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Abstract 
 
 This work describes an approach for the 
semi-automatic learning object metadata 
markup of course’s web pages and their 
posterior extraction into Scorm Packages. 
This is identified as the first step to recycle 
course’s web pages with the full potential of 
the semantic web. The key issue of this 
approach is to avoid as much as possible 
manual metadata markup. To achieve this 
goal, the process of automatic metadata 
markup is provided with: (i) an ontology of 
course descriptions in OWL that will basically 
provide a sound specification of the diverse 
elements in a course and (ii) context 
information explicitly set up by linguistics 
rules. A prototype implementation has been 
developed in Java for Spanish course’s web 
pages. 
 
Key words:  Semantic HTML Files Markup, 
Learning Objects Metadata, Ontology. 
 
 
1. Introduction 
 
In the Semantic Web, current learning 
materials may be content-based accessed and 
automatically discovered and reused. These 
properties enormously facilitate the 

integration of materials produced by third 
parts and allow the automatic production of 
personalized courses. To satisfy these 
properties the web-materials need to be 
annotated by standard metadata. Normally,  
web pages do not have sufficient metadata. 
This is natural since the manual generation of 
metadata is an expensive task. Nevertheless, 
to be able to satisfy the properties of the 
semantic web in e-learning, it is necessary not 
only to have structured metadata (such as 
XML) but also to have domain tailored 
metadata (such as Learning Object Metadata, 
LOM [1]). One way to reach this goal is to use 
Learning Content Management Systems 
(LCMS), such as Atutor [2], Moodle [3] and 
Claroline [4]. One of the characteristics of  
LCMS is that they allow authors to create 
course materials with the possibility of 
exporting them using standards like LOM. 
However, when authors already have previous 
materials, like e.g. course’s web pages, it is 
not easy to incorporate them to the LCMS 
with clear semantics.  Instead of LCMS, there 
are several technologies that permit 
reusability, shareability and interoperability 
among web applications. Ontologies and web 
standards, such as XML, RDF and OWL, 
allow the specification of components in a 
standard way. We propose the use of these 
technologies to automatically markup course 



web pages based on their content and to 
produce standard packages of learning objects 
using SCORM (Sharable Content Object 
Reference Model [5]), an ADL initiative [6]. 
We are especially concerned with two aspects 
of the course web pages: semantic information 
retrieval and cost effectiveness reuse of the 
educational content for   the development of 
e-courses.  By cost effectiveness we mean 
easy development and affordable and easy 
maintainability. The work presented in this 
article intends to solve this problem by 
developing a semi-automatic approach that 
allows authors to incorporate standard 
metadata to their course web pages and 
moreover, allows to automatically producing 
learning object packages that are easily 
imported into LCMS.  
 
The rest of the paper is organized as follows. 
Section 2 describes the basic concepts of 
learning object metadata and ontology. 
Section 3 presents the methods and techniques 
we use to produce and retrieve metadata. 
Section 4 presents an example. Finally, 
Section 5 brings some conclusions and 
describes future work. 
 
2. Background 
 
The development of the material that will be 
available in e-learning environments requires 
a high amount of effort, time and knowledge 
on technologies. The concept of learning 
object (LO) has appeared as a solution to these 
problems making it possible to reuse those 
materials.  LOs are defined as any entity, 
digital or not, that may be used, reused or 
referred to during computer-aided learning 
[1]. A LO could be an exercise, an example, a 
program or even a complete topic.  
Institutions like the IEEE [7] and IMS [8] 
have been working in the specification of 
metadata for learning objects. LOM [7] is a 
widely accepted metadata standard. It 
specifies the syntax and semantics of metadata 

for LOs. The LOM model defines the 
semantics of more than 70 properties used to 
describe metadata in a hierarchy given by the 
following categories: 1-General, 2-Lyfecycle, 
3-Meta-Metadata, 4-Technical, 5-Educational, 
6-Rights, 7-Relation, 8-Annotation and 9-
Classification. The ADL initiative SCORM 
(Shareable Content Object Reference Model) 
[5] is a widely adopted standard that 
introduces a complex idea, called sequencing, 
which are rules that specify the order in which 
a learner may experience content objects. 
SCORM has been adopted by numerous e-
learning platforms as the standard way of 
import/export course contents.  
In order to make metadata understandable to 
the web community, classification schemas 
defining vocabularies in an unambiguous way 
must be available on the web forming 
namespaces, which give well-understood 
semantics for the terms used in metadata 
descriptions. Ontologies are the descriptions 
of entities, relations and restrictions of a 
domain, expressed in a formal language to 
enable machine understanding. Gruber [9] has 
defined an ontology as a formal, explicit 
specification of a shared conceptualization. 
Additionally, ontologies to be used on the web 
need to be supported by established web 
languages to facilitate interoperability and 
take advantage of existing tools. In [10,11] we 
present the course elements implemented as 
an ontology encoded in OWL language [12] 
using the reasoner Racer [13] to check the 
model satisfability.  
 
3. ODA-Web Approach 
 
In this section we present our ODA-Web 
Project [18]. The aim of this project is to 
markup html files corresponding to course’s 
web pages with semantic metadata (i.e. 
metadata related to topics and elements of the 
course). From this semantic metadata, we 
construct the learning objects following the 
IEEE standard for e-learning LOM (Learning 



Object Metadata) [1] and we implemente it 
generating a SCORM compliant Package [6].  
Figure 1 shows the overall architecture of 
ODA-Web project.  The whole process is 
implemented as a web service because ODA-
Web is a sub-project of the EDUCA  [11], 
which is a project that  aims to construct a 
repository of Scorm packages from a 
universities net. This repository works 
similarly to a UDDI registry [14] but for e-
learning materials.  
 

 
 
The ODA-Web project assists teachers to 
produce learning objects from web pages of 
their courses. In order to maintain reusability 
and interoperability of web-based educational 
systems, the ODA-Web project uses the 
specified LOM elements to describe the 
learning design of the course. The LOM 
model of the course is implemented as a 
Course Ontology in OWL [10].  This ontology 
is used to guide the topic learning objects and 
the LOM markup. It describes the elements of 
the course for each specific university or area. 
For example, in different courses the 
evaluation method could be different: exam, 
practical tasks, writing jobs, research works, 
etc. The developed course ontology can be 
consulted in 
http://www.fing.edu.uy/inco/proyectos/EduCa/ontologie
s.html 
The first problem is to discover topics and 
learning objects inside html pages. The Topic 

LO Markup Module resolves this problem 
and produces a corresponding XML file. 
Then, the LO Metadata Addition Module  
enriches the discovered LOs with metadata, 
adding LOM to the corresponding XML file. 
The author is able to confirm or re-edit the 
proposed topic learning objects and their 
discovered values for the metadata. From the 
confirmed topic LO and LOM values, the 
IMS-SCORM Extractor Module produces 
SCORM packages. These packages are 
returned to the author as a .zip file together 
with the XML file of the enriched course web 
pages with topic LO and LOM values. The 
produced SCORM packages are also stored in  
EDUCA´s repository of enriched IMS-
SCORM packages for future shearability and 
interoperability. 
 
In the following we briefly describe the 
approach of each module. 
 
3.1 Topic LO Markup Module 
 
The Topic LO Markup Module processes html 
files and produces XML files with tags that 
identify learning objects for each topic of the 
course. First of all, the module identifies 
topics inside the html files. Two possible 
approaches are able to resolve this problem: 
 
a) The html structure and layout are used to 
identify the areas of the document 
corresponding to a topic (i.e. topic names are 
present in some html structure corresponding 
to a title).    
A topic index, implemented as something as 
trivial as a XML file or  as sophisticated as a 
course ontology, is used to look for the topic 
names in the content of html tags (i.e. /TITLE  
xxxxx Topic A xxxxx TITLE/). Topic names 
may be also extended with a dictionary of 
synonyms and a set of heuristics that 
determine which format properties are used to 
specify titles. The content between the 
identified html tags is marked as the node 



container of the topic. A node container can 
contain other nodes containers that will be 
considered as sub-topics of the first one. A 
node contains others when there exists a 
corresponding html nested structure. Node 
containers are those that are defined by the 
following html labels (or heuristically 
equivalent format): Title, Table, P, DL, OL, 
UL, H1, H2, H3, H4, H5. Heuristically 
equivalent formats are for example when 
words are in bold and bigger than the medium 
size of letters of the page. More heuristics 
rules of format are developed in [15]. 
 
b) No html structure nor layout style are used 
to identify the areas of the document 
corresponding to a topic (i.e. the name of the 
topics are not present in any html structure 
corresponding to a title, but they are 
developed inside a paragraph). 
A Vector Space Model (defined by Salton 
[16]) is used to determine the similitude 
between paragraphs of the page and topics of 
the course domain ontology. The model 
consists of two vectors: Ontology Vector 
(OV) and Document Vector (DV). The OV 
vector specifies for each topic name the 
prospective frequency that would appear in 
the text. The DV vector contains the real 
quantity of times that each topic name appears 
in the text. The similarity between the text and 
the topics is measured calculating the cosine 
of the angle of these two vectors. It is 
considered that the text is "sufficiently 
similar" to the topic when this value is 
superior to a minimum value determined by 
the user. 
 
We have developed a prototype to discover 
topics inside an html document using option 
a). Option b) and mixed options were left for 
future implementations versions of the 
prototype. 
 
When the areas of the text that correspond to 
each topic are delimited, the Topic LO 

Markup Module must recognise a learning 
object for each topic. To perform this process 
the module uses two combined approaches: (i) 
the terms, or synonyms of them, 
corresponding to a elements of the course 
ontology (i.e. Exercise,Example, Definition, 
etc) are identified in titles, or heuristically 
equivalent, parts of the text; (ii)  there are no 
terms, or synonyms of them, corresponding to 
a elements of the course ontology present in 
any kind of title. In the first case (i), the 
process is quite similar to the recognition 
performed in case a) of topic identifier. For 
the second case (ii), it is necessary the use of a 
set of grammatical language rules (GLR) that 
describe the most frequently contextual forms 
that may indicate the conceptual elements. 
These rules must be specially tailored for the 
text’s language and they are of the form 
described in Figure 2.  
 
1. [<verb>] + <substantive> + “es” + 

<substantive> + [ <verb>]   
2. <verb> + <substantive>+ “como” + 

<substantive> + [“que” + <verb>] 
 
Figure 2: Example of GLR for “Definition”. 
 
In order to apply the set of grammatical 
language rules (GLR) we use a part of speech 
recognizer, the Balie tagging [17], which  
identifies the function of each word in a 
sentence (substantive, verb, adjective, etc.). 
We decided to use Balie because it has 
language identification, especially for Spanish 
and it is implemented in Java.  
 
For example, the texts showed in Figures 3 
and 4 are identified as a definition element by 
the application of Balie and respectively rules 
1. and 2. from Figure 2, respectively. 
 



 
Figure 3: Spanish text example. 

 
              Figure 4: Spanish text example. 
 
Another example of the use of part of speech 
and GLR is the example depicted in Figure 5. 
For a theorem element the module searches 
the Spanish words “hipótesis”, “tesis”, 
“demostración” or a sentence with the 
following structure: 
  
“si” + <expression> + “entonces” + 
<expression> 
 

 
Figure 5: Spanish text example. 

 
 
3.2 LO Metadata Addition Module 
 
This module aims at the automatic provision 
of metadata values for each identified LO. To 
this end, the module takes as input the course 
ontology and the web page and generates the 
basic metadata for the identification of 
Learning Objects. Table 1 shows which LOM 
elements the module is able to provide 
automatically. The structure element is 
provided in lineal order. The author element is 
automatic extracted if and only if it is present 
in the web page. The status is defined as 
default as an initial release because we 
consider that the web page is a public one; if 

this is not the case, the author is able to 
change these values during the confirmation 
phase. In this phase, the identified Topic LOs 
with the assigned metadata values are 
presented to the author to confirmation or to 
possible manual re-editions. When they are 
confirmed, the system processes the 
IMS_SCOM Package extraction. 
 

 
       Table1: Assigned of LOM Values. 
 
 
 
3.3 IMS_SCORM Package Extraction Module 
 
The IMS_SCORM Package Extraction Module 
takes the XML file with the identified topic 
LOs and their metadata values and produces 
with them a linear sequencing of the LO 
following the order in which they are 
presented in the course web page. It produces 
a package for each topic. The packages are 
returned to the author in a .zip file and they 
are also stored in the IMS-SCORM Enriched 
Repository for future sharing and 
interoperability. 
 
4. An Example 
 
Figure 6 shows an example of a course web 
page that contains various LO but it can’t be 
used as it is in an e-Learning platform.  



In order to use the ODA-Web System the 
author must provide this page to the system 
together with a topic index (see Figure 7). 
 

       
 
                 Figure 6 - Example page.  
 
<indice> 
<tema>Capitulo 1 - Diseño y Analisis de 
Algoritmos</tema> 
<tema>Algoritmos</tema> 
<tema>Capitulo 2 - Tipos Abstractos de 
Datos</tema> 
<tema>Grafos</tema> 
</indice> 
              Figure 7: Topic index file. 
     
Using the criteria marked in the following 
figures, the ODA-Web identifies the topic LO 
depicted in Figure 8. 
 

 
 LO: Definition. 
 

 
LO: Example 
 

 
LO: Exercise 
 

 
LO: Bibliography. 
 
 

 
   Figure 8: LOs from example page of Figure 6. 
 
5. Conclusions and Future Works 
 
The ODA-Web System presented in this paper 
assists teachers to produce Learning Objects 
from courses web pages. In order to maintain 
reusability and interoperability of web-based 
educational systems, the teacher will use the 
specified LOM elements to describe the 
learning design of the system. Consequently, 
the learning objects produced must contain 
rich metadata that not always is directly and 
easily obtained form previous material. 
However, the teacher or the author of the 



educational environment needs to know 
precisely what are these values to be inserted 
in the LOM Metadata. This work presents a 
solution towards the automatic generation of 
these properties. We constructed the learning 
objects following the IEEE standard for e-
learning LOM (Learning Object Metadata) 
and we implemented them generating a 
SCORM compliant Package. 
A lot of work still needs to be done to fit the 
system. The set of GLR must be extended and 
evaluated with a considerable amount of 
examples. Also the interface of the system, for 
user confirmation, must be more user-friendly 
www.*uddi*.org/ developed. 
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