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Mobile learning, the study of the provision of education and training from wireless devices, is situated clearly in the future of learning. – Desmond Keegan (2002).  
1. Introduction

In the first quarter of 2005 there were already more than one billion “data-enabled” mobile devices in use worldwide and this number is growing exponentially (ABI Research, 2005).This abundance of wireless and mobile technology has the potential to increase flexibility for distance learners.  For example, not only can they access electronic versions of course materials from their personal computers as they are currently able for many courses through the Athabasca University web site, but they can now download selected course materials to PDA’s (Personal Digital Assistants), mobile phones, ultra computers and other mobile devices for review. Whether learners are on a bus, at a child’s football match or on their lunch break; mobile technology increases the boundaries of anytime, anywhere learning.  
Mobile technologies illustrate the convergence of the two types of distance education technologies (Hulsmann, 2004). Type I (information media) media such as described earlier carries the distance education content, not only in text but in many multimedia formats as well (audio, video, graphic). Type C (Communication media) include multimedia interactivity options supported by mobile technologies to allow for interaction between and amongst learners, teachers and community members using a variety of modes (audio, text and video conferencing). Together and converged, these types of media allow for the emergence of type S (social) applications that allow learners to become aquainted, work collaboratively, schedule learning and in otherways enhance learning. So, in addition to increasing accessibility, mobile devices have the potential to increase connections between students, tutors, and instructors and decrease isolation.

However, these mobile devices have disadvantages as well: small screens, small keyboards if they have them at all, forcing students to learn new ways of note-taking, communicating, sharing, creating and producing information  This project has been designed to improve our understanding of ways to maximize the potential of mobile devices, specifically PDA’s on the one hand, while finding ways to minimize their drawbacks.  The investigation was an attempt to determine productive learning strategies, from a user-perspective, for engaging effectively in distance education activities using  PDAs.

This mobile learning research investigation involved the delivery of course materials housed in various formats from a digital reading room (DRR) to mobile devices in addition to personal computers. Further, the investigation involved developing and testing designs for appropriate elearning pedagogy to support high learning outcomes, while increasing flexibility and access for students to engage in effective learning and assessment activities. In addition, this project provided the university with valuable information on the development and deployment of online resources to facilitate learner access. These are specific goals that are expressed in the Athabasca University strategic plan (Athabasca University, 2002). 
Elearning is in a state of constant change. Mobile learning (Mlearning) can be seen as the next stage in the development of online learning.  Mlearning, or learning made accessible through PDA’s, mobile phones, ultra notebooks, or other portable wireless devices, maximizes the idea of anytime, anywhere learning.  To date, some research from a student’s perspective has explored which mobile technologies are the best to employ (White, 2004; Bull and Reid, 2003; Rieger and Gay, n.d.), or what applications enable an effective digital library (Fox, 2005) and what support systems need to be in place for Mlearning (Laroussi, n. d.). Further work from a teachers perspective has shown that Mteaching can also be efficiently conducted using mobile devices  (British Educational Communications Technology Agency, 2004) . 

To fill this gap in research, this innovative short-term project has been designed to implement an application in the DRR to support and enhance Mlearning and teaching at AU.  The Mlearning applications have been developed as an integral feature of the newest version of the Digital Reading Room (McGreal et al., 2005).

2. The Digital Reading Room

In any university, student support is enhanced with a robust course materials reserve service. This service facilitates access by students to library materials that have been selected by faculty and are specific to a particular course. Often access to these materials is required to complete the course. Unfortunately, all too often some or even of all of these materials have copyright constraints that do not allow their distribution across the open Web (McGreal, 2004). For an online university like AU, these reserves must (as much as possible) be made available to students online with the same quality of service or better than that provided to students on campus in the university library. Athabasca University (AU) is Canada's leading distance education and online university: Canada's Open University. The university currently serves more than 32 000 students per year, none of whom are on campus. They are all at a distance.
The Digital Reading Room (DRR) has been developed to provide this service by Athabasca University Library in partnership with other 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. In March, 2005 the DRR housed more than 12 000 resources serving 93 courses (Tin, 2005). The DRR, then is an example of an online course reserve system. The resources available have been specially selected by faculty and are organized by course and by lesson for the convenience of students. 

The DRR houses digital reading files relevant to the different courses. Many of these resources are available or can be placed on the Open Web, However, many others are held in the library under license or as subscriptions to journal databases, so user authentication through the library's proxy server is required. Only members of the AU community may access these protected files. The DRR search engine permits searches of all materials in the repository and the broken link checker alerts administrators when hyperlinks to course materials become unavailable (Magusin et al., 2003)
As part of the eduSource Canada Project, the DRR was implemented using international standards. The metadata is based on a subset of Dublin Core fields that are compatible with the IEEE LOM standard, rendering it interoperable with other international standards-based repositories. The implementation was guided by the CanCore implementation profile (Athabasca University, 2005). 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. 
3. Mobile access to the DRR

This project has been used to articulate the resources currently available in the DRR that are also suitable for Mlearning.  The work has resulted in the implementation  of  a comprehensive mobile library website, containing relevant digital reading files, application tools and software, learning objects (eg mp3 versions of journal articles, video clips, and e-books).   
Mobile devices are becoming pervasive in Canadian society.  They offer increased flexibility for AU students who are often raising a family and working full-time while also participating in AU courses.  The growing ubiquity of mobile devices provides institutions with another resource for delivering learning resources to students. Up to now this resource has been hardly tapped.

This investigation had the aim of determining some of the better strategies for delivering educational resources to mobile devices from a digital reading room with the goal of making recommendations on the  directions Athabasca University’s library should take in Mlearning as part of its e-learning strategy.  Research questions addressed in this paper are:

· What constitutes an effective Mlibrary?

· What resources can be made available in the Mlibrary ?

· What are the technical difficulties in implementing the DRR on mobile devices?

Digital libraries, such as the DRR, offer untapped versatility.  By accommodating and encouraging the inclusion of resources in a variety of formats, the DRR could support a wider range of learning objectives and styles.  This project has fully exploited these capabilities by:

· Developing AU mobile device ready learning objects, including an MP3 version of journal articles, and Mlearning compatible video clips and e-books;
· Identifying and organizing existing AU library electronic resources for Mlearning;
· Generating a Mlibrary website (The website will include links to materials pertinent to a mobile library, mobile learning and teaching);
· Creating a comprehensive list of mobile learning application tools and software helpers to post on the website; and

· Compiling a best-practice document for Mlearning instructional design.

4. Literature Review

Distance education is on the brink of another shift.  Mlearning or education on the go – thanks to mobile phones and personal digital assistants (PDAs), expands the boundaries of anytime, anywhere learning.  However, as it is an emerging field and the potential of Mlearning is still untapped and best-practice guidelines for Mlearning are still unwritten.

It was approximately ten years ago that distance education experienced a shift in course delivery methods.  North American libraries in particular embraced the World Wide Web.  As internet access increased, they began moving from mailing course content such as books, audio or video tapes, or photocopies of journal articles, to creating or linking to digital content which could be read on line. Students could access course materials from wherever they were, 24 hours a day without the help of a librarian.  

Traditional research on digital libraries focused on developments in technology (Hong et al., 2002).  Levy and Marshal  (1995) challenge those who would maintain the traditional view of the library in a digital environment. Various projects, such as WiTEC, tested the usefulness of wireless devices in classroom environments (Wang et al., 2003; White, 2004) or in class field trips (Rieger and Gay, n.d.).  Yet, as a distance education institution, AU has no classrooms.  AU has had to adapt courses to fit the goals of students who are never in the same room with their instructors and tutors, or with other students.  AU has conquered these challenges by employing innovation and flexibility, earning a reputation as “Canada’s Open University” through a commitment to research into the state of the art of distance education.

It has only been recently that studies of digital libraries have moved outside the classroom. Dong and Agogino (2004) concluded that Mlearning is most useful when it links real-world situations to relevant information resources.  They explored how downloading key information to a PDA 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. They explored two approaches: transforming and transcoding for delivering digital content intended for full-sized personal computers to mobile computing devices. Transformation requires that all content be marked up in XML and presents content with style sheets appropriate to the capabilities of the remote device that will be displaying it. 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 they didn’t 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 on 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 which offered most features common to PDAs, but which doesn’t come close to offering the technology available today.

The technological capacity of PDAs has increased dramatically in the past three years.  Screens are bigger and better; systems have more memory; they have more multimedia capabilities; and there are more refined methods for inputting data.  Given the constant advancements in this field as well as the plethora of possibilities, such as PDA models with unique capabilities, and a wide variety of  systems and applications. These wide ranging differences provide researchers with more question than answers on possible methods for delivering digital library content to PDAs. According to Clyde (2004) the challenge “is to identify the forms of education and training for which Mlearning is particularly appropriate, the potential students who most need it and the best strategies for delivering mobile education” (p. 46).  

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 email 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 (2002) want to move the focus of Mlearning 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 Mlearning” (Clyde, 2004).  As a result, more research, from a user perspective, is needed to discover the best strategies for maximizing Mlearning, including discovering what are the optimal features of a PDA for accessing digital libraries such as the DRR, and what form the content needs to take to contribute to an effective Mlibrary.

5. Project IMPLEMENTATION
The testing was conducted using two mobile devices as Internet browsers, namely the Pocket PC Internet Explorer (Pocket PC) and Palm Pilot OS Web Pro (Palm Pilot).  The Palm Pilot supports standard protocols: HTTPS (SSL 3.0), HTTP 1.1 and rendering with HTML 4.01, xHTML 1.0, cHTML, WML with default proxy, and partial Cascading Style Sheets (CSS 1.0) compatibility. The image formats include GIF, animated GIF, JPEG, and PNG. Client side scripting is available using JavaScript 1.5 and Java is also employable when using specific hardware.

The POCKET PC also supports standard protocols: HTTPS (SSL 2.0, 3.0), HTTP 1.1, FTP and rendering: HTML 4.0, XHTML 1.0, CSS 1.0 (partial). Image formats include GIF, JPEG, BMP, and PNG, but the system does not support animated GIF 98a. Client side scripting is possible using JavaScript 5.5, but there is no virtual machine support for Java nor for ActiveX.

The original DRR was created using HTML tables and was designed for viewing on a standard PC and CRT monitor. To enable viewing of this material on a mobile device, it was necessary to remove the width specific code and make the layout “fluid” where the pace can be displayed on a very small screen without the need for horizontal scrolling. Block elements flow to the next line if the horizontal space is lacking.

In the first attempt, the researchers modified only the client-side code, by using the media attribute in the LINK element of the xHTML standard to create a mobile device friendly DRR.  A mobile device specific CSS file was then created and labeled for handheld use only. A generic CSS markup, applicable to all media, was then added along with two other media specific CSS files for normal screen and for printing purposes. Tests results demonstrated the POCKET PC works well with the CSS file for handheld devices, but the CSS file for the full screen presented difficulties in applying the styles using a conventional browser, because of the need to reduce the level of details for viewing on a small screen. The Palm Pilot presented problems, and work is proceeding on the implementation on this device.
The DRR becomes more usable on mobile devices when the horizontal scrolling is eliminated. To achieve this, content needs to be chunked in smaller pieces and placed on different pages. The space taken up by common and repetitive features (e. g. the navigation menu) also needs to be reduced or placed in a different location.

Because we cannot rely on a client-side solution using CSS to create a device specific layout, the content needs to be re-organized using a template for the DRR on the server side. The different browsers were detected by a server-side script. HTTP_USER_AGENT in the CGI environment is generated to identify the user agent. By parsing the HTTP_USER_AGENT, the server can identify the platform, whether that is Windows CE or Palm OS. In this way, specific pages can be presented to learners based on the device that they are using to view the web page. 

A principal design issue was that of screen orientation and viewing mode. The screen can be set as either portrait or landscape orientation. Newer pocket browsers also support three modes for viewing:

· Normal (Palm)/Desktop (IE) is similar to viewing a page via a desktop browser. This usually requires more horizontal scrolling;
· Single column (Palm and IE) strips any column tables and other width specific markers and displays the contents in one column;
· Mini (Palm): not tested at this stage; and
· Default (IE) uses a mix of techniques such as resizing the column width and reducing image sizes. It respects the [nowrap] markup in most cases. This viewing mode can greatly improve the usability for pages that use images to spread the width of tables for layout (a very common technique used by visual designers.) Generally speaking the layout of a page is preserved, and individual columns can be viewed without horizontal scrolling. 

6. Results

The testing determined that to ensure a page is viewable on a mobile device, the designer should:

· Avoid using width specific markup for HTML blocks; 

· Ensure the layout is fluid/liquid and reflow-able for viewing on different screen sizes;

· Eliminate the use of tables for layout purpose;

· Eliminate the use of images for textual content and link buttons; and

· Avoid the use of frames.

This research had the primary goal of rendering the current DRR content accessible and viewable on handheld devices. There are two possible approaches for designing pages. One approach is to design platform dependent templates; that is,, to create one template for desktop browsers and one template for mobile devices. The other approach is to design pages that are viewable and usable on any device. 

After some initial research and testing, some incompatibilities were found for CSS and XHTML on the PDA and mobile phone browsers. Also, there were some fundamental differences between the mobile and the desktop platform. Trying to develop one design that fits both platforms is not only inefficient but also limiting; we do not to get the most from each platform.  Therefore it was decided to create a separate template for mobile devices, using server-side functions to detect and assign the appropriate template.

A normal webpage can be de-structured into four components: header, navigation menu, content and footer. With a small screen, the user cannot see all four components in one screen. In a normal webpage, space and location are used to distinguish these components. For a page that is designed for the small screens on mobile devices, effective use of borders and background colour becomes essential. 

Almost all web sites have header graphics. Other than the aesthetic value, it gives the identity of the webpage. This visual clue allows users to immediately recognize that they are in a particular domain.  The navigation menu facilitates effective access to the information on the web site. The content is the information contatined. The footer  generally provides copyright and/or technical/communication information.

For a handheld device like a mobile phone, the screen width could be as small as 128 pixels. For a PDA, the width is around 240 pixels. Graphics wider than the screen width will either be reduced in size to fit the screen, or they will expand the horizontal dimension of the page, depending on the viewing mode the user selects and also the default behaviour of the browser. Graphics that are reduced in size to fit the small screen may lose important details. Graphics that expand the horizontal dimension of the page will require the mobile device user to scroll horizontally, making the entire page less usable. Neither case is desirable. Therefore, the designer should not use graphics wider than 128 pixels. 

If there is a need to have an image or illustration larger than the screen size, there should be a link to view the graphic individually. After opening the graphics file by itself, the user can easily switch to a different viewing mode to see the visual details.

The Navigation menu should be presented in a block that is width independent. In the current Mobile DRR design, the menu is presented at the top and at the bottom of the page for easy access. At the bottom of a long page, there is also a “back to top” button that allows the user to jump back to the top.

Due to the small screen size and the differences in the user interface (stylus pen and 4-directions button) on the handheld device, it is relatively more difficult for the user to quickly glance through the page. For a long page, it is desirable to have a table of contents at the top of the page as an overview, as well as a quick access menu to the different parts of that page.

Researchers assumed that the mobile device users would be accessing the Internet through either Bluetooth or Wi-Fi. Due to the fact that the connection is not permanent, surfing the net using a mobile device is heavily reliant on a cache mechanism.  Experienced users can use the caching function to quickly access all the materials when they have the connection, and read them at a later time. New mobile device users may become frustrated when they need to access content but are out of range for Wi-Fi or Bluetooth coverage. One possible solution is to use a format such as .pdf, which is simple to download and a standard that is familiar to most users. Another solution is to provide a table of contents listing internal and external links at the top level allowing users to quickly access content and store it in the cache. The mobile DRR is especially useful for this purpose. 

Special issues arise when implementing the viewing of .pdf files. Due to the small screen size, the content of a .pdf file viewed via a mobile device needs to be reflowed in order to minimize scrolling and enhance usability. In order to make a .pdf document reflow-able, special care has to be taken in the content design of the .pdf document. The document should be designed using a logical structure tree and internally tagged to ensure that the display will be readable on a variety of devices. Older versions of Adobe Acrobat (version 5 and under) are often not displayable using more recent versions. Content using multiple columns needs to be displayed in one column. To ensure that a .pdf document maintains its logical structure, Acrobat 6 or above can be used, running the Make Accessible utility (from Advance > Accessibility > Make Accessible). 

Video is supported by both devices. The POCKET PC comes with a PPC version of Windows Media Player and the Palm OS user can use Real Player. To ensure that the mobile user can access the materials, multimedia content should be encoded and made available in both formats. For vector-based animations, a Macromedia flash plug-in is available for Pocket PCs.  To date, this plug-in provides support for Flash 6 content but not for Flash 7. 

7. Conclusion

This project has been designed to test the boundaries of Mlearning and to begin to build a platform for AU to raise an effective m-library.  Building on the research conducted in Canada and abroad, the researchers are investigating PDAs and learning objects in order  to maximize the potential of Mlearning.  
What constitutes an effective Mlibrary? Within the limits of this research investigation, an effective Mlibrary must store the contents in a format accessible and configurable by a wide variety of devices and software applications. Special programming is required to implement optimal delivery on a variety of devices and software applications.

What resources can be made available in the Mlibrary (content and resource development)? It seems that a wide variety of resource types can be made available on mobile devices subject to formatting limitations. With appropriate programming there are few if any limitations on text displays and only size-comfort limitations on graphics, sound, and video.
What are the technical difficulties in implementing the DRR on mobile devices?

Because of the difference in the operating systems and the pocket browsers in the PPC and the POS, the CSS stylesheet cannot be implementd in a generic manner. This causes difficulties in  designing accessibily/usabilty features for the two different systems.
This research project answered the research questions through a comparative study of the two PDAs accessing the current DRR and the new m-library.  The investigation included an investigation into some of the technical and organizational implications of opening library accessibility to mobile devices, namely PDAs. From a user's perspective, the research has provided us with experience in determinining modalities for such an implementation. It also provides guidance for other researchers as they investigate the shifting terrain of mobile learning.

To summarise, a mobile delivery application has been set up in the DRR enabling access by PDAs, specifically the POCKET PC and the Palm Pilot. These devices have been used to access the varied resources in the mobile version of the DRR.  The researchers have compared the PDAs and identified some of the critical features each operating system and pocket browser.  The DRR now has a comprehensive Mlibrary website, including a listing of Mlearning applications and software relevant to the mobile delivery of course materials and applications.

To visit the Digital Reading Room go to: http://library.athabascau.ca/drr/
Helpful sites
What’s New in Pocket Internet Explorer (PPC 2002)

http://msdn.microsoft.com/library/default.asp?url=/library/en-us/dnppcgen/html/ppc_snewpie.asp
Netfront (alternative browser for Pocket PC)

http://nfppc.access.co.jp/english/
IBM

http://www-306.ibm.com/software/wireless/weme/
Palm Web Pro

http://www.palmone.com/us/software/webpro30/
Java on Palm

http://www.palmos.com/dev/tech/java/
http://www.palmone.com/us/support/jvm/
Symbian OS specifications

http://www.symbian.com/technology/symbos-v7x-det.html
Pocket Internet Explorer specifications

http://msdn.microsoft.com/library/en-us/wcedsn40/html/cgconPocketInternetExplorerFeatures.asp?frame=true
Windows CE, Pocket PC 2002 and 2003 comparison

http://www.windowsfordevices.com/files/misc/WindowsCE_PocketPC.doc
Pocket PC Web site development tips
http://www.builderau.com.au/program/windows/0,39024644,20277096,00.htm
Using Pocket Internet Explorer On The Pocket PC

http://www.the-gadgeteer.com/pocket-ie-article.html
Guidelines For Creating Web Content For Mobile And PC Browsing
http://forum.nokia.com/main/1,,040,00.html?fsrParam=2-3-/main.html&fileID=5957
Liquid Design - A Step Forward To Make Your Website Accessible

http://www.mardiros.net/liquid-design.html
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