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Abstract. This paper presents an approach to the automatic genera-
tion and use of web-based learning materials (WLMs). It consists in three
phases: contents creation, division and browsing. The use of XML in the
creation phase allows achieving independence between contents and their
presentation, in addition to contents reuse. The splitting phase is an au-
tomatic process whose output can be used as WLMs for different user
interfaces. In the browsing phase, the interfaces are generated; we have
implemented two: a user-adaptative interface and a non-adaptative one.
The main features of our approach enables users to create learning con-
tents without XML technical knowledge and also enables to effectively
navigate the material to their needs.
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1 Introduction

Nowadays, Internet has become the main source of information in the world
and its growth results unstoppable. A huge amount of data is accessible at the
Net and several technologies for extraction and sharing of information are being
developed. This is not different in educational environments. In this context,
the development of web-based courses and their materials is growing and it is
more and more important for distance education. This new educational context
exhibits important differences with respect to traditional education [1]. The way
of presenting and creating learning contents must be adapted to several fea-
tures [13]: asyncronicity of teaching and learning (students study at their most
suitable time and place, and the presence of a teacher is not always needed or
possible), maintenance (web courses can be updated at any moment, whereafter
the update is directly available to all students), alternative structures (hyper-
linked, non-linear structures as tree-like hierarchies or graphs), external links
(tapping unlimited resources on the Internet using direct links), integration of
applications (discussion groups, group learning, peer assessment, etc).
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WLMs are mainly based on hyperlinked contents, functional use of interac-
tivity and multimedia components [15]; and they must be tailored to:

1. Contents exposition. The contents can be divided according to either struc-
tural or semantic criteria. The structural approach divides contents based
on its hierarchical structure and the semantic one divides by concepts. Ex-
amples of the structural approach can be found in [5, 11], that generates
a division in HTML pages by chapters, (sub)sections or (sub)paragraphs.
Examples of the semantic approach can be found in [2, 9, 14].

2. Learning is not only reading. Contents that require user interaction (anima-
tions, videos, audios, quizzes, etc.) can be made available [14].

3. Interface and contents customization, adapting tools to the users [16, 19].

WLMs are made up of static and interactive contents, but they can also be
divided into those that do not allow users to modify their contents and interface
[8] and those that do it [14, 13, 11]. In the first case, any web browser can be
used as the user interface and in the second case, more complex interfaces are
needed.

There is a second open question: are students ready to use these new environ-
ments effectively? In [1] it is stated that using an electronic environment requires
skills and learning processes that are different from those used in a paper-based
or face-to-face environments. Other authors claim that difficulties can be found
by students adapting themselves to electronic learning methods [10, 18, 4, 12].
Consequently, the learning task can be facilitated by using tools that imitate
others that are well known. The “book” metaphor and its implementation as
e-books is a good approximation [17] because it allows using, in an electronic
environment, a well known and common tool in classical learning. As a result,
the potential confussion of hypertext [15] is overcome. One of the main features
of the “book” metaphor is that the contents are structured in pages, in addi-
tion to chapters, sections, subsections, etc. To simulate a printed book, all the
contents in a page will simultaneously be visible without scroll.

Who must divide the contents into pages? Some works [14, 5] consider the
author in charge of creating contents that fit the page size of a specific tool.
However, we think that the author must center his/her efforts in the production
of learning contents and not in splitting pages. In this respect, we will make the
production of contents and the division process independent and will separate
the contents and its presentation. In this paper, an approach to the use and
automatic creation of WLMs is presented. It is made up of three phases:

1. Contents are generated as a semi-structured document.
2. These contents are transformed into a set of pages.
3. The pages are used as WLMs, showing them as an interactive material.

This paper is organized as follows. In section 2, we briefly describe some
related works. Our approach will be presented in section 3. The main technical
details necessary to implement our approach are described in section 4. Finally,
some concluding remarks are made in section 5.



2 Related Work

In this section, some WLMs related tools are described, focusing on the process
of contents generation.

CourseGenie [3] is a commercial tool that converts a MsWord document
into a set of web pages including navigation and interactive features. First, it
uses its own engine to convert a MsWord document into a XML document.
Then, it uses an own XSLT engine to transform the XML document into a set
of interactive HTML pages. It splits without paying particular attention to the
sizes of the resulting pages. EasyGenerator [6] is another commercial application.
The author creates contents in separated pages. The application is made up of
several tools, helping the author generating learning contents in pages, designing
the course final appearance and finally, allowing students to use the course.
EasyProf [7] is another commercial tool. It provides an interface for the author
to edit, create and format all type of contents and it guides him/her stepwise.
In [14] an application to produce electronic course books (ECBs) is presented.
Such ECBs consist in a set of HTML pages of two main categories: slide pages
and resource pages. The tool has an interface to insert HTML code through
different menus, buttons, areas, etc. and does not limit the size of the page. In
[11] a tool to manage a course book is presented. The implementation of the
course includes several steps: converting the book into HTML through Adobe
Frame-Maker; linking the HTML pages with the desired structure; indexing the
pages by a search engine; developing interactive components and implementing
user authentication and tracking. The division is acomplished by sections of a
printed book. All of these tools force the user to pay attention to the appearance
of the contents while they are being created. However, we think that the process
of creating contents should be independent from their presentation as far as
possible. Therefore, the transformation of the contents into the final WLM must
be automated. Finally, all the processes must be platform independent.

3 Our Approach

In this section, we describe the different phases to achieve the independent cre-
ation and automatic generation of WLMs and their later use.

3.1 Creating contents

The first phase is the edition of the educational contents. Teachers must generate
the contents related to the target subject. These contents will be as much text
as images, audio, animations, questions, exercises, etc.

In many cases, educators create educational courseware which is based on
proprietary and not compatible formats. As an XML1 document contains infor-
mation about contents and structure, but not about appearance, it facilitates

1 Extensible Markup Language. http://www.w3c.org/XML/



information reuse, provided it is a valid document. An important feature is
guided edition. An XML editor adequate to WLMs must ensure that the gen-
erated XML document is a valid document. It would also be desirable that the
document were always valid during the creation process in a way transparent to
the author. It is important if we do not assume a widespread knowledge of XML
by authors. This asumption is realistic if we put emphasis on usability in the
university environment, as much in technical as in non-technical areas.

3.2 Splitting contents

The input of this phase will be the XML contents. The output must meet two
requirements. The first requirement states that the output must be web-based.
The second one states that contents must be divided into several pages. Thus,
the output of this phase will be formed by these pages and their structure.

The use of HTML will help us to meet both requirements. First, HTML is
the language of the Web par excellence. Second, to divide contents into pages we
need to know its visual representation on a computer screen and HTML gives us
this representation. This phase is made up of two steps: first, transforming XML
into HTML contents, then dividing these contents into several HTML pages and
extracting the structure of the contents. Figure 1 illustrates these steps.

Fig. 1. Transforming XML contents into HTML pages and extracting its structure

To convert XML into HTML contents we use an XSLT. This transformation
could be designed by the author or by others depending on the educational
context; for instance, a university could have a general XSL for all of its WLMs.
The result of this step will be one HTML page.

Now, the HTML contents can be divided into pages. As every HTML ele-
ment (texts, images, etc.) has known dimensions, we can group these elements
into differents pages, keeping the semantic order. Simultaneously, we extract the
hierarchical structure of the contents and pages where they are located.

3.3 Browsing contents

In this phase, the interface between the user and the contents will be described.
Figure 2 illustrates the process. The structure of the contents and the pages
where they are located allow the user to know where he/she is at every moment
(orientation information), and where he/she can find other contents (contents
browsing) [15].



Fig. 2. Two interfaces to access contents

We propose accessing contents in two ways based on the ability to customize
interface and contents. A first interface is a non-adaptative WLM, like common
websites with navigation aids, menus, tables of contents, etc. The left size of Fig.
3 illustrates this interface. The second interface is a user-adaptative WLM that
applies the “book” metaphor allowing the user to add bookmarks and notes, or
modify the navigation facilities. The right size of Fig. 3 illustrates this interface.

Fig. 3. Adaptative and non-adaptative user interfaces

4 Our Implementation

In this section, the tools developed to implement our approach are described.

4.1 eXitor, a XML editor

eXitor is used for the generation of the contents by authors. Its main aim is
to guide the user in the process of edition and creation of always valid XML
contents. The tool was developed in Java, given its multiplatform and portability
features. A screenshot of eXitor is showed in Fig. 4.

The development of this tool is summarized in three steps: first, handling
the information about the structure of the document2; second, it is needed a
persistent structure in memory to store the document and to access the contents;
and finally, the interface design is split into two parts: a tree view, to maintain
2 DTDs or XML-Schema in XML terminology.



in a visible way the hierarchical structure, and a text view, to edit the textual
content. Further information about eXitor is available in [20].

Fig. 4. Generation of XML contents with eXitor

4.2 JoPee, a document splitter

JoPee is a tool to generate web-based learning contents, and it needs: a XML
document with the contents, a XSL document and information about elements
that show the structural levels in the web contents (structural elements).

As the contents’ structure can be diverse, JoPee needs information about
structural elements, which is given by a configuration file (it can also be gen-
erated by an interface). The application must check if the structural elements
meet the structure. Each level must have only one style format, because HTML
tags are used to know when a new level has started. The XSL document contains
the correspondence between elements, structural or not, and the style elements.

To divide the HTML document, JoPee needs to know the dimensions of the
pages to generate. First, a preprocess step must be done, checking dimensions
of images; if they are bigger than the dimensions of pages, new scaled images
are created and linked with the original ones; checking lists keeping the number
of items in ordered lists and the vignettes of the items in unordered lists. The
main process checks the dimensions for each HTML element. If they do not fit the
current page, a cut point is established and a new page is created. Simultaneously,
an XML document is created, which will have the location of the structural
elements in the generated pages.

Nowadays, our prototype uses the DocBook DTD3 to generate courses in the
university. In the same way, it uses a particular XSL for DocBook, where the
structural elements are: chapter, sect1 and sect2. However, any schema and its
corresponding XSL could be used.

3 http://www.docbook.org



4.3 Browsing contents with TasKa and web navigators

With TasKa we implement our user-adaptative interface. TasKa uses the pages
and structure of contents generated by JoPee which will be located elsewhere in
a web server. Its contents browsing facilities are: access to adjacent items4 , fixed
bookmarks to the table of contents or the beginning of the current chapter, user
defined bookmarks, hyperlinks from/to contents and a record of pages viewed.
The orientation information available are: page numbers, page headings and
thickness of the sides of the eBook. The user can customize the contents by
adding notes to pages and customize the interface by adding bookmarks and
configuring the browsing of adjacent items (choosing if he only wants to browse
chapters, but no sections, and how many of them). TasKa can be used with four
different resolutions. JoPee splits pages according to these resolutions and saves
it in the configuration file. If a user wants to change his resolution, pages must
be generated again, but reusing the configuration file in addition to the XML
contents, keeping the customization of the users.

For non-adaptative interface, any web browser can be used. In this case, ori-
entation information and the contents browsing facilities must be added to the
pages generated. Then a HTML template is applied to struct the previous infor-
mation with contents of the page. Figure 5 illustrates the template application.

Fig. 5. Non-adaptative material production

5 Conclusions

In this paper, an approach to automatic generation and use of WLMs is de-
scribed. This approach is a workflow made up of three phases: the contents are
created, splitted and browsed.

XML is the language used to create contents, making them independent from
its presentation and contents reusing is allowed. A XML editor called eXitor is
used. It provides guided edition and valid documents generation, so the user
do not need a technical knowledge of XML technology. The XML contents are
formated and splitted into HTML pages. A tool called JoPee is used for it. The

4 In Docbook these items are pages, sections, chapters, etc.



contents are processed in an automatic way by: formating, sizewise splitting,
structure generating and customization reusing. The web contents are browsed
in two ways. Using an user-adaptative interface called TasKa, which implements
the book metaphor; the contents and browse facilities can be customized. Using
any web browser as a non-adaptative interface, the contents can be browsed in
the same way a web site is used. JAVA is used to develop eXitor, JoPee and
TasKa and so, our WLM implementation is platform independent.

Though we are using this approach to build an eBook about java program-
ming, with compiler and visualizations capabilities, we claim that this approach
is general enough to produce other e-documentation, not only WLMs, because
the creating and splitting phases can work with any structure of the documents.
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