time, 
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place, users, needs) are critical in influencing 
educational uses of the handheld device, and 
how these educational uses result in changes to 
the environments in which educational practices 
take place. This requires that handheld devices be 
used in an uncontrolled and unpredicted manner. 
These uncontrolled and unpredicted uses should 
result from the students’ own experiences in us-
ing the handheld devices. It is expected that such 
research results will help researchers and teachers 
acknowledge that educational uses of handheld 
devices vary from situation to situation, and from 
student to student. Therefore, when developing 
learning resources, researchers and teachers need 
to take these varied situations into consideration 
and avoid developing “one size fits all” learning 
resources. In addition, such research results will 
help researchers, teachers and students establish 
a clearer understanding of the educational uses 
and constraints of handheld devices for diversi-
fied practices, and make them more aware of the 
properties of different devices and resources. This, 
in turn, will help them with their decision making 
processes regarding using handheld devices for 
their educational practices. It is hoped that hand-
held educational uses will bring about changes in 
the environments in which educational practices 
take place, and in the practices themselves pro-
gressively, hence achieve “second-level effects” 
in the near future.
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ABSTRACT

Mobile technologies are rapidly changing our lives with increasing numbers of services supported by 
mobile devices, including Web-based learning applications, providing opportunities for people to study 
anytime and anywhere. However, using Web-based mobile applications to present learning resources 
is a challenge for developers because the performance of the mobile Internet over GPRS networks is 
often unacceptably slow. A new Web development model, Ajax, may help to address this problem. Ajax 
(asynchronous JavaScript and XML), is an approach to Web application development that uses client-side 
scripting to reduce traffic between client and server and provide a seamless user application experi-
ence. In this chapter, we address the question of whether mobile Ajax provides measurable performance 
advantages over non-Ajax mobile learning applications. An empirical study was undertaken to measure 
mobile learning application performance over a GPRS network, comparing an Ajax application and an 
active server pages (ASP) application with identical functionality. Our results suggest that mobile Ajax 
can reduce the bandwidth requirement by around 70 percent, and cut the server’s response time in half. 
In addition, these performance improvements were noticed by users in our small group usability test. 

INTRODUCTION

We live in an information society where learning 
becomes ever more important, and not all of this 

learning can take place in a static environment. 
The mobile revolution is changing our lives and 
can also facilitate new learning processes, but 
learners need educational services with a fast 
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response speed and good user interaction if mobile 
learning systems are to be readily adopted.

An increasing number of people have been 
using mobile Internet access through wireless 
networks (Church, Smyth, Cotter, & Bradley, 
2007), but due to the limitations of the mobile 
communications infrastructure and hardware 
this can still be very problematic. There are a 
number of reasons, for example: small device 
screens, high network latency, low bandwidth 
and interaction complexity (Chakravorty & Pratt, 
2002). Such weaknesses can impede the mobile 
learning process.

The poor performance of commonly used 
wireless networks such as GSM (global system for 
mobile communications) and its associated digi-
tal packet switched data service, GPRS (general 
packet radio service) is a major problem for mobile 
learning systems. There are various reasons for 
this poor performance, for example high and vari-
able latency, fluctuating bandwidth, occasional 
link ‘blackouts’ (Chakravorty, Cartwright & Pratt, 
2002), packet loss, and link outages. Sometimes, 
even simple requests can lead to long delays 
(Stuckmann, Ehlers & Wouters, 2002). However, 
despite these problems we should recognise that 
one distinct feature of mobile learning over other 
learning activities is mobility (Leung & Chan, 
2003). The GPRS mobile phone network is the 
most commonly used network in the world, with 
the widest coverage, considerably larger globally 
than 3G (third generation) wireless networks. Us-
ing this network for mobile learning can provide 
services anytime almost anywhere around the 
world, with extensive international roaming. In 
addition, although 3G was intended to resolve 
technological fragmentation in the wireless 
communications market, this has not happened 
in practice and there are several competing 3G 
technologies. Cost is also an important factor, 
with a large number of low cost GSM/GPRS 
devices on the market, and in many territories 
the GSM/GPRS service fee is cheaper than 3G. 
Therefore, despite their limitations, we will need 

to continue to work with GPRS systems for some 
time to come.

Mobile Learning Technical 
Challenges

The combination of wireless telecommunications 
and mobile computing is resulting in a transfor-
mation of the educational landscape (Alexander, 
2004). The growth and rapid evolution of wireless 
technology have created new opportunities for 
the ‘anytime and anywhere’ learning paradigm 
(Seong, 2006) that is mobile learning. 

Various researchers have defined mobile learn-
ing (m-learning) in different ways. Pinkert et al. 
(2003) define it as e-learning that uses mobile 
devices and wireless transmission. Polsani (2003) 
defines it as a form of education whose site of 
production, circulation, and consumption is the 
network. Traxler (2005) defines m-learning as any 
educational provision where the sole or dominant 
technologies are handheld or palmtop devices. 
Sharples (2005) defines it as a process of coming 
to know, by which learners in cooperation with 
their peers and teachers, construct transiently 
stable interpretations of their world.

Regardless, mobile learning is different from 
our traditional learning experience; it has its own 
problems and limitations. Mobile learners may feel 
uncomfortable because they cannot have face-to-
face interaction with teachers or other students 
(Stodel, Thompson, & MacDonald, 2006). There 
are also limitations on what it can deliver. Berri, 
Benlamri & Atif (2006) describe it as mainly a 
time-constrained exercise with lightweight con-
tent-oriented instruction. 

Traxler (2007) categorizes previous mobile 
learning studies into 6 aspects: 

•	 Technology-driven
•	 Miniature but portable e-Learning
•	 Connected classroom learning
•	 Informal, personalized, situated mobile 

learning
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•	 Mobile training / performance support
•	 Remote / rural / development mobile learn-

ing  

From a design process point of view, these 
aspects fall into three major categories: peda-
gogical learning models, adapting to mobile 
environments, and technical challenges (Berri et 
al., 2006). Currently, most mobile learning studies 
focus on pedagogical learning models, or mobile 
environments. In contrast, this study focuses on 
technical challenges. 

Despite extensive research into mobile learn-
ing systems, technical support for Web-based 
mobile learning has been explored in a relatively 
small number of studies. On example is a mobile 
learning system using Instant Messaging and 
wireless networks (GSM/GPRS and 802.11 Wi-
Fi), developed by Kadirie (2007). This system is 
Web-based, and the kernel of the instant mes-
saging server is written in Java. Learners use 
a mobile Web browser to login to this learning 
system to chat with other learners or view their 
messages. Nakahara, Hisamatsu, Yaegashi, and 
Yamauchi (2005) describe a Web-based collab-
orative learning site with a bulletin board system 
(BBS) that allows learners to interact, exchange 
information, engage in discussion, and collaborate 
on projects. Another technical paper is by Seong 
(2006). He developed a mobile learning course 
manager portal to demonstrate and exemplify the 
usability guidelines proposed. Kukka and Ojala 
(2006) developed a Java and XML based learning 
system for both desktop and mobile devices. Other 
technical examples include Cao, Tin, McGreal, et 
al. (2006), Lee and Lu (2003) and Theng (2007). 
These examples all use Web-based technologies 
plus a mobile Web browser or mobile application 
as the mobile learning client. 

These Web-based mobile learning systems use 
a traditional synchronous client-server applica-
tion architecture, typically using the GSM/GPRS 
network, but in most cases Web application perfor-
mance over a high latency GPRS network is poor 

(Chakravorty et al., 2002; Chakravorty & Pratt, 
2002; Stuckmann et al., 2002). One issue is that 
the TCP/IP Internet protocol needs to initialize 
before it starts to transfer actual data; this process 
takes over 7 seconds to enable the connection 
when the initial request is made (Chakravorty, 
Clark, & Pratt, 2003). In addition all wireless 
networks have high latency; GPRS link latency 
is 600ms-3,000ms for the downlink and 400ms-
1,300ms on the uplink. Round-trip latencies are 
therefore are least 1,000ms (Chakravorty et al., 
2002). In a lab environment, download times for 
CNN’s Web site over GPRS was between 125 
and 170 seconds (Chakravorty & Pratt, 2002). 
This latency does not improve with increased 
bandwidth, and deploying a 3G mobile phone 
network is not necessarily helpful (Hunaiti, Garaj, 
Balachandran & Cecelja, 2005), for example the 
TCP initialization time on GPRS is 5-7 seconds, 
but the TCP initialization time on 3GSM is up to 
12-15 seconds (Nortel, 2007). 

This poor network performance is compound-
ed by the synchronous request/response model of 
traditional Web applications. Therefore to improve 
mobile learning system performance we might 
use a higher performance network, where one is 
available, or perhaps apply some new approach to 
the architecture of the Web-based mobile learning 
system itself. 

Ajax Web Applications

To address performance issues in Web-based mo-
bile learning applications, we may look to recent 
developments in desktop browser technologies 
that might be implemented in the mobile environ-
ment. In 2005, Garrett introduced the concept of 
Ajax (Asynchronous JavaScript and XML) (Gar-
rett, 2005). Since then, an increasing number of 
Web applications have used the Ajax approach 
(including learning systems—see chapter VIII of 
this book). Although Garrett’s article was the first 
to use the term ‘Ajax,’ the technique he described 
was already being used by many Web applica-
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tions. The pioneer developers of this technique 
were Google, with Google Suggest and Google 
Maps being two early examples of this approach 
(Figure 1), though some of the key technologies 
(such as the XMLHttpRequest object) were first 
developed by Microsoft.

Ajax was originally introduced as a desktop 
Web programming model, not a mobile environ-
ment solution, but because of its key characteris-
tics (small transmission volumes, asynchronous 
communication and partial Web page updates), 
it can actually be very useful in the mobile en-
vironment, especially in high latency networks 
where Ajax can reduce the frequency and volume 
of data transfer. 

The traditional Web application allows users 
to submit a request, which the server will process 
and respond to. Then the client browser will refresh 
the whole Web page, even if only a small part of 
the content is changed. In most cases, however, 
the new Web page will be very similar to the old 
one, which means that during these transmissions 
some duplicate content is transferred. This can 
waste both network resources and users’ time. 

Ajax uses a browser hosted ‘Ajax engine’ to 
handle both data transmission and partial updates 
to the Web page. The Ajax engine only requests 
new content from the server, reducing unnecessary 
data transmission. It can also partially update the 
current Web page when the response is received. 
Because the Ajax engine runs locally in the client 
browser, the Web application's response speed is 
faster and the user’s experience is improved. In 
addition, client server communication in Ajax 
can be carried out asynchronously, enabling the 
user to continue interacting with the system even 
while the browser is waiting for data from the 
server. Compared with the traditional Web ap-
plication model, Ajax can significantly increase 
a Web application’s performance in the desktop 
browser environment (Smullen & Smullen, 2006, 
2007; White, 2005).

Applying Ajax to a Mobile Learning 
Application

Previous studies have shown that Ajax reduces the 
data transmission volumes between the server and 
client device, and improves the user experience 

Figure 1. The pioneers of the Ajax approach (Google Suggest & Google Maps)
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on the desktop. These are particularly relevant 
issues for Web based mobile learning systems, 
which tend to be content rich and require extensive 
client server interaction. Such systems can surely 
benefit from a strategy to reduce transmission 
volumes in the context of expensive and low speed 
connections, and provide a better user experience 
in browsers with limited screen real estate and 
navigation tools. With the increasing sophistica-
tion of mobile browsers, there are many mobile 
devices that can easily support Ajax applications. 
Therefore, we might ask the question, if we ap-
ply Ajax to a mobile learning environment, what 
might be the result? Does an Ajax mobile learning 
application provide measurable advantages over 
a non-Ajax mobile learning application?

In this chapter, we describe the development 
and analysis of a mobile learning system built 
using Ajax and tested in a GPRS mobile environ-
ment. We evaluate the system in terms of both 
measured performance against a non-Ajax system 
and usability testing, and assess what benefits we 
might gain from this approach.

We developed two mobile learning systems 
with identical functionality, one using Ajax and 
the other using a more traditional active server 
pages (ASP) architecture. These two Web ap-
plications have the same user interface and can 
both be accessed by commonly available mobile 
browsers. We measured the performance of these 
two applications over a GPRS network based on 
the data collected from the Web server’s log files. 
We also carried out a small group usability test 
to assess the perceived benefits of Ajax over a 
non-Ajax system. 

To perform our experiments we needed to 
implement a representative mobile learning 
system that was structured enough to enable ef-
fective performance measurement. To meet these 
requirements we chose to implement a mobile 
quiz as the learning content of the applications. 
Quizzes are popular components of learning sys-
tems, which can help the learner to improve their 
personal knowledge and problem solving ability 

(Yokomoto, 2000). They force the learner to think 
about every question, answer them all carefully, 
and review all answers at the end. A good quiz-
based learning system needs a responsive user 
interface to give rapid feedback. This requirement 
can be easily met in a desktop environment, but 
it is not so easy in a mobile Web-based system. 
Nevertheless there have been some examples of 
using quizzes in mobile learning systems (Black 
& Hawkes 2006; Bar et al., 2007; Seong, 2006). 
Therefore we concluded that a mobile quiz was 
both an appropriate and effective example to use 
for our experiments.

WEB APPLICATIONS, AjAx AND 
MOBILITy

Since the first Web page built by Tim Berners-
Lee in 1991 (Lee, 1992; Watson, Rainer & Koh, 
1991), a synchronous request and response cycle 
has been used for Web access, with a ‘click, wait 
and refresh’ action approach (Figure 2) where 
the user needs to click to send a request and 
wait until the browser refreshes with a new page 
(Wei, 2005).

In this Web interaction model the user must 
wait for a request to be converted into a data 
stream, sent by HTTP over the Internet, processed 
on the server, and have its response returned by 
HTTP to be displayed in the browser (Crane, 
Pascarello & James, 2005). The user’s waiting 
time includes network transition time, server re-
sponse time and the browser’s display time. The 
problem is that users cannot do anything when 
they are waiting, and this waiting time can be up 
to minutes depending on the network status. The 
‘click, wait and refresh’ approach makes a lot of 
technical sense, because it makes it easy for Web 
developers to build applications, but it is not ef-
ficient or good for the user’s experience. It forces 
the user to act like a machine; input, wait for the 
process to finish, and finally get the output. 
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The traditional Web application communica-
tion model is based on synchronous requests and 
responses. The client initiates a request and the 
server responds to it. The communication is always 
initiated one way, from the client to the server. 
During communication, users cannot do anything; 
they have to wait until the server responds to the 
request. This approach is like a car running on 
a freeway connected between the client and the 

server. The freeway allows two lines of traffic to 
travel at the same time, but due to the approach 
we are using, at any point in time only one car 
is actually running on the freeway (Figure 3). 
The traditional Web application cannot therefore 
provide a seamless user experience.

According to Watson et al. (1991), most users 
will run out of patience after six seconds, so we 
need some way of avoiding such delays. Under the 

Figure 2. Classic Web application model: Full page refresh and synchronous communication (adapted 
from Wei, 2005) 

 

Figure 3. The synchronous request and response model 
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limitations of network bandwidth and latency, the 
only way to improve Web application performance 
is to break down the synchronous model, and 
jump off the ‘click, wait and refresh’ cycle. One 
approach to this problem is Ajax (asynchronous 
JavaScript and XML).

Asynchronous javaScript and xML 
(Ajax)

Ajax is a Web development technique for creat-
ing interactive Web applications. It is not a single 
new technology but combines a set of powerful, 
widely-used, well-known and mature technolo-
gies, mostly hosted by the client browser and 
largely independent of the server. The intent of 
Ajax is to make Web pages feel more responsive 
by exchanging small amounts of data with the 
server behind the scenes, so that the entire Web 

page does not have to be reloaded each time the 
user makes small changes. This increases the Web 
page’s interactivity, speed, and usability.

Garrett (2005) first defined Ajax as a com-
bination of 

•	 Standards-based presentation using exten-
sible hypertext markup language (XHTML) 
and cascading style sheets (CSS);

•	 Dynamic display and interaction using the 
document object model (DOM);

•	 Data interchange and manipulation using 
the XML and extensible stylesheet language 
transformations (XSLT);

•	 Asynchronous data retrieval using the 
XMLHttpRequest object;

•	 JavaScript binding everything together. 

Figure 4. Asynchronous communication and partial user interface updates (adapted from Wei, 2005)
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By controlling the submission and properties 
of XMLHttpRequest objects using JavaScript, 
partial screen updates replace the click, wait, 
and refresh user interaction model, and the syn-
chronous request/response model is replaced 
by asynchronous communication (Wei, 2005). 
Asynchronous communication allows users 
to continue to interact with Web applications 
without waiting for server responses. The Ajax 
engine will automatically request information 
from the server in the background. Meanwhile, 
users can keep using other functions of the Web 
application. When the new information arrives, 
the Ajax engine will partially update the user 
interface (Figure 4). 

With this interaction model, the user can enjoy 
a seamless browsing experience. Compared to the 
analogy of freeway with a single vehicle, it is like 
a busy and efficient freeway with multiple vehicles 
travelling in both directions (Figure 5). 

The weaknesses of the traditional Web interac-
tion paradigm and communication model are the 
strengths of the Ajax model. The Ajax approach for 

the first time introduces some common features of 
desktop applications to Web-based applications. 
The partial update and asynchronous features 
provide a number of advantages.

•	 Instead of submitting form data a page at a 
time when explicitly requested by the user, 
Ajax does submissions automatically, when 
the user triggers some event.

•	 Requests can be sent asynchronously, with 
the browser receiving results continually.

•	 Smaller, incremental in-place partial Web 
page updates can be made, instead of full 
page rebuilds. 

•	 The size of data transmission can be reduced 
as the Ajax engine only downloads new 
content, not new pages.

In summary, the key characteristics of Ajax 
are asynchronous requests to the server, retriev-
ing data continually, and partial page updates. 
Theoretically, these features can significantly 
improve the performance and user experience of 
Web applications.

Figure 5. The asynchronous request and response model
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The Ajax Engine

Not only is the Ajax communication model dif-
ferent from the traditional Web application, but 
the structural layers of Ajax are different. A 
traditional Web application architecture has two 
layers; user interface and server (Figure 6) while 
Ajax has three layers; user interface, Ajax engine, 
and server (Figure 7).

The Ajax engine plays the role of middleware 
sitting between the user interface and the server. 
It controls the user interface and the data trans-
mission between client and server, and also some 
logical functions. When the user initiates his or 
her request, this request will pass to the Ajax 
engine first, instead of the server directly as it 

does in a traditional client-server model. Then 
the Ajax engine will combine the data from the 
Web browser cache and data requested from the 
server to update the page. The main advantage of 
this combining data process is that it can reduce 
the size of data downloaded from the server, and 
increase the response speed. 

Data transfer between the server and the 
Ajax engine is via XML documents (or charac-
ter streams), not entire Web pages. These XML 
documents only contain the new content required 

 Browser Client

Server-side system

User interface

Web server

Server-side logic and data

HTTP Request HTML + JavaScript

Figure 6. Classic web application architecture 
(adapted from Wei, 2005)

 Browser Client

Server-side system

User interface

Web server

Server-side logic and data

HTTP Request UI, data, logic

Ajax engine
app 
logic

User event UI update

Figure 7. Ajax architecture (adapted from Wei, 
2005)
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by the client; they do not include any Web page 
structure or presentation information. This can 
also reduce the client-server data transfer volume 
and time. 

The Ajax engine is written in JavaScript and 
uses the document object model (DOM), cascad-
ing style sheets (CSS), HTML, and the XML-
HttpRequest object to control the Web application 
(Figure 8). The Ajax engine can be loaded into 
the client browser at any time, depending on the 
application design. 

The XMLHttpRequest object is a JavaScript 
object. It supports a set of operations that that 
allows JavaScript to perform HTTP client func-
tionality for transferring data between a client and 
a server, such as submitting form data or loading 
data from a server (W3C, 2007). By using the 
XMLHttpRequest object, a Web developer can 
partially update the current page with data from 
the server after the page has loaded using asyn-
chronous client-server communication.

XMLHttpRequest objects can be used by 
browser scripting languages to transfer XML and 
other text data to and from a Web server using 

HTTP, by establishing an independent commu-
nication channel between client and server. The 
user’s requests are received by the Ajax engine, 
the engine analyses the request and sends out a 
new request to the server; when the client sends 
the request to the server via an XMLHttpRequest 
object, the server will respond to the client using 
an XML document or character stream rather than 
a new page of markup. The Ajax engine will use 
this content to partially update the user interface 
using the DOM.

In traditional HTML Web applications the 
‘submit’ action is manually controlled by the 
user’s clicking a button following the ‘click, wait, 
and refresh’ interaction model, but with Ajax, 
the JavaScript can directly communicate with 
the server through the XMLHttpRequest object. 
It means that not only can ‘click events’ activate 
submit actions, but also other user activities, such 
as mouse or keyboard events. XMLHttpRequest 
objects allow asynchronous requests to be sent to 
the server, so requests can be sent continuously 
every time a user triggers an event, and one does 
not need to wait until the previous request returns 

Figure 8. Ajax engine
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before sending out another request. When the 
new content arrives, JavaScript uses the received 
XML document to partially rebuild the Web page 
using the DOM and CSS without disrupting the 
user’s activities.

Ajax Performance

Previous research suggests that Ajax can signifi-
cantly improve Web application performance on 
the desktop. One commonly cited Ajax perfor-
mance evaluation is the one reported by White 
(2005). In this study, the Ajax application trans-
ferred on average just 27 percent of the bytes 
that were transferred by a traditional HTML 
application. Not only was there an improvement 
in the transferred byte volume, but there was also 
an improvement in performance, a 68 percent 
overall improvement in data transfer time. The 
two applications used in this study, however, did 
not have the same user interface. The users’ skill 
levels and training were also not assessed in the 
report, and these factors may have affected the 
experimental outcomes.

A more controlled Ajax performance measure-
ment comes from Smullen and Smullen (2006). 
They compared the client-side performance of a 
real-life HTML application and an Ajax applica-
tion that implemented the same user interface. In 
this case, the variable of training and users’ skill 
level can be ignored. Experimental data was col-
lected on the performance of each when presented 
with the same set of tasks. Performance measures 
were computed for the HTML application and for 
the Ajax application. 

Later they extended their study by collecting 
data on a statistically significant sample size and 
included server performance results. Response 
size and service time performance measures 
computed for the applications provided signifi-
cant performance improvements in response size 
for the Ajax application (56%), thereby reducing 
bandwidth requirements. Ajax provided a mean 
service time improvement of approximately 16 

percent (Smullen & Smullen, 2007). 
Another Ajax performance study used a Web-

chat application, and compared a traditional cli-
ent-server Web chat model with an asynchronous 
Ajax model (Angelaccio & Buttarazzi, 2006). 
Their results showed better performance with 
the Ajax system, measured by the ratio of chat 
messages to the second.

Although Ajax performance has been mea-
sured on the desktop, there is no currently available 
performance measurement research about Ajax 
on mobile devices. Therefore we do not know 
if it can improve mobile Web-based application 
performance, or indeed if Ajax is effective in the 
mobile environment. Ajax is a client-side technol-
ogy, which means when the client platform moves 
from the desktop to a mobile device the results 
may be different. Therefore this study focuses 
on measuring Ajax performance in the context 
of mobile learning.

Mobile Browser Support for Ajax

Nokia studies of S60 Smartphone users show 
browsing is generating over 60 percent of data 
traffic (Nokia, 2005). Today, hundreds of mobile 
phone models are available on the market, and 
more and more mobile phones are offering mobile 
browsers. A mobile Web browser is designed for 
the constrained environment of mobile devices, 
such as mobile phones, PDAs, or PPC (pocket 
PCs). These mobile browsers are device-oriented. 
They need to be optimized or modified for the 
devices they are going to run on, because differ-
ent vendors’ mobile phones have different kinds 
of hardware and embedded operating systems 
and applications. 

There is no common standard for mobile client 
development; each mobile phone or mobile device 
is unique. To illustrate, the size of the screen 
can vary greatly. The Nokia N70 uses 176 x 208 
pixels, 35 x 41 mm TFT and a 256K color screen, 
but the Motorola RAZR2 V8 uses a 2.2” QVGA 
(320 x 240 pixels) internal display with a 262K 
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color screen. Their display sizes and resolutions 
are totally different. Not only is the hardware 
different for each mobile phone, but operating 
systems also vary. For example the Nokia N70 
uses the Symbian operating system while the 
Motorola RAZR2 V8 uses Linux. Because of 
these variations in both hardware and software, 
a mobile application cannot run on both mobile 
phones without some customization. However, an 
increasing number of mobile Web browsers are 
being developed that can overcome these hard-
ware and operating system issues and provide a 
common platform for mobile Ajax. To support 
Ajax, the mobile Web browser must be JavaScript 
enabled and support the XMLHttpRequest object. 
It also needs to support DOM, CSS and XML. 
Opera Mobile, Nokia’s S60 Browser and Micro-
soft Internet Explorer Mobile all claim to support 
JavaScript and Ajax, and more mobile browsers 
will support Ajax in the future, which should help 
the acceptability of Ajax as a pervasive mobile 
learning platform. For our experiments we used 
Opera Mobile, a stand-alone Web browser that 
can run on a number of different mobile devices. 
Opera Mobile supports all of the necessary desktop 
browser technologies that enable Ajax.

METHODOLOGy

The methodology used in this study was design 
science, which has five basic steps: awareness of 
the problem, suggestion, development, evaluation, 
and conclusion. Design science research is some-
times called “improvement research,” emphasiz-
ing the problem-solving/performance-improving 
nature of the activity. Suggestions for a problem 
solution are abductively drawn from the existing 
knowledge/theory base for the problem area. An 
attempt to build an artefact that implements the 
solution follows (development). Partially or fully 
successful implementations are then evaluated. 
This cycle of development, evaluation and further 
suggestions is frequently performed iteratively. 

The basis of the iteration, from partial completion 
of the cycle back to awareness of the problem, is 
circumscription. Conclusion indicates the termi-
nation of a specific design project (Vaishnavi & 
Kuechler, 2007).

Our study consisted of a single iteration with 
two evaluations (technical performance measures 
and usability testing). The results of these mea-
sures can be used in further research. In terms of 
awareness of the problem, we know that mobile 
Web access is hampered by issues like small 
screens, high network latency, small bandwidth 
and interface complexity. One suggestion for ad-
dressing this problem is to develop a mobile Ajax 
system, but so far Ajax application performance 
over wireless networks has remained untested. 
To address this issue, two mobile quiz Web ap-
plications were developed. The first mobile quiz 
system is an Ajax enabled Web application, while 
the second uses a more traditional ASP (active 
server pages) Web technology. Although these 
two Web applications use different technologies, 
they have the same user interface. Because we 
were interested in comparing the performance of 
these two applications we needed to exclude other 
aspects that might affect system performance, 
such as the user interface. Also, the learning 
process had to be the same, including very simi-
lar questions and answers. Finally, both systems 
had to be accessed from the same mobile device 
over the same GPRS network. We evaluated the 
performance of the two Web-based mobile learn-
ing applications from three aspects: theoretical 
evaluation, real-life performance evaluation, and 
usability testing. 

We began with a theoretical evaluation (quan-
titative study) where we modeled the mobile 
learning process and calculated all the data on 
paper to find out how different system implemen-
tations mapped to our design. First, we assume 
there is a user visiting the Web application using 
a Web browser and predict the data transfer usage 
between client and server. Then we compare the 
ASP Web application’s predicted data transfer 
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volumes with the Ajax enabled Web application’s 
data. According to this data, we might consider 
modifying the Web application’s design. This can 
be considered a tentative evaluation. 

The second part of the study was a real-life 
computer logging evaluation (quantitative study). 
Here, we set up an experimental test system (us-
ing a mobile device, a GPRS network and a Web 
server) for physical interaction, and deployed the 
Web applications onto a server. We tested the Web 
applications over a GPRS network and collected 
all the data transfer information between the Web 
server and the client using the Web server’s log. 
Finally, we analyzed the log data to evaluate the 
performance of the Ajax and non-Ajax Web ap-
plications over the GPRS network. 

The final part of the study was user evaluation 
(qualitative study). A small group of users was 
invited to participate in an observational usability 
test. Cooperative evaluation, a variation of the 
think-aloud observational technique, was used in 
this test. Participants were asked to use both the 
Ajax and non-Ajax mobile quiz sites using a single 
mobile device (an i-mateTM SP5 mobile phone). 
Their comments were recorded and analyzed, with 
particular emphasis on comments relating to Web 
application performance. This user evaluation at-
tempted to find out whether the users thought that 
the Ajax application’s performance was noticeably 
better than the non-Ajax version. 

According to March and Smith (1995), there 
are four outputs from the design research method: 
constructs, models, methods, and instantiations. 

Later, Rossi and Sein (2003) and Purao (2002) 
have set forth their own list of design research 
outputs. However, they can be mapped directly 
to March and Smith’s list as a fifth output, better 
theories (Table 1).

In this research, the main constructs are Ajax 
and non-Ajax Web application technologies using 
mobile devices over the TCP/IP GPRS network. 
Our models describe the traditional Web applica-
tion interaction model and the Ajax interaction 
model. Our methods are based on software en-
gineering approaches to developing Web-based 
applications while our instantiations are an Ajax 
enabled Web application and a non-Ajax applica-
tion. Measuring the comparative performance of 
these applications gives us better theories about 
how to optimize the performance of mobile learn-
ing applications.

User Evaluation Design

To evaluate the two systems from the user perspec-
tive we used within-subject design, using coopera-
tive evaluation and the post-task walkthrough as 
our observational techniques.

Because the goal of this usability test was 
to find out if end users gain any benefits from 
mobile Ajax, we first measured task completion 
performance. We also gathered preference data 
to see if users preferred using Ajax over the ASP 
application. In a within-subject design, the values 
of the dependent variable for a task or a set of tasks 
are compared with the values for another task or 

Table 1. The outputs of design research (March & Smith, 1995; Purao, 2002; Rossi & Sein, 2003)

  Output Description

1 Constructs The conceptual vocabulary of a domain

2 Models A set of propositions or statements expressing relationships between constructs

3 Methods A set of steps used to perform a task – how-to knowledge

4 Instantiations The operationalization of constructs, models and methods.

5 Better theories Artefact construction as analogous to experimental natural science
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another set of tasks within one participant’s data. 
In other words, the same variable is measured 
repeatedly on the same participant under differ-
ent task conditions (Ergosoft Laboratories, 2003). 
Applying within-subject design in this usability 
test, participants needed to complete the same 
task using both Web applications. The task was 
to finish all five multi-choice questions in the quiz 
(all questions are of equal difficulty). Since the 
users will have had experience of both versions of 
the system, they could compare them and make 
some statements about them. At the same time 
we could collect some performance data (task 
completion time). To avoid users transferring 
learning from the first application to the second, 
we provided the users with a demonstration Web 
site with the same interface but different questions, 
to help users get familiar with the test device and 
the task process.  

Observational Techniques

A popular way to gather information about actual 
use of a system is to observe users interacting with 
it. The think-aloud method (Lewis & Reiman, 
1993) is used to gather data in usability testing 
in product design and development, in psychol-
ogy and a range of social sciences. Think-aloud 
protocols involve participants thinking aloud as 
they are performing a set of specified tasks. Co-
operative evaluation is a variation of think-aloud, 
encouraging the user to be a collaborator in the 
evaluation. It allows the user to ask the evaluator 
any questions if a problem arises and the evalu-
ator can encourage them to express themselves. 
The protocol for think-aloud sessions can include 
paper and pencil, audio recording, video record-
ing, computer logging, and user notebooks (Dix, 
Finlay, Abowd, & Beale, 1998). Paper and pencil 
plus video recording were applied in this usability 
test. A post-task walkthrough was also used to 
reflect their actions back to the subjects after the 
event. The advantage of a delayed walkthrough 
is that the analyst has time to frame suitable 

questions and focus on specific incidents (Dix et 
al., 1998). In our case, the post-task walkthrough 
helped users become more aware of some perfor-
mance problems. 

IMPLEMENTATION

This study is based on a controlled measurement 
of data transfer volumes and times, comparing 
an Ajax Web application with a similar non-Ajax 
implementation. First, we predicted system perfor-
mance based on paper calculations, theoretically 
analyzing the data volumes and response times. 
Second, we analyzed real-life data collected from 
the system log of the server including bandwidth 
usage, response times, and mobile unit storage 
requirements. Finally, small group usability tests 
were conducted to find out if the users noticed any 
difference between the Ajax and non-Ajax Web 
applications. In order to compare the actual perfor-
mance of a traditional Web application and Ajax, 
two mobile learning quiz systems were created: 
an Ajax Web application and a similar non-Ajax 
implementation (ASP). They have the same user 
interface and functionality (Figure 9).

The mobile learning Web application was 
based on a three-layer architecture: the mobile 
phone user interface (Web browser), server pages 
and a database server. The Web server was Mi-
crosoft Internet Information Services (IIS), the 
server pages were written using ASP 2.0 and the 
test database was stored using Microsoft Access. 
All dynamically generated Web pages were valid 
XHTML 1.1, compatible with the mobile browser 
(Opera Mobile) used in the test. All data transfer 
was through the Vodafone New Zealand GPRS 
network by Class 2 ‘2+1’ multi-slots (2 downlink, 
1 uplink channels). The system logs were activated 
in the IIS server, so all traffic going to and from 
the server was recorded. The collected data was 
used to analyze and measure the Web applications’ 
performance over the GPRS network.
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The ASP Mobile Learning System

The ASP Web application only contains three 
server pages: a start page, a question display page, 
and a finish page. These pages interact with the 
database to provide page content. Other support-
ing files are an image file (in GIF format) and a 
JavaScript file to manage the question fetching 
process. When the user clicks on the submit button 
on the screen, it activates a JavaScript function 
that sends a request to the server to fetch a new 
question or answer. The storage sizes of all the 
files on the Web server are shown in Table 2. 

The ASP Web application is developed in the 
traditional way. An ASP file includes CSS and 
JavaScript file paths in its header (the CSS is 
used to manage the page’s presentation). It also 
contains the Web page layout information, Web 
content, and ASP code to dynamically generate 
the HTML pages. The ASP code also includes a 
function to verify the user’s answers as they are 
submitted. 

The JavaScript file (‘asp_m.js’) only has two 
main functions. The first fetches the next question 
for the client, using a question number attached to 

the URL. The second validates the user’s submis-
sion to avoid empty or error submissions being 
sent to the server. 

The database file is used to store all the mobile 
learning multi-choice questions. In the question 
database, there is only a single table. All ques-
tions, answers and explanations are included in 
this table. 

The Ajax Mobile Learning System

The Ajax implementation is similar to the ASP 
Web application. It has the same user interface, 
the same image file (‘iq_header.gif’), the same 
CSS file (‘hello.css’) and shares the same data-
base. However on the client side it includes three 
HTML pages and has a different JavaScript file. 
The ASP file used in the Ajax application is also 
different from those in the ASP application. It is 
used as both a database connector and XML file 
generator, because the communication between 
client and server is via XML. It is not used to 
generate HTML pages. The storage sizes of all 
the files on the Web server for the Ajax applica-
tion are shown in Table 3.

The total size of the ASP Web application is 
about 2Kb bytes smaller than the Ajax version. 
The major difference between them is the size of 
the JavaScript file. The ASP Web application’s 
JavaScript file is only 1.5Kb but the Ajax Web 
application’s JavaScript file is almost 5Kb. That is 
because the Ajax JavaScript file not only contains 
the same functions as the ASP version, but also 
has some logical functions, such as verifying the 
user’s answer. 

Because Ajax uses a different Web develop-
ment approach, the purpose of some its files are 
different from those in the ASP Web application. 
In the Ajax application, the HTML file size is 
very small because it is only used to lay out the 
main structure for the Web page, such as where 
to display the questions and where to display the 
answers and explanation. The most important 
part of the HTML file is that it provides an entry 

Figure 9. Mobile learning Web application inter-
face (in the Opera Mobile browser) 
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Table 2. ASP Web application file sizes (server side)

File Name Size(bytes) Detail

index.asp 818 Start Web page

mlearning.asp 3,010 Display questions

iq_header.gif 1,470 Header image file

asp_m.js 1,530 JavaScript file

hello.css 45 CSS file

learning.mdb 496,000 Question database

end.asp 744 Finish Web page

Total size 504,309 bytes

Table 3. Ajax Web application file sizes (server side)

 

File Name File Size (bytes) Detail

majax.js 4,750 JavaScript file(Ajax Engine)

Hello.css 45 CSS file

2.asp 1,040 Database connection & XML generator 

end.htm 1,530 Finish Web page

index.htm 526 Start Web page

iq_header.gif 1,470 Header image file

learning.mdb 496,000 Questions database(same as asp version)

mlearning.htm 1520 Display questions

Total size 506,836 bytes

page for the m-learning Web application and the 
JavaScript file path. The HTML can be considered 
as a content template.

The JavaScript file, which is acting as an Ajax 
engine, is very important for the Ajax Web applica-
tion and provides most of its functions. There are 
two main aspects and five basic functions provided 
by this JavaScript file (Ajax engine). The first 
part of the Ajax engine is used to asynchronously 
transfer the data between the client browser and 
server. The second part is used to manage the 
client side user interface, with a logical function 

used to verify the user’s answer. When the Ajax 
engine submits a request to the server, the ASP 
file will dynamically generate an XML document, 
containing the data returned from a database 
query. In this case, just a few characters need to 
be returned to the client browser. The response 
only includes content data; it does not include any 
page mark-up information. Back on the client side, 
when the Ajax engine receives the XML response 
from the server it will partially update the user 
interface based on the latest information. 



  ���

Assessing the Benefits of AJAX in Mobile Learning Systems Design

Using the Mobile Learning System

Because both mobile learning quizzes are Web-
based, users do not need to install or setup any-
thing as long as their mobile device supports an 
Ajax enabled browser. Because the Ajax and ASP 
mobile learning systems are almost identical, both 
systems are used in the same way. Figure 9 shows 
some screenshots from the mobile quiz. It begins 
with a welcome page (1) with a hyperlink to start 
the quiz. Each answer is selected using a radio 
button (2). The ‘Answer’ hyperlink will provide 
the result. The correct answer will appear under 
the questions, with the explanation for the answer. 
Meanwhile, the ‘Answer’ link will change to a 
‘Next’ link for the next question (3). When all 
questions have been completed, a finish page is 
displayed with a link back to the start page (4). 

Theoretical ASP System 
Performance

In this section, we predict the Web applications’ 
performance based on application analysis and 

paper calculations, theoretically analyzing the 
data volumes and response times.

For the ASP mobile learning Web application, 
when the browser requests an ASP file, the server 
passes the request to the ASP engine. The ASP 
engine reads the ASP file and executes the scripts 
in the file to dynamically generate a client Web 
page. Finally, the generated page is returned to 
the browser as plain XHTML. These XHTML 
files also contain references to other required 
resources such as stylesheets and script files, so 
we can predict the total file load size based on the 
source code (Table 4). 

When the ASP application is running, a wel-
come page and a finish page are used to start and 
end the application; ‘index.asp’ (load size: 1K) 
and ‘end.asp’ (load size: 1K). These two files are 
not included in the calculated load size of the 
application.

The initial load size of the ASP application 
is about 8K, including the main ASP application 
file (‘mlearning.asp’) and a header image file. 
The JavaScript file controls the downloading of 
questions, verifies the submitted form and submits 

Figure 10. Using the mobile learning quiz Web application (screen captures from Opera Mobile 
browser)  

(1) (4) (3) (2) 
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the answer back to the server. The initial file size 
includes the load size for the first question.

The header image file, JavaScript file and 
the CSS file need to be loaded only once if the 
browser supports caching. In our measurements, 
all browsers support caching. 

The size of the XHTML file generated by 
‘mlearning.asp’ is 2K, smaller than the ASP file 
size of 3K (Table 1). This is because the code 
generated by the scripts in the page is smaller 
than the source code. Because of the nature of the 
ASP file, the ASP scripts need to be executed on 
the server and rebuild the whole page each time. 
Since the question and answer pages are generated 
separately, the client browser will download 2K 
× 2 = 4K bytes for each question. 

The mobile learning application contains 10 
multi-choice questions in total, but when the ap-
plication initially loads, only one question has 
been loaded. Subsequently the ‘mlearning.asp’ 
file needs to generate the other nine questions for 
the user. Additionally, it sends back nine answer 
pages, so the ASP file will generate 18 pages in 
total comprising about 2K × 18 = 36K bytes of 
XHTML mark-up. The formula to calculate the 
total download size of a Web application is: 

Initial Load Size + Process Load Size = Total 
Size

Therefore the total download size for the ASP 
mobile learning Web application is:

8K + 36K= 44K

As a result, we expect that about 44K of data 
needs to be sent back to the browser from the 
m-learning Web server.

Theoretical Ajax System 
Performance

When an Ajax application is requested by a 
browser, an XHTML page is loaded into the 
browser. This XHTML page contains the Ja-
vaScript needed to run the user interface and to 
issue XMLHttpRequest calls, the XML handler 
to format and present the results, and any other 
elements needed for the user interface, such as 
XHTML mark-up and CSS. The client interacts 
with the user interface presented on the browser 
page (e.g., clicking hyperlinks, submitting forms, 
or triggering an event). The Ajax engine handles 
all interaction events between user and server by 
generating an XMLHttpRequest message to the 
server. The server returns new content in XML 
file format. This XML data is handled by the 
Ajax engine and presented to the user by partially 
updating the current page in the browser.

Table 4. ASP application initial load file sizes

File Name Load Size (bytes) Detail

mlearning.asp 2K × 2 Loads questions, and refreshes the whole 
page after submitting answers.

iq_header.gif 2K Header image file

asp_m.js 2K JavaScript file

hello.css 45 CSS file

Initial Load Size 8K
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As with the ASP application, the Ajax system 
displays a welcome page at the beginning (index.
htm) and a finish page at the end (end.htm) which 
are both about 1K. These two files are again ex-
cluded from the download calculations.

The main application file (mlearning.htm) and 
associated resources (e.g., JavaScript file, CSS 
file, and header image file) will be loaded into 
the Web browser for the first question. This initial 
load of the Ajax application requires 10K of files, 
but unlike the ASP Web application, only a small 
XML file needs to be downloaded for subsequent 
questions. The file sizes for the Ajax application 
are shown in Table 5.

As with the ASP version, the header image 
file, JavaScript file and CSS file only need to be 
loaded once if the browser supports caching. 

In the Ajax version of the m-learning applica-
tion, the initial load size is more than the ASP 
version, but the advantages of the Ajax application 
show up when the user is using the application. 
No further pages need to be downloaded from 
the Web server, only the question’s content and 
answers in XML file format. All the answers 
from the user can be verified locally by the Ajax 
engine; the browser does not need to submit any 
data back to the server. The size of the XML 
file sent back from the Web server is only about 
500 bytes. With this data the Ajax engine can 
partially update the Web page to tell the user the 

correct answer. Therefore the main part of the 
Ajax application only needs to transfer about 9 
× 500 = 4.5K of data during the quiz process. So, 
according to our formula the total download size 
for the Ajax application is:

10K + 4.5K= 14.5K

In summary, according to our calculations, 
the ASP m-learning system needs to transfer 
44K of data; Ajax can provide the same interface 
by only transferring 14.5K of data. That is a big 
theoretical improvement, but can it be replicated 
using empirical testing? To find out, a practical 
performance measurement was carried out on an 
experimental test system. 

Experimental Performance Measures

The experimental system setup used to measure 
the m-learning system performance is shown 
in Figure 11. We used a laptop connected to an 
iTegno 3000 GPRS modem by USB 1.1 through a 
serial PPP (point-to-point) link to act as a GPRS 
mobile terminal to emulate the GPRS connection 
from mobile devices to the Web server in the Vo-
dafone New Zealand (GPRS/GSM) network. The 
laptop used the Windows XP operating system 
and the Web browser was Opera Mobile 8.65 for 
Windows mobile 5/6 PPC running in a Windows 

Table 5. Ajax application initial load file sizes

File Name Load Size (bytes) Detail

2.asp 500 Send XML back to browser (XML file size)

majax.js 5K JavaScript file (Ajax Engine)

hello.css 45 CSS file

iq_header.gif 2K Header image file

mlearning.htm 2K Load first questions

Initial Load Size 10K
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Mobile 6 emulator. The Vodafone New Zealand 
GPRS network (two download channels and one 
upload channel, Coding Scheme 4) was used. Since 
wireless network signal levels may vary across 
different locations, all access to the Web server 
from the test laptop was via the Albany Stadium 
base station adjacent to Massey University’s 
Auckland campus.

The Web server was running Internet Informa-
tion services 6.0 (IIS 6.0); system logs were active 
in IIS so all traffic going to and from the Web 
server was recorded in the system log, monitor-
ing all data transfer between the Web server and 
mobile terminal. These logs, comprising data 
from over 200 requests, were analyzed using 
Microsoft Log Parser 2.2. (Microsoft TechNet 
2007). All log data was collected from the dedi-
cated test domain.

 Table 6 shows a summary of part of the server 
log for the ASP Web application. ‘cs-method’ 
means the HTTP request type, ‘sc-bytes’ means 
the number of bytes that the server sent and ‘cs-
bytes’ means the number of bytes that the server 
received. ‘Time-taken’ means the length of time 
that the action took in milliseconds. This table 

illustrates one of the most important aspects 
of the ASP Web application, which is that the 
‘mlearning.asp’ file needs to be executed twice 
for each question; the first time is the ‘GET’ re-
quest for the question, and the second time is the 
‘POST’ request for the answer, which refreshes 
the whole page. 

Table 7 shows an example of the IIS log 
for the Ajax application. This uses only ‘GET’ 
requests.

ASP Application Response Size

Response size means the number of bytes sent 
by the server, which is one of the most useful 
measurable features of application performance. 
In the IIS log, its identifier is ‘sc-bytes.’ 

According to the IIS system log (Table 8), the 
average ASP application initial load size is about 
8.7K (including the first question). As expected, 
the main ASP application file needs to load 10 
times to display the questions and load another 10 
times after users submit the answer. The average 
load size of the file generated by ‘mlearning.asp’ is 

Figure 11. Experimental setup for performance testing
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Table 6. ASP application log example

cs-method cs-uri-stem sc-bytes cs-bytes time-taken

GET /asp1/index.asp 1,117 466 468

GET /asp1/hello.css 346 454 156

GET /asp1/iq_header.gif 1,815 459 296

GET /asp1/asp_m.js 1,893 469 187

GET /asp1/index.asp 1,117 407 140

GET /asp1/iq_header.gif 1,815 352 156

GET /asp1/mlearning.asp 2,181 493 265

POST /asp1/mlearning.asp 2,274 686 499

.

.

.

GET /asp1/mlearning.asp 2,184 495 203

POST /asp1/mlearning.asp 2,280 690 343

GET /asp1/end.asp 963 460 156

Table 7. Ajax application log example

cs-method cs-uri-stem sc-bytes cs-bytes time-taken

GET /ajax1/index.htm 851 508 171

GET /ajax1/hello.css 346 350 140

GET /ajax1/iq_header.gif 1,814 354 281

GET /ajax1/mlearning.htm 2,166 515 374

GET /ajax1/majax.js 5,190 353 296

GET /ajax1/2.asp 518 377 296

GET /ajax1/2.asp 514 377 203

GET /ajax1/2.asp 500 376 187

GET /ajax1/2.asp 621 377 187

GET /ajax1/2.asp 659 377 187

GET /ajax1/2.asp 528 376 234

GET /ajax1/2.asp 533 377 203

GET /ajax1/2.asp 571 378 249

GET /ajax1/2.asp 583 377 203

GET /ajax1/2.asp 524 379 187

GET /ajax1/end.htm 1,951 465 156
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2,305K, so the total bytes needed to be sent back 
from the Web server are calculated as follows:

8.7K + 9 × 2 × 2305 ≈ 50K

So, in real-life performance tests, the ASP 
M-learning application needs to load about 50K 
of data from the server during the whole applica-
tion process, somewhat larger than our estimate 
of 44K. 

Ajax Application Response Size

The number of bytes returned for Ajax application 
is different from the ASP application. First, the 

load size is very different from the ASP version, 
about 10K of initial load data. The major file is 
the JavaScript (Ajax engine) file which is about 
5K, and the other one is an HTML layout file that 
is about 2K (Table 9). 

However, while the Ajax application is run-
ning, just a few bytes need to be transferred 
between the client browser and the server. All 
this data is XML and the average size is only 
about 555 bytes (generated by the ‘2.asp’ file), 
including the question and the answer. It allows 
the Ajax engine to verify the answer locally, and 
provides users with a very fast response time. 
Also, because the question and answer load at 
the same time, each question only needs one 

cs-uri-stem sc-bytes

ASP application AVG MIN MAX

/asp1/mlearning.asp 2 x 2,305 2,256 2,406

/asp1/asp_m.js 1,893 1,833 1,897

/asp1/iq_header.gif 1,815 1,800 1,880

/asp1/hello.css 346 356 396

Initial load size. ≈ 8.7Kb

Table 8. ASP application ‘sc-bytes’ statistics

cs-uri-stem sc-bytes

Ajax application AVG MIN MAX

/ajax1/majax.js 5,190 5,100 5,280

/ajax1/mlearning.htm 2,166 2,007 2,356

/ajax1/iq_header.gif 1,814 1,754 2,014

/ajax1/hello.css 346 326 386

/ajax1/2.asp 555 500 614

Initial load size. ≈ 10kb

Table 9. Ajax application ‘sc-bytes’ statistics
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post back from the server. The total load size is 
calculated as follows: 

10K + (9 × 555K) ≈ 15K

This is only slightly larger than our estimate 
of 14.5K. The Ajax m-learning application only 
needs to transfer about 15K of data between the 
server and the client, whereas the ASP Web ap-
plication needs the server to transfer 50K of data. 
There is therefore a significant difference between 
the two applications in terms of data transfer from 
server to client.

ASP Application Response Time 

As well as measuring the size of downloaded 
data, the server’s response time is another impor-
tant feature that can be used to measure a Web 
application’s performance. In the IIS system log, 
there is a field called ‘time-taken,’ which is the 
length of time that the action took in milliseconds 
on the server, and can be considered the server’s 
action response time. 

The measurement formula is similar to mea-
suring the bytes sent back from the server. Ac-
cording to the IIS system log (Table 10), the initial 
response time for the ASP m-learning application 

Table 10. ASP application ‘time-taken’ statistics

cs-uri-stem Time-taken

ASP Application AVG(ms) MIN(ms) MAX(ms)

/asp1/mlearning.asp 285×2 187 499

/asp1/iq_header.gif 207 156 296

/asp1/asp_m.js 202 187 218

/asp1/hello.css 163 156 171

Initial Time taken(ms) 1,142

cs-uri-stem Time-taken

Ajax Application AVG (ms) MIN (ms) MAX (ms)

/ajax1/hello.css 319 140 499

/ajax1/majax.js 296 296 296

/ajax1/iq_header.gif 281 201 381

/ajax1/mlearning.htm 272 171 374

/ajax1/2.asp 210 171 343

Initial Time taken(ms) 1,378

Table 11. Ajax application ‘time-taken’ statistics
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is about 1,142ms (initial load time, including the 
first question load time), and the main application 
file needs to load twice the number of times as 
there are questions in the quiz. The average re-
sponse time for the ‘mlearning.asp’ file is 285ms; 
the ‘mlearning.asp’ page needs to process twice 
for each question, so for a total of 10 questions, 
minus the response time for first question, the 
process response time is 

9 × 2 × 285 = 5,130ms

Similar to the total load size formula, the 
total response time for the whole application 
formula is: 

Initial Response Time + Process Response Time 
= Total Response Time

So, the total Web server response time for the 
ASP mobile learning Web application is:

1,142ms + 5,130ms = 6,272ms

Ajax Application Response Time

For the Ajax m-Learning application, the IIS 
system log shows the initial response time is 
about 1,378ms (including the first question), and 
the average server response time for the XML 
generator ‘2.asp’ file is 210ms (Table 11). How-
ever, ‘2.asp’ only runs once for each question on 

the server. Therefore for a total of 10 questions, 
minus the response time for the first question, the 
process response time is

9 × 210 = 1,890ms.

According to the formula, the total server 
response time for the whole ASP mobile learning 
Web application is:

1,378ms + 1,890ms = 3,268ms

In summary, for the whole application, the 
ASP system takes about 6,272ms of server re-
sponse time, but the Ajax application takes only 
3,268ms. 

ASP Application Request Size

The response size from the Web server and the 
server’s task time show us the Ajax m-learning 
application transfers smaller volumes of data 
between the client and server and has a better re-
sponse time than the ASP m-learning application. 
However, what about the data submitted from the 
client? Does it reveal a similar story?

The client’s request size can affect the transfer 
time; if the request size is big, not only does it 
need more bandwidth to transfer the data, but also 
it takes a long time to transfer before the server 
can actually process the request. Then, from the 
user’s point of view, the Web application’s response 

Table 12. ASP application ‘cs-bytes’ statistics

cs-uri-stem cs-bytes (bytes)

ASP Application AVG MIN MAX 

/asp1/mlearning.asp(“GET”) 496 492 566

/asp1/mlearning.asp(“POST”) 686 600 750

/asp1/iq_header.gif 398 352 459

/asp1/asp_m.js 423 378 469

/asp1/hello.css 416 379 454

Initial Query Size 2,428 (including first question)
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time is slow. Therefore, we should also include 
the client’s request sizes in our evaluation.

The ‘cs-bytes’ field in the IIS system log shows 
us the number of bytes that the server received, 
so this data can be regarded as a measure of the 
data sent from the client browser to request new 
data from server. Table 12 shows query size of 
submitted data from the client to the server. For 
the ‘mlearning.asp’ file there are both ‘GET’ and 
‘POST’ methods, and the query size differs for 
these two methods.

These queries are used to request the next 
question for the user. The average query size 
for the main ‘mlearning.asp’ file is about 496 
bytes (Table 12, ‘GET’ method). Of course, in 
the ASP version, users need to submit their an-
swers back to the server to have them verified. 
The average transfer size is 686 bytes (Table 12, 
‘POST’ method) when users submit their answers. 
Therefore the initial request size (including the 
first question) formula is:

mlearning.asp (GET) + mlearning.asp (POST) + 
other files = Initial Request Size

According the formula, the initial request size 
is therefore calculated as:

496 + 686 + 398 + 423 + 416 = 2,428 bytes

The total request size calculation formula is:

Initial Request Size + Process Request Size = 
Total Request Size

Which gives us the following result: 

2,428 + (686 × 9 + 496 ×9) = 13,066 bytes ≈ 
13K

In total, therefore, the client needs to submit 
about 13K of data to the Web server.

Table 13. Ajax application ‘cs-bytes’ statistics

cs-uri-stem cs-bytes

Ajax Application AVG (bytes) MIN (bytes) MAX (bytes)

/ajax1/2.asp 377 373 379

/ajax1/iq_header.gif 354 350 374

/ajax1/majax.js 353 351 363

/ajax1/hello.css 350 350 370

/ajax1/mlearning.htm 515 514 519

Initial Request Size 1,949 (including first question)

Response size Response seconds Request size

ASP 50K 6,272ms 13K

Ajax 15K 3,268ms 5.3K

Improvement 71.00% 48.00% 59.23%

Table 14. Performance improvement
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Ajax Application Request Size

Table 13 shows the size of data submitted from 
the Ajax client to the server.

The average request size is 377 bytes. These 
submissions only request the next question: one 
question, one submission. Therefore it is very easy 
to calculate the initial request size (including the 
first question) for the Ajax application; simply add 
all the request sizes together:

377 + 354 + 353 + 350 + 515 = 1,949 bytes

The total query size is therefore calculated 
as: 

1,949 + 9 × 377 = 5,342 bytes ≈ 5.3K

The overall result is that the ASP Web applica-
tion submitted around 13K of request data to the 

server; while the Ajax Web application sent only 
about 5.3K of data. 

Overall Performance Measures

When measuring a Web application’s perfor-
mance, the data can be separated into three parts: 
data transfer time (in two ways, from client to 
server and from server to client) and server pro-
cess time. Table 6 summarizes these performance 
measures for the two Web applications. The 
average data volume sent from the Web server 
is 50K for the ASP version and 15K for the Ajax 
version during the whole in the m-Learning Web 
application process. The average number of bytes 
received by the server is about 13K for the ASP 
version and about 5.3K for the Ajax version. It 
takes about 6,272ms for the server to process all 
requests for the ASP version and about 3,268ms 
for the Ajax version. White (2005) and Smullen 
and Smullen (2006) use the following algorithm 

Figure 12. Experimental setup for usability testing
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to define the percentage of an Ajax application’s 
performance improvement: 

(HTML-Ajax)/HTML

This formula has been used to calculate the ‘im-
provement’ data in Table 14 (in our case ‘HTML’ 
would represent the ASP application results).

The Ajax approach in our experiment provides 
a significant performance improvement across 
all three of our measures. We can therefore 
confidently state that our Ajax M-learning Web 
application has much better performance than the 
non-Ajax m-learning Web application when tested 
over a GPRS mobile phone network.

USABILITy EVALUATION

The goal of this study was to evaluate the Ajax 
enabled mobile learning system’s performance 
over a GPRS network both by quantitative mea-
surement statistics and user feedback. This was 
necessary because although we could demonstrate 
that the Ajax system performed better in quanti-
tative terms, we also needed to find out if these 
differences were significant enough to be noticed 
by end users. The goal of the usability test was 
therefore to find out if users noticed any differ-
ences between the Ajax and the non-Ajax mobile 
learning applications, and if these differences were 
meaningful from an end-user perspective.

In order to simulate a real-life mobile learn-
ing environment as realistically as possible, the 
usability testing experimental setup (Figure 12) 
was somewhat different from the performance 
measurement setup. In this system, we used an i-
mateTM SP5 SmartPhone instead of the laptop. The 
mobile Web browser was Opera Mobile, version 
8.65 for Windows Mobile 5/6 SmartPhone oper-
ating system. The same Vodafone New Zealand 
GPRS network (two download channels and one 
upload channel, Coding Scheme 4) was used. All 
participants used the same mobile phone, again 

connected via the Albany Stadium base station. 
In the evaluation, users were asked to complete 

the quiz using the mobile device, think aloud 
about their feelings and answer a questionnaire. 
In order to reduce the interview time, we reduced 
the number of questions in the quiz from 10 down 
to five for each system. The test Web applications 
were again hosted at http://www.ajaxnz.com. 

There were two tasks in this usability test. Task 
one required users to finish all the multi-choice 
test questions in the Ajax mobile learning system, 
and task two required users to finish a similar 
set of multi-choice test questions using the ASP 
mobile learning system. A training session was 
provided before users started their mobile learning 
activity. Finally, the post-walkthrough method 
was applied to wrap up the test. The questionnaire 
was completed and the Opera Mobile cache was 
cleared ready for the next test. 

In this usability test, there were two variables 
we collected from the users to represent both 
quantitative data and qualitative data. The first 
quantitative variable is the task completion time, 
which was used to measure the two different 
performances (within-subject design). The second 
variable is a qualitative variable, the preferred 
data, which is used to find out if users notice any 
difference between the two Web applications.

The questionnaire included some user infor-
mation, such as gender, the type of mobile phone 
they have, if they have ever used their mobile 
phone to access the Internet and if so, how often. 
Participants were also asked if they noticed any 
differences between the two Web applications, and 
if so, if they preferred to use one over the other.

Usability Test Results

Twenty people attended this small group usability 
test, totaling 19 valid examples; one participant 
did not finish the test. In all of the valid examples, 
18 of the participants had mobile phones, and 
only one participant did not have a mobile phone. 
There were six female participants and 13 male 
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participants. Approximately 40 percent of the 
participants had previous experience of using 
a mobile phone to access the Internet. Twenty 
percent had accessed the Internet a few times, 
while 20 percent have used the mobile Internet 
just once. Only 10 percent of the participants used 
the mobile Internet at least once a week.

During the usability test, all participants were 
comfortable about the mobile learning system 
itself, but had some problems with the mobile 
device. The first complaint was about the naviga-
tion button being hard to use and not functioning 
very well. Sometimes users had to keep pressing 
it until it worked (i.e., an action occurred on the 
screen). One participant aborted the test because 
of these problems with the navigation button. The 
second problem was about the small screen and 
font size. Observations about the device tended 
to overshadow observations about the applica-
tion itself. However one participant observed 
that the loading order of questions and answer 
options was different between the two applica-
tions (a consequence of Ajax updating the page 
asynchronously).

Based on the 19 test examples, applying pair-
wise T-Testing to the task completion time, our 
participants performed significantly better with 
the Ajax mobile learning system. 

t (18) = 11.71, p<0.05.

The mean value of the task completion time 
for the first Web application was 119.26 seconds 
and the task completion time for the second Web 
application was 64.11 seconds. This means that 
users finished their task on the second applica-
tion much faster than the first, about 50 percent 
faster. The Ajax mobile learning system therefore 
enabled much better performance than the ASP 
mobile learning system when assessed by the 
quantitative variable. 

In terms of frequency to their preference, we 
can use a chi-square test, but to some extent it 
does not seem to meet its assumption.

Chi-square (2) = 12.41, p<0.05

The expected sample is too small, so it would 
be unwise to use this statistical analysis for sure. 
However, analytically (not statistically) speaking, 
users noticed there were some differences between 
the two applications, even though they have the 
same interface and the same learning process. 
Twelve out of the 13 participants who noticed 
a difference preferred the Ajax mobile learning 
system. These two results from the usability test 
indicate that an Ajax mobile learning system can 
provide better performance in the mobile environ-
ment on the user experience level. 

SUMMARy AND CONCLUSION

In our tests we applied the Ajax approach to a 
mobile learning system and compared it with a 
traditional ASP mobile learning system. After 
the evaluation of these systems in terms of their 
performance and usability, our results indicate that 
an Ajax mobile learning system can reduce data 
transmission volumes and the server’s response 
time, and is preferred by users. Moreover, applying 
an Ajax approach to Web-based mobile applica-
tions is a much more practical way to improve 
system performance than updating the mobile 
hardware or the wireless network. 

The advantages of Ajax are; first, it allows us-
ers to access to the system as long as their mobile 
browser supports Ajax and has connectivity to a 
GSM/GPRS network, meaning that it is a widely 
available option. Second, system performance is 
much faster than a traditional Web application. 
Third, reduced data traffic can save money for 
mobile learners in territories where mobile tele-
communications companies charge for the amount 
of data sent and received. In addition, although 
this is not a major aspect of our research, Ajax 
systems also can be accessed from a desktop 
browser environment without modification. 

In our experimental measurements, Ajax 
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reduced network transfer traffic from the server 
to the client by 71 percent, saved 48 percent of 
the Web server’s processing time and reduced 
submission data from the client to the server by 
59 percent. Furthermore, on the user experience 
level, the task completion time statistics show 
users finished the same m-learning multi-choice 
questions on the Ajax system 50 percent faster 
than they did on the ASP system. Finally, more 
than 60 percent (12 out of 19) of users noticed the 
difference between these systems and preferred 
to use the Ajax system. 

The results of our experiments demonstrate 
that the Ajax approach can significantly reduce 
both the data transmission size and the server’s re-
sponse time. Meanwhile, reducing the bandwidth 
required, and speeding up the user interface on 
the mobile device provides the user with a better 
mobile Internet experience. In addition, the Ajax 
approach has little infrastructure dependence, 
because it is a software technology and does not 
require any hardware or environment updates in 
order to be implemented.  

FUTURE RESEARCH DIRECTIONS

There were a number of limitations to this study. 
Our experimental system was only tested on one 
GPRS network, with two download channels and 
one upload channel, and only one mobile device (i-
mateTM SP5). There are some other GPRS network 
configurations that could be used as an evaluation 
network and may give different results, as well as 
a number of other types of mobile data network 
such as 3G, WiMAX and WiFi. Other mobile 
devices may also perform differently from those 
used in our experiments. Another limitation of our 
study is that the Web application’s functionality 
is very limited, only measuring the performance 
of a multi-choice quiz. Whilst such quizzes are 
an important component of mobile learning sys-
tems, other types of mobile learning interaction 
may well give different profiles of data transfer. 

In addition, the test group used in our usability 
experiment was too small and narrow (most of the 
participants were students or teachers) to enable 
us to draw more generalized conclusions.  

There are a number of avenues for further 
research that could be explored. In this study, 
both the ASP and Ajax Web applications had 
the same user interface to enable us to evaluate 
performance statistics. However, one consequence 
of this is that we are not using the full potential 
of Ajax, simply mimicking a more traditional 
UI. To properly evaluate the benefits of Ajax in 
mobile learning systems it would be helpful to 
undertake both quantitative and qualitative evalu-
ations of systems that leverage all the features 
of Ajax. Further study might also be undertaken 
using other types of wireless network, to see if 
the kinds of results measured here over GPRS 
are replicated under different network conditions. 
Finally it would be useful to do performance 
testing with a more realistic, larger scale mobile 
learning system than the multiple choice quizzes 
used in this study.
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ABSTRACT
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inspiring in thinking about mobile learning systems design. Included in this list of good reads are the 
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