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ABSTRACT

The main focus of this paper covers the imperative to develop courseware for handheld devices, the technical development of courseware for smartphones and what technologies underpinned the development.  Secondarily, it  assesses student evaluation of using this medium for study.  
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1. INTRODUCTION

Today as we face into a wireless future, there is an inevitable movement towards mobile learning, that is, education and training on PDAs (Personal Digital Assistants), palmtops, handheld devices, smartphones and mobile phones. 

All over the world wireless technologies are taking over from wired technologies. 664.5 mobile phones were shipped in 2004; over 50% of all employees spend up to half of their time outside the office; worldwide mobile commerce reached $200 billion in 2004; multi-purpose handheld devices (PDAs and telephone) will outsell laptop and desktop computers combined by 2005.

Nearly all higher-education students in Europe use mobiles in their everyday lives. However, these students do not use them for education, a situation that is now being addressed by the Leonardo da Vinci, European Commission-funded Mobile Learning project. http://learning.ericsson.net/mlearning2/ In this project, mobile learning was made available initially on PDAs. This development has now been followed by mobile learning on smartphones. The Opera browser has been adopted and development now takes place in XHTML rather than WML. The result is dynamic pages with interactivity and much greater interest for the student can be produced.
2. The development of mobile learning for smartphones

Mobile learning is the provision of education and training on PDAs (Personal Digital Assistants) /palmtops /handhelds, and on smartphones and on mobile phones. A number of mobile learning projects have been carried out.  The most important mobile learning projects funded by the European Commission are:

· From elearning to mlearning led by Ericsson Education Dublin 

· Mobile learning: the next generation of learning led by Ericsson Education Dublin 

· The m-learning project , an IST project with €4.5 million budget, co-ordinated by LSDA, UK 

· The MOBILearn project, an IST project with €8 million budget, led by Giunti Ricerca of Genoa, Italy.

The From elearning to mlearning project solved most of the problems of presenting courses on PDAs. http://learning.ericsson.net/mlearning2/project_one/technical_working_paper_nki.doc  By using Microsoft Reader Works a pleasant study environment has been designed that has been favourably commented on by students in surveys. The course had 1000 A4 pages, which was easily held by the 128 MB of memory of a HP Compaq iPac 5500. In the project Mobile learning: the next generation of learning similar success was achieved for mobile learning on smartphones. This was achieved by the adoption of the Opera browser and the move from development in WAP to development in XHTML, which enabled the production of dynamic pages with interactivity and much greater interest for the student.

This paper will concentrate on the development of mobile courseware for Smartphones, which took place as part of the Mobile learning: the next general of learning project.

2.1 Development Tools

The developments tools employed in the courseware development were Macromedia Dreamweaver MX Version 1.0, Opera 6.31 and Adobe Photoshop 5.5.  These were adjudged to be the best combination of tools at the time – tools which are used in web development.

2.1.1 Macromedia Dreamweaver MX Version 1.0

Macromedia Dreamweaver MX Version 1.0 was used during coding because it has the following features:

· A Site Definition Wizard that allows developers to specify a root folder where all site development work (sub-folders and files) is saved to. Once a site is defined, Dreamweaver can automatically update all pages sharing a common template if changes are made to the template. A site definition also provides developers with an efficient, ‘mouse-click’ means of inserting pre-defined (in a CSS file) class and ‘id’ names to HTML tags.

· A validator that can be set up to validate against a particular Markup language specification, e.g. XHTML 1.0 Transitional.

· A facility for previewing the page being coded in whichever installed browser has been specified for that purpose in Edit > Preferences > Preview in Browser.  

2.1.2 Opera 6.31

The newest version of Opera’s smart-phone Web-browser was installed on the Project Sony Ericsson P900. Opera 6.31 was chosen because it supports XHTML, a World Wide Web Consortium (W3C) technology developed with general user agent interoperability in mind. It was felt that XHTML should be used for the alternative Project site pages because it is a technology relevant to the next generation of mobile browsers. The latest advancements in wireless network capabilities make it possible to transfer greater amounts of data to handheld devices in much shorter amounts of time. More and more developers will opt for a Dynamic HTML (the combined power of HTML, Cascading Style Sheets (CSS), JavaScript and the Document Object Model (DOM)) approach over WML (Wireless Markup Language) to provide an interactive mobile browsing experience comparable to PC-based Web-surfing. The Opera 6.31 browser supports CSS Levels 1 and 2.

2.1.3 Adobe Photoshop 5.5

Photoshop provides settings when an image is being saved in Graphics Interchange Format (GIF) that enables the developer to produce a lightweight graphic for improved Web-page download time:

Transparent areas from the original Photoshop image can be included in the GIF Web version (to produce a GIF with a transparent background).  

As well as preserving the full transparency of background pixels, the developer can use a matting feature to ensure that pixels at the edge of an anti-aliased shape blend with the Web-page’s background-colour. 

A Web color palette can be specified for the image (to use the palette most often used by Web browsers). 

2.2 Technologies

The project decided on XHTML 1.0 Transitional, Cascading Style Sheets (CSS) levels 1 & 2, Java Script and Document Object Model (DOM)

2.2.1 The Extensible HyperText Markup Language (XHTML) 1.0 Transitional
To qualify as valid XHTML, each Web-page document of the site had to obey the following rules:

· The document had to have an XML declaration as the character encoding of the document was other than the default UTF-8 (UnicodeTransformationFormat-8).

· There had to be a DOCTYPE declaration in the document, with the declaration referencing one of the three Document Type Definition (DTD) files for XHTML (strict, transitional or frameset): the DTD file for XHTML transitional was referenced.

· The root element of the document had to be “html”, and the html element had to designate the XHTML namespace: an XML namespace is a collection of names, identified by a URI reference, which are used in XML documents as element types and attribute names.

· The document had to have the head, title, and body structural elements: a standard document should have the head, title, and body structural elements.

· All elements in the document had to nest properly.

· All element and attribute names had to be lowercase.

· Every element had to have an end tag, unless declared in the DTD as EMPTY.

· Empty elements had to have an end tag, or the start tag had to end with />: For example, <br> would not be valid; but <br></br> or <br /> would. The empty elements are: area, base, basefont, br, col, frame, hr, img, input, isindex, link, meta, and param. If ‘/>’ syntax was used, there had to be a space before the /> (e.g. <br />).

· Attributes could not be minimized: E.g., <td nowrap> would not be valid; but <td nowrap="nowrap"> would.

· All attribute values had to be quoted.

· Certain elements had to have an id attribute as well as a name attribute: These elements were: a, applet, form, frame, iframe, img,( and map.

· For attributes with values of an enumerated type, the values had to be lower case: E.g., align="CENTER" would not be valid; but align="center" would.

· All script and style elements had to have a type attribute.

· All img and area elements had to have an alt attribute.

2.2.2 Cascading Style Sheets (CSS) Levels 1 & 2

CSS is a technology for attaching style (fonts, text-alignment, background-colors, element-positioning, and so on) to structured documents (e.g., HTML documents and XML applications). CSS enables authors to separate presentation style from document content, and this simplifies the Web-page development process. In addition, all style ‘rules’ defining presentation and formatting throughout a Web-site are contained in a single CSS file, and design refinements and changes that effect multiple pages are made in a ‘single stop’.

The W3C released the first official version of CSS (CSS Level 1) in 1996. CSS1 provided a core set of capabilities for controlling presentation of content including the ability to set fonts, format text and set margins. CSS Level 2 was introduced in 1998 and provided developers with style sheet properties for content positioning, table-layout, internationalization (developing Web-pages that are easily adapted to specific local languages and cultures), and user-interface design. Level 2 also included all of the attributes of CSS1. 

A major benefit of CSS for the ‘lightweight’ Project site was that it facilitated the implementation of well-structured, maintainable XHTML documents. As all presentation rules were centralized in an external ‘.css’  file, the XHTML documents needed only to set out the basic structure of each Project site page, and therefore the markup’s purpose and role would be clearly understood by anyone examining and maintaining the code in future.

2.2.3 Java Script

JavaScript is a scripting language for creating simple code to control the behaviour of Web-document ‘objects’. Web-page elements such as tables, table cells, images, <span> elements and <div> containers are accessible through corresponding ‘object’ representations in the DOM. In the discussion on the design and development of the prototype m-Learning course, the way in which JavaScript functions toggle the visibility of course user-interface icons and headings will be discussed further. In response to user clicks, these functions use the DOM to control objects representing <img> and <span> elements so that particular icons and headings are shown or hidden. 

The JavaScript functions that control the dynamic user-interface of the prototype course are triggered by user interaction with ‘clickable’ page elements. After an ‘event’ (such as a mouse-click on an anchor, or the loading of the body section of the document) occurs, the browser checks whether there is JavaScript code to be called. The browser will carry out the instructions in the JavaScript function that is supposed to be called when that particular event occurs. 

Basically, the <img> and <span> element objects available to JavaScript through the DOM provide access to the style sheet visibility property settings for the elements. (JavaScript also changes the background-color settings for certain table cell elements when the user makes section sub-section selections (this functionality is not shown in Fig2.2.1a)).     

JavaScript code is included in Web-page documents by placing it between opening and closing <script> tags. JavaScript is used to write scripts that run ‘client-side’ on the Web-browser. This contrasts with a situation where code instructions in a Web-page document run on the Web-server before the page is sent to the client. A JavaServer Page (JSP) is a type of Web-page file that includes ‘scriptlet’ code that is compiled and run on the Web-server. 

JavaScript began life as a Netscape scripting language but as it grew in popularity the other leading browsers (Internet Explorer, Opera, Mozilla and Safari) provided support for it or ‘ECMA script’ (a closely related European Computer Manufacturers Association standardised specification). 

2.2.4 Document Object Model (DOM)

The ability to change the appearance of a Web page dynamically with JavaScript is made possible by the DOM. The DOM originated as a specification to allow JavaScript scripts and Java programs to be portable among Web browsers. The W3C DOM is designed to be a standard, cross-browser Application Programming Interface (API) to the structure of documents. The DOM allows scripts to access a Web page through a hierarchical structure with the window itself at the beginning, and breaking down into nodes and child nodes. A <div> container element with an <img> child element, for example, would form a parent-element-node-to-child-element-node link in the abstract view.        

The DOM can connect any element on a page to a JavaScript function. To find, for example, an <img> element in the document with an id attribute value of “diagram1”, the following path is used in JavaScript:

window.document.images.diagram1

An easy way to access an object in a document is to pass the unique name value of the element’s id attribute to the getElementById method of the Document interface:

document.getElementById(‘diagram1’)

JavaScript functions in the prototype course user-interface use the getElementById approach when changing particular elements’ style sheet property settings. The following code segment was used so that a particular group of sub-section-headings would appear on the interface’s navigation panel whenever a user chose the corresponding section:

while (startHeadingNoNewGroup < startNoNextGroup) { document.getElementById('topic_Sect_Heading'

+startHeadingNoNewGroup).style.visibility = 'visible';startHeadingNoNewGroup++;}

Each of the elements in the group targeted in the previous code segment is uniquely identified by a number part in its id attribute value, e.g. topic_Sect_Heading17. This is why concatenation with a startHeadingNoNewGroup variable is necessary in every iteration of the loop. 

The W3C did not standardize the DOM until recently, and older browsers (Netscape 4 and Internet Explorer 4) implemented their own conflicting DOMs. However, the majority of modern browsers now support the W3C DOM. During development of the prototype course, it was discovered that the Opera 6.31 browser does not have a complete W3C DOM implementation. During testing JavaScript code to change the background style sheet property setting worked on Opera 7, but not on Opera 6.31. 

The differences between the Opera 7 and Opera 6.31 DOM implementations highlighted an important consideration – JavaScript in pages produced for smart-phones / PDAs cannot be guaranteed the level of control over document objects that a full DOM implementation would provide. For the prototype course, JavaScript use of the DOM was simplified and a getElementById approach was settled on for dynamically changing certain elements’ background-color or visibility style sheet property settings.   
2.3 Design and Development

The prototype course user-interface screen (a Web-page with an iframe element for loading course material) was created with a column <div> container that holds all content. The <div> container holds a table element (used to create a ‘navigation panel’), and the course material iframe. The user-interface page was designed to behave dynamically. When the user clicks a section number on the navigation panel, the icons and headings displayed by the panel change, and new material is loaded into the <iframe> element. 

JavaScript included in the user-interface page provides the dynamic features shown in Fig2.3d. The folder icons are <img> elements, and each heading that JavaScript needs to control is placed in a separate <span> element. JavaScript functions in the user-interface page respond to user interaction by changing style sheet visibility property settings for different combinations of <img> and <span> elements. If the visibility property setting for an element is hidden then it cannot be seen on-screen, while it is shown when its visibility property is set to visible. There are a number of set locations on the navigation panel for displaying dynamically updating icons or headings. 

At any time there will be one specific icon (either an open-folder or closed-folder icon) or heading displayed at each location. All of the icons (either an open-folder or closed-folder icon) or headings needed for a specific location are stacked on separate virtual ‘layers’ above that location. The elements are placed on separate layers by setting the style sheet position property to absolute for each element. The separate layers created in this way act like transparent sheets stacked on top of one-another. It would be possible to create a vertical stack of icons or headings using transparent sheets placed over one-another if each sheet had a different icon or heading text. CSS was used to achieve virtual layering of elements over the course user-interface and each dynamic display location on the navigation panel has its own icon or headings set stacked above it..

To provide a different displayed combination of icons and headings for each section in the course, the JavaScript in the user-interface page allows only one element from each stacked set to be visible at any time. This is why, when the user chooses a particular Section no., one specific, corresponding icon (either an open-folder or closed-folder icon) or heading is displayed at each of the dynamic display locations highlighted in previous screen-shots. The JavaScript dynamically updating the navigation panel ensures that only one element from each stack set has its style sheet visibility property set to visible.

The dynamic behaviour of the course user-interface was achieved by combining the power of CSS, JavaScript, the DOM and XHTML. This combination of technologies is referred to as Dynamic HTML (DHTML), and it is an approach that can be taken for the latest smart-phone / PDA browsers.

JavaScript updating of the user-interface display when the user chooses a Section no. also involves loading corresponding material into the page’s iframe. It is a separate Web-page (displaying material that corresponds with the Section no. chosen) that is loaded into the iframe. 
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Fig2.3a Some of the pages that can be loaded into the user-interface <iframe>. 

In relation to the design of the course material pages that load into the user-interface <iframe>, the major challenge was how to convey ideas diagrammatically in the limited space available. Concise, uncluttered diagrams were the aim. Diagram key colour codes were used to avoid having to insert explanatory or labelling text directly into graphics. Sometimes the complexity and size of a necessary diagram could not be reduced enough for device screen size. A scaled-down, simplified image-map version with different clickable areas was used to provide links to separate full-size sub-section views of the original graphic.
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Fig2.3b The first (left-hand-side) section of a scaled-down image-map graphic is clicked to load a sub-section view of the large, original diagram.
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Fig2.3c The second (middle) section of a scaled-down image-map graphic is clicked to load a sub-section view of the large, original diagram.
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Fig2.3d The third (right-hand-side) section of a scaled-down image-map graphic is clicked to load a sub-section view of the large, original diagram.

2.4 Student Evaluation

Nineteen staff participated in the trial. Eighteen listed their occupation as Teacher/Trainer and one as Manager. The age group of the participants was varied, with all of them having at least one to three years of post-secondary education. 

	
	n
	%
	n
	%
	n
	%
	n
	%
	n
	%

	1.Occupation
	Manager
	Non-Technical Employee
	Technical Employee
	Teacher/Trainer
	Other

	
	1
	5
	-
	-
	-
	-
	18
	95
	-
	-

	2.Age Group
	24 or younger
	25-29
	30-40
	41-59
	Over 50

	
	7
	37
	3
	16
	6
	31
	3
	16
	-
	-

	3.Gender
	Male
	Female

	
	12
	63
	
	7
	37
	

	4.Level of Education
	High school Matriculation
	One to three years post secondary
	Four or more years of post-secondary 

	
	-
	-
	3
	16
	
	16
	84
	

	5.Mobile Device Ownership
	Mobile Phone
	PDA 
	Both
	

	
	17
	89
	-
	-
	2
	11
	


Students were positive about the user-friendliness of the mobile devices and m-learning in general. 78% found the equipment easy to use. Over half of the participants (56%) did agree that the experience was fun, which is a satisfactory response. As this was the first time many of the participants had completed a course on a mobile device, other factors such as familiarisation with the device and the course content may have influenced this result.

45% of the participants were in agreement that m-learning increases the quality of e-learning. When m-learning solutions are compared to their e-learning counterparts, the limitations of the m-learning device such as screen size and functionality mean that the expectations of participants are not always met.

50% of the participants were in agreement that learning objectives can be met by m-learning. Only 11% are in disagreement but there was a considerably large percentage uncertain (39%). The result is positive overall but the results do highlight the need for improvement in the m-learning solutions offered.

The technical feasibility of m-learning is hugely important, indeed the physical limitations such as small screen and keyboard can often lead to negative m-learning experiences. Over the last few years there have been huge breakthroughs in mobile devices including improved displays that allow for more advanced and complex graphics. 67% of the participants agreed that navigation through the course was easy. This confirms the technical decisions made on how to provide the course. 

3. Recommendations

Based on the evaluation on the student usage of mLearning module further research is required to ensure that a fun experience can be guaranteed all of the time by all of the participants.  Having to reconnect to the network frequently caused some frustration even though the decisions taken on how to design and develop the course led to improved download times, display of content and navigation experience.  Those students who experienced difficulty with the size of the screen and other physical limitations felt that the mLearning course did not enable them to learn.  

When mLearning solutions are compared to their eLearning counterparts, the limitations of the mLearning device such as screen size and functionality means that the expectations of the participants are not always met.  Participants often expect multi-media to be integrated into eLearning and hence into mLearning.  Further research into design of graphics and multimedia for mobile devices need to be explored further.

Deeper investigation revealed that the participants did not use any communication functionality for this particular module.  However, everyone agreed that the use of email, sms, mms or telephone calls would be extremely beneficial in mLearning.  This highlights the need for further research into these methods of communication and the advantages they could each offer mLearning.

The use of feedback and assessment stimulates students and maintain interest and enthusiasm when studying an mLearning course.  The same can be said of anyone studying on their own.  It is important to build in frequent self assessment into mLearning.

4. CONCLUSION

Through the use of web based technologies, courses can be developed and adapted for mobile devices.  As bandwidths expand and 3G with its “on all the time environment”, further improvements can be made to mLearning solutions to ensure that it is widely adopted. A pleasant learning environment with effective m-learning graphics and illustrations are essential. 

The vast majority of European students have a sophisticated communication device (mobile phone), they use constantly in all aspects of life. They are students but as yet they do not use them in education and training. There are riches to be tapped here that are being missed by education and training
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