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1. Introduction

This review addresses potential uses of wireless and mobile technologies and identifies some recent technical developments. It considers how their use might be developed within existing learning and teaching paradigms and it identifies some new models for learning which have been proposed recently. 

2. Future needs and opportunities in post-16 education in learning and teaching

Learning post-16 covers a wide spectrum and to understand the potential uses we begin by considering some of the main challenges for both formal education and lifelong learning. The same or similar challenges and possible solutions feature in several areas and are expanded as they occur.

2.1 Further Education

Reform of the 14-19 curriculum will enable some students to follow an apprenticeship by including workplace training as part of their courses. Other time will be spent in school or college studying foundation and core subjects. This will result in some learners moving between school, workplace and home. Technology can play a part in helping them to: 
· access learning records
· register attendance
· download learning materials
· keep in touch with subject and specialist teachers / tutors
· be part of a learning community.

The changes suggest that shorter courses with more bite-sized material will be needed to enable the flexibility to support multiple personalised routes of learning. Furthermore content needs to engage young learners many of whom are used to rich multimedia applications through using PlayStations and online interactive games.  

Given the likelihood of learners’ mobility between different locations of study, there is the potential for mobile devices to play a key part in supporting them at this stage. Handheld devices are already in use by this age group on a regular basis as part of their social environment. The communication functionalities offered by differing mobile devices is converging as is evidenced by developments in both mobile phones and personal digital assistants (PDAs). 

Bite-sized material can be rendered for delivery through mobile devices which also offer possibilities for multimedia delivery and interaction.

It is suggested that

“ … it would be beneficial to both learner and teacher to be able to record and demonstrate progress throughout the learning experience and that this could be achieved by creating 

· a learner’s e-portfolio and 

· through a variety of e-assessments.”

[14-19 White Paper summary (Black, 2005)]

Teachers will need to keep track of the students’ progress across these different environs and, where necessary, support and motivate individuals. Changing the nature of assessment to focus on the development of the learner throughout the learning process is suited both to problem-based learning and collaborative activities. These types of learning offer opportunities to foster peer moderation networks and online communities.  With mobile devices students would be able to participate in such activities wherever they are based. Additionally there is the possibility to embed electronic assessment into resources in ways that could assist the learner to monitor their own progress.
Mobile and wireless technology offers new ways to approach both assessment and the creation of portfolios.  They could provide both synchronous and asynchronous

· communication with peers and teachers

· collaborative features enabling the sharing of material  

· the facility to access resources, including online communities from local and world-wide repositories via the internet

· delivery of multimedia content.

2.2  Higher Education
Government initiatives on widening participation in HE are likely to extend the need for more flexible delivery and study of courses to satisfy the needs of this wider audience. The UK Open University, which has been providing distance education for many years, is increasing its use of online collaborative activity and content; although this is not yet rendered for delivery on mobile devices, students are beginning to use course materials in e-book form on their own mobile devices. Many universities use an online Learning Management System (LMS) to present electronic content and control aspects of course management relating to assessments and organisation etc.

Some countries, where there is not an established wired communication network, are investigating the potential of mobile phones and wireless PDAs to support learning and teaching in remote areas.

Most students now enrol with some prior experience using technology in learning and are likely to expect this to continue with their new studies. As with the use of ICT in general there is likely to be a trickle-down/trickle-out effect with mobile technology, e.g. schools-based mobile learning into FE, Adult and Community Learning, and into HE.

Many students need to carry out their studies in parallel with some form of paid employment and may seek to engage with their studies in a way that is more flexible in terms of time and place.

Traditional campus based education often reaps the benefits of the proximity of groups of learners.  These groups often generate self-help groups, opportunities for informal discussion, and support prescribed group work. This discourse helps to develop and consolidate knowledge. Social learning could be enabled by technology that supports both synchronous and asynchronous communication and collaboration. 
2.3  Life-long learning
The DfES Five Year Strategy for Children and Learners document, published in July 2004, stated:

' Lifelong learning is at the heart of our agenda. By this we mean learning across the whole of life – not just post-19 or post-16 learning, but the development of learning communities from the cradle to the grave. Skills and learning are not just about economic goals. They are also about the pleasure of learning for its own sake, the dignity of self-improvement and the achievement of personal potential'. 

The subsequent e-learning strategy document – Harnessing Technology: Transforming Learning and Children’s Services (March 2005) details the way ICT and electronic learning technology, in the form of personal on-line learning spaces and e-portfolios, could support continuing learning.  The objective is for these to be accessed, developed and used throughout education, the workplace and lifelong learning:
‘Lifelong Learning Networks will eventually allow learners to advance their skills as they move between further and higher education and the workplace.’ 
Lifelong Learning UK is the Sector Skills Council for the post-16 training and education

sector workforce.

There seem to be three motivations for learning in the non-formal learning phases of life:  

1. Maintaining employment in a job market where there is no longer a ‘job for life’.  This often involves skills acquisition and development and may occur within a company as part of its employee Career Development Strategy or be undertaken by individuals outside their work environment. 

2. On-the-job learning within the business organisation undertaken by individuals as part of their job. Much of this learning is Informal Learning. Cross (2003) states that Informal Learning accounts for 80% of all learning. Control and responsibility for this learning lies with the individual learner. Learning takes place through a diverse range of activities:
· Observing colleagues

· Asking individuals

· Calling help-lines

· Trial and error

· Working with others in teams.
3. Learning for pleasure or interest.  This may be stimulated by a leisure interest or pursuit e.g. painting or a visit to a museum or art gallery etc. It may be accomplished by individual research, communication in groups with a common interest, or by attending short courses.

The expansion of courses leading to Certificates of Higher Education offered by the University of Leicester, among others, under the umbrella of Lifelong Learning, bears witness to the investment universities are making in this area. The ability to study in a flexible way offers benefit to learners who study alongside work and family commitments.  The development of the University of the Third Age offers learning activities directed at older learners.
A common feature of these types of learning is that it is often delivered in small pieces and often requires supplementary activity by the learner:
· Someone learning a foreign language would benefit from listening to the language being spoken, reading and writing text, and conversing with others.  All of these would be possible with a single mobile device.

· An employee away on a business trip may need to access up-to-date information from another part of his organisation to prepare an ad hoc presentation that pulls together knowledge from different parts of the organisation. With a mobile device, she/he can readily access information, making time differences irrelevant. Wireless and mobile technology would also allow conversations and communications about the presentation with people from the home site.

· An art student could record digital photographic images while out on a ramble together with additional textual information, and possibly include a link to an online map reference.  This could then be accessed later to provide a basis of a study.   

2.4  E-assessment and e-portfolios

The prefix ‘e’ denotes an electronic format.  There are many different forms of electronic assessment.  For example it could be completed online as questions and selected answers with immediate feedback, or as an electronically produced assignment, submitted as an attachment to an email, which is marked on the computer before being returned to the student as a second email attachment. Other assessments can make use of specially created software that marks long textual answers by searching for pre-determined criteria.

Brown and Voltz (2005) identify the need for provision of feedback that will ‘amplify the learning from the experience and also enable students to increase their skill level and knowledge’ as one of six elements of effective e-learning design. This is a challenge for subjects like performing arts, and those where counselling and interviewing play a key part.
Portfolios have been a feature of many courses in secondary education, and indeed for art students and artists at any level. An e-portfolio is one where the documentary evidence is stored as an electronic file. Possibilities include graphics, audio, video and text.

LaCour (2005) states that 

‘…today learners are using e-Portfolios at institutions to store and present evidentiary files documenting their educational and professional growth …. Learners are also using ePortfolios as evidence of competency when applying to graduate school or seeking employment.’

The e-Portfolio can be used as a repository for collecting and evaluating learning outcomes. They can be centrally hosted but accessed externally so they can be portable; thus learners can continue to build and make use of their portfolios outside institutional boundaries. The online portfolio can be made available to prospective employers or others who are sent the appropriate hyperlink by the owner. 

In a recent White Paper on researching electronic portfolios and learner engagement, Barrett (2005) explores the multiple purposes for their use. She also looks at motivation and student engagement in the process and considers the use of portfolios in supporting assessment. She concludes by stating that the time is right to

‘…study the potential of electronic portfolios to engage students in active participation in assessing and managing their own learning’.

Technology is becoming more integrated in both the learning and assessment activities of students at all stages. 

2.4.1 Mobile and wireless technologies as a factor in e-assessment and e-portfolios
Wireless offers the facility to

· access local networks and the internet across a wider physical area and using a more diverse set of devices

· obtain instant feedback in response to a question e.g. via multiple choice answers in a lecture / seminar session which is not hardwired for access

· access, receive and send information to others, including teachers.

Wireless connectivity, together with mobile devices, can 

· support and monitor student learning activity in areas away from the traditional classroom in real time

· support and monitor collaborative group work as part of such activity

· offer the facility to analyze and enhance project work by recording and replaying audio.
Mobile devices could support and facilitate communications related to e-assessment wherever the student may be located:
· Text messaging to remind a cohort of students of imminent submission date

· Text messaging to remind an individual of possibilities if deadline is past.

· To submit an assessment as an attachment to an e-mail or MMS message

· New features of mobile devices can be used as alternatives to generate content for assessment (e.g. camera phones – images to illustrate work)

· During field studies inbuilt recording, sound and video, can capture the moment for later development or ongoing skills assessment.

Opportunities exist to use mobile devices, perhaps together with other digital devices, to demonstrate, capture and record the evidence of skill competencies within courses with high practical bias and/or placement activity.  For example with construction or catering courses, a student could create a video record of themselves working, or digital photographs at stages of development.

As the features offered by mobile devices continue to develop, the potential will be there for teachers to envisage new uses. 
2.5 The European view
The following highlights taken from the European Union’s aims for 2010 (Oliveira, 2003) were cited by Brown (2004) and presented during his keynote speech at the MLEARN 2004 conference:

· We should experience a shift from PC centeredness to ambient intelligence.  The ICT environment should become personalised for all users.  The surrounding environment should be the interface and technology should be almost invisible.  There should be infinite bandwidth and full multimedia, with an almost 100% online community.

· Innovations in learning that we should expect are focused on personalised and adaptive learning, dynamic mentoring systems and integrating experienced based learning into the classroom.  Research should be done on new methods and new approaches to learning with ICT.
· Learning resources should be digital and adaptable to individual needs and preferences.  E-learning platforms should support collaborative learning.  There should be a shift from courseware to performance-ware focused on professional learning for work. 

· ICT should not be an add-on but an integrated part of the learning process.  Access to mobile learning should be enhanced through mobile interfaces.

3 What new models of learning are being promoted?

It is not being suggested that previous learning paradigms are obsolete. Mobile devices will support a range of teaching and learning approaches. There continues to be a role for behaviourism and constructivism in many of the different approaches that we adopt during the learning process.  However, over time the focus of the activities promoted by each approach has shifted, e.g.:
· From constructivism to socio constructivism
· From knowledge production to knowledge configuration

3.1 Social constructivism and mobile learning 
Social constructivism is an alternative approach to the content approach and is based on communication. Learning is seen as the result of active participation in a ‘community’ where new meanings are co-constructed by the learner and his / her ‘community’. This communication approach favours learning technologies which support communication between communities of learners. These may not be exclusively mobile as communication activities can be enabled through both wired and unwired networks.

When there is a requirement to support scenarios where the mobility of learners enters the equation then the benefits of mobile devices begin to emerge. As already mentioned, mobile devices offer advantages in supporting ad hoc communications from variable locations coupled with portablity.  They offer mobile learners opportunities to interact and to communicate with their peers when they are not co-located. 

One example might be an organised field trip where not all students are able to actively participate at the venue, so remaining at base. These latter are able to view the field environment, via digital images or video, and converse with those who are present, interrogating and even directing specific activity using mobile devices.
4 Future learning requirements and paradigms
Two new models of learning paradigms have been identified during this study: ‘navigationism’ and ‘connectivism’.
4.1 Navigationism
The rapid expansion of available information makes it unrealistic to expect a university course or individual teacher to present a student with all the information that they will need throughout their working lives. It is also likely that some presented information will be surpassed in a comparatively short space of time. 

Tom Brown (2005) proposes a new learning paradigm where the emphasis is on knowledge navigation:
‘ Knowledge navigation  is the central issue of what teaching and learning is about - thus the focus of learning is on ‘navigating’ in the ocean of available knowledge.’’

Successful learning takes place when learners are able to solve contextual real life problems by actively engaging in problem solving activities within a collaborative framework.  To enable this, learners need to work together to explore, evaluate, manipulate, integrating and navigate available information.  

Mobile and wireless technologies can support navigationism in the following ways:

· Providing 24/7 access to information and stored knowledge within a mobile context.  The information may be stored on institutional repositories or accessed via the Web.

· Supporting communication and collaboration activities both synchronously and asynchronously.

· Supporting the acquisition and sharing of evidence in multiple environments for decision making. This would be particularly beneficial when the student’s location is out in the field.

· Supporting a teacher in a mentoring role. 

· Supporting the teacher in the construction and deployment of blogs and wikkis which can encourage development of the information navigation skills often required in business.

4.2 Connectivism
In a similar way George Siemens considers the challenges faced by many corporations in knowledge management activities and proposes a new learning theory relevant to learning in a networked world. He presents a view of learning through Connectivism:
‘Connectivism is driven by the understanding that decisions are based on rapidly altering foundations. New information is continually being acquired. The ability to draw distinctions between important and unimportant information is vital. The ability to recognize when new information alters the landscape based on decisions made yesterday is also critical’
(Siemens, 2004)
Key components of connectivism are social networks and within these are key people who are well connected and can foster and maintain the knowledge flow. 
This has much in common both with aspects of informal learning already identified and with the skills developed in the proposed navigational paradigm.  Put simply the learner needs to know where or from whom information can be obtained, to be able to both evaluate and apply the information, and to be able to do this within a collaborative framework. 

Where do mobile devices come into this? Mobile devices offer support to social networks. They support both synchronous and asynchronous communication with chosen individual experts.  With wireless technology they can interact with online communities. Their software supports the maintenance of contact information for both individual and group.
5 Future developments targeted by existing research projects
5.1 Research projects
During the past two to three years there have been several funded projects involving the use of mobile devices.  A large number of both national and international projects are studying their use in a wide variety of contexts. These are just a few.

· The Mobile Bristol project created a publicly-accessible wireless infrastructure covering the city centre. It focussed on enhancing the experience of Bristol as a place to live or visit. It established Node Explore, a service that provides location-based multimedia content to tourism firms. Visitors on boat tours of the harbour were each provided with PDAs which used the boat’s position to display relevant multimedia content.
· Tate Gallery – held PDA trials delivering multimedia content linked to the exhibits. This work is continuing with a new tour introduced in spring 2005.

· The University of Birmingham with Nottingham Castle Museum Gallery. Based on ultrasonic location, visitors are offered automatic multimedia presentations on individual  PDAs as they walk round the gallery.
· Mobilearn –explored the use of mobile devices in three scenario settings. Visitors to the Uffizi gallery; MBA students working collaboratively on a case study, on the job training for First Aid workers. 

· WearIT@work is a project investigating “wearable computing”. This includes the use of head-worn display screens which enable information to be seen at the same time as the user’s hands are actively engaged in a manual task.  For example a trainee mechanic working on an engine could view the relevant pages in the manual on the display screen.

· The Urban Tapestries project studied public authoring in the Wireless City.  People are able to author their own virtual annotations of the city, adding their own comments and memories using PDAs and mobile phones to access locations and location based content.

5.1.1 Content

Mobile learning has several other associated areas of study and research:
· Personalised content based on a learner profile

· Location-based content delivery.  Content is presented to the user when they approach a specific location.

· Device aware content delivery.  Content is adapted for display on mobile phones, PDAs and laptops or TabletPCs.

Mobile experiences such as those offered in the Mobile Bristol project hint at multimedia experiences enriching the learner experience and immersing them in the experience.
5.2 Practice in schools
As previously suggested, student experience with mobile devices in schools is likely to have an impact on their expectations for similar use in post-16 education.  Currently a range of devices is being used from mobile phones and PDAs to laptops and Tablets.

Case study reports on their use highlight:
· motivational benefits to both teachers and students
· increased opportunities for students to research by accessing electronic resources
· potential to enhance learning, including the development of cross-curricular activities
· possibility to extend the physical space of the classroom into other areas while maintaining access to online resources through the availability of wireless networks.

Not all these benefits may be directly attributable to the devices themselves.  The feedback may be due to the novelty of the device, the different learning experience or a combination of other factors.  The use of mobile devices in education is still comparatively new, often less than a year, so it is not known how sustained these benefits will be over longer periods of time.

However, if teachers continue to develop the use of mobile devices in ways which not only enhance but also transform the learning experience then, as students move on from compulsory education, they may have greater expectations of their future learning experience.

5.3 Gaming

5.3.1 Commercial developments
A new feature of PlayStation2 uses a webcam called “EyeToy” which enables children to see themselves inside the game and to control the events of the game from there.  They therefore become more active participants. Given appropriate software then one can imagine its use in education. For example within the fields of earth sciences, where by using a video stream which can be controlled by the student they can see themselves ‘walking’ around in different environments, examining artefacts, hearing the sounds and maybe even smelling the smells.

5.3.2 Research in gaming

A research project at the Future Applications Lab, Viktoria Institute, Sweden studied collaborative games for handheld computers.  The games were developed as a student assignment and handed out on PDAs to high school students in a local café. The play area in the game was distributed across several screens and the players had to move their in-game character to other displays to succeed.  This required players to collaborate with each other to manage the sharing of the displays.   The study indicated a potential for a new interaction model using shared displays as in the games. 

Savannah (Facer et al., 2004) is a mobile gaming and learning project used with primary school children. There are two related areas of activity.  The first is undertaken outside on the school playing field where the children play the roles in a pride of lions.  They are given PDAs (with headphones) linked to a global positioning system (GPS) and through these they can ‘see’, ‘hear’ and ‘smell’ the world of the Savannah as they move around their field hunting for food.  The second activity area is an indoor space with an interactive whiteboard displaying a map of the Savannah which can be overlaid with details sent by the children from the field. This area is used to reflect on their performance and develop strategies for surviving as lions in the virtual Savannah. 

5.4 Technology developments

The available memory in mobile devices is increasing.  Devices are therefore capable of running more complex software or performing more complex tasks.  Improved voice and handwriting recognition facilities offer alternative input methods.  Speech synthesis converts text to speech, supporting users with a requirement for audio delivery. Integral cameras and voice recorders support alternative data capture.

The website ‘Microsoft Watch’ (http://www.microsoft-watch.com/) has recently reported the next generation of Tablet PC which it said is a form of mini-tablet.  It suggests that the education market could be one of the most promising for Tablet PCs. 

5.4.1 Multimedia

Tony Gore (2005), editor of K2 (the newsletter and webspace created to support projects in the mlearning project), identified some future possibilities which may be opened up by MPEG4 which behaves differently from MPEG2, the video being mixed at the receiving end. It may soon be supported by PDAs and mobile phones. He suggests:
“An example of use could be "video karaoke" - each band member is a separate video and audio stream (they either have to be filmed against a blue screen background or extracted from the background electronically - this is why it has not taken off yet). Then, putting yourself up against a blue screen background with a camera, you can insert yourself into the video. Thus you could choose to play any part you like.  Another proposed use was for video conferencing - in a virtual meeting you could select which people you wanted to see and hear.”

5.4.2 WiMax

WiMAX is a standards-based wireless technology that provides high-throughput broadband connections over long distances.  This is based on a mesh structure and would enable communications beyond the physical building constraints encountered with WiFi. As WiMAX becomes more widely available it could offer opportunities for educational use with groups interacting wirelessly within a much broader virtual classroom.

Latest versions of multimedia format (MPEG4) and wireless networks (WiMAX) have not yet filtered through to handheld mobile devices and the education environment.  It is likely that they will be picked up for exploration in future projects.

6 What are the mobile/wireless uses with the most potential for learners? 

At a recent Think-tank Day for the UK mobile learning community, organised through this project (April 2005), several specific features of mobile devices were identified which could add benefits to the learning experience:
· Privacy; because of the size of mobile devices, it is possible to learn ‘unobtrusively’ as an individual wherever you are located.
· Support for learning styles; the features offered by the device have the potential to support learners with preferences for textual, audio and visual presentation of material.

· Immersive; the possible richness and diversity of both content and activity can immerse the student in the experience.
· Capture of data; at a physical location which can be taken away and analyzed later.
· Context; within a context being able automatically to receive relevant information

· User control; students have more control over where and when they chose to study, and over their interaction with other students.  It is possible to store content on the device and travel around using it at opportune times.

6.1 Visions and opportunity
To benefit from the use of mobile and wireless technologies, teachers, and learners, need to

· adapt and use technology to optimise learning
· focus on the innovative / transformative use of technology

· perceive value in their use

· rethink the discipline to take advantage of the technology

· think about data depth, to provide content which will lock the learner into the subject.

It may be that some disciplines will see more immediate opportunities for the use of mobile devices.  Subjects with placements or field study or which use portfolios of evidence could be quicker to see the potential.  The potential is there to extend role-play in games which encompass creative collaboration in a mobile situation.

There are potential drawbacks in the future technical advancements of the mobile devices and their suitability for educational use. These devices were, and still largely are, developed for use by the business community rather than education.  Practitioner involvement should inform the developments of mobile devices and the applications and technology being developed to run on them.  They need to become involved in specifying requirements which will enable mobile use and, in particular, communication and collaboration to play their part in any new teaching and new learning paradigms. 

It is likely that over a period of time new pedagogies for teaching and learning with mobile devices will emerge.  These may be defined by different subject disciplines or by best practice.  It is likely that, in the main, a whole course will not be presented using mobile devices, however, usage as part of a blended approach would seem to be feasible.

Whichever teaching and learning approaches are followed, practitioners need to consider the following:

· Is technology driving learning or are we adapting and using technology to optimise learning?
· Are we slapping new technological tools onto old teaching methods or are we focusing on the innovative / transformative use of technology in new teaching and new learning paradigms?
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