Int. J. Web Engineering and Technology, Vol. 8, No. 2, 2013 197

Learning object retrieval in heterogeneous
environments

Ana B. Gil*, Sara Rodriguez,
Fernando De la Prieta and
Juan Manuel Corchado

Computer and Automation Department,
University of Salamanca,

Plaza de la Merced s/n, 37008, Salamanca, Spain
E-mail: abg@usal.es

E-mail: srg@usal.es

E-mail: fer@usal.es

E-mail: corchado@usal.es

*Corresponding author

Abstract: This paper presents a solution to the problem of the search and
retrieval digital tagged content in heterogeneous learning object repositories
through architecture for intelligent retrieval of educational content in
heterogeneous environments (AIREH) framework. This architecture unifies the
search and retrieval of objects, thus facilitating the personalised learning search
process by filtering and properly classifying learning objects retrieved for an
approach for semantic-aware learning content retrieval based on abstraction
layers between the repositories and the search clients. The use of federated
databases techniques by using an organisation of agents allows those agents to
work in a coordinated manner to solve a common problem, allowing the agents
to adapt to the constantly changing environment (users, content repositories,
etc.). Combining a complete agent-based architecture that implements the
concept of federated search along with IR technologies may help organising
and sorting search results in a meaningful way for educational content.
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1 Introduction

The field of distance education today evolves by the incorporation of standards and
technologies in a meaningful way to facilitate reusability and interoperability of the
educational resources (Hatala et al., 2004). One of the most widely accepted approaches
of this development is based on the learning object (LO) paradigm (Lujara et al., 2007).
These LOs incorporate both a self-contained modular resource and a set of educational
descriptive metadata. There are different standards to labelled educational metadata like
Dublin Core (DCMI Specifications, 2008), MPEG-7 (2010) and mainly learning object
metadata (LOM) (see IEEE LOM 1484.12.1-2002, 2002).

Usually, LOs are stored in widespread digital repositories called learning objects
repositories (LORs). These repositories mainly belong to academic institutions and
universities. There are several configuration architecture repositories of LOs in order to
achieve interoperability of its contents. The main standards are IMS DRI (2003),
CORDRA (2005) or IMS LO Discovery and Exchange (Massart et al., 2010). These
standards generally provide some kind of search interface that makes it possible to access
its LOs through queries to the database that hosts them. Any interaction for retrieving
LOs can be done manually or be automated through different software systems.
Interoperability is based on different types of protocols, which control the interaction
between systems and enable the efficient exchange of information. The metadata
describing educational content, are managed by the repositories. Whatever the
mechanism of management of these LOs requires a communication protocol for metadata
search in these LOR. These protocols enabled in the repositories contain search
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functionality and/or harvesting. In the field of e-learning are mainly five protocols to
achieve this interoperability between repositories: Z39.50 (2003), Open Archives
Initiative Protocol for Metadata Harvesting (OAI-PMH, 2008), the simple query interface
(SQID) (see Simon et al., 2005a, 2005b), the search/retrieval via URL (SRU, 2010), and
simple publishing interface (SPI) (Ternier et al., 2010).

There is a large volume of educational content on the web, which is not directly
accessible through conventional search engines. This information is said to belong to the
so-called hidden, deep, or invisible web, as opposed to the contents of the website which
are referred to as visible. The solutions developed by conventional search engines are
very efficient for retrieving the visible web contents. These engines make use of a
centralised retrieval model that copies the information in a single centralised database,
indexes and sorts the contents by classified documents in the database for user queries.
This method works well when the information sources have left their content exposed to
web crawlers. However, this does not apply in the deep web where information can only
be accessed via search mechanisms adapted to specific sources, such as the educational
content repositories, which are the subject of this work. These repositories implements
architectures that enables the interoperability of its contents by providing online
consultation mechanisms through federated searches using a web customer service. These
consultation mechanisms, mainly SQI through simple object access protocol (SOAP)
or restful web services (Fielding and Taylor, 2000), provide the repositories with
an abstraction level between the internal and external heterogeneity that includes a
specification with a wide range of possibilities with different service-based
communication protocols, synchronous and asynchronous queries, etc.

In all, a big effort has been focused on the creation of sustainable repositories that are
highly heterogeneous due to their different storing systems, access to objects, query
methods, etc. It is necessary to work towards and develop solutions that enable the
efficient search of heterogeneous content with regards to the distributed context where
they lodge. This paper presents architecture for intelligent retrieval of educational content
in heterogeneous environments (AIREH) framework, that unifies the search and retrieval
of objects, thus facilitating the learning search process by filtering and properly
classifying LOs retrieved according to some rules (Gil et al., 2011). The generation of
such rules for the organisation of the items recovered will be based on educational
metadata and will provide useful content to end users. The architecture will provide
multiple perspectives to assess the retrieval of educational content.

The remainder of this paper is organised as follows: Section 2 describes relevant
works related to LO retrieval and selection. Section 3 present the federated search
provided for LOs in digital repositories developed. The proposed architecture is
introduced in Section 4. Selected results of a comprehensive evaluation of the
architecture are presented in Section 5. This paper closes with relevant conclusions and
an outlook to future work in Section 6.

2 Related work

The current increase in resources for online education calls for the efficient management
of those services and the elements involved. Bates (2005) suggests that one of the
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problems that must be overcome in order to standardise the use of LOs is the difficulty in
actually finding them.

The greatest efforts within the context of e-learning are nowadays then focused on
achieving the interoperability by adding labelling techniques in the educational content
creation in a way to facilitate the storage, search, retrieval, etc. Many successful works
have been proposed to meet the user’s required LOs. Main of then will be presented at
this section.

Casquero et al. (2008) proposes BILDU architecture based on a set of horizontally
integrated vertical search engines though one interface, which supports a network
incorporating the features of social recommendation and mechanisms of association. Qu
and Nejdl (2004) propose in Edutella encapsulating other content integration and
searching the collections through peer-to-peer mechanisms. Zhou et al. (2010) propose in
LESSON the use of a metasearch engine and system P2P sharing, and Santiago and
Raabe (2010) also propose a P2P network between institutions, with the possibility of
searching and retrieving LOs through an API within the content managers.

Some others such as Kirger et al. (2006), Almaraz (2008) or Santiago and Raabe
(2010) works, employ an architecture based on mediators to integrate LO repositories.
Other proposals for the retrieval of educational content are based on methods adapted
from the area of information retrieval such as Yen et al. (2010) by proposing similarity
metric calculations on LO or Mayorga et al. (2010) by including clustering techniques as
formal concept analysis (FCA) with pedagogical aims to search the web. Other
approaches such as Dietze et al. (2007), Hanafy and Fakhry (2008) or Li et al. (2009),
make use of retrieval architectures based web services.

Proposals such as Margain Fuentes et al. (2010) or Soto et al. (2007) offer the
solution of an architecture based on educational content retrieval using agent technology.

The successful retrieval of educational content can provide in large part the
characteristics, restrictions or conditions on the proper use of learning resources. The
expressive power of queries to select LO repositories or queries according to user are
more accurate and better present the results that meet user expectations. Various works
such as Kairger et al. (2006), Lee et al. (2008) or Segura et al. (2010) show how a little
power of expression in the retrieval of LOs in their LORs can provide suggestions for
improvement by incorporating many semantic aspects in the expansion of consultative
mechanisms. Several tools appears such as Shih et al. (2006) that has developed a
metadata authoring tool to support the search and reuse of LOs. Or Lee et al. (2008) that
proposes an architecture with an ontological approach for LO retrieval by expanding the
query algorithm with semantic aggregation, which is called ontology query expansion
algorithm. Lee et al. (2008) define the context ontology and infers user’s intentions
through short questions that expand the query in the LOR. But the simulation of these
proposals and performance tests on html documents on the visible web, do not make use
of the metadata characteristics of the real LO, or of the LOR search functionalities from
the initial storage. Most of them make new contributions to the mechanism of semantic
expansion of queries, but it remains a proposal that does not contrast real LOR or their
metadata tagged files. Recent Segura et al. (2011) work defines a query expansion as a
dynamic mechanism for searching and filtering the results that were validated in the
MERLOT repository to search for LO related to genetics using Gene Ontology. The
mechanism used is connected to MERLOT Restful service to recover the contents.

Avancini and Straccia (2005) propose CYCLADES, an environment where users
search, access and evaluate digital resources available in the repositories that are accessed
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through the open archives initiative (OAI). This system makes it possible to offer
recommendations on resources that are stored in different repositories and through an
open system. The recommendations offered by CYCLADES were evaluated through a
pilot study with 60 users, which focused on the test performance (prediction accuracy) of
various collaborative filtering algorithms.

The proposed solutions are many and varied, most do not get results on real
environments and the majority does not provide educational content in the particular case
of LOs. But they share a common denominator, which is that they promote
interoperability and the reuse of resources including the development aspects related to
adaptation, or they use their own content or environmental mechanisms to allow for
better access including some user aspects. Real e-learning is mainly web-based supported
by means of Internet connect learners, teachers, courses and all technologies implies. All
the evaluated proposals concluded that the incorporation of mechanisms to assess
attributes related to the educational content as well as aspects of user context and their
interaction with the content, create effective recommendation mechanisms. However, a
closer look at the revised proposals underscores the lack of applications on real systems
with educational content. Most of the related works we have revised have been applied to
a local case of study, for small and usually local parameters. There are a growing number
of papers proposing systems to recommend learning resources, evidenced by the lack of
operational solutions as confirmed by Manouselis’ (2011) recent work.

It is needed bring the user with an unify framework that search and retrieval LO
process easier; that filters and classify the retrieved LO according some rules to give
useful content based on the educational metadata provided; to be browsed in order to
view multiple perspectives in an open and free environment for learners, teachers, etc.
This paper proposes an architecture that facilitates the searching and cataloguing of LO in
different and real LOR. Next section present the foundations of the architecture that
provides multiple perspectives to assess the retrieval of educational content from a real,
open and scalable environment, and will also be a support mechanism to implement the
recommendation or ranking for the recovered Los.

3 Federated search system for LO

With the situation that arises from the context of education, it is clear that a new type of
application is needed; one that allows the search for educational content in a distributed
environment across different formats, servers and networks at the hidden web. Callan
(2000) exposes that distributed information retrieval or federated searches attempt to
respond to the problem of information retrieval in the hidden web. The main aim of
federated search is to develop models and strategies to get the most benefit from these
distributed sources. Thus, users perceive the system as a single point of access to
information they require, regardless of the number of sources that exist, their location or
management mechanism. The process is completely transparent to the user, who does not
perceive the complexity involved, and gives a uniform treatment to the information
retrieved. The main contribution of federated search is that the search process is done
through search mechanisms in individual information sources. In addition, the search
refers to the location of each source and provides a distributed control of information
related to the different sources of hidden information.
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The federated search mechanism is thus a much more complex, rich and
comprehensive centralised retrieval model than the traditional search engines that do not
provide real solutions to the problem of the hidden web. Federated search can be applied
to the retrieval of LO repositories such as the sequence described in the resolution of
three subproblems. The procedure consists of three steps:

1 Selection of repositories, e.g., to analyse the description of resources in the
repositories and to study how to represent information that is distributed in such
repositories. It is very important to know the subject, area, and the context that the
information stored in repositories belongs to, as well as many other key features of
the various sources of hidden information (response times, efficiency, etc.).

2 Selection of resources, given a need for information and a corresponding set of
descriptions, a retrieval algorithm is used to determine the results most likely to
satisfy the query.

3 Merger of results is the integration and combination of results returned by queries on
the n repositories, forming a single list that gives the user a ranked list of results.

The sort order of the results will produce a ranking algorithm, or priority ranking in the
presentation of the contents recovered. This last phase estimates the labelling data and the
agreement between each reference user profile and the corresponding recovered LO

The use of federated search mechanisms for retrieval educational content from
heterogeneous sources solves the problem of information retrieval from heterogeneous
LOR. Conflicting needs must be met in order to create the federation and thus integrate
several components: the repositories must be distributed across physically dispersed
locations; access to these repositories is read-only; information systems are operating
under different platforms; the types used are distributed repositories (metadata stored in
one place and LO in the other) and they are managed by autonomous systems; in some
cases access to the repositories requires the establishment of a session, in others direct
access, etc.

Multi-agent systems are known for their ability to adapt quickly and effectively to
changes in their environment. This work proposes a model for the development of digital
content retrieval based on the paradigm of virtual organisations of agents. The model
allows the development of an open and flexible architecture that supports the services
necessary to conduct a search for distributed digital content dynamically. In this sense,
the use of a system architecture based on the use of intelligent agents is ideal, since they
can apply their characteristics (autonomy, status, reactivity, rationality, intelligence,
coordination, mobility and learning) to develop a stable system with the ability to react
intelligently to the needs of the environment. The idea to model the architecture as a
virtual organisation, on the assumption that an organisation can adapt its actions to
achieve its goals and interact with heterogeneous components, is proposed as a
theoretically efficient solution.

From a heterogeneous and changing technological situation that accompanies the
proposed educational context, and in order to reuse educational content in a real
operational context, there is motive to design a model for an integrated architecture in
which an organisation of agents can execute actions for the search and retrieval of content
based on a federated search model. The innovation of this architecture will be to provide
an organisation of agents with the self-adaptive capabilities required to address the
current problems in highly dynamic environments such as those discussed, and to adapt
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to future changes. The features of the proposed architecture are presented in Figure 1.
This solves the problems of distribution, the integration of different repositories, the
abstraction of the internal logic of each repository, and the classification, storage and
retrieval of LOs, in a completely transparent way. In addition count with capacities, such
as simple scalability due to the use of new protocols or heterogeneous applications
designed to cover services related features. The following sections describe how the
proposed organisation intends to perform the functions of architecture.

Figure 1 General scheme of distribution of tasks in architecture (see online version for colours)
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4 The AIREH architecture

The proposed architecture, called AIREH, is seen as a communication point midway
between the LOR, the LO that they store and users who use them. The system provides a
federated search system that makes it possible to search multiple geographically
dispersed repositories simultaneously. In addition, once the results of the different
repositories have been received, an identification phase is developed and filtered in order
to adapt the results to the user preferences (see Gil et al., 2012; Prieta et al., 2012).

The organisational model used in the architecture of the platform uses OVAMAH to
define the structure and rules (see Rodriguez et al., 2009). Adaptation in this type of
model is based on coordination between the participants of the organisation. The agents
have access to the infrastructure offered by OVAMAH through a number of services
included in what is called organisation manager service (OMS). OMS provides the
services necessary for the proper functioning of an organisation; it provides a range of
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services to register or unregister structural components, in particular, the roles, rules and
existing units in the system. It also offers facilities to report on what those components
are.

Figure 2 Overall system architecture of the e-learning retrieval system
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Figure 2 details the elements of the organisational model (functional view), as it shows
the results (products and services) offered by the system, the type of working
environment, and the interest groups. Also justifies the rationale for the architecture,
which aims to facilitate the search for educational resources through the implementation
of a federated search system. The functional view of the organisational unit shows
AIREH SearchLO, ViewStatistics and ChechResults services. In order to provide these
services, the represented providers, in this case the LOR, must offer search services that
enable the collection of information. The system offers educational resources as a final
product encapsulated in the form of LO. These will be requested by users through a
search process. It also provides statistical information such as product performance and
use repositories of LO, identifying those that are used according to the search patterns.
The mission of the organisation will first maximise the system performance of queries by
reducing time and increasing performance, and also, maximise the quality of results.

Figure 3 shows the organisation model, indicating the external agent (A-agents),
internal (agents) and the roles they play. LOR roles, user, results and translator, as seen in
the figure above, are accessible by external agents that require a procurement role.

The dynamism of the system, designed as an organisation, can be reflected in
different stages: registration of new players, new services, new protocols, service
requests, expulsions from the system, etc.

As an example, if an external LOR agent wants to contact any of these services, it is
first necessary to acquire the corresponding role. Figure 4 shows a scenario where a new
LOR is registered in the organisation. LOR1 has been registered as a member of the
platform and asks the service facilitator (SF) what services have already defined a similar
profile. This request is carried out using the service SearchService (message 1) of the SF,
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which corresponds to the profile LORServiceProfile search service LOR1 implemented
by the repository. SF returns the service identifiers to meet the search requirements with a
value (rank value) for each service (message 2). The ranking value indicates the degree of
alignment between the service and the specified service proposed. Then GetProfile LOR1

(message 3) obtains detailed information about the service ConsultLOR. The outputs of
the service are ‘service goal’ and ‘profile’ (message 4). ConsultLOR profile specifies that

the service should be provided by agents who assume the role in LORUnit LOR. For this
reason, organisation management systems (OMS) asks the LORI1 service AcquireRole to
acquire that LOR role (post 5). AcquireRole service is carried out successfully

(message 6), as LORUnit is accessible from the virtual organisation, and finally, LORI is
registered as LOR.

Figure 3 Diagram of the organisational model (internal and external agents)
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Figure 4 Example acquisition role by an external agent
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5 AIREH evaluation

Educational metadata constitute a simple mechanism to describe content by using the tags
to which they are associated. The semantic-based knowledge representation is used for
content analysis and LO recognition. The retrieved LOs, tagged with any standard, are
used for reasoning processes and for enabling user-friendly and intelligent content search
and retrieval.

The problem of heterogeneity affects not only to LOR systems but also to the
educational content creation. The LO creation involves authors in labelling each one of
the content (i.e., LOM). This work is a high cost and non-automatic activity.
Consequently, it generates semantic mismatch like lack of important labelled fields,
erroneous fields, etc. that makes more difficult the retrieval processes. As a result, a new
pruning heuristic was established that can select some of the possible elements and
quickly go through our system and filter out the majority of the irrelevant recovered
objects. Once this process has taken place, the remaining elements are filtered according
to certain parameters related to the quality of the retrieved metadata documents, and the
user context information is integrated into the use of the LOs. The process is complex and
the association of more aspects helps to improve the quality of the contents recovered. An
algorithm for selecting effective content for a particular user should take into
consideration the semantics of LO use and the technical aspects for a search in the LOR,
and should also classify the results retrieved automatically through mechanisms involving
smart features. The processing of metadata documents retrieved in this work addresses
three aspects: completeness, reliability, and the accuracy of managing results (ranking
accuracy):

o  Completeness. The description of the LO through its metadata must be as complete
as possible to provide results on which to plan automatic reasoning mechanisms that
generate an acceptable level of confidence for their recommendation. The attributes
in the missing or mislabelled metadata represent a major hole in the precision with
which they have been recovered and can be treated. Some fields may be considered
irrelevant LOM while others are absolutely essential (title, location, language, etc.)
in order to automate the process of searching and filtering relevant LO to the user.

e  Reliability. A good quality metadata tagging is fundamental for LO retrieval. This
functionality automates the application that links all sides of the object (file,
metadata and educational content) and equips the LOR hosting them with a higher
rate of trust in the system. Any LO can have syntactic or semantic errors. Syntax
errors show a lack of conformity to specification. In the case of controlled
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vocabularies, it is assumed that one should use any of the terms available and not
others. Other problems are incompatibility with the attribute values, misspellings,
and so on. Semantic errors can only be detected by inspection heuristics in the
context. Some attributes may be ambiguous or inadequate so that the processing of
such information is subject to a certain degree of subjectivity and must therefore be
limited as much as possible with that metadata.

e  Ranking accuracy. The set of possible LOs that a user requests can be very large.
The classification algorithm for optimal results should show the user retrieved LOs
by an ordered list according to a relevance criterion based on the request and the
educational context in which the query is performed. The information displayed to
the user about the relevant objects located is important to facilitate the user election
process. The learning system attributes related to user domain is a key mechanism in
the process of managing the implemented LO.

The developed system besides the search of LOs makes a ranking of the objects returned
after a first filter process (by eliminating duplicates and non-reusable LOs). This
facilitates a homogeneous organisation of LO from heterogeneous sources facilitating the
final selection for the users of the application. This final cataloguing is based on two
variables. The first one does an estimation of the quality of the objects depending on such
different parameters as size, incorporation of key characteristics, metadata measures,
completeness, etc. The second one of the variables in the classification of the recovered
objects imposes the use of collective aspects observed by final users of the application.
This second one allows providing the classification by adding collaborative
recommendation. User activities in the LO search and selection are monitored in AIREH
configuring both implicit and explicit aspects that form the user profile. User also could
vote the LOs retrieval and system makes feedback to the ranking algorithm. This
mechanism implement the use of social recommendation attending to the LO context is
an open branch we are working more widely to improve.

5.1 The quality assessment

Evaluation metrics from information retrieval field have been adopted. The two most
used evaluation measures are precision and recall. Precision, P, for any LOR ; is the
fraction of the retrieved metadata documents (O) that are relevant to the query. Relative
recall, £, for each LOR is the fraction of retrieved relevant documents respect to the total
number of relevant documents in the accessed repositories according to a priori
knowledge.

RO;
p o )
n

By @

22 RO

If we denote R the set of returned documents from each one of the LORs while T the
consulting and retrieval time, we define a new evaluation metric called temporary gain.
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"R,

G, (t) = TT 3)

These parameters characterise the ability of the system to retrieve relevant documents and
avoid irrelevant ones.

5.2 Evaluation and results

Here, we apply the proposed validation strategy to assess the AIREH performance. The
proposed architecture was evaluated by performing a battery of 53 queries to validate
their efficiency in real environments. Tests were performed on two repositories
considered as the most relevant today; the MERLOT repository and the LORNET
repository. The search patterns or topics were chosen at random among topics in English
for Science and Technology of UNESCO codes developed by experts. These topics are
mainly composed of sets of words (longer queries) due to the specific nature of this
terminology, but single words (short queries) were also used to assess different
behaviours on the search engines repositories.

Figure 5 Temporary gain values (see online version for colours)
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Figure 7 Precision evaluation (see online version for colours)
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Figure 8 Evaluation of query time for several repositories (see online version for colours)
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Data reveals that the proposed architecture significantly increases the number of LO to
recover in time, and increases the temporary gain value of the system by about 15% on
average as compared to isolated repositories such as Merlot or LORNET. Figure 5 shows
the average temporary gains for the series of tested queries.

Related to measures of relevance of the retrieved content Figure 6 shows relative
recall increases to its maximum value, 1, because the system filters those LO that have no
information about the location of the resource metadata.

The system is robust against failure because it incorporates several methods within
different agents in the organisation during the time that the query is being processed.
Prior to organising the repositories according to performance, the repository manager
agent checks the active repositories for any request made by the query manager. Once the
LOR agents that perform the query in each repository have been instantiated, each agent
is responsible for cancelling the query and reporting to the statistics agent if there are any
situations that affect the established QoS levels, such as query time, performance of the
repository, and so on. Although some of these LOR cancel the consultation process, there
would still be other agents operating the instantiated LOR, which is always monitored by
the repository manager. Because the system filters all the repositories that are not
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answered, the number of LO that the user has access to consists of the sum recovered
from LO repositories at the time of consultation increasing the number of LO while
centralised the recovered at same point.

6 Conclusions

The search and location for educational contents, LOs at this work, turns out to be an
active investigation field besides the development of educational systems based on open
networks for the reutilisation of educational resources. A new approach for intelligent
search of educational content was introduced by proposing an architecture based on the
application of virtual organisations of multi-agent systems.

Taking into account the results obtained from the construction of the AIREH system,
it is possible to conclude that the agent-based architecture is efficient to solve the
problem of federated searches in heterogeneous repositories, due to the adaptation and
learning facilities involved. The above mentioned architecture allows the adjustment of
the system in a changeable environment depending on the load of the system and of the
condition that is observed in the repositories depending on the on fly performance and
includes several aspects related to LO context and user preferences. As an example, it has
obtained a reduction of the delay time for the final results by optimising the query while
increases the temporary gain and relative recall.

This work demonstrate the possibility of modelling an efficient system for managing
open systems from a model of an adaptive organisation that provides distributed
planning, and is flexible and dynamic. The model and the technologies presented in this
research are an example of the potential for developing retrieval systems for digital
content based on the paradigm of virtual organisations of agents. The advantages of the
proposed architecture are its flexibility, customisation, integrative solution and efficiency.

There are still many different topics to be covered for enhancing the performance of
searching and retrieval educational content with personalisation aspects. However, the
research presented in this paper has provided suitable strategies for the future research
towards enhanced content based retrieval systems.
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