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ABSTRACT 
 
Interoperability is greatly considered in e-learning systems. XML based standards have 

arisen facilitating the common methods of description, identification and search of LO 

which are developed under different formats and platforms thus guaranteeing their 

reusability. 

 

SCORM standard is imposing in this field. It was developed by Advanced Distributed 

Learning [6] and based on proposals of organizations like IEEE Learning Technology 

Standards Committee [10] Learning Object Metadata Working Group and IMS Global  

Learning Consortium. 

 

The most modern e-learning platforms use the standards previously mentioned to 

achieve interoperability among the different systems. Nevertheless, there is much useful 

content available in different environments that is not structured according to the 

standards. This provokes serious difficulties for them to be reused. That is why it is 

essential to look for alternatives that permit to pack such contents in a way that they may 

be imported and used in the existing platforms. 

 

An automated procedure that allows the making of Digital Libraries composed of learning 

objects starting from previously developed content structures is proposed. Tools for 

facilitating this process have been developed. 

 

It has been applied to contents developed on a platform for teaching Spanish, as a result 

we have obtained a Multimedia Digital Library of Learning Objects. 

 

Key Words: learning objects, e-learning, interoperability, standards, SCORM , IMS  

 

 

1. INTRODUCTION 
 

Education using the New Technologies has had a quick development lately. Many have 

been the techniques and platforms implemented to achieve virtual educative 

communities. At the same time, professors and researchers create thousands of teaching 



materials that combine to produce content structures using web pages, e-learning 

platforms and others. 

                         

The    need  to reuse  the materials in different platforms   and for different students has 

provoked  the creation of standards  that allow  the   documentation, search and 

distribution of  the produced educative contents  [3]. The IMS standard created by the 

Global Learning Consortium is among the most important ones [7]; and then the SCORM, 

implemented by Advanced Distributed Learning Initiative [6] and the Institute of Electrical 

and Electronic Engineers (IEEE). 

Much iniciatives have developed to complement and facilitate the use of the most used 

standards, such is the case of CAREO project that is being carried out in Canada and 

permits the exertion of educative objects based on the IMS standard. This project has 

joined efforts with an initiative called ALOHA (Advanced Learning Object Hub 

Application); it is a metadata server that offers this project special usage possibilities [4].  

 

There are hundreds of initiatives for trying to solve the problem of interchanging objects 

among different applications; they will continue developing until they conform Ontologies 

as more complete structures for describing objects [5] which allow a formal 

representation of a concept, in addition to its semantic and syntactic representation. 

 

Apart from what has been previously stated, it is necessary to look for alternatives  that 

allow to redesign the existing content structures and adapt them to the standards, so that 

they can be included in repositories or learning objects  libraries that may be used in the 

different platforms. Some important steps have been taken  on this matter, an example of 

this is the SCOMAKER tool  created by Boxer Technologies AS  [9] that allows to 

produce the necessary structures for making an Office document compatible with the 

SCORM standard. 

 

The procedure for making up learning objects is not very clearly defined, let alone the 

process for producing them from the contents  previously developed  under different 

environments; that is why we propose a procedure that allows tutors, professors and 

programmers to create learning objects libraries from the previously produced contents. 

 

2. HOW TO AUTOMATE THE MAKING UP OF A LEARNING OBJECTS LIBRARY 



The proposal is based on the creation of processes that enable the conversion of 

contents and materials of the origin platform in learning objects reusable in other 

platforms. For creating such processes, it  backs up in the standards. The specifications 

of the standard are defined in XML templates that have the information of the pattern and 

structure as well as the contents of the objects. Thus, if there are any changes in the 

standard, or if it is desired to export anything towards a new pattern you just have to 

adapt the corresponding templates. 

It is necessary that pedagogues and computer specialists get together in a 

multidisciplinary work to study the standards, adapt them to the particular conditions and 

then program the processes that enable the automatic making of the objects. 

The definition of  a learning object is very wide, it is said that any digital object that can be 

reused is a LO [2]. Then the number of objects to be documented in the previously 

produced contents would be of many different kinds. The formats have the content of the 

objects but not the necessary digital information to automate them. This proposal is 

based on browsing such information in the platforms, data bases where there are  

learning objects, considering as LO  not only the materials but the content structures as 

well. 

What follows is an outline of the elements that make up our proposal. Each of them is 

explained taking as an example its application in the project Virtual Classroom of Spanish 

(AVE) [8], where  a learning objects library has been created. 

Fig 1. Methodological components for making LO. 

 



 

 

 

1 . LO template according to standard: This template is an XML structure that 

contains the necessary elements to document a learning object according to the 

standard to be exported. The metadata can have a literal value or make reference to 

the name of the function in the library of functions (4) that exerts this metadata.  

 

          <?xml version="1.0 ?> 
          ......... 
 <general> 

  �<title>Actividad(S)fidentificador_de_Actividad()</title> 

  <catalogentry> 

   �<catalog>AVE</catalog> 

   <entry> 
   <langstring>Actividad </langstring> 
   </entry> 
  </catalogentry> 
    ......... 
 <technical> 

  �<format> text/html </format> 

  �<size>(S)ftamano del fichero() </size> 



Ejemplo 1. Fragmento  de la  Plantilla  XML  para SCORM  de un LO dentro del proyecto 

AVE 

Observe how the elements  <title> and <size> (�) contain   references to functions 

previously implemented in the  library of functions. They are preceded by the string  (S) to 

indicate  the process that from that point on the search of the corresponding function in 

the library of functions is necessary. 

The tags  <Catalog> and <format> (�) indicate the process that such tags  keep these 

values in the outlet LO (7). 

 

2. Physical Files: They are  composed of the set of files that are necessary to obtain the 

outlet LO. There are two kinds of  files; the ones associated to a template and the data 

files. 

 

     2.1 Templates: They are XML structures that contain the necessary elements for a 

process (5) to produce an outlet physical file (7) that accompanies the LO documentation 

in the defined pattern. 

 

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en"> 

�<TITLE>Actividad </TITLE> 

<script language="javascript">document.cookie="idioma=_ing";</script> 
<body> 
<object classid="CLSID:15B782AF-55D8-11D1-B477-006097098764"  
codebase="http://download.macromedia.com/pub/shockwave/cabs/authorware/aw
swax.cab#version=6,0,0,63" width="790" height="500"> 

�  <param name="SRC" value="(S)fnombre_ de_ fichero"></param> 

  <embed src="plantilla.aam" palette="background" window="inPlace" 
bgcolor="#FFFFFF" width="790" height="500"> 
  </embed> 
</object> 
</body> 
/HTML> 

Ejemplo  2 . Estructura XML  que define   el contenido de una actividad en el proyecto 

AVE. 

Observe how the template above corresponds with a known HTML structure; 

nevertheless, it is a well formed XML  [12] that enables the process to take advantage of 



the possibilities of an XSLT to obtain a physical file as an outlet that is referred to in the 

LO of the outlet (7.1).  It is the content that is shown to the user. 

 

In AVE most of the objects are HTM files that have links to videos and Authorware 

objects; that is why in the previous template only the name of the file referred to in the 

clause OBJECT can be varied. 

 

      Files: They are physical files as images, videos, office documents, flash 

presentations that are referred to in the LO. 

We have taken into account the possibility to convert many of these files in XML 

structures, documenting them considering the defined pattern, thus  permitting more 

portability. To achieve this, existing tools can be used for their documentation using 

different patterns. MS Office documents, for instance, can be converted to SCORM by 

using applications as SCOMaker or LRN toolkit [13] so that this kind of document  be 

completely documented according to the defined pattern.  In case that most of the 

physical materials  are of any specific file that is defined in the standard, a template can 

be made and then, apply the principle explained above. 

 

Contents Structure: It is a template where the structure of a specific content is defined 

and various LO are combined to achieve a teaching objective. It depends on the standard 

and there may be some, depending on the kind of structure defined  and the  possibilities 

of the chosen pattern It is used by the process (5) to obtain the LO that corresponds with 

the structure  of contents(7.2). 

It has been determined in AVE, that the basic structure of the contents is an entity called 

TEMA which contains the different activities to achieve a basic unit of learning. A 

template to produce this structure in an automated way has been designed. It is based on 

the IMS standard from which all the structures of themes contents are produced  and so 

courses that contain these themes. 

 

Library of functions : All the functions referred to in the templates are in this library. The 

implementation of such library depends on the structure and programming strategy. 

There can be one or some libraries. Its use guarantees that the system reacts upon the 

changes produced in the platforms structures in a simple way. 

 

The processes: The processes use the templates described above to make the LO (7), 

not only the ones that correspond with the description of a material or set of materials by 



means of a determined pattern but also  the ones associated to a learning structure as 

well. 

These processes use the conveniences of the XSLT to obtain different  outlet formats 

from the XML original templates and will use the library of functions  just described to 

substitute the references of the templates by the corresponding values. 

 

Own Databases: Own Databases are the ones that platforms use for their fulfillment. 

Libraries of functions use these structures for their implementation. 

 

Learning Objects (LO): After applying the processes just described, XML  structures 

that document each LO (7.1) will be obtained  according to the defined pattern, the 

physical files that resulted from  applying a template (7.2), as well as the LO that describe 

the content structures (7.3). 

 

The characteristics of the most used e-learning platforms have been analyzed [10] and in 

most of them  we observe common features which allow to export the necessary 

information to apply this procedure. They have: 

 

�� A databases structure where there is some information about the teaching 

administration process, class sessions, teaching materials and learning models. 

�� Repositories or teaching material libraries stored in physical files. 

�� Structures for implementing different models and learning strategies. 

 

3. CONCLUSIONS AND RECOMMENDATIONS 
 

What we propose  may be used in different courses  previously produced with the aim of 

obtaining  an automated creation of educative objects reusable in more modern platforms 

that fit with the standards; thus permitting the distribution of courses to environments 

where the connection levels are still insufficient. 

 

The use of these procedures in AVE project guarantees the interoperability of such 

courses in other educative environments with few economical resources and little time. 

This is due to the capacity of the elaborated applications to make use of the information 

existing in AVE database. Such procedures can be used as a basis for the making of LO 

libraries in other platforms. 



 

Using the templates and libraries  of functions here proposed guarantees that the 

procedures and designed applications for making the LO be more resistant to the 

changes produced in the standards. They also  offer the possibility to make new objects 

based on other specifications. 

 

The creation of reusable educative objects is not possible in isolation, the creation of 

multidisciplinary groups is required for designing the most appropriate strategies for 

professors to make and use educative objects in a simple way as is the case of the 

example explained above. 

 

A LO repository does not solve the problem at all. It is very important to study the 

mechanisms for storing and retrieving information from these objects so that they can be 

found and used. The new LMS assimilates the new standards but the professor needs to 

find objects and create new ones. It is necessary to use procedures and techniques that 

permit to produce LO from the existing ones in a dynamic way and with certain instruction 

from the professor. 
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Abstract 
Concept maps constitute one of the tools frequently 

used in learning management as they offer the 

possibility to personalize learning, share knowledge 

and re-inforce learning to learn skills. At the same 

time, many initiatives or standards are being 

developed rapidly to make the contents in different 

learning management systems and learning 

environments compatible. This paper states the need to 

combine the technique of Concept Maps with 

initiatives that package contents developed by IMS to 

produce more portable and powerful content. A model 

to create tools for learning management is proposed. 

1. Introduction 

With the outburst of new technologies and the appear-
ance of powerful methods and tools for knowledge 
management, new virtual communities have been cre-
ated which go beyond the limits of traditional teaching 
processes while offering both professors and students a 
number of teaching services. Despite its success, the 
learning process has been affected, as many professors 
and institutions have tried to apply the same learning 
structures found in traditional education to the new 
circumstances. In generating new materials while con-

sidering these new developments, it is necessary to 
change our way of thinking and to include the idea of 
making the student responsible for his intellectual 
autonomy and to manage the knowledge he needs [1].  
It is very important to adapt the new content to each 
student’s characteristics, and at the same time, the 
professor should coordinate all the activities of the 
virtual community to expand the knowledge frontier, 
promoting the sharing of experiences. [8] 
    In the seventies, the theory of Concept Maps ap-
peared in Cornell University in  the United States as an 
answer to the learning theory developed by Ausubel 
that relates the evolution of students´ previous knowl-
edge to construct new knowledge. Ever since, this 
technique has been a useful tool for teachers, research-
ers in topics related to education, psychologists, soci-
ologists, students and other areas that manage large 
quantities of information [2]. A Concept Map consti-
tutes a schematic summary of what has been learned; it 
is hierarchically organized and represents all abstrac-
tion levels. [7]

    The design and creation of Concept Maps is done 
through these automated systems that are available to 
the users in diverse forms; each has its own format, 
structure and style. Most of them export to HTML 
format, making browsing through map nodes possible. 
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   The use of these tools generates much knowledge 
that remains in the “invisible web”, as each professor 
or institution produces its own maps and they are not 
published or organized adequately, so that they can be 
reused some other time.
   Many compatibility and learning structure problems 
we have stated have been solved with the creation of 
standards that permit the documentation, search, and 
distribution of educational contents that are generated 
in different environments.  
  One of the most important standards developed by the 
Global Learning Consortium is the IMS; it has created 
some specifications, which are extended and used 
nowadays. 

      IMS Learning Design (IMS LD) is one of the 
most important specifications that makes easier the 
formal description of the teaching-learning process  
through a language that defines “Who does what, 
When and with What contents” a specific objective is 
achieved. [6] 
           There are different research projects and institu-
tions that generate applications to implement these 
specifications in their different levels;; nevertheless, 
most of them concentrate just in implementing the 
specifications and not in developing  any interface in 
which professors do not need to know them in detail.  
For this reason, this article proposes a model for both 
designers and users to take advantage of Concept Maps 
for modelling and managing learning as well as the 
benefits of IMS LD to obtain more complex and reus-
able learning units. 
     
     

2. Interoperable Concept Maps 

     We propose a model for professors and designers, 
which combine the design of a Concept Map with the 
opportunities that learning objects offer to guarantee 
that they can be searched as well as their portability. 
   Our model is based on the possibility of applying  a 
T transformation to a traditional concept map to make 
it a more powerful and compatible one in different 
environments enriched with the facilities that specifi-
cations offer.  
    It is supposed that the users have one Concept Map 
created by any of the available tools and that they can 
access the repositories of learning objects (LO), so that 
one can establish a correspondence between each node 
or concept of the CM with a learning object. Each link 
is considered a condition to fulfil the IMS-LD (Fig.1). 

Figure. 1. Relationship between a Concept Map and IMS-LD 
specifications 

     As observed in the figure, during the transforma-
tion, a concept can be associated to documents in dif-
ferent formats that the designer might have obtained 
from the internet as traditionally done, or taken from a 
repository of learning objects for managing the infor-
mation for this concept in the most efficient way. The 
learning object (LO) can be simple or a learning struc-
ture compatible with the specifications of the design 
we just described. 
     Nodes can make reference to services such as 
CHAT and email or they may ask for a specific com-
plex computer task. They can be given properties to 
characterize them or the concept, as well as to define 
indicators that can be used as conditions or restrictions 
in the transition from one node to another. 
    Applications based on the previous model can be 
designed, its input could be the Concept Map and the 
output  could be the Concept Map enriched with the 
benefits of IMS-LD specifications.  This guarantees its 
portability and power, as we have just stated. 
    We have created an application called COMALO 
(from COncept MAps to Learning Objects) that gener-
ates learning structures compatible with IMS-LD de-
sign specifications in levels A and B.  This application 
uses a repository of LO and an XML structure that 
represents the concept map that the user introduces 
through an interface that is close to his knowledge, 
without having to know in detail the terminology used 
in the specifications.  
  We are working on an application that permits the 
automatic conversion of some maps obtained from 
different tools in COMALO format, in a way that users 
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can make minimum changes and incorporate the ad-
vantages of the specifications. 
    COMALO permits to search in the repository and to 
associate LO to nodes. Besides, it guarantees the defi-
nition of properties and transitions subject to restric-
tions. 
    Although the application is still being developed, it 
is possible to use it for creating Concept Maps that 
meet IMS LD specifications in levels A and B. 

3. Conclusions and Recommendations 

     In our paper, we have proposed an alternative that 
can be the basis for teachers and software developers 
in the design of applications for knowledge manage-
ment, as there are the necessary conditions for imple-
menting and putting into practice the recommendations 
we have made. In this way, concept maps reusable in 
different educational environments can be produced. 
    The combination of both theories will allow users to 
choose more precise, classified and structured informa-
tion according to the complexity of the learning proc-
esses of the present time. 
    As we have explained, the present tools that imple-
ment the design and content packaging specifications 
are still oriented towards the users that know them 
thoroughly; this hinders their development and causes 
rejection from other users, even including the most 
advanced ones. The use of Concept Maps as a basis for 
design will undoubtedly achieve better results. 
    The effectiveness of COMALO application will be 
evaluated throughout the design of Spanish courses 
using the repository of LO of the Spanish Virtual 
Classroom (AVE) [4]. 
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Abstract 

The development of cooperative, flexible and reusable 

learning environments is a need in modern education. 

IMS Learning Design specifications have played a very 
important role in modelling and describing complex 

learning sequences; these tools and applications are 

used for making this standard design and 
interpretation easier. On the other hand, grid 
computing is starting to be used in teaching learning 

processes to solve complex tasks that require 

computing power and storage capacity. In this article, 

some alternatives are given to combine grid computing 
with teaching learning processes based on IMS 

Learning Design. Some elements are proposed to be 

considered in designing a Grid Learning Object 
(GLOB) to achieve communication with the “IMS 

Learning Design Engine”. We have applied this 

method in designing a learning unit about the 

diagnosis of diseases in animals through images. 

     

1. Introduction 

      Elearning has increased lately as a result of the 
development of tools and techniques, which make the 
modeling of the teaching learning process more 
flexible to students and professors. There are very 
powerful Learning Management Systems (LMS) that 
allow both to publish teaching materials and to manage 
courses adaptable to specific educative community’s 
conditions[1]. Likewise, the utilization of the Theory 
of Learning Objects has enhanced the creation of 
standard contents, well classified and easier to find and 
reuse. Many specifications and initiatives have 
developed which allow to catalogue teaching materials 
of different kinds, as well as to package the contents 
and to design learning units that can be reused in 
different LMS and courses. One of the most important 
standards developed by the Global Learning 
Consortium is the IMS; it has created some 
specifications, which are extended and used nowadays. 
      IMS Learning Design is one of the most important 
specifications [2] that makes easier the formal 
description of the teaching-learning process through a 
language that defines “Who does what, When and with 
What contents” a specific objective is achieved. 
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     Many research work and projects have developed 
which make possible the use of IMS Learning Design 
(IMS-LD) by students and professors [2]. The present 
tools permit to design powerful and complex learning 
structures, where educational activities are developed 
in parallel with the participation of several users in a 
cooperative environment. Nevertheless, they are 
limited for searching big volumes of information that 
occasionally surpass terabytes, they are geographically 
scattered and submitted to constant changes. 
     Lately, grid computing has developed as a way to 
join computing resources (CPU, memory, etc) to solve 
highly complex problems. With the use of these 
technologies, it is possible to distribute processing and 
data capacity to different computers transparent to 
users to achieve super processing capacity [3]. 
     In education, many complex tasks were ignored that 
can now be solved by grid computing. Recently, a 
model that permits the integration of the functions of 
grids in eLearning systems has been proposed [3]. The 
new paradigm called e-learning grid, defines the 
structure of a grid for learning and establishes how it 
interacts in general with a LMS. Nevertheless, it does 
not specify the interaction levels during the design of a 
learning sequence, where grids are necessary as an 
alternative to achieve computing efficiency in handling 
information. 
     Taking all these into account, we propose a model 
that defines the interaction among the learning units 
based on IMS-LD and a GRID, in a way that standard 
learning structures that use the possibilities of these 
techniques can be created. Some elements are defined 
as a basis for “IMS Learning Design Engine” and 
“eLearning Grid” developers to guarantee their 
relationship. 
     The most important characteristics of a Grid 
Learning Object (GLOB) [3] are described, its use in 
the teaching process, the relationships that can be 
established among a learning unit and the different 
types of GRIDS. At the end, it is given an example that 
shows how to apply the model proposed. 

2. Fundamentals 

This epigraph deals with the most relevant elements we 
consider in this paper: IMS Learning Design 
specifications, Grid Computing basics and their 
utilization in the teaching learning process. 

2.1 IMS-LD specifications 

     IMS-LD specifications can model the teaching 
learning process, unlike others that concentrate only in 
packaging contents. It makes them a powerful resource 

for designing collaborative and reusable complex 
learning units in different environments.   

IMS-LD allows the description of the structure of a 
learning unit’s activities. As in other specifications, 
XML is used to describe it.  There is a very rigorous 
and precise documentation about each of its 
components, so it is not necessary to stop on that. 
  An IMS-LD based learning unit is composed of 
objectives, roles (whether students or professors), 
learning activities organized through different 
structures formed by learning objects and services 
necessary in the teaching–learning process. An activity 
has as a basis a learning object or a service. Learning 
objects are study units, exercises, practices, figures, 
documents which are catalogued according to a 
standard; they are available in applications local 
repositories or can be chosen from libraries that are in 
the internet. The learning services are basically 
software products and applications as CHAT, Email 
and programs that support the  teaching learning 
process. 

2.2 eLearning Grids  

     Grid computing dates back to the era of distributed 
computation, particularly in “MetaComputing” where 
geographically distributed computers are united in a 
way that they are perceived as a more powerful one. 
     Modern grids are adaptable because they adopt web 
technologies and standards as XML or Web Service. 
During their evolution, computational grids and data 
grids have developed. The first ones organize and 
distribute computation resources (CPU, memory), and 
the data ones are oriented towards manipulating 
“petabytes” data . 
     Elearning grids emerge due to the need to integrate 
the facilities of grids in eLearning systems, where 
highly complex applications of high computational 
cost were ignored, as  such technologies were not 
available. 
     The Grid Learning Object (GLOB) is defined as an 
alternative to use grid computing in eLearning. This 
definition combines both the functionalities of a 
traditional learning object [9] and the GRID computing 
power. 
      The GLOB has different parts: The meta data, 
which contain the information that characterizes the 
grid. The Reusable Information Object (RIO) contains 
the necessary information for the grid to be reused; it 
also includes contents in different formats, practices 
and tasks. 
     The RIO also has the facilities of a grid 
implemented as Grid Service. Users can get these 
services through a user’s interface. In the “Grid 

Proceedings of the Fifth IEEE International Conference on Advanced Learning Technologies (ICALT’05) 

0-7695-2338-2/05 $20.00 © 2005 IEEE

Authorized licensed use limited to: UNIVERSIDAD DE ALICANTE. Downloaded on October 6, 2009 at 13:33 from IEEE Xplore.  Restrictions apply. 



application Layer” is where grid applications oriented 
towards elearning are implemented; to achieve this, 
they use Core Grid Middleware services [3].  

3. Interaction between an IMS-LD based 

learning environment and an eLearning 

Grid. 

     As we have explained above, grid computing 
expands due to its feasibility in solving complex 
problems as for the facilities that many tools offer to 
create GRID instances [10], it has increased the 
availability of different types of GRIDS. Despite the 
neutrality mechanisms that characterize GRIDS, which 
make them independent to the low level infrastructure 
to file data and handle resources, it is necessary to look 
for alternatives to use these tools in the teaching 
learning process. Some solutions have been given, as 
the one stated by Pankratius [3], referred to in epigraph 
2.2, where it is defined  an “eLearning  Grid” and its 
relationship with a LMS through a Grid Application 
Layer and the user’s interface. 
     Some researchers of Valladolid University, Spain, 
are developing a tool called GRIDCOLE. It is oriented 
towards the development of a collaborative learning 
environment through the combination of the IMS 
learning design and the open grid service architecture 
(OGSA) [11] that defines a service-oriented structure 
for the construction of grid infrastructures. This tool 
has some desktop applications that allow the 
interaction with the grids used in the different learning 
activities defined in an IMS-LD document; it has a 
learning flow engine that is a collaboration script 
interpreter which determines the sequence of activities 
to be performed by each participant. 
      Despite the results, it is required a more direct 
interaction among the elements that compose an IMS-
LD, the IMS learning design engine and the grid to 
achieve an active role in the teaching-learning process 
and hence to use the results to regulate and control the 
learning flow.  
     This epigraph proposes a model that defines the 
relationship between an IMS-LD based learning unit 
and a grid, so that software developers and pedagogues 
can improve the “IMS Learning Design Engine”. 
     We consider that there is an LMS that has its own 
repository of learning objects that both professors and 
learners can use in the teaching-learning process. The 
LMS favours the design of IMS-LD based learning 
environments and has an “IMS Learning Design 
Engine. It is also supposed that during the designing 
process, a Grid is required by the professor to solve a 
highly complex computational task, or to present the 
student a document that is the result of combining the 

existing data in different computers or instruments that 
are in places unknown to the users. It is very important 
that the GRID adopts a Grid-enaBled Learning Object 
(GLOB)
     The following schema shows the elements to 
consider for interconnecting both structures. 

Figure 1. Relationship between  an  IMS-LD based learning 
environment and an eGrid 
     As it can be seen, our proposition is based on 
establishing the relationship between both structures 
through functions added to GLOB and the “IMS 
Learning Design Engine”, using the elements that 
make up the IMS-LD. In this manner, it is not 
necessary to modify the specifications. 
     The Grid can be designed or not with pedagogical 
purposes. When it is desired to incorporate it to a 
learning process, it is necessary to create the GLOB 
which is oriented towards this goal. It has the 
necessary documentation through metadata and 
contains some services that guarantee to get to the real 
Grid. In GLOB’s definition it is called “Grid 
Application layer”. To achieve our objectives, we 
propose to add this structure a new layer called 
“Runtime Interface Layer” which permits to establish 
communication with the “IMS Learning Design 
Engine”. This layer includes other services that allow 
knowing the status of a GRID and other execution 
results, among others. In this paper we are not going to 
analyse the details for its adequate functioning; but just 
to make reference to three services (GET_status,  
GET _Result ,  Start) as shown in Figure 1.Its use is 
explained below. 
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     Though Grid implementation is not the object of 
this paper, we make some comments about the 
elements that make up its structure which help to 
understand our proposition. 
     In a Grid, there is an intermediary system (Broker) 
which, together with the other subsystems that make up 
its architecture manages the grid resources, that can be 
either of data or of computer. In data grids, the 
interaction with the “metadata service” is very 
important; which together with the metadata catalogue 
manage the data using the “Lightweight Directory 
Access Protocol (LDAP) “[12], that is very effective in 
handling distributed data. In both types of Grids, some 
selection mechanisms and management of replicas are 
used to increase the efficiency in data management and 
transference, which can be either independent files or 
file systems with a specific organization and structure. 
That is why in the figure we have put a repository of 
learning objects as part of the grid. This type of 
organization is advantageous for LMS that require to 
manage information from many geographically 
distributed repositories.  
     The available GRIDS are known from the LMS 
through GLOB’s metadata. During the design of the 
learning structure, the professor should define a 
“Learning Service”, which constitutes an external  
resource to be used in an activity as part of the teaching 
learning process. In “IMS-LD specifications many 
services as email, are already defined aimed at making 
easier the “IMS-LD Runtime Engine” configuration. In 
the case of a GRID, it is necessary to transfer the 
necessary parameters to the “Runtime” to activate it. 
To do it, one can use the global-elements , Global 
Attribute ‘class’  and the metadata [13] that the 
“Runtime”  can  have access to when the learning 
service is activated. The “Runtime Engine”, using the 
information of these elements, creates a query that is 
sent to the Grid Service   “START” of the  “Runtime 
Application Layer”, which activates the Grid. 
     Once the grid is initiated, the “IMS-LD Runtime 
Engine” may know its execution state and the results 
obtained through the  GET_Status  and  GET_ Result 
services implemented in the GLOB’s “Runtime 
Interface Layer”. The grid’s execution state can be 
used by “IMS-LD Runtime Engine” to manage 
notifications and parameters that are useful in the 
learning sequence that is being designed. 
     The given elements can be used by software 
developers to improve and use IMS-LD specifications 
in the teaching learning process. The following 
epigraph shows the design phase of a project where 
this model is going to be utilized to use data and 
computational grids in handling and processing images 
that are distributed through different Cuban 
universities. 

4. Implementation of a learning unit to 

diagnose diseases in animals.

     As part of a national project to automate the 
teaching learning process in  the Veterinary Medicine 
career in some Cuban universities, a group of 
professors is designing learning structures so that 
learners can diagnose diseases from the analysis of 
images and other data given by professors. The images 
are in repositories in different laboratories and clinical 
units distributed all through the universities of the 
country, which generate hundreds of images of 
different systems and  organs of several animal species. 
Both researchers and professors  select and catalogue 
them using  DSPACE [14] facilities for handling, 
distributing and searching metadata; it is used as a 
basis to create a  data GRID that manages the images 
efficiently. 
Considering the elements above, we have designed a 
learning unit in which the professor presents to the 
students a collection of images together with other 
elements and data for them to make a diagnosis about a 
disease in an animal specie. The student will analyze 
the data  and will send the selected images to be 
processed. From the results obtained, he will propose 
the professor a diagnosis for his evaluation (Fig. 2) 

Fig. 2 UML diagram of  Learning unit for the diagnosis of 
diseases through images.

    Another computational GRID is being designed 
that permits to use the capacity of many computers 
distributed through different universities to process 
images and obtain indicators used in the process of 
diagnosis, which require great computing power. 
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   As observed, this is a simple learning sequence easy 
to model through IMS-LD specifications, but if GRIDS 
that permit to manage the search of images and their 
processing were not used, it could be impossible to 
finish the process, taking into account that the 
execution of  the GRID conditions the sequences of 
professors and students.  
    To design this structure, COMALO tool [15], which 
has been developed by the authors, is used. Besides, 
some modifications will be done to  “CopperCore 
IMS-LD Engine” [7] to achieve communication with 
both GRIDS where the functions that compose the 
“Grid Runtime Layer “  will be implemented by web 
service. At present, this learning unit is being 
implemented which will be the basis to study this 
model’s feasibility. 

5. Conclusions and Recommendations 

     In this paper, some alternatives have been presented 
which permit the interaction between GRID 
technology and the teaching learning process based on 
IMS Learning Design specifications; obtaining that 
they have the possibility to incorporate big volumes of 
information as well as to use tools that require great 
computing power. These elements are in taking 
decisions and in the solution of highly complex 
problems.  
     Our proposition achieves the connection between 
both technologies without modifying the IMS- LD 
specifications. Nevertheless, we consider that it is 
necessary to look for alternatives that permit to 
incorporate  GRIDS as special services within the 
specifications. 
     It is necessary to  study deeply the applications that 
allow to implement GRIDS, which together with the 
power of the  “IM-LD Engine” developed by  
Coopercore and the tools that we have implemented, 
will let us to validate the effectiveness of the model we 
propose. 
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Abstract

This paper describes an architecture oriented 
towards the usage of Learning Objects Repositories 
(LOR@). 

LOR@ are logically organized through different 
layers constituted by classes, services, components and 
diagrams which are specified through a Unified 
Modeling Language (UML).  

The design is highly flexible, based on a data 
distributed model and oriented towards the 
management of different standards. It can be reused 
freely and enriched by institutions or research groups 
which develop applications for organizing and 
managing learning objects repositories.   

1. Introduction 

LOR@ is an open architecture to develop 
applications for an optimum use of digitalized materials 
organized through learning objects repositories. It is 
composed of data structures, models, classes, 
conceptual elements, data bases schemes and reusable 
components, specified through the Unified Modelling 
Language (UML), so that the design can be easily 
reused, extended and adaptable to the conditions and  

needs of other groups of development. This paper 
explains the data model used and provides a description 
of the layers and elements of its architecture, as well as 
the strategies of implementation and future 
development of this model. 

2. Architecture for the management of 
Learning Objects Repositories (LOR@) 

2.1. Data distributed Model 

R repository may belong to one or more C collections 
which allow the grouping of repositories on a same 
topic or according to a specific logical grouping. The 
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collection may contain or not the metadata of its 
repositories. The collection, at the same time, may 
belong to a register collecting centre (RCC). It stores 
information about the collections and may be used as a 
gateway to searchers or meta searchers for more 
effective search in the learning objects repository 
distributed net. 

We have considered the fact that in the collections 
may be information about external repositories (NR) 
created using other architectures, through a learning 
Management System (LMS) or by independent users 
who may link to the collections through the interchange 
services of our architecture. 

2.2. LOR@  functional structure 

Data Layer: It guarantees the persistence of the 
data and is composed of a relational database and the 
files that make up the repository and the metadata.  

Conectivity Database Layer: It has the necessary 
drivers to access the database using different database 
managers (DBMss) according to the application and 
programming environment used.  

Database Access Layer: This layer characterizes 
the data layer so that the services and components of 
the higher layers use these properties to access the 
repository database. 

Business Logical  layer: Contains class diagrams, 
use cases, activity diagrams and sequences of 
components and services that support the application 
layer to validate the data, the management and 
conversion of the different standards’ structures, etc. 

Aplication layer: Contains services and 
components that assure the programming of the 
presentation layer.  

Presentation Layer: It is composed of tools and 
applications for the final user.  

At present, there is an ongoing project called 
LOR@CA.cu, sponsored by the School of Agronomy 
of La Habana Agrarian University (www.isch.edu.cu)
that uses our  design for creating a net of repositories of 
learning objects about agricultural sciences and which 
will be of great help in the career’s  computerization 
process. 

4. Conclusions and Recommendations 

Using LOR@ offers the possibility to universities 
and other institutions to organize learning objects nets. 
When organizing data using this model, programmers, 
developers and users can achieve more productivity and 
may have a distributed database with a number of 
services for the management of knowledge and 
learning.

The complete architecture or some of its services can 
be used to achieve the interchange of information with 
repositories already created using other design 
principles. 

LOR@ has used as a reference the principal projects 
and initiatives that are generating technologies to create 
learning objects repositories, it has incorporated some 
facilities explained above thus obtaining a flexible 
model, easy to maintain, services oriented, compatible 
with DRI and with different standards, so that it may be 
used and enriched by other producers. 
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Abstract: There is a tendency towards developing initiatives and projects to 
promote the development of open contents to attain reusability of educative re-
sources integrating technological, pedagogical and legal components as a basis. 
Despite projects have developed  to  support this new method of  approaching 
contents, specifications and designs that can be the basis for its implementation 
and practical use are not enough. This article proposes an informatic model for 
managing open contents which specifications can be the basis for developing 
applications oriented at this aim. An application called CMS4ROCKL is pre-
sented. It is based on the proposed model and it is a simple and practical content 
manager for professors and institutions that  deal with  open contents.  

Keywords: Open Content, CMS, elearning, Learning Objects, Opencourseware.  

1   Introduction 

The current tendency for content management is very well defined. It integrates  data, 
information and knowledge, all recorded in the socio-institutional context of society; 
to share them through tools, software systems, services, methods  and other resources 
that may allow their availability and use from different parts at the same time, from a 
fast and reliable connectivity infrastructure.  All these, to do as the Homo sapiens 
used to do when hunting the mammon, coordinating the actions of the community 
efficiently and effectively to reach goals to be shared by all [1] . 

In the last few years, institutions have considered the need to use informatic tools 
to organize and manage efficiently the contents generated internally, as well as those 
that are in the web. These tools are called Content Management Systems (CMS).         

Sharing educative contents is as old as the internet. The appearance of the World 
Wide Web made it simpler and there are uncountable web pages of professors who 
offer their resources freely. In the last few years there have developed Learning 
Management Systems that combine the contents with other facilities necessary to 
make a virtual teaching process. As a result, collections of educative materials have 
been created to increase the quality of teaching processes that use informatic  
technologies.  
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With the development of standards as IMS, Learning Objects Repositories (LOR) 
have emerged. They contain the educative materials and the metadata that describe 
them according to a standard. Besides, many institutions have developed initiatives to 
attain reusability from a legal and pedagogical viewpoint, so that contents may be 
reused. As a result, a new quality in the contents has appeared. It is known as Open 
content or Open Educational Resources (OpenER).  

Open Educational Resources are  materials, documents and especially learning 
resources that are free and can be reused by the educative community. They are 
those resources that may be used by anyone who may want to use them. They are 
copyright as the "closed" contents. What makes them different is their economical 
utilization [2].  

The OpenCourseware project, developed by the MIT [3] has opened a number of 
conceptual, pedagogical and technological possibilities as it has systematized  the 
content production to be published in the web , trying to find a solution for some 
difficulties  related to  technological formats and copyright, which any academic pro-
duction may have. 

There are other projects that have developed more integrated applications as is case 
of Educommons [4]  that is trying to be an authentic LMS. It manages contents in an 
open way and includes the necessary communication tools between professors and 
students to realize this function.It is evident that the philosophy of open contents that 
we have referenced is the real solution to make a rational use of the contents existing 
in the network, as the access is easier and the processes of selection, control and utili-
zation of the existing resources are simplified.  

Despite the results obtained in contents management, there are still some techno-
logical barriers that hinder  the open treatment of those existing contents as described 
above and therefore, not allowing a generalization of such experiences  in accordance 
with the demands of the new university. There are lots of management systems, as we 
have stated, each in accordance with the interests and philosophy of independent insti-
tutions or people. When analyzing them separately they function correctly, but as 
each has a different data design, it provokes difficulties to manage contents in a dis-
tributed way and incapability to communicate with other management systems or 
repositories which contents are useful. They do not offer any alternatives for manag-
ing the great diversity of standards and initiatives as for cataloguing, packaging, dis-
tributing contents and designing complex learning units to adapt them to the different 
pedagogical situations of the present time. It is necessary that content managers in-
crease the facilities so that users may manage easily and clearly the legal elements of 
the resources that they use and publish. 

Taking into account the aspects stated above, we have designed an informatic 
model for managing open contents as a basis to design applications aimed at it. This 
model takes into account the general characteristics of a CMS but it has the elements 
and resources necessary to manage contents in an open way. It is based on a distrib-
uted data model and has a set of elements and services that guarantee the design, 
management and reusability of contents in different pedagogical contexts and in a 
legal manner. The model provides alternatives for connecting with other CMS and 
LMS. 
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2   An Informatic Model for Open Contents Management 

The model created is based on the most well known CMS but it has some characteris-
tics that make it different; it offers more orientation towards managing open contents. 

� It is based on a data and distributed services model which provides more 
efficiency when managing and reusing contents. 

� It offers secure and efficient alternatives to reuse contents organized in dif-
ferent data sources, including files organized in the computer of a professor 
and those organized in complex CMS and digital libraries. 

� It has its own metadata model that we have called VirtuaMetadata (VMD) 
that groups the existing models. It is flexible enough as to incorporate those 
elements that emerge from new initiatives and standards or from specific 
needs of research groups or educative institutions. 

� It permits to characterize learning objects from the viewpoint of content 
and usefulness, from the simplest as an image or a file, up to complex 
learning structures created through IMS LD and other similar initiatives. 

� It takes into account not only educative resources, but also their interrela-
tion with learning processes, pedagogical models and the management of 
those who get involved in these processes. 

For a better understanding, we have divided the model in three layers that allow us 
to offer a logical view of the system proposed (Figure 1).  

Source Layer: It contains a set of services that allow both the incorporation of iso-
lated contents or those of recent creation and the usage of the existing ones in other 
CMS and digital libraries. 

The main component of this layer is the Publication Manager (Figure 2) which 
analyzes, catalogues and puts into the data base of a specific repository the contents 
and/or metadata coming from different data sources like independent files, images, 
videos or those that come from more complex storing means.  

The Analyzer Service allows extracting from files, the characteristics and useful 
properties in the process of cataloguing we will see later; so that users do not have to 
 

 
Fig. 1. View of  implementation in UML 
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Fig. 2. View of Publication Manager implementation in UML 

introduce them manually. Besides, it identifies those files that have been packaged 
through well known standards or initiatives as IMS, for using the previous classifica-
tion as well as the information present in learning structures modelled through initia-
tives as IMSLD which can be useful later on. 

XML Service is oriented towards processing those documents which format is XML 
and that are obtained through templates designed previously or through applications as 
OpenOffice that can generate files compatible with OpenDocument standard [5]. 

Images and videos have a special treatment in our model, because if we consider 
them as a simple file we could lose some important information that is in some parts 
of the image or in the intervals of time in the streaming of video. We are considering 
a special classification for these resources taking into account the relationship among 
these zones or intervals with other learning resources. 

The reutilization of contents classified and organized using other environments is 
very important in a management system for educative contents, as one can take advan-
tage of other elaborated resources in designing and creating a new content. Libraries and 
repositories have incorporated protocols and other alternatives for the collection, inter-
change and syndication of contents. Making good use of the facilities that these tech-
niques offer,  this process establishes communication with other systems that have a 
stable functioning and can provide us with  contents. We have conceived the use of 
OAI-PMH[6] ,RSS [7] and Open Search [8]. 

The processes we have explained are the basis for cataloguing, that is the process 
through which the classification of resources that enter the data base finishes. It is 
obtained a file with a format called VirtuaMetadata (VMD) that constitutes the model 
of metadata we use in our system. Cataloguing can be automatic in those cases where 
there is a previous classification and only the conversion to VMD is required; or it can 
be manual in those cases where it is necessary to complete it. 

The resource is introduced in the data base together with its Metadata in VMD 
format through a process that we have called Upload Service that also updates the 
tables in the corresponding repository. 

Service Layer: It contains a set of processes that guarantee the interface with the data 
layer and the presentation layer. Within these services there is one for managing  
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persistence that guarantees the connexion with the relational data base that has a re-
pository, in such a way that there is independence in any service that needs to have 
access to the data base with its structure. Section three is about a solution we have put 
into practice for this kind of services. 

Data Layer: Our system uses as a reference a data distributed model that combines 
with a Peer-to-Peer topology (P2P) called NAPSTER. It has a centralized and decen-
tralized functioning at the same time and incorporates a node called NAPSTER or 
super server where the simple nodes make intermittent connections searching infor-
mation. [9]  

 

Fig. 3. Data Model 

An R repository may belong to one or some C collections that allow to group re-
positories of the same theme or according to a specific logical grouping. The collec-
tion may or may not have the metadata of the repositories that belong to it. At the 
same time, the collection may belong to a central register of collections (RCC). It has 
information about the collections and can be used as Gateways to searchers or meta 
searchers in order to get a more effective search in the distributed network of learning 
objects repositories. 

Each repository has a relational data base that has the description of its resources 
and the metadata associated, as well as some information about users, collections and 
other necessary aspects for managing the repository. 

Apart from the data base, the repository has resources that, as we just stated, may 
or may not be physically present in our repositories. They can be as simple as a text 
file or a PDF, or as complex as zipped files or packages compatible with different 
standards oriented towards packaging contents. 

As it can be seen in figure 1, we have included as part of the information of reposi-
tories, the data that permits to characterize the learning processes and their protago-
nists such as curricular structures, information of  subjects, syllabuses, competence, 
users and professors, etc. The structure and nomenclature of these elements depend on 
the country or organization and play an important role in the processes of content 
management, as when combining it with the semantic information of the repositories 
it allows us to increase the usefulness of a resource in a specific context. These data 
can be filed up through a relational data base or through XML structures and some 
software pieces that permit an independent access to the structure. It could be a good 
practice to use the standards and initiatives to classify and model educative processes 
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as RCDEO of IMS [10] for competence management, or Learner Information Pack-
age (LIP) [11],for information management about students. 

To file up the metadata , it has been defined a model called VirtuaMetadata (VMD) 
that groups different existing standards and it is flexible at changes and to the needs of 
research groups or institutions. To convert from and to our metadata model, it can be 
used converters that transform from one structure to another. 

Presentation Layer: This layer is the interface to other CMS, LMS, applications or 
users. It includes the classical processes that a CMS has, which will not be detailed 
now. We will describe the three processes we consider most important, the one to 
control quality, the design and the search ones. 

The process to control the quality of a resource is essential to accomplish its real 
reusability as it offers the necessary information concerning its authentic potentiality; 
that is, its capacity to achieve its objective. We have to take into account what  peda-
gogical value of a resource depends on its usage or on its external context, as stated 
by David Wiley [12] more than on its composition or structure (internal context). 
Obviously, the evaluation made by others might help us to determine its quality. Our 
model takes into consideration the previous elements and proposes some indicators 
that define the quality of an educative resource. These indicators are based on the 
elements that make up the data base and the relationship between them. 

We are only studying some indicators as the frequency of usage of a resource, 
number of times it is solicited in a specific period of time and other more complex 
indexes, as the use of the resource to solve competence, objectives and other elements 
of the learning process and the protagonists that appear in a repository data base. 
These indicators, in combination with popularity related elements similar to those 
used by social networks based on 2.0 web, offer more precision in the quality of re-
sources. 

The design process is oriented towards the creation of content structures that adapt 
to the characteristics of learning scenarios for which the resources and data registered 
in the repositories can be the basis. As seen in figure 1, this process uses the quality 
and management control components to select the most adequate resources to a spe-
cific design through the alternatives of standards related to content packaging. The 
new resources obtained are put into the data base through the Publication Manager. 
We have designed some applications like CMS4ROCKL, that will be dealt with in the 
next epigraph which uses IMS Content Packaging  to create new learning structures. 
Nevertheless, other alternatives like Exelearning [13]can be studied. They have GNU 
license and introducing some changes they could reuse the components of our model 
to manage contents form these applications, so that the design capacity of this model 
and those to manage resources of our model can be combined. Similar experiences in 
some LMS as Moodle [14] can be used. It offers many possibilities for the interaction 
with other systems as the one we are proposing.  

Management services are composed of classical processes of a CMS to guarantee 
the interface with the user and applications such as: searching, notifying, controlling 
users, visualizing, etc. This paper makes emphasis on the copyright control service 
and the search one that are the most remarkable in our model. 

The copyright control service facilitates users the search for licences of both re-
sources as such and of materials that complement them in sets of contents where more  
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than one resource is used. In this way, users or applications may have a list of authors 
and institutions where the material was produced. This service starts when filing each 
licence in the metadata. In most metadata models, it is possible to include licences 
like CreativeCoomon [15] that are well known in the intellectual production context.  

Searching is one of the main resources in content management. We use the general 
principles that modern searchers have, but we adapt them to the structure of our dis-
tributed data model and also to the requirements of open contents management, where 
it is necessary the combination of elements related with the content, semantics, peda-
gogical usefulness and the resource copyright. Both contents and metadata are in-
dexed. The searching engine has a distributed functioning through the nodes that 
make up a collection of repositories, as already explained; and the parameters neces-
sary for the search as range, words or phrases and their relationships reach the 
searcher through an input message formatted in XML.(figure 4) 

 

Fig. 4. View of Search Implementation in UML 

We are looking for alternatives that permit to model complex relations that exist 
among the elements that make up the data base to get a higher level of intelligence in 
the search. In this sense, the system proposes the user the most adequate educative 
resources or combinations to solve a specific learning situation. 

3   Results 

As we have advanced in designing the model, we have noticed the need to create a 
tool that based on the specifications stated, it might allow professors to manage, in a 
simple way, the learning resources distributed all through the web so that they might 
create more complex and useful resources. These aspects were the basis to create 
CMS4ROCKL, a simple contents manager oriented towards managing open contents 
for learning and knowledge. Then, it was needed to implement data structures and 
processes necessary to put the model into practice. 

CMS4ROCKL is a web application structured in three layers that we detail below 
(Fig 5)  
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Fig. 5. View CMS4ROCKL Implementation 

Data layer: It is formed by a network of learning objects repositories that we call 
LORA type repository. Its persistence has the structure explained in item 2. Such 
persistence can be accessible through a web service we have called   LORASERVER 
which permits to make the operations necessary to manage the repository data. The 
access to the relational data base of each repository is based on Hibernate [16] a pow-
erful library with GNU license that allows us the access to the relational data base of 
each repository despite the relational data base manager used. In this way, a LORA 
repository can use any available manager without making any changes in LO-
RASERVER. 

LORASERVER is a web service implemented on Axis [17], so it can be reused by 
any application that requires the access to a LORA repository. It offers services to 
manage resources, files, users and other services to use OAI-PMH through the library 
OAI-CAT [18] as well as services to manage the syndication of contents through RSS 
and other standards. It allows   the interchange of metadata with other repositories or 
libraries we have called No LORA. (Figure 4) 

In the application layer we have implemented the services of cataloguing, Lora col-
lection and that for searching that we explain below. 

The catalogue service allows users to classify a simple or complex model accord-
ing to the VMD metadata model that as we have said, groups different standards. The 
capture screen is generated through an XML structure that has the fields to capture 
and other specifications necessary for the processes of validation, managing of vo-
cabulary and the language of screen. This XML structure can be edited and adapted to 
the requirements of each institution in combination with some converters we have 
created to obtain metadata in a specific standard. 

LORACOLLECTION service provides a set of facilities to manage groups of Lora 
repositories that have access through our CMS4ROCK application. This service is 
used by LORASEARCH for distributed search in parallel with the repositories that 
make up a collection, which presents the results formatted in OpenASearch standard 
[8]. Through a file called Opensearch description it obtains parameters necessary to 
search in the repositories. The results are returned in atom 1.0 format [19]  extended 
with Open Search. 
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The indexation service functions with the native format of Solr [20] . It is a web 
application developed as a subproject of Apache-Lucene [21] which gives possibili-
ties for the creation and search in Lucene indexes. This application has been config-
ured and adapted to our structures of data and services. 

The presentation layer is a web application (figure 6) that has been constructed us-
ing GWT technology [22] which permits to browse through repositories of a collec-
tion, to control users and manipulate the repositories existing in each repository. This 
application allows teachers to move their resources to virtual work shelves that, as a 
remote desk; it allows them to organize their resources through different templates. 
As a didactic pattern, it guides the organization of contents, which can be described 
through the catalogue services. A professor can choose the most adequate Creative 
Commons license [15] for his resource so that it may remain available for other users. 
At the same time, he can create more complex elaborations from the resources filed in 
the collections of repositories. 

 

Fig. 6. Application CMS4ROCKL 

This application is used by different professors to manage repositories based on our 
model. Conditions are being created to form a network of repositories to evaluate 
rigorously the model proposed. 

4   Conclusions and Recommendations 

The model we have presented is the basis for developing informatic tools to manage 
open contents, as it offers alternatives for reusing educative resources. It constitutes the 
main difference with commercial CMS, which are unable to integrate technology and 
pedagogy in a legal framework according to the requirements of modern Education.  

We have taken into account the elements and structures that conform the pedagogi-
cal processes and we combine them with educative resources and their metadata, to 
achieve a higher level of efficiency and precision in the management of contents for 
learning and knowledge. 

As a result, it has been obtained a library of services and applications that allows 
implementing the model in a practical and open way. It can be done by reusing Open  
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Source projects as Lucene, using architectures for programming like SOA and initia-
tives and standards like Open Search. They are efficient and offer possibilities for 
reusing these applications through which we have developed CMS4ROCKL applica-
tion, still in development. It will help us to prove the efficiency of our model. 

It is necessary to continue developing some services stated in the model, such as 
that to control quality and design, to improve the model documentation and the in-
formatic applications, so as to increase the number of applications that use this alter-
native to manage open contents. 
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Abstract 

 
Learning objects with high level of aggregation are 

very useful as a showcase of the possibilities of the 
different elements that composes them. The reusability 
of the whole high level learning object lays on the 
standard packaging technology is being used. But 
frequently, the teacher is only interested in a selection 
of the components or wishes to replace some elements 
by other ones. 

In this article, we present a proposal to deconstruct 
learning objects with high level of aggregation 
precedent from OpenCourseWare web sites and reuse 
selected components in different ways. Also, we present 
an implementation of this proposal as an example for 
the case of the OpenCourseWare educational 
resources.  
 
1. Introduction 
 
1.1 Reusability of complex learning objects 
 

The reusability of an educational resource is a 
keystone when it comes to creating or handling 
learning objects (LO) or building repositories for them.  

Learning objects technology, considered as the use 
of educational standards (e.g. IMS or SCORM) applied 
to a complex educational resource like a whole course 
(with a higher level of aggregation) is very useful to 
solve the problem of storing, backing up, or 
distributing this kind of educational resources aimed to 
accomplish a high-level pedagogic objective.  

In addition to solve the technical problem of 
packaging the educational resource to be used on 
different learning platforms, the metadata  from 
standards like LOM [1], IMS [2] or SCORM [3] and 

their relatives, stores information about Intellectual 
Property (IP) so the final user can be informed about 
the IP observance and act accordingly.  

However, high level of aggregation learning objects 
lack off flexibility to be adapted or modified to new 
educational situations.[4] Almost every time, those 
complex LO are made from raw educational resources 
(like text, files, pictures…etc) and the only one well 
formed learning object is the whole thing.  In order to 
reuse a selection of the resources that composes the 
complex LO only manual procedures can be 
implemented and in the process, the benefits of using 
the LO technology are lost [5]. 

 
1.2 OpenCourseWare as a source of complex 
learning objects 

 
The OpenCourseWare (OCW) project is one of the 

best known cases of Open Content in the world of 
education.  

OpenCourseWare does not aim to be a learning 
platform, but, actually, students do learn using OCW. 
Probably in the same way a student can learn using a 
library. This fact leads us directly to analyze the 
potential value of OCW as an educational tool.  

But in order to get the maximum educational value 
of a specific resource, it has to be extracted from the 
framework of the whole course it belongs to; modified, 
localized and adapted to a concrete situation. However, 
the syndication possibilities of the current OCW CMS 
software providing IMS or similar standards, only 
solves the reusability of the whole course, not the 
reusability of the specific resources inside it. This task 
is far from to being an automatic or even semi-
automatic procedure.  
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1.3 OCW IN MOTION for deconstructing 
complex learning objects 
 

We have developed layer model to process 
different sources of complex learning objects, to allow 
to select the specific resources from inside and to 
create small structures with the selected resources. 

Also, we have built an implementation 
(OCWINMOTION) of this architecture for the case of 
OCW courses (IMS from MIT and RSS from 
Educommons) that allows to select specific resources 
from inside a whole course and to create a set of 
wikipages with the selection (one for each one of the 
resources selected) with a set of educational tools to 
enrich the resources with educational activity.  

It consists of a plug-in for a Wiki management 
system called DokuWiki. 

 DokuWiki [6] software is a well-know software to 
handle small knowledge databases in Wiki format. It is 
comparable in functionality with MediaWiki [7] but 
the implementation is simpler and the technical 
requirements are simpler too.  
 
2. Implementing OER’s from OCW 
 
2.1 General vision 
 

 
Figure 1. MVC pattern 

The main purpose of this development is building a 
tool that allows both teachers and students to reuse the 
OCW courses. This design will be able to read the 
OCW RSS and the OCW SCORM packages and will 
transform them into wikipages. The software design is 
based on the Model View Controller (MVC) [8] 
pattern. The MVC pattern consists of separating the 
data from the user interface and the logic control into 
three different components.  

 
2.2 Model layer 
 

This layer contains all about data management. In 
the following diagram we can see its structure. 

 
For the model layer we have used the Abstract 

Factory pattern [8] 
 

CourseFactory: This class is concordant with 
Factory class shown in the previous figure and is the 
base class. This class have an abstract method in order 
to generate a course from the input data . 

 
Figure 2.  Class diagram  

CourseFactoryN: This class is concordant with 
FactoryTypeN class shown in the previous figure. 
Every FactoryTypeN will be able to generate an object 
of the ProductTypeN.  

Course: It will contain all the data that are 
common to different types of courses, for example 
course name, course description, course link and have 
the methods which will be common to every course. 

CourseN: There will be a class per type of course 
that we will support. All of these classes will inherit 
from the Course class and also, it will be able to 
analyze the source metadata and extract relevant 
information for specific items.  

Item: This will be the abstract base class from 
which the rest of the items will inherit. It will contain 
the data which all the different types of items will have 
in common such as name, link, type, relevant 
information, etc. 

ItemN: This class will inherit from abstract Item 
and there will be one for every course. 

This separation into different classes will allow us 
to process different types of course sources (e.g. 
SCORM packages from OCW MIT courses or RSS 
feeds from EDUCOMMONS powered OCW 
websites). This structure will also allow us to enlarge 
the number of supported course formats without 
making any change to the software structure.  
 
2.3 Controller 
 

This layer contains every thing concerning handling 
the extract, storage, and deleting information about 
courses. It also entrusts the users with the management 
of every course.  

This layer is formed by : 
CourseController: This class is able to import a 

course, generate a course or obtain a course. 
UserController: This layer entrusts the users with 

the management. It is able to assign and cancel the 
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user’s certain permissions like reading, writing, 
creating, deleting, etc. 

DeleteController: This class is able to delete 
completely a course which was created by the Course 
Controller class. 
 
2.4 View 
 

This layer contains all the classes about the view.  
EntryPointView will be the class which will 

initially generate the view with the three possible 
options: import a course, to manage the users or to 
delete an imported course.  

ImportView will generate the import GUI of 
courses.  

ManagerCourseView will request the Controller 
layer to do the necessary operations for importing a 
course and manage the results of the importation.  

CourseView will be the class which will generate 
the course’s view.  

And the class ErrorView will show the possible 
errors that the other layers throw.  
 
2.5 Interaction among layers 
 

In order to understand how layers interact with each 
other, let’s see an example of sequence of one of the 
three possible executions that corresponds to the 
import course action.  

Firstly the user interacts with the interface and the 
EntryPoint class will generate the main view. 
Secondly the users choose to import a course so the 
ManagerCourseView class will generate the importer 
view.  Thirdly the user selects what he or she wants to 
import and clicks the import button. The ImportView 
(which pertains to the view layer) calls the 
CourseController class in order to do the importation. 
This class will call to the CourseFactory which will 
generate a course by calling the Course.  

The Model layer never communicates with the 
View and the View never communicates with the 
Model. They communicate with each other through the 
controller layer.  
 
3. Results 
 

To build the Dokuwiki plug-in, PHP has been used, 
which is, in its latest version, an object oriented 
language and permits us to implement the model 
easily.  

The PHP plug-in code can be obtained from: 
http://www.ocwinmotion.com/ 

For this implementation it has been decided to 
support only two main kinds of courses: SCORM 
package of MIT and RSSs OCW feeds of University of 

Alicante and University of Utah State. 
(EDUCOMMONS powered). This plug-in is open to 
new kinds of courses since its design is scalable. 
 
4. Conclusions 
 

As we have proved, it is possible to deconstruct 
complex learning objects in a semi-automatic way and 
to make it possible to adapt the components and to 
build new educational structures with them. 

The proposed layer architecture allows to consider 
the problem of deconstructing complex learning 
objects as a modular task.  

The OCW IN MOTION project was presented on 
September 2007 in the OpenEd Conference hosted by 
the COSL of the Utah State University. It has been 
used in an experimental way for a research about 
teaching in secondary education introducing high 
educational materials from MIT in a High School on 
Miami (FL) [9] and it is currently used as a way to 
complement teaching materials for some courses in the 
University of Alicante. 
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ABSTRACT 
In this article we have studied the different types of 
current educational material searchers to try and discover 
their deficiencies and then try to solve them. With this 
aim we suggest a distributed search model for learning 
objects according to their metadata. We will also present 
an implementation of such model in Lor@ architecture. 
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1. Introduction 

In order to reach the goal of creating new educational 
practices, we need to create a technological environment 
in which professors and other teaching staff share objects 
that have been useful for them in a specific learning 
context. Therefore educational repositories must aim at 
making this task easier [1]. 
An LO, “learning object”, is a digital resource that can be 
reused to facilitate learning, according to D. Wiley’s 
definition [2]. LOs are stored in so-called Learning 
Objects Repositories. They allow institutions to exchange 
materials and reuse objects. Although many current 
learning objects repositories are organized by themes, it is 
fairly tedious to search objects this way. Searches are not 
usually very precise and relevant information is difficult 
to find, as the objects have enough description data but 
searchers don’t use this information. When professors 
want to find didactic material for their lectures, they 
spend too long searching these repositories and may not 
find it. That is why we need to develop new search tools 
which make this task easier. 
Nowadays there are hundreds of repositories containing 
thousands of learning objects. Most of them find the 
objects by searching the indexation of contents in the 
objects, which means a great deal of information, but not 
precise enough. 
Moreover, most repositories can only search in their own 
repositories because most of them are not interconnected, 

use different platforms, different ways of connection, and 
this reduces the set of objects that can be found. 
An example is LMS (Learning Management System) 
Moodle [3], which can only find courses within its own 
repository and only using the course titles and 
descriptions. Another example is CLE (Collaborative 
Learning Environment) SAKAI [4], whose searcher uses 
an index with some sub-indexes: content (a summary of 
the content), context (a key word of the context the course 
comes from), tool (the name of the tool the material has 
been created with), title (the title of the search document), 
reference (a key word stored index of the Sakai Entity 
Reference). However Sakai only uses two of them to do 
the basic searching: content and context. When you are 
searching in Sakai, this uses all the objects stored in the 
server, so we can get objects belonging to other users. 
Nowadays there are other searchers oriented to e-learning 
besides those integrated in LMSs, CLEs and other 
applications dedicated to the management of didactic 
resources. The top four are Google Scholar, in Google, 
Live Search Academic, in Microsoft, Scirus, in Elsevier, 
and OCW Finder. 
We will now explain the methodology these searchers use 
[5]: 

Scirus: it only uses pre-determined sites and has got a list 
of seeds from which it gets the content. The list of seeds is 
created in the following way [6]: 

� By using an automatic URL’s extraction tool 
which is able to identify new seeds of sites about 
science (for example, URLs with the extension 
.edu). 

� Periodically Elsevier is asked to provide a list of 
sites about certain themes. 

� Members of the Scirus Scientific Library and 
Technical Advisory Boards provide updated 
seeds.

� Suggestions from Scirus users and keepers. 
� URLs that can be easily identified are usually 

added, such as www.newscientist.com.
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Scirus verifies manually that all the seeds it uses to search 
refer to webs storing scientific content. Thus they are one 
hundred per cent sure that all the responses are in the field 
of science. 
The searcher examines all the seeds and indexes them. 
Then by using an algorithm based on neuronal nets it 
classifies the information in about twenty subjects before 
creating the index. It also allows the searcher itself to 
modify the user’s search request in order to get better 
results. 
The algorithm it uses to organize the data obtained takes 
into account two variables: the frequency the term appears 
in the document and the existing links to that document. 
Besides all this, it can present the results in different 
ways, grouped by domain or showing the most relevant 
part of the document. 

Google Scholar: This searcher indexes the materials of 
many libraries and publishers. It indexes the content of 
the objects and analyses and gets interesting data, such as 
the title, the author, the date or where it was published. It 
also has a web index of the times the material is 
mentioned, providing some help to distinguish the quality 
of the object [7] [8] 

Live Search Academic: This searcher gets data directly 
from academic publications and libraries. It indexes 
scientific articles, books, conference proceedings and 
theses on computer science, physics, electrical 
engineering and biomedicine. 

OCW FINDER: [9] OCW Finder currently shows results 
from several collections: MIT OCW, Utah State 
University, Johns Hopkins School of Public Health OCW, 
Tufts University OCW, Foothill De-Anza SOFIA, y 
Carnegie Mellon Open Learning Initiative. OCW Finder 
is based on del.icio.us direc.tor, published under GPL and 
blended by David Wiley from the Center for Open and 
Sustainable Learning. The search is done from the 
indexation of feeds [10] belonging to the federate 
repositories. Of each feed, it only indexes the links and 
following fields DublinCore: title, description and 
subjects. To do the search, it only uses two of these fields: 
title and subjects.  

We can see that in these searchers the search is based on a 
centralized index created from several distributed sources, 
but we can’t consider it a distributed search as it is based 
on a centralized index after all. Our work suggests a de-
centralized search where each repository has its own 
index which it uses to search in real time. 
There is also a third type of searcher; the searchers 
integrated in learning objects repositories. Among the 
numerous learning objects repositories which have a 
searcher we can find the following:  

Careo: [11] The Campus Alberta Repository of 
Educational Objects owns a searcher based on resource 
metadata search. These metadata are a subgroup of the 

specification IMS-MD [12]. It has two search options, 
basic and advanced. The former is only based on the title, 
the description and the keywords, whereas the latter can 
search through other metadata. Although this repository 
makes a good use of metadata, it is limited to a 
centralized search over some metadata that doesn’t follow 
the existing specifications. 

Merlot: [13] It is a didactic material repository developed 
by the California State University Center for Distributed 
Learning. It does not contain the material itself but stores 
its description - metadata -. When we upload a didactic 
material on this repository, we assign an URL of where it 
is and then the system requires certain data about the 
material. They are divided into four steps, description (a 
description of the material is asked), category (you are 
asked to select a category among a group of seven: arts, 
business, etc), besides here we have to select the language 
of the document, author (information about the author of 
the material is asked here) and finally additional 
information (some technical data about the material). 
Merlot does not index the resource content but its 
metadata. Merlot allows the user to search in his own 
repository in all the fields mentioned above and also 
search in other repositories. These are: EdNA Online - 
Education Network Australia, ARIADNE - ARIADNE 
Foundation for the European Knowledge Pool, NIME-
glad - NIME Gateway to Learning for Ability 
Development, LORNET - LORNET: Learning Object 
Repositories Network. 
Besides this searcher Merlot has another one called 
Federated Search. It searches in resource collections. 
They are sets of material that belong to the same subject, 
created by users. Nowadays the largest collection is of 
physics. 
In the next table we can see a summary of the features of 
the different kinds of searchers: 

Table 1 
Searchers compared 

Searcher’s type

Learning
Metadata 

Specification 
(1)

Distributed 
(2)

Direct 
Search

(3)

Moodle NO NO YESIntegrated 
into LMS, 
CLE, etc. Sakai NO NO YES

Scirus NO NO NO
Google 
Scholar NO NO NO

Live Search 
Academy NO NO NOGeneric

OCW Finder

YES-
DublinCore
(Embebed in 

RSS)

NO NO

Merlot NO NO YES
Integrated 

into
learning
objects

repositories CAREO YES-CanCore NO YES
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where 
(1): Usage of some specification known for the metadata. 
(2): It Points at how to search a resource. It will be 
distributed if the indexes in which we search are stored in 
a distributed way. 
(3): The search is always done over updated indexes, 
unlike harvesting, in which the indexes may not be 
updated. 

The model suggested here will be limited to search 
educational content, especially learning objects. They 
could be a picture, a video, music, etc., so the searcher 
will not only use the content of the object but also its 
metadata to create the search indexes. Searching taking 
into account the metadata has some advantages and 
disadvantages. One of the disadvantages is that we depend 
on the quality of the object tagging. We will see how to 
solve it with a quality control component. On the other 
hand, using metadata to search learning objects helps to 
be more exact and we can find different types of file, like 
a picture, that wouldn’t be found otherwise. 
The main problems that arise when we try to create a tool 
to search learning objects are: 

� Ineffective searches: with most current tools the 
results do not match the user’s needs, due to the 
lack of descriptive data. 

� Specific applications: there are many 
applications that allow to search but only in 
certain types of learning objects repositories.

� Poor integration and interconnection of the 
applications: the lack of a layer structure makes 
it difficult to integrate a search component into 
an application and the lack of a specific layer to 
connect different applications when searching an 
object makes the interconnection between
different applications, and therefore a distributed 
search, impossible. 

These difficulties are met when trying to implement an 
application that allows to search efficiently in several 
learning objects repositories. We could prevent this by 
using the model we are about to present, which allows to 
develop services of distributed search in repositories 
oriented to educational resources. 
Our solution consists of a model that has a layer-
structured open structure, which will allow to do 
distributed searches over several learning objects 
repositories efficiently. This model is explained and 
developed below. 

2. Model 

This article presents a model that allows to solve the 
problem of searching in several learning objects 
repositories.  
It is based, among other things, on the use of pre-existing 
and widely used standards in order to describe an object 

more specifically; it means, to describe a datum from data 
[14], better known as metadata. They show the internal 
context of a learning object, allowing to do more specific 
and detailed searches, as we have explained in the 
introduction. 

Figure 1. Data Layer 

Besides the mentioned standards we must use another 
specification that helps to design a series of connection 
components that shows how to search in each repository, 
thus avoiding to search only in repositories with a specific 
application and achieving a high interconnectivity. We 
will see these components in detail when we study their 
functionality.  

Figure 2. Connectivity Component 

Finally we must create a component in order to use these 
connectivity components and do distributed searches 
among the set of repositories that are part of the 
collection, storing at the same time data of the context in 
which the object is going to be used, that is, they would
be metadata of the use of the object in a specific context, 
also called external context, as well as statistical indexes, 
such as the number of downloads of the object, the 
number of references it has, etc.  
Look at the following diagram which presents a design for 
the search model. 

Figure 3. Layer Model 
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We suggest a P2P net of nodes, each one containing 
certain components. 

Figure 4. Nodes 

As you can see, the system is structured in different nodes 
and components. Let’s study the functionality of each 
node and component separately. 

Search Node: this node refers to the different 
applications that search within a specific set of objects. 
Here we suggest a data layer formed by several 
components: a data base, some metadata as internal 
context of each learning object, and an index of objects 
for an efficient search. Each Search Node will be 
responsible for updating its indexes. 

Search Component: this component will receive search 
requests. It will process them and return the search results. 
It will use the data layer of the repository, by making an 
intensive use of the metadata indexation in order to obtain 
the best objects. 

Search Description: it is the component that makes it 
public how to search in a repository. 

Quality Assurance: this layer will process the results 
obtained from interrogating the repository. It will put the 
results in order, so that the best ones are shown first. Here 
we must decide which criteria we will adopt when we 
determine which objects fit the search criteria of the user. 
In this article we suggest the use of the external context 
and some statistics (downloads, references to other 
objects, etc) with this aim. 

From the feedback provided by the Component Feedback
we will infer the external context of the learning objects, 
which will be stored and indexed in order to allow the 
user a refined search of educational material. 

Parallel Search Node: this node refers to the different 
applications that search within a specific set of search 
nodes. 

Discovery and Connectivity Component: this 
component provides a communication interface between 
the different search nodes and parallel search node. It 
discovers the search method used by each search node 
thanks to the search description component and provides a 
way of connecting to those in order to send the requests. 

Parallel Request Component: this component does the 
searches over all the federated repositories and gets a 
reply from them, sending the requests in a parallel way. 

Query manager: this component captures and manages 
the user’s search request in order to send the parameters 
to the Discovery and connectivity component correctly. 

GUI query: graphic interface for the user used to create 
the queries. 

This model allows users to get better results than those 
that they would obtain with a traditional searching engine. 
And it also allows them to search into a wide number of 
repositories. In future researches we may study how to 
search into repositories which lack a search engine. 

3. Implementation of the model 

In order to solve most of the problems arising from 
searching in learning objects repositories, we suggest the 
use of several components from LOR@ architecture [15]. 
Lor@ Repositories have a module called LoraSearch, 
specially designed for searching in an index based on the 
learning objects metadata; particularly those metadata are 
in VMD [15] format. This module uses Open Search [16], 
which is the implementation of the connectivity 
components in one model. 
The search model allows Lor@ to offer a public search 
service, which is very easy to use thanks to this 
specification.
Once it has the reply to the search request it analyses it to 
determine how good it is, here is where the external 
context of the learning objects comes into play. We will 
get this context from the previous use of such object and it 
will be richer and richer as more and more users use the 
object and feed the system. Lora search is the equivalent 
to Search Node in the model explained above. 
OpenSearch is a specification developed by A9.com 
together with Amazon.com. The ultimate goal of this 
specification is to allow the community of users to 
discover a great number of search engines and to use them 
in a quick effective way. In order to do so, it uses 
different formats. OpenSearch is defined by its own 
creators as a collection of simple formats that can be used 
to share search results [16]. OpenSearch defines the 
following elements: 
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� OpenSearch description document: an XML file 
in which the search URLs are described. 

� OpenSearch URL template syntax. 
� OpenSearch reply elements: OpenSearch return 

the search results in an XML document: RSS, 
ATOM, etc. 

This format is perfect for the needs explained above, as it 
allows to search not only in Lor@ repositories but also in 
non-Lor@ repositories which implement OpenSearch. 
Lor@ repositories build an index based on the metadata 
of the learning objects (internal context), stored in format 
XML [17]. For the indexation task SOLR [18] uses 
Lucene [19]. 

Figure 5. Node Model 

Lor@ architecture has a module called LoraCollection 
which in the picture is presented as C Node. These nodes 
are servers that keep references to learning objects 
repositories, not necessarily Lor@-type, and can parallel 
search in all the referenced repositories. 
 Sometimes this metadata does not exist and therefore we 
must turn to the analysis of the objects’ content to be able 
to index it, provided that it is not in a binary format. 
LoraCollection uses the interface OpenSearch offered by 
Lor@ and non-Lor@ repositories to send the user’s 
search request to all the federated repositories and waits 
for a reply from each one of them. Once it has received all 
the replies or after certain time, it combines them 
depending on how good they are.  
As you can see in the picture, LoraCollection corresponds 
to the so-called Parallel Search Node in the model and the 
Open Search specification to the connectivity components 
that are distributed in LoraSearch and LoraCollection. 

Figure 6. LOR@ Modules 

As GUI, we have implemented web client application for 
the modules LoraCollection and LoraSearch called, 
Rockl2 [15]. It can search in one Lor@ repository if the 
search is done in a LoraSearch or in repository collections 
if it is in LoraCollection. 

Figure 7. Rockl2 

4. Comparative analysis 

At this point we are going to study if LoraSearch fulfils 
the characteristics studied at point 1.  

Learning Metadata Specification: yes, LoraSearch uses 
VMD (VirtuaMetaData) specification to store information 
about resources. We can transform any e-learning 
standard into VMD and any VMD into any standard, 
because VMD has all of the fields that other standards 
have. 

Distributed: yes, LoraSearch can search into multiple 
repositories; it uses the OpenSearch Specification to do 
so.

Direct Search: yes, the search is always done under 
updated indexes. 

As we see LoraSearch fulfils all the desired 
characteristics. 

5. Conclusion and Future work 

After studying some of the most popular searchers we 
have noticed that they have some weaknesses: 

� No distributed searches. 
� Poor utilization of the metadata. 
� Out-of-date searches. 

This model tries to solve this lack by using a large number 
of free specifications like Open Search, VMD, RSS, etc. 
This is a possible approach because the majority of the 
LOR@ architecture is already implemented. 
We still have to implement the quality and feedback 
components, as well as define the data structure for 
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storage and indexation, and the statistical indexes for later 
use in search. We also intend to build an ontology that 
allows to relate both an object’s metadata and its usage 
data obtained by the user’s searches so that its semantics 
optimizes the search. 
This architecture intends to promote usability and re-
usability of open content. With this aim it uses many 
developments of free software and specifications of open 
protocols (being the architecture itself a free software 
tool). 
To promote re-using open content, the development team 
is working on interconnecting the Lor@ platform with 
several open e-learning platforms such as Educommons, 
Moodle or Sakai.  These interconnections will allow the 
users of any of these e-learning platforms to grant access 
to a bigger quantity of educational resources. 

6. Recommendations 

When it comes to development we strongly recommend 
not “reinventing the wheel”. Apart from that we 
recommend using standards. The use of standards will 
make your application more readable and scalable.  
And above all we recommend making a testing plan 
which covers all the application.
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Abstract— Elearning increasingly requires technologies that facilitate the production of 
courses suitable for and adaptable to different learning profiles and environments. This 
is the reason why high flexibility is required when developing learning strategies to 
allow the instructor to relate the available contents to the rest of available information 
during the teaching-learning process.. This paper focuses on the application in the 
teaching-learning process of technologies oriented to process management that have 
been successfully applied in the Business World. We describe the components and 
features of the model we call LPM (Learning Process Management), which aims at 
modeling learnflows using technology BPM. We show a study case in which a 
personalised learning route is developed using such model. 

 
Keywords-component: learning strategies; learnflows ; BPM; LPM 
 
INTRODUCTION 

 
The complexity of business processes, the urge to increase efficiency, and faster and better computing applications 
have led to the development of two closely-related technologies: Business Process Management (BPM) and Service 
Oriented Architecture (SOA). BPM helps to manage Business processes in a systematic, combined and collaborative 
way. These processes consist of activities requiring information and actions in order to get certain results. Their 
management helps to improve and optimize business workflows, with process leaders constantly checking their 
dynamics. Technologies that facilitate the introduction and adoption of BPM belong to a new category of computer 
systems called Business Process Management System (BPMs). Unlike traditional computer systems based on data 
management, these systems specialize in process management.   
 
BPM Tools have become significantly popular since 2006, when sales reached 1.25 billion dollars and have kept 
growing 20% every year. Gartner, Inc. has recently updated its magic quadrant for BPM Solutions, which analyses 
the 22 best Solutions in the International market, including SAP, Cordis, Polimyta, Aulaportal, TIBCO, Intalio and 
others. [1]   For processes managed by a BPM tool to work, they must integrate with the applications and data of the 
company. SOA and Web Services provide the necessary Technologies to do so, using standard specifications that 
facilitate their relation with the variety of existing applications. [2] 
 
 The main construct in SOA and BPM are services and processes respectively, though this distinction becomes less 
relevant as business processes themselves may be published as services. From a high-level perspective, SOA 
manages business services and BPM manages business processes. Business processes are made up of business 
services, which may include human activities as well as other business processes. Business services in turn are made 
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up of lower level services that may be tied to computing infrastructure and leverage existing EISs (Enterprise 
Information Systems). [3]   

 
Figure1. BPM and SOA 

 
As it can be seen in figure 1, the service layer can be very complex due to the number of different applications and 
data bases which require an organised connection to the business layer. To manage such complexity and optimize 
connectivity between client and supplier services, unlike the more classical enterprise application integration, we 
need an improved infrastructure which provides transformations and complex combinations between different 
systems, routing and connectivity in an environment of heterogeneous technologies. Such infrastructure is called 
Entreprise Service Bus (ESB). 
 
ESB is a software architecture construct which provides fundamental services for complex architectures via an 
event-driven and standards-based messaging-engine (the bus) in order to create the best existing integration 
infrastructure. That’s why it is the cornerstone to provide business processes with data and information. 
There are several open source solutions like OpenEsB, Mule, ServiceMix, Celtix, and other business solutions like 
Bisztlak by Microsoft  as well as those developed by Oracle, IBM and TIBCO. All this facilitates the 
implementation of this type of technology. [4]  
 
 As in private business, teaching-learning systems at any level are formed by complex processes that need to be 
developed with a systematic and integral approach facilitating continuous improvement and optimization of the 
connection between their components. Educational institutions join efforts to allow free, simple, coherente access to 
course contents, which concurs on common and interchangeable standards like SCORM [5], IMS [6] and other 
specifications and initiatives covering the range of necessary definitions in learning environments: course structures, 
reusable contents, metadata, data exchange and modelling of learning activities. Specifications like IMS Learning 
Design (IMSLD) [7] have been developed in the Open University of Holland, including features to model more 
complex structures in Educational Modelling Language (EML). [8] 
 
On the other hand, there are several authoring tools, content managers, virtual learning environments (VLE), etc. 
which make it easier for teachers and experts to use contents, thus developing content repositories, also called 
learning objects repositories. In this sense, the authors of this paper have developed an architecture construct named 
LORA [9], which has contributed to the creation of a distributed net of learning objects that can be accessed through 
a powerful service infrastructure. However, such content is difficult to integrate with the rest of systems and active 
elements coexisting in the teaching-learning process to model highly-personalised learning scenarios currently 
demanded by society. 
 
Taking as our reference the advances in data integration and optimized process management the business world have 
achieved, we suggest a model which can be a reference in the application of these technologies in the teaching-
learning process. To this model it has been denominated Learning Process Management (LPM) for some authors 
[10][11]. 
 
LEARNING PROCESS MANAGEMENT( LPM) 
 
The teaching-learning process, and similarly in business processes, requires a set of strategies covering its activities 
and actions to optimize it. These strategies are integrated sequences, to a certain extent long and complex, of 
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selected and organized actions and procedures, which covering all the process components, try to reach the proposed 
objective. [12] 
 
 In the last years educational processes have been favored by the development of an industry of contents more and 
more standardized. In this direction, UNESCO suggests using educational (learning) objects – it has coined the term 
“open educational contents”. [13] On the other hand, learning objects repositories have been developed. They not 
only organize objects in a digital library, but also add metainformation to them, which is very useful in their process 
management. The educational authorities have formed multidisciplinary work teams of teachers, computer 
technicians and methodology consultants, who are preparing the courses according to existing needs. They are using 
tools that facilitate modeling of learning strategies. Authoring tools play an important role here, offering visual work 
environments requiring little of the programming. These tools’ learning curve is high and results depend on the 
development environment. They also have a limited capacity to integrate with content repositories and other 
processes involved in the teaching-learning process, like teaching management processes and others more complex 
like social webs. All this makes it very difficult to design flexible and personalized activities and learnflows. 
 
 For this reason, we have considered using as our reference the results obtained in the Business World. We have 
named that LPM, defined as the articulation of activities, management processes, learning strategies, contents and 
the technology of an educational institution to guarantee high personalization, flexibility and integration in the 
teaching-learning process. (figure 2) 

 
Figure 2. LPM components 

 
LPM is formed by an SOA component, another one for managing learning processes and another for presentation. 
(figure 3) 

 
Figure 3.LPM model 
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In the SOA component we gather data sources and the necessary infrastructure to have access to it, ranging from 
simple, structured contents filed in the LCMS [14], to those catalogued and organized in learning objects 
repositories, as well as contents currently shared by thousands of users through social network systems. Those 
contents can be accessed through standards like Opensocial [15], which allows users to register and manage an 
activity and its contents in a social environment. 
 
To guarantee accessibility to data, we propose technology ESB, which manages the necessary services to have 
access to data. It is essential to take into account the elements presented in the following table: 
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TABLE 1. ELEMENTS OF THE SOA LAYER. 
 
The component devoted to the management of the lerning process incluyes the best features of the BPMs that can be 
used in a learning environment (Table 2). 
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TABLE 2. ELEMENTS OF THE SOA LAYER. 

 
We have presented a conceptual model that facilitates the application of these techniques in the design and 
management of learning processes. There are many tools successfully used in the business world which can be 
partially or totally used in a learning environment in combination with content managers, authoring tools and many 
applications especially designed for e-learning. We are currently implementing some designs and developments 
which may allow us to check the applicability of this model. Here is an example in the creation of personalized 
learning routes.  
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A CASE STUDY: CREATION OF PERSONALISED LEARNING ROUTES.  
 
 Personalized learning has been a need in educational processes at all times. Despite many approaches to deal with 
this type of learning, it is difficult to implement as a student needs to constantly use contents that are varied, 
abundant and ever-changing and suit their needs and profile. 
 
The so-called authoring tools deal with this problem facilitating the implementation of flows of activities that 
contents are associated to; however they are limited by the lack of dynamic facilities to integrate with the great 
diversity of existing content and data sources. That is why the application of the proposed model can be useful to 
incorporate updated content into the learning routes as well as to have access to other type of data which help to take 
decisions in the learning process [20]. In this section we describe a generic study case, which illustrates a simple 
application of the LPM model in the development of strategies requiring that the student is provided with exercises 
or problems suitable for their academic performance, or with certain features that determine the problem complexity. 
 
As we mentioned above, we need at least a SOA layer which facilitates access to different data sources. So, to 
develop this example, we have prepared the following services: 

• Loraserver: It guarantees access to distributed learning objects repository based on the LORA architecture 
mentioned above, which facilitates access to the content stored as learning objects and distributed in 
different entities through a search service. 

• Notify: It allows sending messages and notifications to different devices.  
• Form Repository: A set of web form which can be opened independently through services. 
• Problem repository: It has predefined problems and exercises which can be accessed from the flows. 
• Student Server: Record of students, academic performance and services that guarantee access. 

 
We have used TIBCO BUSSINES STUDIO [21] for the process modeling, which starts with a form to identify the 
student and then a service is used to manage their data in the Student Server. This information is used as a reference 
for the flow to give the student a problem incorporating learning objects managed through  Loaraserver. Finally the 
professor is notified using a desktop gadget which has been synchronized with the notification service. (Figure 4)  

 
  

Figure 4. Modeling of a personalized learning route. 
 
The modeling has been done in BPMN [22] and it is not connected to specific notations of this tool, so it can be used 
with other similar Tools, like Intalio [23], which offers great facilities for process modeling and management. Once 
the modeling and integration with web applications and services have been completed, BMPS tools offer the 
possibility of executing the processes, carrying out simulations and monitoring its implementation, so the professor 
can intervene in the process using the notifications they receive. The final process can be reused by several similar 
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Tools and even others that can refer to it through services. At present we are studying platforms which, like 
BISZTALK [24], are feasible for this aim. 
 
CONCLUSIONS 
 
The success of process-oriented Management and associated Technologies can be applied to the teaching-learning 
process, taking into account that such process requires modeling the flows of activities closely related to information 
from different sources.  LPM models supported by a BPM paradigm facilitate the modeling of flexible learn flows 
capable of personalization and integration with the information flow during the teaching process. The fact that there 
are BMPs with different architectures and function principles facilitates the application of this model and helps to 
produce learnflows repositories that can easily be used in different environments. The example presented here shows 
this capacity, although it demands more complexity and to be carried out in different platforms, in order to select 
which ones are the most appropriate in the learning process and device a set of good practices to facilitate its 
implementation 
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