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1.
Introduction
With the rapid development of technology, education is making the transition from print to e-learning to mobile learning — mobile learning is defined as the delivery of electronic learning materials, with built-in learning strategies, on mobile computing devices to allow access from anywhere and at anytime (Ally, 2004).  Mobile learning is facilitated by a mobile library (M-Library) where library resources for courses are stored in electronic format for delivery using mobile technology.  The shift from print materials to E-learning to mobile learning is possible because of the rapid development of computer and communication technology.  These emerging technologies will bring many benefits to the mobile library, which will facilitate the implementation of mobile learning.  As the demand for access to education grows and increasing numbers of adults return to universities/colleges for continuing education and training, the need for new technologies to facilitate learning is becoming more important. Mobile learning provides flexibility: in time and location of study; in availability of information and resources; and in forms of communication, such as synchronous and asynchronous, and using various types of interaction through the Internet. 
Athabasca University – Canada’s Open University (AU) is a distance education university that offers courses in a variety of formats using different technologies. Students can acquire education and degrees without ever having to be physically present at a university campus. With the widespread availability of the Internet, the university is moving towards a heavy reliance on technology to deliver course materials, enable students to interact with other students, provide students with online library access, and facilitate students in performing administrative tasks, such as enrolling into or withdrawing from courses from anywhere and at anytime, and even writing exams from remote locations.

As distance education students increasingly use mobile technology for everyday and work life, educational organizations must design courses and learning resources for delivery on mobile devices.  When designed properly, learning materials can be delivered on a variety of mobile devices to allow students to learn and access course materials from anywhere and at anytime.  Athabasca University is currently piloting the conversion of courses and library materials for delivery on mobile technology.  Athabasca University’s Library has created the Digital Reading Room (DRR) to integrate learning resources already in digital format into the curriculum and to facilitate the delivery of course materials using a variety of technologies.  Also, researchers at Athabasca University are currently testing the delivery of course materials on mobile technology to determine the effectiveness of the devices for use in distance education.  This paper will describe how the development of the DRR at Athabasca University has evolved and been expanded to include more digital resources in a variety of formats. This will be followed by a description of the delivery technologies that can be used for distance education.

There has been limited research on the use of mobile library in distance education. The research has been conducted on the effectiveness of digital libraries in educational organizations. It has only been recently that studies of digital libraries have moved outside the classroom. Dong and Agogino (2004) concluded that m-learning is most useful when it links real-world situations to relevant information resources.  They explored how downloading key information to a PDA (Personal Digital Assistant) would help to enrich the learning experience of students on a field trip.  They also suggested the scenario of students at a museum being able to use their PDAs to provide relevant information. 

Dong and Agogino explored two approaches - transforming and transcoding - of three approaches for delivering digital content intended for full-sized personal computers to mobile computing devices. Transforming requires that all content be marked up in XML format and that content be presented using style sheets appropriate to the capabilities of the remote device from which it will be displayed. Transcoding also takes into account the capabilities of the mobile device, as well as its network conditions, but it displays content without changing it.  The approach Dong and Agogino did not use in their study  ̶  web clipping (such as AvantGO)  ̶  delivers only text content by stripping out any multimedia content, an approach that doesn’t exploit a digital library’s versatility. 

Waycott and Kukulska-Hulme (2003) also studied the use of PDAs outside the classroom.  They focused exclusively on students’ experiences with reading course materials and taking notes using PDAs. Using PDAs for reading and note taking was discovered to be less than ideal.  Students were getting lost in the documents, and were unable to make notes as comprehensively and easily as they could with a paper copy of the materials. However, their study was conducted using a Palm m105 PDA, a PDA which at the time was relatively affordable and offered most features common to PDAs, but which didn’t come close to offering the technology available today.

The technology of PDAs has increased dramatically in the past three years.  Screens are bigger and better, and systems have more memory, more multimedia capabilities, and better methods for inputting data.  Given the constant advancements in this field as well as the plethora of possibilities – PDA types with individual capabilities, various systems and applications, and methods for delivering digital library content - there are more questions than answers in the m-learning field.  According to Clyde (2004), the challenge “is to identify the forms of education and training for which m-learning is particularly appropriate, the potential students who most need it and the best strategies for delivering mobile education” (p. 46).  

2.
Benefits of Mobile Learning and a Mobile Library

With the use of wireless technology, mobile devices do not have to be physically connected to networks to access information.  Mobile devices are small enough to be portable which allow users to take the devices to any location to access course materials.  Because of the wireless connectivity of mobile devices, a student can interact with other students from anywhere and at anytime to share information or to work collaboratively on sections in a course.  Use of mobile devices in the M-Library environment has many benefits because the wireless devices allow for mobility while learning.  Below is a list of benefits of mobile learning in distance education.

· Since learning materials are developed in electronic format it is easy to update the learning materials.  Also, since students can use their mobile devices to access the learning materials from a central server, they can receive these updates as soon as they are made.

· There will be consistency in learning since all students will access the same learning materials from a series of educational networks.  This will allow transfer of learning materials between educational institutions and across different regions in a country.
· Learning is flexible since students can be located anywhere and complete their education as long as they have the technology to access the learning materials.  This is possible because of the wireless connectivity of mobile technology.

· Students can access learning materials anytime so they can select the time they learn best to complete their coursework.  

· There will be more opportunities for informal learning since students will be able to access the learning materials as needed.  

· Developers of learning materials can take advantage of the computing power of the technology to personalize the learning experience for individual students.

· The communication capabilities of the emerging technology will allow learners to connect with each other to collaborate during the learning process.

· Since the learning with emerging technology will be learner-focused, students will be more active during the learning process which will promote higher-level learning.

· Since most students already have mobile technology, educational institutions can take advantage of this opportunity and design and deliver courses for delivery on different types of mobile technology (Ally & Lin, 2005). 

3.
Use of Mobile Library in Distance Education

Mobile learning is enabled by the use of portable computing devices, such as PDAs, ultra notebooks, smart phones, and tablet PCs, communicating over wireless networks. A key benefit of m-learning is its potential for increasing productivity by making learning available anywhere, at anytime. However, it is a resource that is currently untapped as it seems few academic libraries, if any, are taking significant strides to accommodate access and display for mobile devices.  Furthermore, little research from a student’s perspective has explored which mobile technologies are the best to employ, or what constitutes an effective M-library and how to use it to support m-learning and teaching. 

Athabasca University, being a distance education and open university, must make its online resources accessible to as wide a range of users and devices as possible. Hence, it is important that both appropriate existing and emerging technologies be implemented for effective development, delivery, and support for remote students. There is an ongoing effort to make AU Web sites accessible to a wide range of mobile devices. To become more open and to improve access, the M-library project of the AU Library (http://library.athabascau.ca/) attempts to build a platform for AU to develop an effective mobile-friendly digital library (McGreal at al., 2005). Researchers at AU are currently conducting research to determine the best way to design and deliver electronic materials for access using a variety of mobile technology.  One project that is underway is to build a platform for AU to develop an effective mobile-friendly library and to evaluate how well the AU library Web site works with popular smart phone devices. The results of the study can then be used to determine how the University can make its Web sites useful for users with a diverse range of choice in mobile devices.  Below is a description of this innovative project and a description of the development and evaluation of the M-library.  Some of the challenges in design and deployment of the M-library and possible solutions are also presented.
4.
The Mobile Library Project at Athabasca University

The use of mobile technology in all sectors of society is increasing at a very fast rate.  As a result, there is more flexibility in learning from anywhere and at anytime by distance learners.   For example, not only can students access electronic versions of course materials from their personal computers as they are currently able to do through the Athabasca University Web site, but they can now download selected course materials using mobile devices, such as,PDAs, mobile phones, and palmtop computers.  In addtion to increasing accessibility of course materials, mobile devices have the potential to increase connections between students, tutors, and instructors and to decrease isolation.

For mobile learning to be effective, the information and course materials must be designed properly. The research being conducted at Athabasca University is to investigate the delivery of course materials stored in various formats in a Digital Reading Room (DRR) to mobile devices.  This research will result in determining the most appropriate learning and interactive strategies for mobile learning.  This is important since current research is looking at designing for e-learning rather than mobile learning.  

The DRR at Athabasca University has been developed by Athabasca University Library in partnership with other academic centres at the university. The DRR is an interactive online reading room, offering a digital solution for course readings and supplementary materials. The DRR provides access to faculty-selected resources and can accommodate a range of formats, including online journal articles, electronic books, audio or video clips, Web sites and learning objects. The DRR can be considered to be an online course repository system. The resources available have been specially selected by faculty and are organized by course and by lesson for convenient access by students.   The advantages of the DRR to students are accessibility and convenience. For example, if a course reading or other learning resource is available in electronic format, students can simply click on the link to retrieve it. For materials that are not in a digital format, the AU library provides students with a link to request the item.  The experience obtained in the investigation of different mobile technology to access information has resulted in the implementation of a comprehensive mobile library Web site, containing relevant digital reading files, application tools and software, learning objects, video clips, and e-books.  Two major questions that guided the research were (1) What should be included in an effective mobile library? and (2) What mobile technology should be used and how to design for the different mobile technology?

As mobile technology becomes ubiquitous, students will be able to learn from anywhere. To prepare for the future generation of students, AU has been testing third- generation smart phones such as Blackberry™ and Treo™, delivery of files in MP3 format, podcasting, and conversion of mobile content on-the-fly.  The M-library Web site provides a wide range of digital  resources and library services, including the Digital Reading Room (DRR) or e-course reserve, the Digital Reference Centre (DRC), the Digital Thesis and Project Room (DTPR), a help centre, a search engine, journal databases, AirPac (a mobile library catalogue application), and library services through the worldwide Web.  To cater to students with different mobile devices, AU is developing systems to ensure that the format is “fluid” for small screens. That is, the format will change in response to the device that accesses the Web site. The M-library system can auto-detect users’ devices and bring them to the appropriate version (mobile or desktop) of the site. Additionally, the library catalogue is accessible and viewable with mobile devices through the use of AirPac, a software module of Innovative Interfaces Inc. (III), which is an automated library system specially designed for wireless mobile devices. Users can browse the library catalogue, check due dates, request materials, and view their patron records using mobile devices. 

This case study investigates the mobile-friendliness of the AU Library Web site and some external electronic resources and sites that are linked to from AU library’s Web site, specifically electronic journal databases. Features at these sites were tested to see whether they worked as expected. The sites were tested for visual display and functionality. Some sites may render well, with their layout intact on small screens, but some features might become crippled because of the limitations of the underlying device and platform. Similarly, other sites appear relatively different but have their features intact. The sites were evaluated for both visual display and functionality. 

Preliminary results from the research indicate that for the different electronic Websites accessible via the AU Library, the visuals and functionality were very good when accessed by smart phones. These sites were designed with specific attention to the requirements of mobile devices where the server sends responses custom-tailored to the device being used to access the sites. The benefit of this approach is that mobile device users can conveniently interact their device resources at the same time as desktop users can make full use of their respective capabilities, receiving multimedia-rich content and more advanced graphical display. The downside is the need to maintain different versions of the same Web page for different device profiles.  The project identified some challenges and limitations when developing course materials for delivery on mobile devices. 
Some of the limitations of mobile devices in delivering learning materials include the small screen size for output of information, small input devices, low bandwidth, and challenges when navigating through the information (Ahonen et al, 2003).  Designers of course materials for mobile technology have to be aware of the limited screen size and input device when designing for usability.  Information should be targeted to the users’ needs when they need it and should be presented efficiently to maximize the display on the mobile device.  To compensate for the small screen size of mobile devices, course materials must use a rich medium to convey the message to the user.  For complex graphics, a general outline of the graphic should be presented on one screen with navigation tools to allow the user to see the details of the graphic on other screens.  To present procedures and real-life situations, video clips can be used to present real-life simulations to the user.
Current mobile devices are also limited by the speed of the wireless Internet connection, slow processing, and limited storage capabilities. One of the most obvious obstacles is the limited memory of mobile devices.  Considering how technology or the medium affects the information displayed, defining what amount and what type of information is appropriate are important factors of a successful M-library.

Content for mobile display should be chunked in smaller segments for efficient processing (Ally, 2005). In addition, the size of the text, images, graphics and tables, and the size and physical location of pop-up windows will need to be redefined since some of them use absolute values. The absolute value is limited to certain machines, screen sizes, screen resolutions, and Internet browsers’ default font size, but is not applicable for all devices. 

Limitations of current operating systems and Web browsers create a challenge for M-learning developers. Some systems presently lack the capability or the flexibility for an application to be displayed properly on all devices. Some Web sites, for example, which link from the AU Web site may not display appropriately on mobile devices. An example is the display of PDF documents on some mobile devices.  Vertical scrolling is often necessary. Some pages or pictures seem to fit the screen of mobile devices, but then the images and the content inside the images are barely readable.

5.
Pilot Results

In a pilot study involving executive MBA students, the students registered in a course were allowed to access their course materials on their mobile devices.  Students used a variety of devices including Blackberry™, smartphone, iPAQ™, cell phone, and PDA. The seven respondents to the survey questionnaire said that they use computers daily while 6 out of 7 said they used some type of mobile device daily. The sole respondent who didn’t use it daily used it frequently. Students also used these devices in a wide variety of places, not just at work. All but one used it at home. Four used it while travelling and four while at work, three of whom overlapped (that is, three students used it at work and while travelling). One respondent used it while staying in a hotel room. One respondent reported using mobile devices while travelling, at work, and at home.  Based on the responses on the use of the mobile devices, it can be seen clearly that mobile devices allow for the flexibility of learning anytime and from anywhere.

All of the students in the pilot study used mobile devices for job-related tasks rather than for formal learning.  As a result, they had to get adjusted to take the course using the mobile devices.  This is reflected in the comments obtained at the end of the pilot study.  Students were not accustomed to reading large amounts of text on a small screen so there were comments on the size of the screen being too small for reading.  Students would prefer to read longer articles on a larger screen.  Technology developers are working to resolve the issue of small screen size by developing the virtual screen which could be as large as the user wants the screen to be.  Also, with the advances in sound technology, students will be able to listen to textual materials on their mobile devices.
6.
Conclusion

There are rapid changes to mobile technology since manufacturers are continuously adding new features and software experts are developing more capable and “smart” software solutions to overcome some of the inherent limitations of mobile devices.  To prepare for the emerging technology and to enhance mobile learning at Athabasca University, the AU Library is pioneering the development of M-learning resources and the M-library.  This project has been designed to build a platform for AU to develop an effective M-library and evaluate how to use it to support mobile learning. As a result, the Library Web site has been re-created to ensure that it displays well on a variety of mobile devices. Now students can access a wide range of digital resource and library services and truly engage in learning activities using any mobile device from anywhere and at anytime, not just at their desktop PCs. Developments in MP3 format, podcasting, and support for a third generation of smart phones puts AU Library at the leading edge of new and emerging trends in mobile learning and distance education. The mobile-friendly library and associated applications will continue Athabasca University’s tradition of excellence and innovation in instructional design by maximizing accessibility and convenience for students.
The pilot study on the use of mobile technology to access library materials is a good first step to develop and format learning materials for access on mobile technology. Most of the students in the study believe the concept of M-learning is still in its theoretical stage and much work needs to be done to improve its effectiveness. However, based on much of the commentary, it would seem that most of these problems can be addressed.  The most common problems were accessibility and format. Some answers reflected the particular device being used. The results were positive, however, in so far as the perception that M-learning is the wave of the future. 

Based on the results from this study, the following are recommended for future research studies on the use of mobile technology in learning. 

1.)  Device-specific pages should be written and separately navigable. As one student suggested, “If this is going to be useful, the pages have to be written for mobile devices.” When developing learning materials, the small screen has to be kept in mind.
2.)  Keep the number of pages to a minimum. As one student highlighted, for mobile devices we should do away with the “loading” page. This is extremely important for those students who are accessing the learning materials on devices that charge per page. Learning materials for delivery on mobile technology must be designed as an information-rich message to minimize the number of pages to read. 
3.)  For students on the move, it is important to use proper navigation strategies to allow students to find parts of the course easily and to start from where the course was left off.

Hong, Thong, Wong, and Tam (2002) call for a shift in digital library research: “more and more library and information science researchers believe that the future avenues of digital libraries research” must “involve the interactions between the users and the systems” (p. 99).  Digital libraries are more versatile than simply exchanging e-mail or reading content from a personal computer.  In other words, digital libraries delivered through PDAs can offer increased flexibility, in terms of access and forms of content; increased interaction between students, instructors, and tutors; and increased hands-on learning opportunities.  

Hoppe, Joiner, Milrad, and Sharples (2003) want to move the focus of m-learning from content delivery to interpersonal relations:  “there is an imperative to move from a view of e- and m-learning as solely delivery mechanisms for content” (p. 255).  Rather “the goal is to optimize the quality of service, e.g. in terms of availability across time and space or in terms of multimedia support” (p. 255).  These researchers agree that “we are just beginning to realize the potential of m-learning” (Clyde, 2004).  As a result, more research, from a user perspective, is needed to discover the best strategies for maximizing m-learning, including discovering what is the best mobile device for accessing digital libraries such as the DRR, and what form the content needs to take to contribute to an effective m-library.
Since the use of mobile technology in learning is new, both students and teachers have to be oriented and trained on how to use the technology for learning.  As they use the technology, they will become more comfortable with the technology and continue to use the technology for learning anywhere and at anytime.
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