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INTRODUCTION
The Accessibility Research Centre (ARC) at the University of Teesside is an active body of academics, research staff and postgraduate students who have an interest in the use of computers to support people with very individual requirements, whose needs may be a result of physical, sensory or learning difficulties.

 Stavroula Gkatzidou Research Assistant and member of ARC, is currently looking at the area of adaptable and reusable learning objects. Her project focuses on developing an authoring tool, to allow academic to create re-usable, retrievable and adaptable learning resources. This tool will be called LOTTI, which stands for Learning Object Tutor Tools Interface. At this time of the research the aim is to create a prototype of LOTTI based on the design specification of the tool that has been provided.

LOTTI is a tool which aims to facilitate the creation of reusable, sharable and accessible Learning Objects for academics without previous programming skills. A Learning Objects is defined as small, self-contained unit based on a single learning goal. However, for the purpose of this report, Learning Object is the same as a learning resource. The prototype tool will involve 4 components which are: the authoring tool itself, the definition of the user Profile Needs and Preferences, the access to the LO and the adaptation of the LO to suit the user’s needs and preferences.

The aim of the present project is to build a prototype of the LOTTI tool in order to highlight the strength and weakness of the research about LOTTI. Therefore, among the four aspects of the LOTTI project, this one focuses on the programming of the authoring tool itself. However, it is necessary to keep in mind the other aspects of the project in order to build the most adaptable and evolving program.


This report aims to provide a thorough understanding of the background of the project as well as how the project work was implemented. The first part consists of an extensive analysis of the project, its environment and the purpose of its research. It is only after a thorough and extensive background analysis of the LOTTI specification that a relevant choice of appropriates technologies can be made. The next step is then to specify the way to develop the next extension such as the search engine, the database of learner preference and profile, etc.

GENERAL PART

Developing a software following specifications implies a well understanding of the goals of such a project. To do so, it is necessary to focus on the key concept of the research lead by Stavroula Gkatzidou, Dr Elaine Pearson and Dr Steve Green.

Insofar no technologies were imposed to develop LOTTI, it is an important aspect to choose the most appropriate one. But with a closer reading of the specifications, some technologies appeared the most relevant for the development.

Finally, with such a huge project, which would never end to be improved, it’s important to take into account the next evolution and the environment in which it will be integrated.

I – Project overview

After several meetings with the ARC team members, in order to grasp their research areas and to obtain a thorough understanding of the research around LOTTI, the next step was to build a relevant project schedule.

1 – The background
Research on Learning Objects has pointed out the possibility to define powerful LO templates and patterns, efficient for learning purposes. The research project has used a number of learning objects as a case study, in order to extract a meaningful learning pattern template. The learning objects that have been studied are a number of Learning Objects to teach Java Programming to First Year students designed and developed by London Metropolitan University. These learning objects have also won a European Academic Software Award in 2004. By analysing these learning objects, the research project has managed to define a learning pattern template. This learning pattern allows the designer to develop learning objects that are reusable, since the learning pattern is reusable itself.

There is a number of newly emerging adaptability and accessibility standards and specifications which envision a new way of delivering learning objects of the Internet. The research around LOTTI suggests an approach for designers of learning resources and learning patterns to respond to these new challenges .The research suggests a shift from the view of disability as a personal trait, to that of a description of a poor relationship between a learner and a learning resource. 
2 - Analyses of the specifications.
At first glance, these specifications rise out the fact that the LOTTI project embodies four key concepts: the authoring tool, the personalisation and adaptation of the learning object, the sharing of the learning object and the definition of the user PNP.

Because of the scale of such a project, the specification only focuses on the authoring tool even if the other aspect are described in a shortest way.

a - The authoring tool (LOTTI specifications)
This tool, as stated before, should be straightforward and easy to use as it is intended for Learning Object designers that might not have extensive programming skills. That is to say that the interface should be as WYSIWYG
 as possible. These appear clearly on the schemas provided by the specifications which inform us about a common windowed interface.
 (You can then compare between the specifications and the result).
This interface is composed of a menu bar for the usual save, load, edit and so on (label 1). It also displays four windows: the Learning Object Window (LOW) (label 2), the Learning Pattern Window (LPW) (label 4), the Browser Preview Window (BPW) (label 3) and the TASS (Transformation, Augmentation and Substitution Service) (label 5) Window.
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Figure 1 : Actual interface
Basically, the LOW display the current LO edited. It display all the pages contained in it and a list of alternative media within one area of a particular page.

The designer of the LO could add a remove a page to the current LO by clicking on the plus and minus button at the bottom of the LOW. When adding a page, it is a page from the same template as the current page selected. The designer can select a page by clicking is name, this page will be displayed in the BPW. If the user click on the name of the LO, in the top of the LOW, it will display the metadata of the LO, explained further in the report.

The LPW represent the template of the LO. It displays the general structure of the LO and of its pages, and points out to the XML file template. It allow the designer to understand better the structure of the LO (and in a future version to edit its own LO and page template.)

The BPW is the window in wish the pages are displayed after having been selected in the LOW. It displays the different area of the pages to be edited. For example, the designer could write some text or add a media component by clicking the area name in the LOW. If the user click on the name of the LO on the LOW, the BPW will display input area to enter metadata concerning the LO itself, such as a description, keywords for the search engine… etc.

Lastly, the TASS window is minimized at the beginning. When the designer add a media component, the TASS opens itself and suggest the designer to add another alternative to the media he just add while it informs him what alternative to this component already exist. This window helps the designer to take into account alternative media.

b – The others aspects
Although the LOTTI specification focuses on the authoring side of the tool, the others aspects of the project are also important for the thorough understanding of the tool.

According to the LOTTI specification, the learning objects that will be designed and developed should meet a number of requirements:

· The learning object should be reusable. In order for a learning object to be reusable it is necessary that the learning pattern template will be clearly defined. So before starting the conception of LOTTI, building a LO is important. Since the learning resources have been well studied and described, and insofar a lot of specifications and official documentation exist, the next chapter, will focus deeply on the LO and its patterns.
· The Learning Objects should be sharable. Therefore, a web solution appears to be the most appropriate. This aspect implies that the learning object would be retrievable over the Internet. The idea is that the learning object developed will have the standard metadata tagging and could be easily stored in a digital repository, as well as found with the aid of a search engine.

· The learning object should be adaptable to the individual needs and preferences of a user. This implies that there must be a service which will allow the user to describe their profile of needs and preference (PNP). This profile can be in a machine readable format and when the user access the LO library, we could imagine that he log in, then he enter his preferences and the TASS process
 match his/her PNP with the LO of his/her choice.

After that, a process which convert the LO in the appropriate format (XHTLM, PDF for instance) and send it to the user is needed.

It is important to keep in mind these other part of the project to build the authoring tool. All these aspect will determine the metadata of the LO, the LO itself, therefore, the way to create and modify them.
3 – Organisation of the project

After having read and understood the specifications of LOTTI, a clear schedule appear for its development.

The first important point to solve is to decide which technologies should be use to develop this software. This implies the adoption of an appropriate format for the Learning Object. Web technologies appear to be the most relevant and appropriate, as they offer advantages such as that they are numerous and each one has its own special feature for precise purpose. Therefore, it is crucial to determine each part of the project which will require a specific technology, and then, to determine this technology.

Another important point is to think about the LO, because the file type of the LO will impact the choice of the technology to create, access and modify the LOs.

Obviously, before starting the development of LOTTI, it is essential to create an example of what constitutes a LO. It is essential to determine the appropriate file type, the structure of the files which compose the LO, prior to determining the specific structure of LOTTI.

The LO object itself have been a great and deep subject of research. In order to perform a useful one, it is necessary to study this research and add to them researches about accessibility and metadata. This way, it’s possible to create a LO following the most common template and adding specific metadata for accessibility.

After having built a model of a LO, we can think about the way to adapt it on several devices: for printing with PDF, for the web with XHTML, for handheld with WML and so on.

As the LOTTI specifications are focusing essentially on the authoring tool, it is clear that it’s the first component to be developed. Developing the interface in HTML/CSS, is the base in which the front-end can be create.

We must precise that a particular attention about the graphics of the interface is needed. As the specifications mentioned, the interface must be user friendly, that is to say that the graphics must be appealing and the interface should be Windows based to be more familiar to the user.

This front-end in JavaScript, is the functioning of the client side part of LOTTI. The back-end, then, corresponds to the functioning on the server side part of the software.

These two aspects could be developed in this order since they could function independently.

Finally, it’s only after having develop the authoring tool that a relevant work about how the user log in and seek a LO. This imply the development of a student database, to store the PNP, interface to fill in this database and a search engine find LOs, following the specifications of the student, and match them with her/his PNP.

After that, a final act is to transform the LO for the appropriate device and display it to the user.

The report will now focus in defining the concept of adaptive technologies.

II – The choice of the technologies
First stage of the project, this point is also a crucial one. As we see before, LOTTI will be web oriented software. Considering the large panel of web technologies available, the choice is decisive and could determine the efficiency of the whole project. For instance, is a certain technology able to evolve? The purpose of evolution of the software is therefore important.

1 – The Learning Object
The LO is the first important part of the project because it is the final product that LOTTI must create. It is therefore crucial to understand what is a LO, what’s its structure to find how we can develop it.

a – LO structure

Learning resources have been the subject of many researches. Ray Jones
, in his paper “Designing adaptable learning resources with Learning Object Patterns”
 suggests an interesting ways to define LO pattern and template.

He focuses on making reusable pattern for whatever subject or courses. He also pointed out that metadata, especially from the Dublin Core (DC)
 and Instruction Management System (IMS)
, allows the LO template to be reusable and sharable.

But the essential work of Ray Jones was to determine characteristics of such reusable templates. They should be:

· Self independent:

That is to say that the LO must be short, they should work by its own. If they can take part of a larger course, where many LO could be packed together, they should also and firstly be accessible alone. For example, the teaching of the WHILE LOOP in programming could be just a course in itself although it could be part of the teachings of the JAVA language or the teaching of algorithm. The same LO concerning the WHILE LOOP should be used in different context and work in its own. Finally, wider courses just become a packaging of different single LO blended together in a specific way.

· Context free:

If a lot of LO share the same template, they could also deal with a topic that fit with many subject. Following the previous example on the WHILE LOOP, it’s only when the subject of the LO, and the LO itself, is reduced to its very essential that it becomes context free. This way, LO are reusable.

Concerning the structure of the LO, Ray Jones suggests that we can find efficient template in existing one. In “Accessibility and adaptability of learning object: responding to metadata, learning pattern and PNP”
, Dr Elaine Pearson, Stavroula Gkatzidou and Dr Steve Green, have pointed out such a structure.

An effective learning object must be composed of:

· The title page: display the title of the LO plus several information like the author, the date and so on.

· The concept page: which explain the subject of the LO in theoretical terms.

· The example page: This illustrates the concept with a demonstration.

· The detailed example page: a deep explanation of the example regarding to the theory.

· The practice page: it is an important part of the learning because it makes the user check his understanding of the lesson and let him practice about it.
If this give a good idea of pages that compound the LO, pages templates could be found in the LOTTI specifications too.

The latter displays a lot of screenshot within which appears an example of LO for the JAVA WHILE LOOP. These examples use a title page and an example one.

 In the title page, only the title of the LO appears, but to a more relevant utilisation of it, the date of creation, modification, the author and other metadata specified by the DC could appear in this page.

In the example page we have a title area, an example area on the left, where a demonstration of the lesson might takes place, and a text area on the right for explaining the demonstration.

All these pages provide a way to navigate through them, within the LO with a simple navigation bar with functions such as ‘go back’ and ‘go next’.

The DC specifications help to define the LO for its latter utilizations. Indeed, it will be helpful to provide the designer and the learner this crucial information. Moreover, for the utilisation of a search engine, it important to think about the metadata it could use. Information like keywords and a short description of the overall LO is a good start.

b – LO Conception
First, it clearly appears that the LO are, before all, composed of data and therefore could be thought in terms of database. Besides, it’s important to keep in mind the fact that these data, contained in the LO, will be display for different device, printable version, web and others.

Considering all of these points, we have come to the decision that XML technology is the most appropriate one. It allows to store and structure the data, and, in a wider perspective, to transform the XML into other format like PDF or XHTML. The advantage is to keep a single source of content easy to modify and edit while the number of transformation could be numerous.

The transformations are made via an XSLT file. XSLT are style sheets that add some structure to the XML file data according to a specific format. The most common format in which XSLT are efficient is the transformation to XHTML (XHTML is a language drawn from XML technology). There is also XSL-FO
, a language drawn from XSL for a powerful layout. It allows working with margin and frame, like the CSS, and makes a great layout often used for PDF.
The XML is a tag based language; you could create your own structure of data, that is to say your own tag, and therefore match precisely your need.

The example below shows how the LO are represented in XML:

The Index file (Learning Object Template):
The file provides the overall structure of the LO, that is to say the number of pages, their type and their order:

<lo type="LO Type" subject=”LO subject” name="name of the LO instance" title=”Title of the LO”>

<description>


This is a description of the overall LO for Searching engine result display.


</description>


<keywords> List of keyword for the searching engine only<keywords>

<page type=”page type” name=“of the file” pageNumber=”1”/>

<page type=”page type” name=“of the file” pageNumber=”2”/>

<page type=”page type” name=“of the file” pageNumber=”3”/>

<!--more pages as required-->

</lo>



Explanation of the learning object template:

<lo type="LO Type" subject=”LO subject” name="name of the LO instance" title=”Title of the LO”>

- the lo tag is the root of the index, template, of the LO.

-the type refers to the XML files template. For instance, When a LO is created the XML file template template_1.xml is instantiated in index.xml. But in this attribute the index.xml has template_1.xml 


-the name is the name of the LO pattern instance. It will be part of the name of the LO folder and files. This name doesn’t have to be explicit but should be the shortest as possible and only uses simple character (no accent, /, \...etc.)


-the title is the title of the LO. It could be as long as the designer wishes. It will be helpful to precise, for instance, the specific topic of LO, more than a simple subject as math, history…etc.

<description>


-this tag will own a short description of the learning object to helper the user to make is choice in the Searching Engine. When a list of LO is displayed as a result of a searching request, this text will appear under the title of the LO.

<keyword>


-this tag contains keywords the designer wishes to describe the LO with. It will only help the SE to match more efficiently the appropriate LO.

<page type=”page type” name=“of the file” pageNumber=”1”/>

-the type refers to the page template used by this page. (e.g. example.xml)

-the name gives the name of the xml files of the page. (e.g. example_3.xml)

-the pageNumber point out the order of the page when browsing the LO
The Page Templates:

This is an example of a XML page template it contains, the different area of the page, such as the title, the text zone and so on. Within this area are contained the media and their alternatives.

<page type="page type" name="name of page instance" title=”title of the page”>

<description>Here is a description of the overall page </description>

<item type="type of the window" title=”title of the window”>


Alternative text



<content typeMIME=”MIME Type” name=”of the media file”/>


<content typeMIME=”MIME Type” name=”of the media file”/>

</item>


<!-- more elements-->

</page>

Explanation of the learning object template:
<page type="page type" name="name of page instance" title=”title of the page”>

-type refers to the xml template files the page is build with.(e.g. example.xml)

-name of the xml instance of the page. (e.g. example_2.xml)

-title of the page.

<description>


-description of the overall page.
<item type="type of the window">

-each item corresponds to an area of the page.


-type define if it is a title, a text area, an example area… Each type of item will have a special way to be transformed and display.
<content typeMIME=”MIME Type” name=”of the content”/>

-name is the reference of the media file. (e.g. music.mp3, image.jpg, video.avi… etc.)


-typeMIME provides useful information for displaying the medial content and is especially useful for choosing the appropriate media concerning PNP.

Important aspects to remember about the utilisation of XML are that this technology allows storing and creating a real hierarchy between data, and XML is a very portable format useful for data exchange between applications. We see more and more online and offline software which uses this technology for data storage or configuration files.

The structure, and the technology the LO’s are going to be built with, give a better idea of the way LOTTI will develop them.
2 – The LOTTI global functioning

It is apparent that web technologies are the most appropriate method for developing LOTTI, and that the goals of this software is to manipulate XML file which represent LO. The next step is to determine what technologies to use to read, modify and store the LO, and to build the interface of the software.
a – A DHTML interface

First, LOTTI specifications provide a lot of screenshots and design guidelines about the “user friendly” interface. The structure is a window based one, with a navigation menu on the top of the screen. HTML with a CSS style sheet appears to be a good way to create such a rich interface from a graphical point of view. But since, a software interface should be dynamic, is it essential to use a script language. On the client side, the most common as well as efficient one is JavaScript. This different language taken altogether is called DHTML for Dynamic HTML.

It is clear to see that these technologies are relevant for this project as the designer of a LO will manipulate a lot of data in different tool component areas (LOW, BPW,…) on the same pages, and the software should respond instantly to the user, as when the TASS window opens up to ask the designer if he/she wants to add an alternative to the media he just add.

A single HTML, even with the input of a form, wouldn’t be able to do that in a satisfactory way.
b – The server side functioning
If the JavaScript could take part of a lot of interactions between the designer and the interface, like gather information about LO and displaying it in the interface, it can take part of the management of the LO, such as creating, modify and erase LO. 
Since the software is a web based one, it would be pointless to allow the storage of a LO the user’s computer only. Therefore all the storage of the LO’s, the access to the LO pattern template and so on, are implemented with server side technologies. The most appropriate is PHP.

For a better understanding of the functioning of LOTTI, let’s see the server folder structure:

- When a LO is created, a PHP script list all the template available in the LOTemplate folder. The designer chooses one and gives a name to the LO. The script then, looks into the XML template file and duplicates this file with the entire XML page template, store in the PagesTemplate folder, that the LO template indicates. Although the designer is not allowed to edit his/her own LO and page template, it is possible to add a new pattern template by storing them into the Page or LO template folder. 

- The copied files are stored in a folder named with the same name the designer has given for the LO, in the LO folder.

- When the designer adds media content to an item of one page, the file is uploaded to the content folder. This function allows reusing a single content in many LO.

- Transformation provides different sort of XSL Transformation for different format.

- The temp folder is a useful repository. When, for instance, the program performs a transformation, it stores the result for a short while in this folder before sending it as a zip file to the learner.

- All the HTML, CSS, PHP and JavaScript for the functioning of the authoring tool are stored in the LOTTI engine repository.

-  The Extension folder will contain the other part of the project such as the learner interface to access the LO, the Search Engine and so on.

Now, the structure of LOTTI appears like a common web centred software with a server client functioning. However, this is not satisfactory enough. In fact, the inherent functioning of a software is reactivity and a functioning only based on a server technology implies that the browser should refresh the page each time the software want to get or send data from the server. Taking into account the rich interface structure and the wide amount of data processed, simply refreshing the page is not a good solution as it would result in bugs and errors. We have therefore reached to the conclusion that another form of technology has to be applied.
c – The AJAX solution
AJAX is not a technology in itself; it is the use of specifics function of JavaScript. The XMLHTTPrequest is a characteristic of AJAX. This object permits to send requests to the server dynamically, in other words, there is no need to refresh the page to call functions in a PHP file, request a database or read into an XML file. This dynamic dialogue with the server fits very well with this project because the interface is constantly filled and updated with data from both server and the designer.

To sum up, with AJAX, the data goes back and forth between the client and the server without having to refresh the page and therefore with a lighter functioning.

It is necessary to discuss now how AJAX could be applied for the purposes of LOTTI. When loading or creating a LO, the Interface has to display it. So, it has to retrieve a lot of information, from the number and the type of the page to the content of each item. With the XMLHTTPRequest it’s possible to read this information directly in the XML file, using the Document Object Model (DOM), and write it in the interface, also with the DOM.

The DOM is a W3C
 specification to access, read and write into, different part of a tag based document like HTML or XML. JavaScript, for instance, uses an instance of DOM.

However, such a useful technology would be great if it has not its part of shadow. If AJAX could read on server files and request other script like PHP, while sending it data, it cannot, for obvious reason of security, write into a server side file.

In order to store the modification of the designer in his LO we need to use a PHP script since PHP contain write rights for server side files.

Finally, AJAX is a good technology as it requests the client side more than the server side. It also allows the ‘back and forth’ of data from client to server without refreshing the web pages. This is an emerging technology with lots of potential to evolve, as several frameworks have already been developed and have demonstrated good results.

III – Extensions of LOTTI

If the author tool is an important part of the project, this tool takes place in a wider learning environment. In order to develop meaningful LO and effective software, it was crucial to take into account the following aspect of the project.
1 – Management of the PNP/the Search Engine
As the LO should be available for the individual user, it is essential to discuss a service which will store and provide the user with a profile of their personal needs and preferences .These profiles (PNP’s) will be anonymous in that there is no need to know who the user is or why they require the specified support. This implies that PNP’s are not only meant to be created for people with disabilities but by all the learners.
This web service could be composed of a form the students fill in their personal needs and preferences in terms of how they would like information be displayed and delivered to them. For example a visual impaired user can state in their profile that they do not wish pictorial representation of learning objects but wish audio learning objects instead. Similarly this profile can be the same of a sighted user who is accessing a learning object on a PDA while driving. In both cases the users will wish for learning resources with hearing content.  

This Profile, then, defines the needs and preferences and they are stored in a database. This stage consists in asking the learners, with a form, their preferences and needs. This implies the devices on which he want the LO to be displayed, display and control options.

Similar work has already been carried out in the Web-4-All program by the Adaptive Technology Resource Centre for Industry in Canada. ATRC has developed a Java web start program which asks questions to the students in order to build their profiles. The students are also given the opportunity to have a number of profiles, for instance, a profile for a specific device or for a specific time etc.

Then, the software edits an XML file in which are written all the different preferences of the students following the Dublin Core and the IMS ACCMD
 specifications.

When the learners access the LO database they should first log in, and use a search engine to find the appropriate LO he want.

The search engine seek LO with the keywords in the keywords tag of each LO and following the user PNP, and after, display the results with the title and a description contained in the description tag of the index file of the LO. This description could help the student to find more precisely the resource he needs by reading this sum up.

The previous points are important for a future implementation of LOTTI. But for now, the authoring tool has just to be developed has a part of a wider learning system. As far as the PNP and the SE are concerned, it should take part of the student database and intranet of a university like Teesside for example.
2 – Adaptation of the LO
The learner has just logged in, searched for a LO following his/her preferences. After that, there is a process in itself aiming at transform the LO in the appropriate way.

A PHP script would be responsible for gathering all the information and transforming the XML files of the LO with the right XSLT style sheet, giving it special information.

Indeed, if a XSL transform the content of an XML file into a specific format, a previous script must select the type of media to display, following the user PNP and the device of display, and send the information before the transformation.

This part is of great importance as it is always possible to improve the selection of the media or to improve broadcasting of the LO adding new XSLT style sheet for new format.
3 – Server side improvements
The actual functioning of the server side of LOTTI, particularly the storage of the LO in XML format, is sufficient for its actual use. But if we think of a wider utilization, like a large number of LO’s, we have to manage the entire aspects that this implied.

First, since the number of designer could be consequent, it could be interesting to store their profile in a database and make theme log in when using the software. This way, we could inform the LO about useful things such as the author’s name, the date of creation and so on.

Technically speaking, the AJAX technology is useful for Asynchronous requests to the server but when the amount of LO and designer will improve, this technology probably going to be too weak. Such an utilisation requires a database to solve problems like many designers accessing the same LO in the same time.

Using a database to store the LO could be a great solution in that sense. As a result, we could then generate XML file from the database when an output is needed. Rather than being used like a database, XML files will just ensure its first purpose, that is to say a multipurpose file format.

A huge project like LOTTI could be improved in many ways, from changes to adding a number of extensions. However the use of a database is considered to be the most important change that we are proposing for LOTTI.

TECHNICAL PART

I – The Interface

1 - Presentation of AJAX technology
The Asynchronous JavaScript and XML is not a technology in itself but the combined utilization of XML, DHTML, JavaScript and its XMLHTTPrequest object. With this object, developed for Internet Explorer first, JavaScript could send a request to a file on the server with the GET or POST method, without refreshing the page like a form does.

The XMLHTTPrequest object must be created like an object, for instance var http_request = new XMLHttpRequest(), and the request is send with its method open(sending, url, mode), with sending as the POST or GET sending method, url as the url of the XML file (or another type of file), and the mode attribute, a Boolean at true to use an asynchronous process, that is the interesting functioning of the AJAX technology.

After this simple overview, it is essential to examine how this technology allows to work with the file on the server. When the request is sent, this XMLHTTPrequest own four states known with the readyState attribute. When the readyState equals four, it means that the request has succeeded. Another attribute, state, gives information about the HTTP state of the request, and therefore its error if it has failed (the most common is the file not found error 404. In this case, state returns the number 404).

When readyState equals 4 and state equals 200 (success of HTTP request), we are able to use our object named above http_request. This object own to attribute which are responseXML, for the content as XML, and responseText, for the content as a simple text.
With one of these two possibilities it is now easy to read inside a document with the DOM.

The DOM is a way to access a specific element within a tag based document like HTML. For example, with JavaScript, the document.getElementsByTagName (‘tagName’) function gathers in an array the entire tag, whose name is tagName, of the current document. To read into the XML file, for instance, it is then http_request.responseXML.getElementsByTagName (‘tagName’).

In order to make the above function clearer, it is essential to discuss the way AJAX has been implemented in LOTTI.
2 - Implementation: the XMLHTTPrequest
Due to the fact that LOTTI need to access many times the data stored in the XML file of a LO, a specific function has been built: ajax_request(methode, url, arguments, type, fonction)
.

With method the user states if he/she wants the GET or POST method; url give the url of the file to deal with; arguments is the data to attach to the url if the method is GET (e.g. if the url is “./index.xml” and the argument “lo=3&page=2” then the final url will be “./index.xml?lo=3&page=2”); type define the type of the response to use between responseText and responseXML; function is the function to process when the connexion with the file is established.

This last attribute is the most interesting since it is with this function that that we could work with the XML data. 

An explanation of how this works follows:

After having created the XMLHTTPrequest object, we assign a function to its onReadyStateChange attribute, the attribute which inform us when readyState change its value.
http_request.onreadystatechange = function() {

//Then, we test both readyState and status to check if the request has succeeded.

  if (http_request.readyState == 4) {

    if (http_request.status == 200) {

//In this case, the function processes the function argument.

      eval(fonction);

      return true;

    } else {

      alert("Error no."+http_request.status+"\nAn error occur while receiving data");

      return false;

     }

   }

}

Moreover, the function contains, in its beginning a number of tests to check the validity of the argument and to create the XMLHTTPrequest object, following different browse, as it is not the same for all browsers.
3 - The Dojo AJAX toolkit
Dojo is one of the very first JavaScript toolkits to have been implemented and use the great possibilities of AJAX
. This toolkit has been developed essentially to help the creation of web application that fit perfectly with this project. The toolkit is composed of a library of JavaScript files and functions stored in a repository in LOTTI folder
.

Dojo allows the developer to implement dynamic features, such as effect of slides, wipes, fades and slideshows, drag & drop, but also more complete application such as a mail service and a text editor in a website.

It is this last element that LOTTI uses in the BPW, the area in which the designer will edit the content of the LO.

More specifically, for the text area (in the left) of the example page, LOTTI provides with the aid of Dojo toolkit, a text editor with the possibility of change the size of the letter, to put them bold or italic, to change their colour and so on.

In order to implement this, the first step is to put the dojo toolkit in the LOTTI repository as stated above. Then it is essential to define a textarea with the id equal to text. To assign the text editor to this textarea we need to use the following code:

editorVar = dojo.widget.fromScript("Editor", editorArgs, dojo.byId("text"));

· editorVar is the variable that contains the text at every moment.

· dojo.widget.fromScript() means that we access the dojo toolkit to pick up a specific script.

· The “Editor” informs the program which widget to use.

· editorArg is the option of the text editor we wish to implement. For example: var editorArgs = { items: ["bold", "italic", "underline"] } means that the editor will have the bold, italics and underline options.

· Finally, dojo.byId("text") use DOM interface specific to dojo, to reach the tag of the actual document whose id equals to text.
LOTTI provide now a text editor for the designer.

4 – Argumentation about this technology regarding to the project

As the Dojo Toolkit has demonstrated above, AJAX is an interesting technology to improve websites and to develop complete web applications. This fits perfectly to the project in concern. It permits the implementation of powerful features such as a text editor, or the asynchronous access to the server without the need for refreshing the pages. Then, we reach more the functioning of software than those of a web site.

However, as AJAX is considered to be a new technology it is also essential to discuss its limitations. The following section analyses the drawback of AJAX

To begin with, it is hard to implement AJAX as only a small number of frameworks exist to exploit it. Moreover, its utilization implies that the user has enabled JavaScript and this is not always obvious. Furthermore, it raises security issues that need the JavaScript code to be signed.

Moreover, since AJAX avoids the server to do some tasks it normal does, it means that the client is much more requested. This can possibly result in a computer crash down or slowing down of the client machine. Furthermore the number of programming mistakes increases when the technology is huge to implement.

II - Learning Object: the XML/XSLT solution
1 - Presentation of the XML/XSLT
With XML, one could make is own tag to make the most relevant structure of data his application need. From XML has already born several specific formats such as XHTML, the XML version of HTML, or RSS, a special kind of XML file for information broadcast. With a DTD
 file, one could write a set of rules from the name of the tag to the type of the attribute. XHTML and RSS have both a DTD to respect in order to edit an XHTML or RSS file.

The advantage of XML is that it’s a low level language understood by a wide range of programming languages such as JAVA and C++. So this language is able to bridge applications.

With XSLT style sheets, XML becomes powerful since a single XML file is the only source of data for different means of display. For instance, a single XML file could be declined in PDF and XHTML with the appropriate XSLT Style sheet. Any change to the data source apply itself to that both output. So, it avoids mistakes and facilitates and shortens the updates.

These are the main reasons we consider that this technology is the most relevant and appropriate to LOs, since they are expected to be displayed in different ways.
2 – Example of the XSL Transformation to XHTML

This transformation could be summed up by the schema below:
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Figure 2: transfomation to XHTML
The XML data are given some structure thanks to the XMLtoHTML.xsl XSLT style sheet, the result is given some CSS for the presentation and the behaviour with a script language, in the case of LOTTI it is JavaScript.

Let’s have a look at an example: 

Below is the code of an xml file containing the data:

<?xml version="1.0" encoding="iso-8859-1" standalone="yes"?>

<?xml-stylesheet type="text/xsl" href="XMLtoHTML.xsl"?>

<page type="example.xml" name="example_2.xml" pageNumber="given by the LO template xml file" title="title of the page">


<description> Description of the overall page.</description>

        
<item type="title">



Title of the page.


</item>

       
<item type="example">



Alternative text.



<content typeMIME="type mime" name="myfile.ext"/>


</item>


<item type="text">



alternative text.



<content typeMIME="audio/mpeg" name="audio1.mpg"/>


</item>

</page>
To specify which style sheet apply to this XML is the following tag:

<?xml-stylesheet type="text/xsl" href="XMLtoHTML.xsl"?>

Here are some samples of the XMLtoHTML.xsl file
:

The header contains useful information to perform the transformation:

<xsl:output

    indent="yes"

    method="html"

    omit-xml-declaration="yes"

    encoding="iso-8859-1"

    doctype-public="-//W3C//DTD XHTML 1.0 Strict//EN"

    doctype-system="http://www.w3.org/TR/xhtml1/DTD/xhtml1-strict.dtd"/>

<xsl:strip-space elements="*" />

- The indent attribute specifies if the indentation is kept or not in the result.

- method specifies the type of the output it is completed by the doctype-public and doctype-system attribute.

- <xsl:strip-space elements="*" /> is a useful tag which erases all the empty text nodes that the programmer might have added for the legibility of the code.

The rest of the file set the layout and structure for the HTML file. It works with templates. Each template is defined in the following way:

<xsl:template match="tagName"> instruction </xsl:template>

Each time the process match the tag “tagName” it output the instruction set within the tag.

After having defined a template, it will apply when the following tag is set:

<xsl:apply-templates select="tagName"/>
In the place of this tag, will be written the output of the template that it represents.
To get the content of a tag reached with a template we use:

<xsl:value-of select="tagName"/>

For example:

<xsl:template match="tagName"><xsl:value-of select="tagName"/></xsl:template>
Will output the actual content of the node
 whose Name is tag name.

For an attribute, the @ sign is used like this:

<xsl:value-of select="@attributeName"/>
This specific syntax to reach tag attribute, and finally, every element of a XML file is called XPath.

Lastly, to add an HTML structure to the XML data, we can add the proper HTML tag like this:

<xsl:template match="page">

        <html>

          <head>

            <META http-equiv="content-type" content="text/html; charset=iso-8859-1"/>

            <link rel="stylesheet" type="text/css" href="html.css"/>

            <title>

              <xsl:value-of select="@title"/>

            </title>


 <script type=’text/javascript’ >


    alert(“ouéééé ça marche!!!”);


 </script>

          </head>

          <body>

            <xsl:apply-templates select="item"/>

          </body>

        </html>

</xsl:template>
The text representing HTML structure will be interpreted like HTML, because it is what we state in the header of the XSL file. You can easily notice that it is in the HTML declaration that we implement the last part of the transformation, that is to say, adding a CSS style sheet (html.css) and JavaScript within the script tag.
This process is the same for other format insofar the language of the format must be known. For example, in order to translate the XML into WML, we follow the same process as the HTML except for the fact that we must use WML tags.

3 - Implementation, functioning
To make an XSL transformation you must have an XML parser. The problem is that only the later versions of browsers own an XML parser. Regarding to compatibility issues, the solution is to parse the XML on the server side of the application.

PHP, with the Sablotron and Exapat library, and php_xsl.dll, offer a solution to transform XML with XSL:

// Xml and XSL files

$xml_file = "complex.xml";

$xsl_file = "complex.xsl";

// Allocate a new XSLT processor

$xh = xslt_create();

$fileBase = 'file://' . getcwd () . '/';

xslt_set_base ( $xh, $fileBase );

// Process the document

$result = xslt_process($xh, $xml_file, $xsl_file);

if (!$result) {

    // Something croaked. Show the error

    echo 'XSLT processing error: ' .xslt_error($xh) ;

}

else {

    // Output the resulting HTML

    echo $result;

}

// Destroy the XSLT processor

xslt_free($xh);

With this script, we just have to pass the right name of the files to the variable $xml_file and $xsl_file to have the result displayed by the echo function.

This process takes place when a learner has chosen the LO they want and in which format. Then, the transformation occurs in the temp directory, where a zip pack is made with the entire needed document. At this stage the learner w download the package from the temp repository.

4 - Discussion about the solution regarding to the project

The XML provides an effective means to adapt learning objects as only one file is the data source that facilitates and shortens the changes without having to change each version of the LO 

As the number of LO and pages templates could increase, the same applies for the transformation template too. If this occurs, we need, to add new XSL style sheet and make all the existing Lo available for a new support.

Of course, there is always room for improvement. Since a wider utilization of LOTTI implies a lot of designers and a number of LO’s, it could be interesting and challenging to use a database for the latter purpose, to store LO’s. The database would respect the structure of the XML files by providing the same information and fields. The XML could be generated from the database to be transformed.

This of course doesn’t imply that using AJAX technology is meaningless. AJAX could also request a database so its utilization would still be needed to keep the dynamic interface. It is only the web service with which AJAX would deal with that would change.

III - Server side: the PHP solution
1 - The web services specification
A common function of web applications and websites in general consists of separating client side from server side in order to develop both of these aspects.. Thus, the client side script utilizes web service.

Web Services are a set of functions, for LOTTI in PHP, the client scripts call, passing it some parameters, and receiving back information, a result or the success of the request.

Since AJAX could dynamically call to a PHP file, it could execute its script and retrieve the result. This implies to stage, sending the request and gets the result.

Web services are composed following some specifications which describe it, like the figure 3 below shows it.

First it has a verb, the name of the PHP function to call, parameters, those needed by the function, and a return, for example true if the function work well and an error message when a problem occurs.

	Verb
	LOmodify

	Parameter
	LOname | fileName | path | attribute | value 

	Value
	LO1 | example_3.xml | documentElement.item[2].content[1] | name | 01.avi

	Normal Return
	True or error message which inform about the cause of the problem

	Error
	Learning object not found; File not found error; incorrect path (no such existing element); 

	Typical Call
	[http://localhost/LOTTI]/process.php?verb=”LOmodify”

&fileName=example_3.xml

&path= documentElement.item[2].content[1]
&content=name

&value=01.avi

	Notes
	The element to change could be characterized by a DOM path like shown as example above.

If the attribute field is empty: “”, it is the text node in the tag which is replaced by the value.

If the attribute or text node does not exist it creates it.


Figure 3 : example of a web service specification
Obviously, there isn’t one single function to call so a PHP script will receive the request and call the appropriate function.

When a request is made, this function checks the verb and formulates the call to the function the verb refers to.
2 – The management of the LO
AJAX, for purpose of security, cannot write into a file and, therefore, can manage physically the LO. PHP bring a great solution to the management and storage of the LO, since it can create, copy and delete files from the server.
Within LOTTI, these functions take place as Pop-Up. For example, when the designer click on files > new > learning object, a Pop-Up opens to prompt the designer which template he wants to use and which name he want to give to the LO. This name is not the title of the LO it is the name of the folder in which the LO files will be stored. This repository is stored within the LO folder
.
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Figure 4: New LO Pop-Up
The Files > Open pop-up retrieves in the LO repository and displays the entire LO available in a form with radio button. The designer, then, can then decide and chose by pressing ‘submit’ and submitting the form:
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Figure 5: Load LO Pop-Up
The Files > Delete Pop-up works in a similar way too. The only difference is that instead of having radio buttons, we have provided checkboxes, in order to allow the designer to erase several LO at once:
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Figure 6: Delete LO Pop-Up

This function points out four key concepts of the files and folders management with PHP.

For all of them, we have a similar script which aims at retrieving files and folders from a specific repository. For the New LO pop-up, the script must get the entire XML LO template file from the LOtemplate repository, as well as the Load LO Pop-Up that needs the whole LO stored in the LO folder just like the Delete LO Pop-Up.

The following script architecture applies to all of the previous pop-ups:

$directory=opendir('./LO/');//Open the selected directory

while ($file = readdir($directory)) { // Read each elements of the folder

  if($file != "." && $file != ".."){// Avoid to take into account the “.” And “..” element.

    // Here take place the appropriate functions;

  }

}

Just the name of the repository and the instruction are changed from a Pop-Up to another.

The specific function of creating a LO are mkdir(), to create a repository, and copy() to copy the templates.

For example:

mkdir ("./LO/".$_POST["LOname"], 0777); //create a folder in the LO repository named like the designer r. 0777 is the chmod
 which indicates the right on the folder.
       copy("./LOTemplates/".$_POST["LOTemplates"] , "./LO/".$_POST["LOname"]."/index.xml"); 

This function copies the file in the first parameter ("./LOTemplates/".$_POST["LOTemplates"] that is to say the LO template the designer choose) to the place of the second parameter ("./LO/".$_POST["LOname"]."/index.xml"). This means that the script renames the template_X.xml in index.xml.

The PHP function to delete a LO are unlike($file), to delete a file, and rmdir($folder), to erase it from a repository.

An important point is, that PHP cannot delete a folder if it contain files, so the Delete LO script first erases the entire file of the LO repository and then removes the whole directory
3 - Discussion
For the development of a web application, the separation between client side script and server side is very useful. Thus, it is possible to develop both sides in parallel. With web service specifications, the client side programmer could easily formulate is need concerning the functioning of the server side and then obtains a more structured code.

Just like the menu bar, the pop-up system, for creating, removing and loading LO, follows the design guidelines of the interface of a Window based application. However these PHP scripts have not been developed as web services, since the designer is directly involved. So, since requesting a web service for such a purpose would be too heavy regarding to the result, the pop-up windows provide light scripting and therefore are more appropriate. 

CONCLUSIONS
General conclusion
The project of the LOTTI author tool is a huge project as it blends in many areas of research such as research in mobile learning, distance e-learning and web accessibility 

The authoring tool is only one of the aspects of such works, but it is the central one. Constant refinement could be done as the researches evolve and the technologies increase.

If the most important feature of the author have been developed, during the development points out several way to improve it, like the use of a database for the LO and for the designer when accessing the tool.

But all in all, the primary goals have been reached since the actual LOTTI could create, edit, and delete LO. They even have been exceeded since others aspect of the project have been developed like the adaptation of the LO with XSL style sheet. Indeed, keeping in mind these others aspect was essential to develop the author tool and even if they are not finished yet, the work provides a good shape of how to build them in the future.
Personal conclusion

The first and obvious good point is that my internship takes place in an University in England. During my stay in England I was able to explore the country’s lifestyle and to also improve my knowledge on the English Language. This has been an interesting and challenging experience in itself. 

As far as work is concerned, working with an Accessibility Research Group has allowed me to overturn my former way of working. Instead of throwing myself into the development, this project compels me to take some distance with the technical issues and grant a better importance to its goals. Working within the ARC has also allowed me to get a general understanding of the issues of web accessibility and accessible e-learning.

This interesting aspect was enforced with the research environment I was involved into. The goal of the research I was intended to illustrate was interesting to discover and understand.

Concerning my skills, this project, allowed me to get a real hands-on approach on how to manage a project from the initial stages throughout its completion. Reflecting on this experience, this placement has also given me the opportunity to work within a time-constrained project which allowed me to improve my time management skills. I have gained the experience of working within a group with people with various roles such as developers, designers and researchers. It was a particular challenge to work seamlessly with all of them in a group.  

Moreover, at a strict technical point, I have learned a wide range of new and powerful web technologies such as XML, XSLT and AJAX, in the same time I have deepened my skills in JavaScript, CSS and PHP.

To conclude, this internship was useful at every point of view, from the most precise technical point to the wider benefit of working in another environment, discovering new culture and way of thinking.
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ACCLIP: Learner Information Package Accessibility for LIP is IMS specification which provides a mean to describe the PNP including devices issues as well as display or control parameter.
ACCMD: AccessForAll Meta-Data is IMS specification based on Dublin Core, IEEE, CEN-ISSS, Eduspecs and others. The AccessForAll Meta-data specification is intended to make it possible to identify resources that match a user's stated preferences or needs. These preferences or needs would be declared using the IMS Learner Information Package Accessibility for LIP specification.
AJAX: Asynchronous JavaScript And XML. Utilization of the specific XMLHTTPrequest JavaScript object to request the server without having to refresh the web page.

ARC: Accessibility Research Centre. It is one of the research team of the SNCRU department of the University of Teesside. Its research is lead on enhancing the use of computer to help disabled people.
BPW: Browser Preview Window set a broad outline of the Layout of the page and a display of its media files.

DOJO: DOJO is an Open Source JavaScript Toolkit to improve the web experience of the user while reducing the development times and difficulties.
DOM: Document Object Model is a W3C specification to access the entire tag based language such as XML or HTML.

DTD: Document Type Definition. This file contains the rules of an XML schema, that it to say the names of the tag, of the attribute, their number and their interdependency. For example, the XHTML DTD contains rules such as: the root node is <html></html>, this element must contain one, and only one, <head></head> and <body></body> node in this order.

LO: Learning Object. They are learning resources from tutorial to courses slideshows and printable document; in few words, digital learning resources. (See GENERAL PART > the choice of technologies > the Learning Object for a greater definition. See also “Designing Adaptable Learning Resources with Learning Patterns” from Ray Jones, available at http://jodi.tamu.edu/Articles/v06/i01/Jones/ ).

LOTTI: Learning Object Tutor Tool Interface. It is the name of the author tool to build adaptable Learning Object.
LOW: Learning Object Window, is the window in which the index of the LO is display. This index contain the entire pages the LO is composed of, their different area and the entire media content and their alternative of each area.

LPW: Learning Pattern Window displays the structure of LO giving the references of the template files the LO is made of, and the name of area that composed the each pages.

Node: In a tag based Language a node defines all sort of element. There eight types of node. The most common are: text nodes, attribute nodes, element nodes (a tag) and comment nodes. (See http://www.laltruiste.com/coursdomxml/constante_enumerated.html  and also appendix X “Node structure of an XML file”.

PNP: Profile Needs and Preferences. It defined all the requirements of a student who consult LO, this requirement follow three aspects: displays (the devices), control (the interface) and display (the content). See appendix X page X for more details.

SNCRU: Special Needs Computing Research Unit available at http://rime.tees.ac.uk/sncru/welcome.htm . 

TASS: Transformation, Augmentation and Substitution Service is the service dedicated to adapt LO to the user PNP. See appendix X “accessibility and adaptability…” page X.

WML: Wireless Mark-up Language, is an XML schema which look like a simplified HTML for handheld device like cell phone or PDA
WYSIWYG: What you See Is What You Get are types of interface in which you edit your file in a graphical way and the software writes the appropriate code. For example, Dreamweaver own a WYSIWYG interface.
XML: eXtensible Mark-up Language. A multipurpose tag based Language in which one could create his own tag to structure the data efficiently. This language his recognise by a lot of other languages, and accessed by the DOM. An XML schema is specific language created from XML and ruled by a DTD (e.g. XHTML is an XML schema).
XSL/XSL-T/XSL-FO: eXtended Style sheet Language – Transformation/Formatting Object. XSL are style sheet for XML to Transform them into XHTML or PDF for example. XSL-FO is an XML schema to perform precise and deep layout of XML files.
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� What You See Is What You Get. (See index for more details).


� See appendix A “LOTTI Specifications” page 16 Figure 20: Authoring Process-Step 4a or other figures.


� For a better understanding of the Transformation, Augmentation and Substitution Service (TASS) process, see appendix B “Accessibility, Usability and Adaptability” page 30 accessibility service


� See TECHNICAL PART > III – Server side: the PHP solution > 1 - Web services specifications further in the report.


� Ray Jones work at the Department of Computing, Communication Technology and Mathematics of the London Metropolitan University.


� See � HYPERLINK "http://jodi.tamu.edu/Articles/v06/i01/Jones/" ��http://jodi.tamu.edu/Articles/v06/i01/Jones/� for full article.


� See index for more details.


� See index for more details.


� Appendix B page 28, analysing Learning Objects.


� See appendix A pages 16, 18, 21 or other screenshot in which you can observe LO structure.


� XSL-Formating Object, see index.


� I advise you to have a close look to the appendix E page 43 before carry on your reading.


� See � HYPERLINK "http://www.w3.org/" ��http://www.w3.org/� for the World Wide Web Consortium for DOM, HTML, CSS to XML and XSL specifications.


� See TECHNICAL PART > I – Interface > 3 – the DOJO AJAX Toolkit.


� IMS ACCessForAll Metadata. See index for more details.


� See appendix F “The ajax_resquest function”.


� See http://dojotoolkit.org/


� See appendix E “Server Side Schema”


� See � HYPERLINK "http://developer.mozilla.org/fr/docs/AJAX" ��http://developer.mozilla.org/fr/docs/AJAX� to know all you always wanted to know about AJAX without daring to ask for it…


� Document Type Definition, see index for more details. 


� The whole file is available at appendix C “Templates” > 3 - transformation templates.


� See index for a definition of “node”.


� See appendix C “Web Services” for a complete description of the web services, and especially the 1. Main function which redirect the request.


� See appendix E “Service side Schema” for a better understanding.


� The chmod defines the rights of read, write and execution of a file or folder. In case of  777 everyone has all these rights
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