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Introduction

The above mentioned project builds on developments and experiences from a previous EU Leonardo Project, “From e-Learning to m-Learning” carried out by some of the partners during 2001-2002. This project is also led by Ericsson Competence solutions, Ireland. Other project members are Distance Education International, Ireland, FernUniversität, Germany and Covinus University, Hungary. The NKI work sub-project is carried out in close cooperation with the other partners. As NKI research in this project builds on the previous research, this paper contains some of the information published in the NKI introductory paper from the previous project (Fagerberg, Rekkedal & Russell 2002) 

The above-mentioned paper discussed concepts such as, distance education, e-learning and m-learning with reference to NKI Distance Education philosophies, views on learning and experiences in developing learning materials for distance education and online learning (Ibid 2002).

For the first project the NKI research team studied international experiences concerning m-learning, analysed technological solutions and pedagogic/didactic needs based on our internal practical experiences and results from previous surveys and evaluation studies among our distance students.

The technical solution chosen was to try out the use of Pocket PC/Personal Digital Assistant (PDA) in combination with mobile phone for distribution of learning content and communication between tutor and students, between students and for students’ communication with the learning material. As technologies develop so fast that the specific technology available changes from one week to the next, it was important that the solutions chosen had some generic basis, i.e. also that the specific brands of PCs, mobile phones and keyboards etc. should not constitute any substantial restrictions concerning generalisability of our experiences.

After analysing of PDA/Pocket PC, we chose to build our learning environment around the Compaq iPAQ communicating via mobile phones with infrared connection. The solutions were tried out with two different courses, first in a partly real and partly simulated distance learning setting, while the second experiment in a fully realistic setting. The trials functioned well, and after the two trials we concluded:

“As far as we can judge from the process evaluation, including formal questions and answers in the course Forum on m-learning, telephone contacts with the students and answers to the final questionnaire, the students were generally positive. In fact, although comparisons between small groups are difficult to make, the evaluations give the impressions that the students in the (real) trial two are more positive that the participants in the first trial( carried out in a more simulated distance learning context). This might be a result of the higher degree of realism in the second trial. …

NKI Distance Education gives main emphasis and priority to student autonomy, flexibility and freedom to choose where and when to study in designing the environment for distance learners. Our main aim in designing solutions for mobile learners is to maximize this freedom to support online learners who also are mobile when studying. This is also clear from all the participants in the pilot trials; the main advantage of m-learning as designed in these trials, is the increased flexibility of online distance education.

Our pilot trials with mobile technology (PDA and mobile phone) have demonstrated that the technology functioned according to our expectations. The participants were generally satisfied with the technological and didactical solutions. The participants differed somewhat in their acceptance. Some were quite enthusiastic; others were a little more reserved. The differences could partly be related to different learning styles and study preferences, such as preference for note taking on paper and/or general reluctance towards reading longer texts from (any) screen.

In the NKI system it will be a challenge to design solutions for learners who are users of mobile technology and wish to study also when on the move, that also allow other students to apply standard technology. The solutions must be designed in ways to allow both groups to participate in the same course. This means that we have to look for solutions that are optimal for distributing content and communication in courses, independent on whether the students and tutors apply mobile technology or standard PC and Internet connection for teaching or learning. …

There is no doubt that NKI Distance Education faces a large challenge in further developing server side solutions and teaching methodology that include the use of mobile technology for serving our mobile distance learners more efficiently. We really look forward to continue the developments and experiments.” (Rekkedal 2002)

As a result of the experiences from the first project, NKI wished to continue research on m-learning based on the PDA solutions available in 2004-2005. After examining the different brands available, we decided to develop solutions for the follower of the previous devices, HP iPAQ Pocket PC 5500 series with built-in wireless network card. At the same time all developments were done with the main object to develop generic solutions independent on devices on the user side.

Distance education – flexibility and mobility

Flexible teaching or teaching in the ‘extended classroom’

A number of evaluation studies among distance and online learners at NKI demonstrate that students emphasize flexibility (see e.g. Rekkedal 1990, 1998, 1999).

In our view, distance education seems to develop in two quite different directions. The solution at one end of a flexibility continuum can be described as an individual, flexible solution allowing the student freedom to start at any time and follow his/her own progression according to personal needs for combining studies with work, family and social life – ‘the individual flexible teaching model’. This model represents a generic development of the model of distance teaching institutions and applies normally media and technologies independent of time (and place), such as asynchronous computer communication, video, audio and printed materials. The model on the opposite end of the scale, ‘the extended classroom model’, assumes that the students are organised into groups required to meet regularly at local study centres or individuals/groups logged into the teaching-learning system and the same time, and applies technologies such as video conferencing, satellite distribution, radio and television (Gamlin 1995).

In this connection we have chosen the philosophy for the development of Internet based education at NKI: Flexible and individual distance teaching with the student group as social and academic support for learning. NKI offers more than 400 courses and nearly 100 study programmes by Internet based distance teaching and recruits many thousand students (over10,000 course enrolments) every year. These thousands of students may enrol to any course or programme or combination of courses at any day of the year and progress at their own pace. 

It is also clear from NKI experiences that already many of our students and teachers have experience as mobile learners and teachers. Till now this has been restricted mainly to students and teachers carrying their laptops, possibly including communication via mobile phones.

Our main objective also in the present project has been to extend the distribution of learning materials and communication to lighter equipment, specifically PDA and mobile phone. The challenge is then to develop the system and server side to present materials in ways suitable for PDA technology, find acceptable solutions access to and interaction with learning materials and for organising, teacher to student/student to teacher and student to student communication, as well as many-to-many communication in course forums and use of all other services of the NKI internet College.

As we stated in the first project, it is our aim further to design the environment for the mobile learners to extend and increase the flexibility of distance education, that to some extent took a step backwards when converting from paper based to online learning, where students largely were required to study at a place (and at a time) where a computer with access the Internet was available.

Views on knowledge and learning

For NKI it has been clear that the learning aims, content and teaching/learning methods in our online courses and programmes generally are far away from most e-learning courses. Most examples of m-learning experiments concern e-learning on mobile devices, often WAP and/or ‘smart-phones’ (see e.g. Kynäslahti 2001, Kristiansen 2001). 

To us, learning is a change in the student’s perception of reality related to the problem areas studied and increased competence in solving problems in a field, ability to differ between focal and more peripheral questions, analytical skills and competence in using the tools within a field in appropriate ways. This means that learning results are shown in a qualitative change in the student’s understanding, academic, social and technical competence. The learning is a result of active processing of learning material and solving problems individually and/or in groups. This view is often different from what we can find in many so-called e-learning programmes, where knowledge often is seen as a larger amount of information or ability to recall and reproduce facts. In addition to cost considerations, this is why NKI in general has put little emphasis on using fancy effects in a behaviouristic pedagogical tradition, programmed learning and knowledge transmission (see Marton et al 1987, 1997, Morgan 1993 on students’ conceptions of learning, deep level and surface level approaches to learning). We also hold the view that learning is an individual process that can be supported by adequate interaction and/or collaboration in groups (Askeland 2001). With these considerations in mind the NKI solution for designing and trying out a new learning environment for online learners applying PDA and mobile communication in the first project seemed to be a sensible one. Our considerations and decisions for the present project are discussed below.

Internet based education at NKI today

NKI Distance Education has today well above 400 courses and nearly 100 complete study programmes on the Internet. April 2005 we have nearly 6,000 registered active students. There will be more than 10,000 new course enrolments this year (2005). Contrary to many other educational providers where the Internet is used as a supplement to face-to-face teaching or other forms of distance education, we have followed the philosophy that in principle all communication can be taken care of through the Internet, and ideally no obligatory physical meetings should be required. (This does not mean that the students are not free to communicate by post, phone or fax or that study materials may include print, audio or video technologies.) 

In connection with a previous EU Leonardo projects managed by LM Ericsson we described the programme and distribution system in Internet based learning as a ‘Multimedia World Wide Web Kernel for Distance Education’ (http://www.nki.no/eeileo/) with the following elements:

[image: image1.jpg]c%e ? Voice]

Other Kernel Domain,

ASsignment
:‘eed”ac
Assignment Simulations

c% cction's AsAs,gnmem &7
Submission





Model of the Multi Media Kernel for Distance Education.
In designing the learning environment with the mobile learner in mind, all these aspects and functionalities have to be taken into account. However, in the first pilot experiments of the previous project we died not focus on multi-media materials. Already in describing the developments of the first project we assumed that: “Extending the functionalities to more multi-media content adapted to the PDA should be a main objective for another project.” (Fagerberg et al. 2002, p. 6.) The main developments carried out in the present project are described below. First we will repeat the main developments carried out in the first project. 

Development and Design of the Always-Online Environment for Mobile Learners Applying the Compaq iPAQ

Developments as part of the first project, “From e-learning to m-learning”

The aim for the NKI project team during the first project was to adapt courses so that it could be used on a wireless handheld device, in our case the Compaq iPAQ Pocket PC. These courses were already developed and distributed as courses from the NKI Internet College. The challenge was to design a solution to try out for mobile learners. 

When planning for the first m-learning environment the NKI project team had long discussions whether to develop the learning materials for online or offline study. Taken the specifically cost considerations concerning mobile access to online learning materials, we concluded that the learning environment should include the following aspects:

Technology:

· Pocket PC

· Mobile phone

· Portable keyboard

Learning content and communication:

· Learning content to be downloaded on the mobile device to be studied offline. This solution was chosen because it would be all to expensive to interact with course materials with mobile phone connection costs

·  Downloaded content to include all course materials:

· Content page

· Preface

· Introduction

· All study units

· Resources (articles on the web, references to other resource materials)

· Online access to the discussion forum with the possibility of as quick as possible access for reading in the Forum and writing contributions

· E-mail for individual communication with tutor and fellow students and for submitting assignments. Assignments may be submitted as text-based e-mail or as Word or Text attachments.

Before taking the decision on distribution of course content to students via the Pocket PC, we analysed three alternative solutions that were discussed in depth. The discussions also included viewpoints on which materials and study activities were suited for offline or online work.

3 main solutions for distributing content were analyzed:

1. The AvantGo Mobile Internet service
2. Online access via mobile telephone to the entire course
3. ‘Download-on-demand’ version
To be able to deliver content to PDAs via AvantGo we will be required to install our own AvantGo server, and then deliver content via this server to PDAs. The costs for this solution would not be acceptable for use with NKI Internet students.

Online access via mobile phone, if it were not for costs and transmission speed, would perhaps in principle the preferred solution. It is also the most complex solution. An online version would require that we would have to redesign the entire site to fit the Pocket PC format. Before doing this we would have to make a cost-benefit analysis in front to see if the solution really is worth the effort.

The choice in 2001 of solution 3 was partly a result of limited time and resources available at that time. Our opinion was at that time also that solution 2 perhaps would be ‘the most ideal’ solution for the future, i.e. to offer a complete PDA adapted version based on the same learning materials available in the web course for standard PCs. The principle of ‘one file many versions’ (html, pdf, reader, etc.) is achievable trough the use of XML and CSS). We developed two different “download-on-demand” versions. The first one consists of a set of zipped HTML files, which the students could download to the desktop PC, unzip and synchronize with the PocketPC. The second consisted of a set of ready to use Microsoft Reader files, which also were synchronized to the PocketPC. These files were presented to the students from within the web course. 

The reason for supplying two alternatives of content was that we as part of the empirical testing were interested in examining attractiveness and user friendliness of the different solutions for the student. The student can manipulate the Microsoft Reader content by the possibility of bookmarking, adding highlights, notes and drawings and look up words directly in the PocketPC Dictionary. This means that the students can use the materials actively in ways that we recognise from students’ use of print materials and their personal notes. The student is, in other words, able to ‘make the materials his own’ while studying. It is reason to believe that these functionalities may help students organising the materials cognitively and support learning and remembering. The evaluation studies of the first project actually indicated that the students preferred the Microsoft Reader version (Rekkedal 2002)

The decision to go for the choice of downloading content for offline study was based on previous experiences and also the following considerations: NKI Internet students study mainly offline. Communication concerns discussion with fellow students in the academic forums, cooperation on projects and group assignments, and individual communication with other students – and, most important, according to our evaluations (see e.g. Rekkedal & Paulsen 1997), communication with the tutor including submission of assignments with correction and feedback. All our analyses concluded that the students will have all these possibilities available on their desktop or laptop PCs, including online interaction with the learning materials.

When mobile – and using mobile technologies – we found that taking cost considerations into account, it would be acceptable for the student (and the tutor) to have the course content available to study on the PocketPC. In addition, the following communication possibilities are necessary and proved possible with acceptable costs:

· Access the course forum to read messages

· Access the course forum to submit contributions to the discussions

· Send e-mail to fellow students, to the teacher and to administration (study advisor)

· Receive e-mail from fellow students, from the tutor and from the administration

· Submit assignments by e-mail including attachments

· Receiving assignments corrected and commented on by the tutor including attachments

To access e-mail and discussion forums, mobile phones were used.

Developments and functionalities for the “always-online environment developed by NKI in the project “Mobile learning: The Next Generation of Learning”

As commented above in connection with the previous developments we considered online access to course content probably to be the best solution. However, 4 years ago this solution was seen as neither technologically or economically possible. Since then, the technological developments have made it more attractive to start developing and experimentation with solutions based on the assumption that an “always-online environment” would be available for mobile learners. This is, in fact, close to reality today, and will most probably be the normal situation in the near future.

Thus, in planning for the present project, the NKI project team would emphasize the development of solutions for m-learning were students and tutors using PDA/PocketPC through wireless systems could benefit from teaching and learning in an “always-online” environment.

Although downloaded content gives access to the course at any time, this solution has some disadvantages, such as:

· Little incentive to log into the Internet College and take advantage of a learning community

· No possibility of taking advantage of interactive materials

· No (or slow) access to other Internet resources

· Restricted communication possibilities

During the planning process we described to following aspects of an always-online solution that would possibly increase the quality of the services for mobile learners:

· High bandwidth gives fast downloading of course content and use of audio, video and advanced graphics

· Independence of synchronization with desktop PC

· Access to resources on the Internet at all times

· Easy access to e-mail at all times

· Possibilities for online assessment and assignments

· Opens for easier co-operation with fellow students

· Opens for synchronous communication, chat and IP telephony

· ADSL or free access to WLAN give control over costs

During the first phase of the present project an “ideal” description of requirements for a mobile learning management system (mLMS) for the NKI context was developed by Dye & Fagerberg (2004). The requirements was based on the assumption that the NKI Learning Management System SESAM would be further developed to accommodate the needs of mobile learners with priority to learners using PocketPC. A description of SESAM and functionalities are given by Paulsen et al. (2003).

mLMS system requirements

The specifications proposed by Dye & Fagerberg (2004) is presented below with comments concerning the actual developments done as part of the present project. The specification is divided into six categories. The functionalities developed and tried out in the project per March 2005 are marked by (OK): 

Overall framework needs 

• The mLMS must be a part of an LMS and support the mobile client as well as 

traditional clients. (OK)
• The mLMS should provide different types of content to different devices 

automatically. (OK)
• The mLMS must create a comfortable learning environment for students 

studying with mobile devices. (OK) 

Course content 

• The mLMS must be able to store course content in the system. (OK)
• The mLMS should provide easy navigation. (OK) 

• The mLMS should provide a zoom function for illustrations and pictures. (OK –not actually part of the mLMS but a function on the PDA) 
Access to courseware 

• Access to resources, library, references, glossary and exam database. (OK)

• Access to course planning tools and calendar. (Software (JSP) not yet available in the PDA)

• Students must have the possibility for submitting assignments. (OK, but students must use e-mail with attachments instead of the submission system available from PC, software not available)

• Tutors must have the possibility to answer and return assignments. (OK, same problem as above) 

• One must have access to class list with tutor and student information. (OK)

• Students must have the possibility to answer using multiple choices, drag and 

drop test/exercises, etc. (OK, but solutions not satisfactory on small screens)

• Text to speech possibilities would be very helpful. (OK, texts are stored as synthetic speech on mp3-files)

• The mLMS must support graphics, audio and video, moving image. (OK, but the small screen gives some problems)

• The mLMS must immediately provide answers and feedback on test/exercises 

to students. OK)

• It would be useful to have searchable course content. (Content in course pages are searchable, but no function for overall search in the materials) 

Communication 

• One must have access to online synchronous communication such as chat. (OK and also IP telephony)

• One must have access asynchronous communication system such as e-mail. (OK)

• The mLMS could support Short Messages Service (SMS) between students 

and teachers for instance to notify the teacher that a student has just delivered 

a new assignment. The other way around, a student could get a notification 

that the teacher has just sent the answer to the assignment. Could also contain 

the score/grade. (Not yet implemented)
• The mLMS could support the use of Multimedia Messaging Service (MMS) (Not presently planned for)

• SMS between users of the mLMS and the mLMS to give reminders and other 

information as well as enrolling and signing up to exams and other 

arrangements. (Not yet implemented)

• Students and tutors must have access to course forums to read and write 

messages. (OK)

• One must have access to list with both tutor and student information. (OK)

• Message board. (OK)

• Announcements. (OK)

Administration of users 

This is a feature that is meant for the administration of the institutions and is not actually a part of the end user system for the mobile student or tutor. 

• The mLMS should give to possibility register for an exams. (Not yet implemented)

• One must have access to student records. (OK)

• Student tracking. (OK)

Other 

• The mLMS should give the possibility to enrol to a course (students enrol 

from a web page) (Possible at present, but awkward)

• Provide export features to have course access even when offline. (Not available as constructed as always-online)

• Adjustment of personal settings such as changing password or e-mail address. (OK)

• Access to frequently asked question (FAQ). (OK)

• Access to contact information. (OK)

• Access to general study information such exams dates, student handbooks, 

regulations, etc. (OK)

• Access to a sitemap. (Not yet)

• A possibility to print from the device. (Not yet)
• An area where you can upload and store personal files. (Not yet)
• Access to technical support services. (OK)

Features and functionalities tested in the NKI trials

Related to the requirements above NKI has developed the SESAM LMS into a functioning mLMS. The trials were carried out during March 2005 with 18 test students registered in the course “Sales and services” (Rekkedal & Dye 2005). The functionalities tested is described below:

Introduction to the PDA and use of equipment

As the majority of the test persons were not users of a PDA, we started the test by describing the hypothetical real situation lying behind the developments and how to use the PDA.

Logging in and navigation on the NKI Internet College personal page

The students were asked to log into their pages on the Internet College and to navigate and examine their personal page as it is presented on the PDA. 

Navigating in the course

After having been acquainted with the personal start page, the students had the opportunity to navigate around in the course.

Reading study unit 1

The students read the text of study Unit 1.

Submissions of Study Unit 1: “What is your opinion of reading course texts on the PDA?” Instead of answering the ordinary assignment for submission, the students wrote and answer to the above question. Submission 1 involved using Pocket word for writing the answer, storing the word document, opening e-mail programme, attaching document, sending and receiving e-mails. During the test the students received feedback from the tutor with comments.

Examining multi media (ordinary multi media in the course)

The following standard multi media elements in the course were examined: 

· Sound

· Video

· Multimedia

· Multiple-choice questions

· Drag and drop exercises

In addition the test course included some multi media elements specifically developed for mobile learning:

· Sound

· Multimedia

· Multiple-choice questions 

· Speaking course pages

· Drag and drop exercises

· Graphics

· Animations with and without sound

· Multiple-choice questions

· Drag and drop exercises

· Synthetic speech

Reading in course Forum

The functionality of reading in the course forum and writing messages to the forum was also tried out. The first message was written by the tutor. The test students received messages by e-mail onto the PDA and also read the same messages on the course pages. 

Writing messages to the Forum

Writing messages to the forum may be done either by writing in Pocket Word and paste into the Forum text box, or by writing directly into the text box. The latter solution was applied in the tests.

More about navigation in the course

The students also examined the course functionality through reading presentations of other students and writing e-mail to fellow students, sending and receiving mails

Synchronous communication

Although NKI in general puts little emphasis on synchronous communication, as this project concerned a theoretical always-online environment, we took the opportunity to try some synchronous solutions such as chatting by MSN messenger and Skype. Skype offers primarily an IP telephony functionality, which was also tested in the trials. Thus, the students also had the opportunity of communicating orally with fellow students using the PDA and Internet telephony with Skype. 

Summary and Conclusions

This paper describes the background and development work of the “always-online environment for mobile learners within the teaching and learning system of NKI Distance Education. The work has been carried out in close co-operation with the partners in the EU Leonardo project “Mobile learning: The next generation of learning”. The has been based on experiences and developments during a previous project “From e-learning to m-learning”. 

The solutions are based on the assumption that students defined as ‘mobile learners’ have access to the NKI Internet College through a standard PC and Internet connection, and that the mobile part is seen as a supplement for students when on the move. The solutions are supposed to be generic and based on state of the art technology and also representing technologies that would give experiences of value for future assumed probable developments in software and hardware. The actual equipment used as basis and trials during development was Compaq iPAQ with wireless access technology.

The solutions were tried out with 18 students. The trial and results are presented in a separate paper from the project (Rekkedal & Dye 2005)
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