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1. Introduction
This review addresses current, reasonably established, uses of wireless and mobile technologies in post-16 education. It identifies reasons for using the technologies, main types of uses and their impacts. Benefits for learners and their experiences are examined, as well as issues that arise for both teachers and learners. Finally, we reflect on current practice and promising areas for development. 
2. Current uses of wireless and mobile technologies in teaching and learning  
2.1 Reasons for using wireless and mobile technologies 
To understand current uses of wireless and mobile technologies, we have to begin by asking what motivates teachers, learners and organisations to make use of these new technologies. The reasons are somewhat related to the choice of actual devices, as ‘wireless and mobile’ covers a very wide range of possibilities. 
In their report on the use of ‘palmtop computers’ for learning, Savill-Smith and Kent (2003) identified five main reasons for their uptake: the devices are relatively inexpensive, they offer the possibility of ubiquitous (anywhere, anytime) computing, they promote information literacy, help with collaborative learning, and they also support independent learning. Additional reasons include: assisting with students’ motivation, helping organisational skills, encouraging a sense of responsibility, acting as reference tools, tracking students’ progress, and for assessment. 
A range of environmental factors and trends also comes into play. Anderson and Blackwood (2004), who reviewed the use of both mobile phone and PDA (personal digital assistant) technologies in education, identified key factors in the uptake of these technologies as being: (a) the widespread adoption of mobile devices, (b) the changing strategic demands of the educational environment - an increasing emphasis on lifelong learning and widening participation, and (c) developments in pedagogy which have moved towards active learning using constructivist models that emphasize learner autonomy. Specific initiatives can be seen in the context of these trends. For example, in the UK-wide Wireless Outreach Network Initiative 2002-4 (Essom, 2004), the main motivation for using wireless laptops was to widen participation by increasing access to learning for socially and economically disadvantaged adults. 
Information about reasons for using wireless and mobile devices is also found in individual published trials and case studies. In the JISC Case Studies in Wireless and Mobile Learning in the post-16 sector (2005), which included the use of various devices as well as some specially designed or adapted ‘learning spaces’, a number of different challenges were identified, e.g.
Access:

· To enable nurses to work in geographically dispersed nursing placements and home environments as well as at university
· To take ICT classes to adults who find it hard to attend classes on campus, and to traditionally ‘hard to reach’ or disadvantaged groups

Changes in teaching and learning:

· To enable students to communicate and share ideas effectively, especially in small group collaboration

· To support differentiation of student learning needs and personalised learning 

· To further the use of ICT within the curriculum by direct involvement of students in the data collection process as part of learning ‘in the field’

· To enable new developments in formative and summative assessment

· To increase motivation and address low interaction levels in large classes

Alignment with institutional or business aims:

· To respond to rising student demand for access to ICT facilities

· To improve retention and achievement, by improved monitoring of student attendance and by giving immediate and regular feedback to students regarding attendance and progress – teachers were able to do this by having ready access to information on their mobile devices.
Similar concerns, and some additional ones, emerge from an analysis of 12 international case studies in the book on mobile learning by Kukulska-Hulme & Traxler (2005). This shows that reasons for using mobile technologies in teaching and learning again relate principally to improving access, exploring changes in teaching and learning, and alignment with institutional or business aims. Typical reasons include:
Access:
· Improving access to assessment, learning materials and learning resources
· Increasing flexibility of learning for students
· Compliance with special educational needs and disability legislation
Changes in teaching and learning:
· Exploring the potential for collaborative learning, for increasing students’ appreciation of their own learning process, and for consolidation of learning
· Guiding students to see a subject differently than they would have done without the use of mobile devices
· Identifying learners’ needs for just-in-time knowledge
· Exploring whether the time and task management facilities of mobile devices can help students to manage their studies
· Reducing cultural and communication barriers between staff and students by using channels that students like
· Wanting to know how wireless/mobile technology alters attitudes, patterns of study, and communication activity among students
Alignment with institutional or business aims:
· Making wireless, mobile, interactive learning available to all students without incurring the expense of costly hardware
· Delivering communications, information and training to large numbers of people regardless of their location
· Blending mobile technologies into e-learning infrastructures to improve interactivity and connectivity for the learner
· Harnessing the existing proliferation of mobile phone services and their many users.

1.2 Main types of uses
A question that is often posed in relation to the use of new technology in education is whether the technology enables new kinds of learning. Certainly the development of e-learning is having an impact on teaching and learning practices, and it is reasonable to enquire what difference wireless and mobile technologies can make. 

Naismith et al. (2004) have demonstrated that mobile technologies can relate to 6 different types of learning, or ‘categories of activity’, namely behaviourist, constructivist, situated, collaborative, informal/lifelong, and support/coordination. The mobile aspect comes to the fore in the following ways:


· For behaviourist-type activity, it is the quick feedback or reinforcement element, facilitated by mobile devices, that is most notable. 
· For constructivist activity, mobile devices enable immersive experiences such as those provided by mobile investigations or games. 
· For situated activity, learners can take a mobile device out into an authentic context, or use it while moving around a context-aware environment in a specially equipped location such as a museum. 

· For collaborative learning, mobile devices provide a handy additional means of communication and a portable means of electronic information sharing. 

· For informal and lifelong learning, mobile devices accompany users in their everyday experiences and become a convenient source of information or means of communication that assists with learning, or records it on the go for future consultation.
· Support, or coordination of learning and resources, can be improved by the availability of mobile technologies at all times for monitoring attendance or progress, checking schedules and dates, reviewing and managing - activities that teachers and learners engage in at numerous times during the day. 
This suggests that the new technologies enhance and extend teaching, learning and support activities, and over time we may see them multiply. Context-aware environments (where context-specific information is made available or used by learners as they move around) and immersive activities are opening up possibilities for new kinds of learning experiences. The ongoing nature of mobile collaboration and lifelong learning are creating the potential for the emergence of new attitudes and new outcomes that are only just beginning to be described or named. 
Our review of literature and our investigations of wireless and mobile learning also suggest to us that the new technologies are particularly suited to certain kinds of activities or outcomes. As learning design and course design nowadays prioritize learning activities and outcomes, this alternative way of looking at things may be helpful. Wireless and mobile devices appear to be especially suited to:
· Motivating 
· Alerting
· Rapid response
· ‘Drip,drip’ learning - little and often

· Skill building - little by little

· Self-evaluation and reflection 

· Collaboration on task - spontaneous and ongoing
· M-mentoring & m-moderating - as developments of e-mentoring and e-moderating
· M-portfolios - electronic portfolios on mobile devices 

· Information gathering on the go
· Learning in context - using contextual data

· Connecting workplace learning with institutional learning

· Recording experiences using multiple media - video, audio, text, graphics
· Internet or resource access, almost anywhere and anytime

· Widening participation
· Improving accessibility

· Personal learning management 
· Strengthening ownership of learning 
Three keywords that seem to sum up the main benefits are: portability, connectivity, convenience. Do these possibilities and benefits imply wider changes in pedagogical practices? We are still at a stage where any changes in pedagogical practice are quite localized. In the next section some observed impacts on teaching, learning and assessment are reviewed. 
1.3 Impacts on teaching, learning and assessment 
Mobile devices are increasingly able to carry media-rich content, and greater interaction with educational materials (e.g. the capacity to bookmark and annotate them on mobile devices) may strengthen a content-driven pedagogical approach. But at the same time, increasing possibilities for students to collect and contribute new content are creating student-generated learning. Basic handheld computer functionality is currently insufficient to support the level and richness of discussion and interaction amongst students that a more student-centred conception of teaching would envisage. Nevertheless collaborative learning is already becoming more common, for example where learners are able to carry around their portable devices in groups and to communicate verbally. 
Teachers are now finding themselves in situations where they need to focus more on:

· identifying and catering to students’ specific knowledge needs

· fostering reflection on learning processes
· helping with the management of learning
· monitoring performance

· developing new strategies for consolidation of learning and assessment. 
According to experience at Strathclyde University (JISC Case Studies in Wireless and Mobile Learning, 2005), using ‘personal response’ technology (electronic voting) in lectures lends itself to concept teaching but it can reduce the amount of time available for more straightforward delivery of lecture material. Practitioners have to find time to understand new student attitudes, new audiences and different patterns of study as well as having to grasp the possibilities of the new technologies. Lack of time, and shifts in the ways that time is allocated and used, are recurring issues. 
So why would teachers engage with this technology? Benefits that teachers are likely to see include increased student motivation and participation, better retention and achievement. In some situations there will be easier monitoring of performance, and they are likely to see higher interaction levels, which may be most noticeable in collaborative groups and in larger classes. Communication channels between staff and students, and among students, are becoming more complex but also offer a more flexible range of options, e.g. email, SMS, voice messages, online or mobile discussion forum.
Early evidence (Plant, 2001), especially in relation to handheld computers and mobile phones, suggested that learners and users regard handheld devices as far more ‘personal’ than static or desktop computers. This means that mobile learning is also personal learning, which could be remote and individual, or social and collaborative. Those learners who have access to mobile and wireless technologies have an additional means of communication and are able to share information with others. However, currently only mobile phones are owned by large proportions of learners. Personal learning is also at the heart of three scenarios described by de Freitas and Levene (2003) in their report on mobile and wearable devices in further and higher education institutions: web lectures delivered on handheld devices, a campus without walls, and enhanced field trips such as museum visits and wildlife projects.
In an era when education is increasingly multicultural, global and widely accessed, we need to remember that the experience of educators working with non-traditional university entrants, with overseas course participants and working outside Europe, North America and Australasia – will often be very different. Traxler and Kukulska-Hulme (2005) have addressed mobile learning with a view to how developing countries could use it, but other perspectives are more implicit: a Western view might be contrasted with developments in the Far East, for instance. Summarizing lessons that had been learnt from the Mobilearn project at the CAL 2005 conference, Sharples (Vavoula et al., 2005) emphasized that they represent a “very European” perspective, because of the nature of this project and the partners who were involved in it. The key realisations emerging from the project were as follows:

· It’s the learner that’s mobile

· How learning is interwoven with everyday life

· Mobile learning can both complement and conflict with formal education 

· Context is constructed by learners through interaction

· Ethical issues: privacy, ownership
2. Current benefits for learners 
2.1 Examining the evidence
The field of mobile and wireless learning is at present characterised by a proliferation of pilots and trials that allow the technologies to be tested out in a variety of learning contexts. The sustained deployment of mobile learning will depend on the quality of these pilots and trials, which includes evaluation methodology and reporting. What evidence is there of any benefits derived from the use of these new technologies? How is evaluation being done?
Evaluations typically include questionnaires, interviews, discussions or focus groups. A few studies use specific technologies to capture student reactions or to monitor usage. The following are some examples from studies undertaken since 2002 (the references are to chapters in: Kukulska-Hulme & Traxler, 2005):
· Feedback from students obtained at several stages, using informal and formal methods - feedback via telephone, a snap poll in class, a questionnaire, a focus group (Levy & Kennedy)

· Automatic logging system that records when a PDA is used, which applications are used, when beaming occurs; this enables a quantitative analysis of student learning patterns (Trinder et al.)

· Field-based interviews, observations and walk-throughs, plus experimental interventions (Smordal)
· Questionnaires, discussions, logging data and an on-line poll (Luckin et al.)

· Questionnaires, focus groups, logbooks (recording uses, activities, time spent, tools used) (Sharples et al.)

Problems collecting desired data are also sometimes reported in these studies, e.g. students failing to return questionnaires (Trinder et al.) or software issues preventing transmission of monitoring data (Kneebone & Brenton). 

There is no agreed method and there are no widely used novel tools for collecting evaluation data. With the exception of cutting edge research projects, data collection largely relies on established methods in educational research and some exploitation of new technology. The latter requires skills that are being developed by researchers but that most teachers would not currently have at their disposal when evaluating their practice. It is also important to be cautious about generalizations being made at this early stage of use of the new technologies. For example, it is often claimed that mobile devices can be used ‘anytime, anywhere’. Although claims like this may be supported with more evidence in the long run, it is important to bear in mind the relatively small amount of evidence we can draw on currently. 
2.2 Learners’ experiences and outcomes 
The studies undertaken in the JISC Case Studies in Wireless and Mobile learning project (2005) identified a number of benefits to learners, including the following:
· Working at a learner’s own pace (Dewsbury College of Further and Higher Education)

· A record of learning progress, and a sense of making progress in lectures (University of Birmingham, University of Strathclyde)

· An improved understanding of subject matter (University of Strathclyde)

· Immediate and regular feedback (Ealing, Hammersmith and West London College)

· Increased engagement and motivation (Thomas Danby College, Bishop Burton College, University of Strathclyde)

· A better fit with collaborative and group work tasks (Northumbria University, University of Birmingham)

· Development of communication and reflective skills (eVIVA)

· Access and ICT skills development for off-campus communities (Gloscat)

· Outreach to learners who would not normally have access (NEARIS)

· A more comfortable environment and more personal space on a desk, compared with desktop PCs (Northumbria University, Ealing, Hammersmith and West London College)

Clearly, these benefits are derived from the use of particular technologies in particular contexts, however the list does represent commonly reported benefits of current uses.  

In the same case studies, outcomes for learners were often discussed in terms of:
· The development of reflective skills, discussion skills, oral skills, social skills, peer review, independent learning, ICT skills. 

· Students being able to keep in contact with a peer group whilst on work placements.

· Learners’ perceptions that they became more efficient and productive learners.
· Support for evidence gathering, where a ‘lifelong learning’ approach was anticipated.
· The variety of media and self-pacing attributes encouraging students to engage with learning material.

· Continuity of content - availability in college and at home - encouraging further consolidation and familiarity.

· The portability of the media allowing learners to borrow a PDA in order to complete missed work. 
· The use of mobile technology serving as a great motivator. 
Teachers who are innovators and early adopters of the new technologies usually have a good sense of why they have chosen to use them and what benefits they can bring - and they communicate this well to their students.  They are also shrewd observers of unexpected benefits and outcomes. There is much to be learnt from current good practice. In the next section we also review typical problems that are encountered. 
3. Reflecting on current practice 
3.1 Issues noted in reviewing current uses 
Provided that equipment is working reliably, learners appear to respond well to the new technologies. However, set against the benefits are a number of issues that are being reported. Top of the list in case studies are current technical limitations such as battery life, which require educational activities to be adapted to new constraints. Practitioners are asking themselves whether the new devices are suitable for all learning styles and the extent to which this may affect take-up. The impacts on learning spaces are beginning to be addressed. 

Collective experience to date indicates a number of potential pitfalls in using wireless and mobile technologies for teaching and learning:
·  Lack of success may be due to inappropriate use for a given pedagogical context

·  Material transferred to a mobile environment may need redesign

·  Technology may cause more problems than it solves 

·  Loaned devices lose the benefits of personalization

·  Inadequate usability may lead to rejection.
It is also sometimes noted that educational practices are being affected in a number of ways: 

·  There is now a broader range of where learning takes place

·  Increasing emphasis on filling small gaps of time

·  The realization that it takes time for new patterns of use to evolve 

·  The realization that lecturers need to become ‘device-aware’, i.e. to understand the potential, the features and limitations of wireless and mobile devices.
Naismith et al. (2004) have identified a number of additional issues:
· Gathering and using contextual information based on a learner’s location and activity may clash with the learner's wish for anonymity and privacy
· Students may abandon their use of certain technologies if they perceive their social networks to be under attack
· Mobile activities – i.e. outside the classroom - may not correspond with either the teacher's agenda or the curriculum

· Students want to own and control their personal technology, but this presents a challenge when they bring it in to the classroom
· Effective tools are needed for the recording, organisation and retrieval of mobile learning experiences.
3.2 Promising areas for development
When we consider recent publications on mobile and wireless learning, they fall into two main categories: (a) overview reports that offer an orientation in the field and some advice; (b) collections of research papers in journals or conference proceedings. The latter offer us a good insight into aspects that are the focus of topical discussion and investigation. An analysis of papers at the 3rd annual Mlearn international conference in 2004 shows that the mobile learning research community is reflecting on the following aspects of practice:
· Collaboration and community, e.g.
· Mobile computer and mobile phone supported collaborative and informal learning

· Seamless access to shared web sessions from multiple devices 

· Interactivity in large classes using wireless devices

· Assessment of learners in collaborative mobile learning

· Content for mobile learning, e.g.
· Capturing case studies in workplace contexts

· Game-based learning on mobile phones

· Messaging technologies in support of retention and for language learning

· Converting e-learning content to m-learning

· Learning objects on mobile devices
· Content adapted to user’s location

· Technical innovations, e.g.
· Using digitally augmented paper and mobile devices to bridge use of paper
and hypermedia

· Wireless Learning Management Systems
· Seamless integration of tools for learning, collaboration and time management
· ‘Team awareness’ features to enhance learning in context

· Reaching new kinds of learners, e.g.
· M-learning for the underprivileged

· Addressing poor literacy and numeracy skills by using mobile devices

· A hospital information system accessible through mobile devices

· Mobile first aid and emergency management

· Understanding the field of mobile learning, e.g.  

· Ethical and legal challenges in mobile learning

· Use of scenarios to understand user requirements

In considering the landscape of ‘current uses’ of wireless and mobile technologies in post-16 education, it has been difficult to draw a boundary around ‘established’ uses in ways that would distinguish them from the realm of leading edge of research. We can say that current practice world-wide is characterised by mostly small scale trials and some campus-wide initiatives. We are still seeing mainly localized impact on teaching and learning practice. A good understanding of the unique advantages of wireless and mobile devices is emerging, but claims that are being made need further evidence before generalization. The key issues and problems are beginning to be understood. 
Wireless and mobile technologies are not normally used in isolation to support learning. They are part of a range of technologies and methods. Finding the factors that determine the most appropriate mix of methods and technologies in any given circumstances is a high priority issue for the next generation of mobile learning researchers and developers.

Research and evaluation in this area often relies on technical proficiency, or alternatively, good collaborative relationships among people with different kinds of expertise - coupled with a good deal of courage!
4. Recommendations

Based on the experience of the current generation of practitioners who have embraced wireless and mobile technologies, we offer the following suggestions:

· Consider a repertoire of possibilities for a new technology: its potential to support teaching, learning, and the management of teaching and learning

· Review how wireless and mobile technologies might facilitate contextual learning in your subject, i.e. allowing the information available in a learners’ location, and relevant to their needs, to be captured or delivered in context and to contribute to teaching and learning

· Investigate the scope for continuity of learning, i.e. taking advantage of availability of a portable device in an institutional setting, workplace setting and at home, where this can encourage consolidation and increased familiarity with learning material

· Appraise the various communication channels between yourself and your students, e.g. SMS, voice messages, email, online or mobile discussion forum, from a social as well as a pedagogical point of view
· Be cautious about claims that the new technologies can be used “anywhere, anytime”: pedagogical, technical, logistical, usability, and social constraints must not be overlooked

· Consider the physical environments in which new technologies will be used, and how this could impact on effective learning

· Remain on the lookout for unexpected benefits or learning outcomes, as well as unanticipated disadvantages

· Make time to understand new student audiences and patterns of study that emerge when learners obtain access to wireless and mobile technologies, including non-traditional entrants.
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