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Abstract

In the evolving landscape of mobile learning, Ewap researchers have
conducted significant mobile learning projects, resenting a distinct

perspective on mobile learning research and dewsop Our paper aims to
explore how these projects have arisen, showingltiveng forces of European

innovation in mobile learning. We propose contestaacentral construct in
mobile learning and examine theories of learningtfie mobile world, based
on physical, technological, conceptual, social tardporal mobility. We also

examine the impacts of mobile learning researcteduncational practices and
the implications for policy. Throughout, we idegtilessons learnt from

European experiences to date.
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Introduction

The proliferation of mobile phones and other hatdiidevices has transformed mobile
learning from a researcher-led, specialist endeavimuan everyday activity where
mobile devices are personal tools helping peopé&nlevherever they go, through
formal training or informal support and conversatigkukulska-Hulme et al., 2007).
Even so, the effective design and development dbilemdearning applications and
experiences, and their evaluation, are still catévities where specialist expertise, and
the initiatives and insights of teachers and learngave important roles to play. From
our perspective as researchers based in Europepneéder it valuable to highlight and
synthesize the innovative design, development araluation practices that have
characterised European projects over the past aleyears. We see this as a step
towards building up a more detailed picture of hithe field of mobile learning is
developing in various parts of the world, giventtihaotivations and conditions are
often very different (Rao & Mendoza, 2005).

Our expertise in mobile learning includes managemeinthe European Mobile

Learning Special Interest Group and leadership afjepts including HandLeR

(Sharples, 2000; Sharples, Corlett & Westmanc@®22, MOBILearn (Lonsdale et al.,
2004), Mobile Learning Organiser (Corlett et aDP3), Caerus (Naismith, Sharples &
Ting, 2005), Case Studies in Innovative e-Learrfrgctice (Kukulska-Hulme et al.,
2005b), Mobile Learning Landscape Study (Kukulskdrie et al.,, 2005a),

Myartspace (Sharples et al. 2007a; Vavoula et d@072 Personal Inquiry

(Anastopoulou et al., 2008), MUSIS (Milrad & Jacks®008), the Treasure Hunt
(Spikol & Milrad, 2008), AMULETS (Kurti et al., 2®), and The mobileDNA

(Arnedillo-Sanchez, 2008; Byrne, Arnedillo-SancBeZangney, 2008).

As mobile learning continues to challenge the bawmied imposed by traditional
classroom learning, it raises questions about iggificance in relation to wider
ambitions to improve education and exploit techgglin furthering that aim. What
shifts in pedagogical and theoretical perspecthage been observed? To what extent
are e-learning policy and initiatives taking accobahresearch project results and the
potential of mobile learning? We examine the evidgnand highlight issues and
barriers to more widespread uptake, such as poovisf teacher training. Throughout



the paper, we identify more general lessons |€emnt European mobile learning R&D

to date. Although rooted in European research,ptmticular ways of thinking about

technology, design or evaluation, may be transferalsewhere — we leave it to other
researchers and practitioners to make those judgmen

The paper starts with a review of five projectsttimve shaped research and
development of mobile learning in Europe: HandL&BILearn, M-Learning; and
two projects funded under the Leonardo da VincigPamme. These projects were not
only influential in demonstrating the value of mlebiechnology for learning, they also
provided an opportunity to devise and debate thmalefoundations for a new
pedagogy and practice of mobile learning, outlimedhe next section. A change in
emphasis, away from design of educational softfaregortable devices and towards
socio-technical support for the mobility of learsigled to a more expansive framework
for mobile learning and a set of innovative progeatross a wide range of physical,
institutional and social settings. The sectiontltdi‘Recent Mobile Learning Projects’
presents a representative selection of these pspjerganised by the setting of the
learning. Having indicated the scope of currentdpean research into mobile learning,
the Discussion section indicates findings from fpinejects in relation to designs for
learning with personal technologies across contésuasure success of mobile learning
in school settings will depend on the preparedneflsgeachers to adopt mobile
technologies in the classroom. In the section @ather Development’ we discuss the
relations between research, practice and poligtudting the implications for teacher
training and development. Taking a broader perggedhe impact of mobile learning
in Europe has both shaped and been formed by @dthowl European policy and this is
discussed in a section on Education Policy for Mohearning. A concluding section
suggests future challenges for researchers, deatsl@gmd policy makers in shaping the
future of mobile learning.

Foundational European Mobile Learning Projects

Computer-supported mobile learning in Europe hastory that stretches back to the
1980s when early handheld devices were trialledaifiew schools, such as the
Microwriter (a handheld writing device with a un&eahord keyboard comprising one
button for each finger and two for the thumb thadld be pressed in combinations to
produce characters on a single line display) aadP#ion handheld computer. Although
later versions of the Psion computer were more hyiddopted (Perry, 2003) they were
mainly restricted to classroom use for the teaclihgnglish (High & Fox, 1984). A
broader perspective on mobile learning arose imtlte1990s with research projects to
exploit a new generation of pen tablet and PersDigital Assistant (PDA) devices for
learning. In this section, we assess the contdbutif several European projects that
have shaped developments in mobile learning.

HandLeR

One early project was HandLeR (Handheld Learningodece) from the University of
Birmingham (Sharples, 2000; Sharples, Corlett & Wescott, 2002). The project
started in 1998 as an assignment for a group ofreléic engineering students to revisit
the seminal Dynabook concept of the early 1970sdmatlop “a portable interactive
personal computer, as accessible as a book” (Kayo&lberg, 1977). HandLeR was
based on a theory of learning as conversation (P£56) instantiated through a set of
scenarios including an 11 year old child on a stfietd trip, a radiologist in her first
year of specialist training in neuroradiology, aadsenior citizen recalling and
organising a lifetime of memories. Figure 1 shovesign concepts of a HandLeR
device for children and adults. The school fielg scenario was then realised in the
design of a handheld device that combined a talwetputer, camera, wireless and
mobile phone connection.



Figure 1. Mockups of the HandLeR concept for cleiidand adults

The project addressed issues of user interfacgmési mobile learning. The software
for the field trip HandLeR was developed througteimiews and questionnaires with
children aged 11-12 to create a style of interactibat was more appropriate to
children learning in the field than the office-badudesktop’ interface. Through design
discussions, the team produced an interface baséteaotion of an animate ‘mentor’

that could act both as a learning guide and a meénsteraction. In the interface,

clicking on body parts launches tools, such asifes for a camera, hands for a writing
pad, and brain for a concept mapping tool. Figush@ws the main HandLeR screen
and the concept mapping interface. The concept pnapided a general tool to view
and browse information.
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Figure 2a & 2b. Main screen and concept mappingd fomm the HandLeR children’s
field trip interface

Whenever a photo is taken, note made, or web pagessed, this is shown in a
timeline on the concept map (shown at the righigtire 2b). An item in the timeline
can be dragged and attached to the concept maproliese through the map the user
clicks a node (box) on one of the outer links whiobaves it to the centre of the map
and displays its connected nodes. Clicking on @&raknode opens the resource (photo,
note, drawing, web page) associated with it. Thierface proved to be an easy and
powerful way to view and link items created in fredd. The ‘avatar’ interface (Figure
2a), was less successful. Although children liked idea of an animate mentor, the
relations between parts of the body and tools weteclear and, most important, the
children regarded a cartoon rabbit as ‘childish’.ndentor in the shape of a TV
character or sports star might have been more ssftde

An important conclusion from trials of the HandLsi&stem was that the technology at
that time had severe limitations which made it atrimpossible to use. Handwriting

recognition on the computer developed for HandLeRjitsu Stylistic LT) was poor,

the battery life was limited to one hour, and theight of 1.5 kg meant the device had
to be balanced on a flat surface or knee for omerafThe main success of the
HandLeR project was to establish the concept ofilmaimd contextual learning outside
the classroom, for field trips and professional elegment. It developed general



requirements for technologies to support contextitelong learning (Sharples, 2000)
that have been adopted by some later projects. teabhologies should be:

highly portable so that they can be available wherever the usedsito learn;
individual, adapting to the learner’s abilities, knowledgel darning styles
and designed to support personal learning, rattzar general office work;
unobtrusive so that the learner can capture situations amgkve knowledge
without the technology obtruding on the situation;

available anywhere, to enable communication with teachexpemrs and
peers;

adaptableto the context of learning and the learner's awnglvskills and
knowledge;

persistent to manage learning throughout a lifetime, so tthet learner's
personal accumulation of resources and knowleddé bve immediately
accessible despite changes in technology;

usefu] suited to everyday needs for communication, esfe®, work and
learning;

easy to usby people with no previous experience of the tetdyy.

Some of these requirements, particularly learneaptdty, have yet to be fully
realised, while further ones have become prominawtably support for collaboration
and teamwork.

The University of Birmingham, where the HandLeRjpcb originated, hosted the first
international conference on mobile and contextuabrding in June 2002
(http://www.eee.bham.ac.uk/mlearn/), which ledhe international mLearn conference
series. Also in 2002, the First IEEE InternatioWébrkshop on Wireless and Mobile
Technologies in Education (WMTE 2002) took placevakjo University in Sweden
(http://Ittf.ieee.org/wmte200P/This event led to the series of internationaifecences
held in Asia and in Europe in the field of mob#aining.

In 2001-2, the Fifth Framework research programrhéhe European Commission
funded two major research projects, MOBIllearn antdearning. Along with the ‘From
e-Learning to m-Learning’ project funded under tteonardo da Vinci Community
vocational training action programme, these esthbll the scope and direction of
mobile learning across Europe. The main contrimstiof these projects are outlined
below.

MOBILearn

MOBIllearn was a European-led research and developmmject that ran for 33
months from January 2002 to March 2005 and invoR4gartners from academia and
industry in ten countriesMww.mobilearn.ory Its aim was to develop, implement, and
evaluate an architecture for mobile learning, basetheories of effective teaching and
learning in a mobile environment. The focus of pieject was to develop and support
learning outside the classroom, including learnimgnuseums, studying for a work-
related MBA, and gaining basic medical knowledge.

The ambition of MOBIlearn was broad: to provideqbtous access to knowledge for
target users including mobile workers and learntitizens through appropriate

(contextualized and personalized) learning objeats innovative mobile services and
interfaces. It proposed to develop new modelsaiieg in a mobile environment, new

systems architectures to support the creationyelgliand tracking of learning content,

new methods to adapt learning materials to moléeia®s and new business models
for sustainable deployment of mobile technolog@ddarning.

One key product of MOBIlearn was a general architecfor interoperable services
(Figure 3), the “Open Mobile Access Abstract Framddt (OMAF) (Da Bormida et

al., 2003). This provided generic services, sucluser registration and messaging,
management of content, and specific tools for neohitteraction and context



awareness. The services could be distributed atihesseb and were accessed through
a portal that adapted to mobile devices includingbie phones, PDAs and tablet
computers.

Figure 3. MOBIllearn Open Mobile Access Abstractrireavork

The MOBIlearn system was implemented and tested thitee scenarios designed to
cover a space of non-formal learning events thaeweéher initiated by the learner or
an education institution, and either personallyexternally structured (Figure 4). The
detailed scenarios were developed through a sesfeslesign workshops with
researchers and stakeholders and are summarised: bel

Museum Two art history students visiting a museum tordeabout the works of
Boticelli.

First Aid: A leader of a workplace First Aid team, runningractical course for the
team on emergency First Aid procedures.

Campus-basedstudents on an MBA course learning about the usityeon first-week
orientation course and then carrying out a teanmnleas administration project in their
workplaces.

Externally
initiated

Formal MBA

learning - not Resource

within scope for based learning

MOBIlearn
Externally Internally
structured structured

Museum
Informal
learning

First Aid
Voluntary
learning

Internally initiated

Figure 4. Types of learning (adapted from Livingstp2001)

Each of the scenarios was tested with elementeeoMOBIlearn technology, though
the museum one was most fully explored. The systas tested with representative



users at the Uffizi Gallery in Florence, with fugthtrials of the context awareness
system at the Nottingham Castle Museum and galtemyjottingham, UK. The trials
were successful in demonstrating that people coiktact with the technology in a
museum setting, and that the context-awarenessmysbuld provide information and
guidance depending on the users’ location, routd, tane at the location. The trials
also indicated a number of issues including theoigmce of offeringvariety in
content and ways to perform a task, opportunit@ssfnchronizingactivity through
messages and prompts about the location of ottees,uhe value ofpatial movement
as a way to interact with a mobile system (for eplenthe user moving from one
painting to another, or waiting in front of an ebihicould be used by the system to
infer their knowledge or interest) and the needdévelop asimple and coherent
interface across a variety of devices.

The aims of the project were met to the extent thastablished the viability of
handheld technology to support context-sensitiegnieg in non-formal settings. The
lead partner, Giunti Labs has developed a mobitension to its Learn eXact system
based on results from Mobilearn and two other Eeaopprojects: wearlT@watland
iTutor”. A broader consequence of the MOBIlearn projecs washift in focus from
learning with handheld devices, towards supporttermobility of learning. A mobile
learner may interact with a variety of fixed andrtpble technologies and a central
challenge is to connect the learning across cositextd life transitions. Another
outcome of the project was to develop a theoryeafring for the mobile age, that
explores the system of learning enabled by mobiitypeople and technology and
identifies distinctive aspects of mobile learnimggluding the distribution of learning
across contexts, and the artful creation of impramgites for learning involving
technology, people and settings (Sharples, Taylda&oula, 2007).

M-Learning

Like MOBIlearn, the M-Learning project was fundegithe European Fifth Framework

programme, but its aims were different: to helpngadults aged 16 to 24, who were
disaffected learners and had not succeeded indheagon system. The UK Learning
and Skills Development Agency (LSDA) coordinatec throject, and participant

organisations included universities and commeriahpanies based in the UK, Italy
and Sweden (m-Learning, 2005).

The project developed a Learning Management Systetina microportal interface to
provide access to learning materials and services & variety of mobile devices, plus
web and TV access. Example applications includeduthoring system to create and
deliver SMS quizzes for topics such as health mégion and drugs advice, mobile
phone games, for example to allow learner drivergractise driving theory questions,
and a media board for learners to build online wapes by sending messages, pictures
and audio from their phones.

Reports from the project concluded that mobilerdeaycan work reaching places that
other learning cannot, it is best provided as péra blend of learning activities, it
offers acollection of pieceso be fitted to a learning need rather than alsisglution,

it is not simply a tool for delivering teaching reeal but can be used for learning
through creativity, collaboration and communication and that the best way to get
started with developing mobile learning tis try it in practice through trial and
experiment with simple tools.

From e-Learning to m-Learningand Mobile Learning: The Next Generation of
Learning

The European Commission has funded mobile learpingects under its Leonardo da
Vinci Programme, with the aim to support vocatioealucation and training using
mobile phones for delivery of learning content (ats Sampson, 2006). Two related
projects were led by Ericsson. The first, ‘From eatning to m-Learning’, designed
pedagogical scenarios, developed courses ancettitiem with students using both



PDAs and mobile phones. The more recent projecatidped learning materials for the
new generation of devices that offer email, webaAmiog capabilities, streaming audio
and video and multimedia messaging (Ericsson, 20B8h projects were somewhat
different to the others reported in this papertheir focus on delivery of content to
mobile devices for training.

A report on the projects indicated that the earniee solved most of the problems of
presenting courses on PDAs, employing MicrosoftdeedVorks to provide a pleasant
study environment (Nix, 2005). This comprised 1@@Dpages, which could be easily
held by the 128 MB of memory of a HP Compaq iPa@(b3 he successor project has
developed a set of multimedia technologies fonaeing interactive content to mobile
devices including XHTML 1.0 Transitional, Cascadi@ityle Sheets (CSS) levels 1 &
2, Java Script and Document Object Model (DOM).

A trial was carried out to deliver a course witehmical learning content to nineteen
Ericsson staff using Sony Ericsson P900 phonedoutid that students were positive
about the user-friendliness of the mobile deviced m-learning in general and over
half of the participants (56%) agreed that the erpee was fun. However, only 45%
of the participants were in agreement that m-legynincreases the quality of e-
learning. The report describes technical diffi@dtithat meant the expectations of
participants were not always met:

Having to reconnect to the network frequently cduseme frustration
even though the decisions taken on how to desigh davelop the
course led to improved download times, display ohtent and
navigation experience. Those students who expegtkdifficulty with

the size of the screen and other physical limitegidelt that the
mLearning course did not enable them to learn. ,(R@05, p.9)

Although the system provided tools for communiaatisuch as phone calls and SMS,
the study found that participants did not use amymunication functionality for the
module. This finding differs from some other mobléarning projects, such as the
Mobile Learning Organiser (Corlett et al., 2005hare students made considerable use
of the communications facilities of the PDA devicEarther research is needed into the
preconditions for successful mobile communicatiotearning, such as having a shared
task and opportunities for face to face meetings.

A general conclusion from the major European molailening projects is that while

delivery of educational content to mobile devicesyrhave specific uses in training and
professional development, there are other appraathmobile learning that can make
better use of the distinctive properties of moldehnology, including context-based
guidance, learning through conversation, and mabégelia creation.

Pedagogical and theoretical perspectives on mobilearning

The foundational projects were also influential shaping the development of
pedagogical and theoretical perspectives on maddlming. The first years of mobile
learning saw a number of technology-driven projahtst explored the utilisation of
new mobile technology to support teaching and iegtrHowever this techno-centred
view was soon challenged within the field and meleborate views of mobile learning
were articulated along with the first attempts bedrise mobile learning. A brief
account of this process and its outcomes is preddrere.

Mobile learning pilots and projects have had digeagns and pedagogical approaches.
It could be said that there is little to connectivibey of location-based content on
mobile phones with group learning through handloelehputers in the classroom, apart
from a reliance on handheld devices, so early digfits of mobile learning were
anchored on the use of mobile technology:



It's elearning through mobile computational devidealms, Windows
CE machines, even your digital cell phone. (Quiz)0)

However, the focus on technology does not assistniterstanding the nature of the
learning and overlooks the wider context of leagniln many of the more recent

projects, the mobile technology, while essentiglpmly one of the different types of
technology and interaction employed. The learnixjgeeiences cross spatial, temporal
and/or conceptual borders and involve interactiith fixed technologies as well as

mobile devices. Weaving the interactions with mel#chnology into the fabric of

pedagogical interaction that develops around thecoimes the focus of attention:

...research attention should be directed at identifythose simple
things that technology does extremely and uniquebil, and to
understanding the social practices by which those maffordances
become powerful educational interventions. (Rodeh2D03, p.268)

Moving the focus away from the mobile technologyl aowards the social practice it
enables, allows for a different conceptualizatidnnmbile learning. Kakihara and
Sgrensen (2002) argue that mobility should not ibked exclusively to human
movement across locations and examine three itdérteaspects of mobility: spatial,
temporal and contextual. They propose that mokélitges from the interactions people
perform, and that mobile devices enable “patterhssarial interaction [that] are
dynamically reshaped and renegotiated through eeryday activities significantly
freed from spatial, temporal and contextual coistsa(p. 1760).

Traxler (2007) argues that mobile devices change riature of knowledge and

discourse, and consequently the nature of learamlearning delivery. They alter the
nature of work and they enable new forms of art padormance, thus making mobile
learning “part of a new mobile society” (TraxleQ@:5). This new mobile character of
society manifests itself, for example, in the melgulture developed amongst young
people and the increasingly fragmented and mohilk\and leisure practices.

Viewing mobility as an emergent property of theemactions between people and
technologies places mobile learning under a diffetiegght. While discovering a city

during a vacation, a tourist may have learnt alitotitough multiple channels: from a
travel internet site on a home desktop comput@hane conversation to a friend who
visited the city, an in-flight travel magazine apmotional video, a Google map of
the city on a mobile phone, an interactive multimegluide in the tourist information

office, printed brochures, handheld audio-guides tive tourist locations, and

interactions with local people. It is the combinexperience that constitutes mobile
learning.

We follow Kakihara and Sgrensen (2002) in examirgingxtended notion of mobility,
but employ ‘context’ as an overarching term to ¢auéerrelated aspects of mobility:

Mobility in physical spacepeople on the move trying to cram learning itte t
gaps of daily life or to use those gaps to reftattwhat life has taught them.
The location may be relevant to the learning, oratyea backdrop.

Mobility of technologyportable tools and resources are available tcabged
around, conveniently packed into a single lightvaeiglevice. It is also
possible to transfer attention across devices, ngpfrom a laptop to a mobile
phone, to a notepad.

Mobility in conceptual spacelearning topics and themes compete for a
person’s shifting attention. It was already shownhie early 70s that a typical
adult undertakes eight major learning projectsa y€ough, 1971), as well as
numerous learning episodes every day, so attentimves from one
conceptual topic to another driven by personal r@ge curiosity or
commitment.

Mobility in social space learners perform within various social groups,
including encounters in the family, office, or desom context.



Learning dispersed over timdearning is a cumulative process involving
connections and reinforcement among a variety aeffnieg experiences
(Dierking et al., 2003), across formal and inforhesrning contexts.

Research into mobile learning then becomes theystitiow the mobility of learners,
augmented by personal and public technology, catribote to the process of gaining
new knowledge, skills and experience. The challehgee is to define the role of
pedagogy and theory in this process.

Depending on the social practices that develop ratothe use of the mobile

technology, different (established) theories ofri@ay become relevant. Naismith et al.
(2005) review mobile learning projects and appiwat that fall under the auspices of
behaviourist learning, constructivist learning, labbrative learning, situated learning
and informal learning. Kukulska-Hulme and Traxl€0@7) maintain that mobile

technologies can support diverse teaching and itggarstyles, and lend themselves
particularly well to personalised, situated, autfeerand informal learning. The

common denominator is context: physical, technalagi conceptual, social and
temporal contexts for learning. Traxler (2007) agthat a theory of mobile learning
“may be problematic since mobile learning is inimlsea ‘noisy’ phenomenon where
context is everything” (p6).

Context, then, is a central construct of mobileriagay. It is continually created by
people in interaction with other people, with theirrroundings and with everyday
tools. Traditional classroom learning is foundedaarillusion of stability of context, by
setting up a fixed location with common resourcassingle teacher, and an agreed
curriculum which allows a semblance of common gbtmbe maintained from day to
day. But if these are removed, a fundamental chgdleis how to form islands of
temporarily stable context to enable meaning makimgn the flow of everyday
activity.

Sharples et al. (2007b; in press) propose a clarsation of mobile learning as the
private and public processes of coming to knowubloexploration and conversation
across multiple contexts, amongst people and ictieeatechnologies. Their analysis
draws on the conception of learning as a tool-ntediasocio-cultural activity
(Engestrom, 1996) to examine how knowledge is caottd through activity in a
society that is increasingly mobile. They arguet tbanversation and context are
essential constructs for understanding how mol@krning can be integrated with
conventional education, as mobile learning offers mvays to extend education outside
the classroom, into the conversations and inteyastof everyday life.

To conceive mobile learning as a continuous, almalsencompassing, activity
presents important issues regarding the ethics affile learning, in matters such as
who owns the products of conversational learninglife discussions, Wikipedia
pages, etc.) and what are peoples’ rights to be fiem continual engagement with
educational technology. It also challenges views fofmal education as the
transmission or construction of knowledge withie ttonstraints set by a curriculum,
calling instead for the exploitation of technoloigybridging the gap between formal
and experiential learning.

Recent mobile learning projects

In this section we describe a wide range of reEembpean projects that exemplify this
depiction of mobile learning, showing how learnicen be supported across contexts
and how mobile technologies can support new legrrantivities that go beyond
traditional educational practices. The projectasiitate learning across different
educational contexts (schools, universities, musgunformal learning, professional
development and workplace settings), with diveesget groups (including children,
adult learners, and professionals).



Mobile Learning in School

We first present three school projects ranging frammore mature initiative,
Learning2Go, to the most recent experimentationstelNdogs. They exemplify
different models of technological approaches, idicly the adoption of existing
familiar and popular devices and applications (imtdhdo DS and Nintendogs); the
development and deployment of new architecturesagmiications (in ENLACE); and
the personal ownership model of somewhat ‘unfamil@devices integrated with
familiar hardware and software.

Learning2Go(Faux et al., 2006) is a large scale school-basagile learning initiative

in Wolverhampton, UK. Currently in its third yeat,involves 18 institutions, from
nursery to secondary school including special nesti®ols, and over 1000 students.
The project embeds and blends TEL (technology esgthnlearning) into the
educational practices of schools. It endorses lootktive approaches and promotes
learners’ responsibility in shaping their own ldéagn Student ownership and 24/7
access to a handheld device is central to the approThe Fujitsu Siemens EDA
(Educational Digital Assistant) running Windows Mieb5 is presently in use and the
integration of these with pre-existing software draddware has enabled, for instance,
scenarios encompassing networked interactive widtels and EDAs. The schools
have different aims which include devising mobiksarning practice, encouraging
independence and motivation, gaining parental emgagt, and raising standards,
among others. Practices to be highlighted incluthe: 24/7 adoption with young
children (age 5-6) which allows them to work at leotagether with their parent using
specially designed PDA-based numeracy packs; pyirseinool children moving on to
secondary schools bringing their PDAs with thend ansecondary school math class
where arithmetic exercises are performed on thevor&ed PDAs in tandem with a
SmartBoard from which pupils can copy the exercidgectly and through which
individual PDA screens can be shared.

The ENLACE (Verdejo et al., 2007) project explores the desigd implementation of
a technological infrastructure to support a wonkflof collaborative learning activities,
in and out of school. The infrastructure reliesaohearning Object Repository (LOR)
which addresses the reusability of materials amwiges interoperability mechanisms
for various tools, such as a voting system and dgteesentation applications. A nature
trail is the framework for cross-curricular leargirin-class activities prior to the field
trip include preparation using multimedia materi@ad the voting system, and
generation of the field trip activities by selegtioomponents from the LOR. The field
trip activities can be generated by the teacher, dfudents, or both. Outdoors, the
students complete the activities using PDAs anthegatlata. Back in the classroom,
they upload their work to the LOR, analyse the daftdlected, and create
representations of, for instance, a topographitilprof the visited site.

Nintendog$ (2008) is a games-based-learning project involwimg Primary 2 classes
(6-7 year old children) in Aberdeenshire, Scotlafithe idea originated from the
teachers and uses the Nintendogs game for NintBx@las the context for creating a
cross-curricular learning hub. The game featurpspy that players have to care for
in order to ensure it grows happy and healthy. Doays be trained and taken to dog
shows where they can win prizes; subsequently,irgggrcan be spent in dog shops.
Learning activities springing from the game involwgiting stories and posts for
student blogs, role playing a Vet's surgery in slamnaths related to prizes won and
purchases made, and even the establishment of dogavalking service. Students are
encouraged to take pride and ownership of theifeptand the learning activities, and
are engaged in peer-tutoring involving older classed their own classmates.

Mobile Learning in University Settings
University and college mobile learning projects aterently less mature and more

experimental than those in schools, though wiretgsport for students with laptop
computers is becoming widespread. They have focaseslipporting students’ active
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engagement and participation while on and off canplowever, unlike in the school
context, tertiary education projects do not seetmet@verly concerned with connecting
the lecture theatre with the outside world and ding students out into it. The
approach is more focused on supporting studengshieg wherever they are rather
than displacing them somewhere to ledinis may be due to the less directive nature
of third level education.

StudyLink (Naismith, 2007)TVremote(Bar et al., 2005), anils Turn UR Mobile On
(Markett et al., 2006) are three SMS universitydohiitiatives intended to portray the
volume and diversity of projects in this area. $tudk investigates the feasibility of
an ‘email to text message’ service for administaticommunication between
university staff and students. The latter two resipely explore the in-class use of
SMS to deliver students’ feedback to lecturers, a@amdpromote student-initiated
interactivity loops. All make use of students’ owrobile phones and existing mobile
networks and services but have developed purpateapplications to manage and
display the SMS correspondence. Costs incurrednduthe projects have been
absorbed internally by the projects, but cost isegally highlighted as a barrier for the
wide adoption of SMS learning activities.

Other projects have targeted students on practseé courses that include clinical
placements. For example, theyPad project (Whittlestone et al., 2008) addresses the
issue of supporting university students’ active agegnent in learning while off-
campus. In particular, it aims to support vetegynstudents in clinical practice and it
offers a web-based clinical activity tool accessithrough handheld devices. The
capabilities of the devices (HTC M3100 and HTC MB&pand functionalities of the
tool allow learners to write notes and reflectiomscases, to capture graphical or audio
data, and to attach these and any other relevantirees to the notes.

Mobile Learning in Museums and Informal LearningtiBgs

We present here five projects that describe hoviemift technologies and design

approaches have been used to support learning $eums. These are settings that can
facilitate informal learning, although in many casbe learning experience is given an
overall structure by a teacher. The majority ofstherojects have introduced mobile

phones as a central device for data collection,naonication and content delivery.

In the Mystery at the museunfCabrera et al., 2005), groups of students aragsdjin
collaborative game-based problem solving to augmtéeir interaction with the
museum. Before the visit, the teacher provides getrackground information. At the
museum, groups of students receive additional inédion through mobile devices,
related to the exhibits and the problem-solvingyétery’) task. Each group is assigned
a different part of the task that they have toycaut collaboratively. More specifically,
each group is assigned a set of puzzles, and eacip gnember receives a random
collection of pieces from the group’s puzzles. Granembers then have to exchange
puzzle pieces as necessary for each group membetvi® their own puzzle. Putting all
the group puzzles together helps the group to cet@pheir task.

The MyArtSpaceproject enables children visiting a museum withirtischool to work

in groups and carry out inquiries related to thesemwm content (for more details see
Sharples et al. 2007a; Vavoula et al. 2007). Befloeevisit, the teacher sets the class a
big question to explore in the museum, and workh tiem to develop related skills of
evidence assessment and collection. At the mus¢henchildren are loaned mobile
phones and work in groups to explore the museumcalidct exhibits and personal
audio, photo and text notes, all related to thajuiry task. Back in the classroom, the
children use the collected items to create, presadt share personal galleries that
demonstrate the outcomes of their inquiry activithis has now been developed as a
commercial service

The aim of theGidder project is to support and extend collective knalgke building
across classroom and museum settings. In advanttee ahuseum visit, the students
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work in groups in the classroom to select artwankihe Gidder wiki that interest them,

select those they will be focusing on in the museanad write related labels (Pierroux,
2008). Each group has its own workspace. At the emnus students explore the

exhibition and their selected artworks and userthmibile phones to send multimedia
messages (MMS) with labelled information to the ilgilblog. These are shared with

the rest of the class. Back at school the grougstis wiki and blog resources to
discuss and develop their group interpretationg Wiki labels from all groups appear

in a tag cloud, which helps to foster awarenesshefinterpretation process across
groups as well as to scaffold interpretation.

Bletchley Park is a historic site of secret Britbdebreaking activities during World
War Il and birthplace of the modern computer. Whdering the site, visitors can use
their mobile phones to send text messages (SMSnicamy specific text terms to a
dedicated mobile phone number about exhibits thigrést them. The text terms are
displayed on speci@letchley Park Text signs next to the exhibits (Mulholland et al.,
2005). Back home, visitors then have access totiaddl content related to their
selected exhibits. Access to the web site is aigbdrby their mobile phone number.
After login they can semantically browse their stde content and add further text
terms as needed.

Following up personal interests and sharing theth wihers, are strong features of all
these projects. A further way to promote this i€oémnect ‘virtual’ visitors with those
who are physically present in a museum. Developepaat of the Equator project, the
City system allows three visitors, one on-site and texmote, to visit the Charles
Rennie Mackintosh room in the Lighthouse Centre Aothitecture, Design and the
City, in Glasgow, simultaneously (Galani & Chalme&003). The on-site visitor
carries a PDA that is location-aware and displdngs ¢hanging positions of all three
visitors on a map of the gallery. The two off-sitesitors use two different
environments: a web-only environment and a VirtEavironment (VE). The web
visitor has access to a map of the gallery, andviaevisitor uses a 3D display of the
site with avatars representing the location ofdtteer visitors. All three visitors share
an open audio channel, enabling them to convergedhtime. The off-site visitors
have access to multimedia information that is preskto them as they move around
the map. All visitors can look at the same displdnen in the same location.

Mobile Learning for Professional Development andrkjdtace Settings

Mobile technologies have not only been used to stppearning in schools,
universities and museums but also in professioeatldpment and workplace settings.
The projects below present a number of differensesathat combine various
educational approaches and technologies in thé fiEimedical education and in-situ
competence development.

The aim of theKnowmobile project (Smgrdal & Gregory, 2003) was to exploosvh
wireless and mobile technologies, in particularsBral Digital Assistants (PDAS)
could be useful in medical education and cliniqalgtice. This project brought together
academic and industrial partners aiming to supPorsblem-Based Learning (PBL) and
Evidence-Based Medicine (EBM) following the mediealucation reform in Norway.
Some of the research questions under investigater as follows: What does ‘just-in-
time’ access to information mean in clinical sgjfl How can health professionals be
helped with access to the most up-to-date medndairnation? The medical students
that took part in these trials were given differemgbile devices (PDAs and PDAs with
GSM capability) and were placed in distinct edumadi settings. The results of the
trials reveal that students were using the dewvicasly to access information from the
digital medical handbook (available as an e-boodaoh device) and as communication
devices (mainly sending SMS messages and to cadedgocial activities). The results
of this project show that the use of PDAs in meldieducation should be tightly
embedded in social and technical networks in whiieh activity is taking place. The
authors summarized that PDAs should not only besidened as Personal Digital
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Assistants, but rather as gateways in complicatelolsvof interdependent technical and
social networks.

In the MeduMobile project (Schrader et al., 2006) mobile video comication and
notebooks were used to develop learning scenamicsupport medical students and
teachers in the field of pathology. These scenaviere tested and evaluated by medical
students in Germany. The main educational goal twasain students in various
medical routines, conferences or meetings sucloemdpatient bedside conversation.
These activities were filmed by video teams andabticast live via the WLAN of the
Charité campus to medical students attending éiffecourses. One type of learning
arrangement was the autopsy conference as an bseamlario. The MeduMobile
seminar system was used to broadcast the videdosss® thirteen access points
available on two campuses. A questionnaire wasldped to investigate the response
and attitudes towards the use of the mobile sensgyatem. The responses from the
participants indicate a high acceptance rate afigushis type of mobile learning to
support difficult medical cases that can promotegiex learning.

In the DanishFlex-Learn project (Gjedde, 2008), the Danish University afuEation
together with industrial partners are investigatimeyv ways to support truck drivers’
competence development using mobile video-basechifen This project uses 3G
enabled mobile phones and PCs as a learning ptatfvtobile video materials have
been developed to support experiential and situatathing in realistic work situations.
Learning activities include video learning with aloile video coach, certification and
remediation of content. The digital materials deped for these different purposes
support multimodal learning experiences includiidpes, sounds, textual overlays and
multiple-choice questions. The project uses a lagrmanagement system that gives
an overview of the various mobile and PC activisall times. An action research
approach has been used in the design phases gpfdfext. Data collection methods
include observations and interviews during thrdet miourses, as well as testing the use
of the system on the road with four truck drivaPseliminary results of these trials
indicate that truck drivers have positive attitudesvards this type of learning,
especially when it can be integrated into the wiag@. The Ministry of Science has
funded Flex-Learn and the project is now enterimg@mmercialization phase.

Derycke and colleagues (2007) at the Universityité in France are exploring the
potential of using pervasive computing and deviceprovide dynamic adaptation of
information contents and services according tootericontexts. They have developed a
system called?ersonal Training Assistan{PTA), that combines mobile devices and
SmartSpaces (sensors such as RFID tags and Bloetevices) to support workplace
learning in shops and supermarkets, in the pasticdbmain of Hifi/Video equipments.
The central idea is to utilize the mobile deviceovided to the seller for several
additional purposes (stocks management for exaripleyder to support both learning
and coaching of the seller/learner in a varietycohtexts. This particular project
illustrates an emerging line of research in th&dfaf mobile learning, of enriching the
interaction between concrete objects and peopleastgd by the use of sensors and
contextual computing. At this stage, the projeéhigs implementation phase.

Discussion of the projects

It is interesting to note that, in all the abovejpcts, fixed technologies like desktop
PCs play an important role in the boundary crosdiegween different learning

contexts. Without downplaying the role of mobilevides and technologies in situating
learning within authentic contexts, none of thejgets is limited to a mobile device to
implement the whole of the learning experience.hdligh the mobile device may
enable initial in-context interaction and conteetivery that can stimulate interest, its
most innovative use is in book-marking areas ofereét and creating context
annotations that can trigger and support followegrning. This follow-up learning is

in most cases supported by fixed technologies. Mafrhe projects discussed above
involve elements of inquiry-based and problem-bdsaching. This is not surprising in
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relation to museums and similar settings, as thayehbeen identified as ideal
environments for inquiry-led learning (McLeod & Kdtrick, 2001).

Mobile technologies offer the potential for a nelape in the evolution of technology-

enhanced learning, marked by a continuity of tlariemg experience across different

learning contexts. Chan et al. (2006) use the tegamless learning” to describe these
new situations. Seamless learning implies thatesttelcan learn whenever they are
curious in a variety of scenarios and that they aitich from one scenario to another

easily and quickly using their personal mobile devas a mediator. These scenarios
include learning individually, with another studeat small group, or a large online

community, with possible involvement of teacheratives, experts and members of
other supportive communities, face-to-face or fifedént modes of interaction and at a

distance in places such as classrooms, outdoorks @ad museums. In describing

projects in this paper, we have illustrated exammie seamless learning spaces that
augment physical spaces with information excharagesvell as geospatial mappings

between the mobile device and the real-world tdifate navigation and context-aware

applications. According to Pea and Maldonado (2@Bé3e features play an important
role in designing mobile applications with an emgikaon inquiry processes, social

constructivist theories, and distributed cognititasigns.

We have shown how mobile technologies have beethinséurope to support learning
across various contexts with diverse target groapd, according to different learning
principles underpinning design, development and lémgntation. The projects
demonstrate how a combination of mobile and fixedhhologies can sometimes
support different parts of the learning experierddere importantly, they demonstrate
how this blend of technologies and educational e@giies can support the design of
learning experiences that cross spatial, temporal eonceptual boundaries, and
interweave with the learner’s everyday life andiher web of personal knowledge,
interests and learning needs. In the sections wfattbw we consider how mobile
learning is having an impact on broader educatipretices.

Teacher development

Although almost all schools across Europe currefattigid the use of mobile phones in
the classroom, it is becoming clear that childremengaging in subversive phone use.
As part of a recent study for Becta of childrense wf technology undertaken by the
University of Nottingham, 2611 children in Yearsa8d 11 from 27 schools were
surveyed. A series of questions asked about theibilmm phone activity. 33% of
children reported having sent a text message a$dbr work purposes, 24% reported
taking a photo and sending it by phone at schaolwbrk) and 36% reported accessing
the internet by phone at school (for work). Thisléspite mobile phones being banned
in class at the schools surveyed.

It is important to consider the perspective of keas (at all education levels) and the
opportunities they have for professional developneithis area of technology use. At
European and individual state level, there apptaitse little teacher development or
training activity addressing mobile learning. Howevhe issues of training and other
forms of development have been explored throughurmber of projects, revealing

contrasting perspectives on adoption of mobilertetdgies into formal education.

An obvious factor influencing teacher perceptiod adoption of mobile technology as
a tool for learning, is ready accessibility of dms (Mifsud & Smgrdal, 2006). Yet
researchers investigating the provision of handleldces to support trainee teachers
on placement in schools (Wishart, 2008; in presghéft et al., 2005) have reported
low levels of usage despite a year-long loan aearent. Trainee teachers reported
unease with the use of handheld technologies iptesence of other teachers or even
in class (ibid). In a similar vein, veterinary séunds in clinical practice taking part in the
myPad project (described earlier), reported infeequhandheld usage (Whittlestone,
2008). They, too, felt it was inappropriate to tiseir handheld in the surgery and in
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front of clients and were fearful that observeralddhave thought they were texting or
playing games (ibid).

These two examples of trainees’ refusal to use th@ndhelds when in professional
settings raises interesting issues in relatiorotias codes of acceptable use of mobile
technologies. Wishart (in press) argues that tmiachers on placement in schools
have not yet formed their pedagogical identitied hence are particularly vulnerable
to existing school cultural norms and pedagogicaktices in the school. However,
some teachers are making efforts to change exiptiagtices. The AMULETS project,
(Spikol, et al., 2008) explores how teachers cameld® and implement novel
educational scenarios combining outdoors and irglamstivities that use mobile
computing technologies together with fixed compsitdiérvela et al. (2007) have also
tried to show teachers how collaborative learniag be structured and regulated with
wireless networks and mobile tools in higher edocat

Lessons learnt from successful projects such astiiémedia Portables for Teachers
Pilot (MPTP) (Harrison et al., 1998) indicate ttaime teachers can also engage
successfully with technology when there is no fdrtnaining structure and they are
given freedom to decide when and how to use ith@i®t al., 2006). This enables the
emergence of meaningful and contextualised learalmgut and with the technology
(ibid).

A recent review on Teachers’ Learning with Digifa@chnologies (Fisher et al., 2006)
highlights that, contrary to common assumptiorachers’ learning does not have to be
implicit. Like their students, they too can bendfitm playful, active, and experiential

learning in which the opportunity to construct, enand revise their learning path is
granted. A performance-driven culture, endorsedriayy educational establishments
and enforced through curricula and assessment, afferts teachers and their
organisation of teaching and learning. Althoughckeais’ knowledge encompasses
knowing their subject and strategies to teachsitrdcognised that in this rapidly

changing world they will need to learn to teachniays they have never been taught
(ibid). In particular when learning about technglpgeachers should be given
opportunities to engage in purposeful activitigsidj in which the affordances of

technologies are made explicit so that they canemaformed decisions (Conole &

Dyke, 2004).

Education Policy for Mobile Learning

We now discuss the extent to which e-learning padind initiatives are being shaped
by research project results and the potential obilmolearning. The European
Commission has been influential in promoting mokgl@rning through the Framework
programmes, leading to a growing awareness by yaliakers of opportunities for
extending formal education by adoption of mobilehteology.

In the UK (chosen here as an exemplar), policy msak@ve shown awareness of
developments in mobile learning by commissioningeegch overviews and signalling
the emergence of mobile technologies among the manytools available to learners.
In 2004-5, JISC, the Joint Information Systems Cdtben, commissioned a series of
case studies and a landscape study of mobile feppractice across the post-16 sector
(Kukulska-Hulme et al., 2005b; Kukulska-Hulme et @005a). Becta, the UK agency
for learning and technology, has commissioned eseaf reports on mobile learning,
the most recent being from the University of BrisfbicFarlane et al., 2008). The
report indicates that the main policy issues taatldressed are those of sustainability
and scaleability, with a need for new models ofding and support if examples from
successful pilot projects are to be more widely paeld. While the importance of
mobile learning has been acknowledged by seniacyaohakers in the UK, it has not
yet been translated into strategy. Thus, the UK ggawent is developing policy to
connect home and school access to learning (DC888,2p. 77), but does not
explicitly mention the value of mobile technologi@hie main UK strategy document
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for technology across all education sectors makésane passing reference to mobile
devices (Becta, 2008a).

At the same time as policy in formal education &nly challenged by emerging
practices, there is some evidence that ideas @abewalue of informal learning, and the
role of mobile technology in support of this, aeglnning to shape educational policies
and strategies. A recent technology strategy forthéwr education, skills and
regeneration in England (Becta, 2008b) acknowleddegelopments such as the
increase in personal handheld devices, but notgsatthough helpful, these also “bring
new challenges to the system” (p.22). The Depantrfierinnovation, Universities and
Skills in England has issued a consultation docuni@tJS, 2008) which highlights
the role of handheld devices; it is intended thi tonsultation will mark the start of a
debate that will lead to a policy paper on informduilt learning for the Z'icentury:

Ever-expanding learning opportunities are possiltheough the
availability of hand-held devices, wide access tmadband and
wireless connections... Chip technologies will inciegly enable
information in galleries, museums and architectyrahteresting
buildings to be available through mobile phonesjciwhwill in turn
provide routes to post-visit discussion groups,thierr educational
material, and/or informal and formal learning(DIUS, 2008, p.26-28)

A research project report for the Higher Educattaademy on bridging formal and
informal learning (Trinder et al., 2008) also reenends that more emphasis should be
placed on mobile devices and universal free acteshigh-speed networks from
anywhere within the campus. However the process iraplementing such
recommendations is not always a smooth operation.

There seems to be consensus in our field thatrtherént characteristics of mobile
technologies are particularly well suited to supp&Farning rooted in social,
constructivist, contextual and collaborative prles. They offer the opportunity for
rich, authentic learning in which curriculum, tirabte, and assessment do not constrain
learners’ playful experiences, crossing boundafiesween formal and informal
learning.

Conclusions and future challenges

This paper has presented a reflective overview edfetbpments in mobile learning

from the perspective of researchers working in BarcContext has been identified as a
central construct in mobile learning developmemjsiding projects to use mobile

technologies to help connect learning across ctstexd life transitions, and to form

bridges between formal and informal learning. Leash personal interests are

frequently supported through mobile technologiesarter collaboration is also

important, and specifically the ability to suppamllaborative and conversational

learning taking place outside the classroom, in égnworkplaces and in museums.
User interface and interaction design has address@@ of the requirements of mobile
learners in these contexts, although there is stilch to be done. The European
perspective is also characterised by an interesetimnking pedagogical approaches,
seeking to widen learner participation, and in deweg theoretical perspectives on

mobile learning.

The Commission of the European Communities (209&urrently preparing Europe’s
‘digital future’ through the identification of stegic challenges for competitiveness
and ICT take-up in Europe. It is anticipated theg implementation of Internet Protocol
IPv6 will “allow more novel applications based oireless technologies, which will
expand broadband connectivity to include new mobiices enabling ubiquitous
usage”; in particular, RFID and sensor technologiedbedded in products will extend
the Internet to the ‘Internet of Things’ (ibid, p.Zuropean researchers in mobile and
ubiquitous learning will be keen to tackle the nehallenges arising from learner
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activity across multiple virtual and physical corte spanning formal and informal
learning. This will require a combination of tectali pedagogical and sociological
expertise to be able to make sense of, and gives gtiraction to, emerging forms of
mobile and blended learning.
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