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Abstract. Currently, there has been progress in building models for search and re-
trieval of learning objects (LO) stored in heterogeneous repositories. Likewise, re-
search has increased the recycling of educational materials. This paper proposes
the integration of two multi-agent models focused on delivering, specific LO
adapted to a student’s profile; and delivering LO to teachers in order to assist them
in creating courses. The objective is to have an integral multi-agent model that
meets the needs of students and teachers, and in this way improve the teaching
learning process.
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1 Introduction

The value of information as a learning resource has created the need to share and
reuse it without great cost, this added to the development of specifications and
standards to solve the problem of incompatibility between different platforms has
fueled the emergence of the Learning Object (LO) concept. A LO is a minimum
unit of content used to teach something reusable on different platforms. The LO is
distinguished from traditional educational resources because they are immediately
available in a Web-based repository, to access them through metadata. With the
intent of maximizing the number of LO that a user can use in order to support the
teaching and learning process, centralized digital repositories are joined in federa-
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tions of repositories to share and access to other resources [1]. LO must be tagged
with metadata, so they can be located and used for educational purposes in Web-
based environments [2]. The use of metadata reinforces its utility because of the
recovery, localization, exchanges and thus reuse is facilitated. Its importance lies
in the fact that through the metadata the initial approach towards the resource can
be made and the characteristics can quickly be learned. Recommendation systems
are widely used online to support users in finding relevant information [3]. Having
a user profile allows the identification of needs and preferences of the student who
is doing a search for LO, in order to find the most relevant information or to give
recommendations related to which LOs could support the learning process. Intel-
ligent agents are entities that have sufficient autonomy and intelligence to handle
specific tasks with little or no human supervision [4]. They are being used almost
the same way as traditional systems, making it a good choice for solving problems
where one needs autonomous systems to work individually and cooperate with
each other to achieve a common goal [5].

The purpose of this paper is to integrate two approaches based on multi-agent
systems, that work together to support the teaching and learning processes. The
first of which pretend to provide teachers with a tool to recover educational re-
sources to help organize courses [6]; and the second seeks is recommend the most
pertinent LO according to the student profile [7]. With the aim of addressing the
obstacles that appeared, we propose a model based on multi-agent systems based
on virtual organizations that combine the advantages of the two approaches in
which we have worked. The rest of the paper is organized as follows: Section 2
outlines main concepts involved in this research; Section 3 describes some works
related to the proposed model. Section 4 introduces the multi-agent model propos-
al. Then, section 5 shows a case study where a course is associated with a teacher,
and a student going to the course. LO is recommended from the repository accord-
ing to the two profiles, a recommendation for a teacher to a student in particular,
in order to validate the integration of the two approaches. Finally, conclusions and
future work are presented in Section 6.

2 Basic Concepts

2.1 Learning Objects, Repositories and Federations

Wiley [8] defined LOs as the elements of a new type of instruction based on the
object-oriented paradigm (OOP), typical of computer science. The IEEE [9] de-
fines a learning object LO as: any entity, digital or not with instructional design
features, capable of being used, reused or referenced during computer-assisted
learning. The LO are contained in repositories (LOR) that are specialized digital
libraries, they host many types of educational resources and their metadata, which
are used in various e-learning environments. There are local repositories defined
as digital libraries those specific to an organization that contain further LO own
remote repositories that are accessed over a network. The project JORUM [10],
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proposes that a LOR is a collection of LO that has information (metadata) which is
detailed and accessible via Internet. Besides housing the LO, the LOR can store
the locations of those objects stored elsewhere, both online and in local locations.
A federation provides a unified representation of these repositories [11], and
serves to facilitate uniform administration of applications to discover and access
content in the LO group LOR.

2.2 Recommender Systems

Recommendation Systems are aimed to providing users with search results that
match their needs, making predictions of their preferences and delivering those
items that could come closer than expected [12],[13]. In the context of LOs these
systems seek to make recommendations according to the student’s characteristics
and their learning needs. Furthermore, in order to improve recommendations, re-
commender systems must perform feedback processes and implement mechanisms
that enable them to obtain a large amount of information about users and how they
use the LO [1],[14]. On the other hand, to help teachers create their virtual
courses, recommender systems should help teachers in the design and creation of
courses, suitable for delivering LO educational resources from reuse and sequenc-
ing learning activities [15].

The student profile stores information that can be used to obtain search results
according to specificity. Managing a user profile aids the student or a teacher in
the LO selection according to their preferences and personal characteristics [5].

2.3 Collaborative Filtering and Case Based Reasoning (CBR)

The CBR, is a kind of system that solves current problems, using the stored expe-
rience that corresponds to past problems. A basic recommendation problem is
when a user wants to buy a product; the system recommends products that are re-
lated to the first search. If the user accepts the recommendations, this problem is
stored. To use a CBR as a recommendation system it is necessary to add 2 to 4
stages of a classic CBR (Retrieve, Reuse, and Retain Check). Moreover, for the
definition of this case, there is no predefined model, since it often depends on the
problem, but usually includes information about the object, the user, the problem
and the solution itself [16].

2.4 Multi-agent System

The agents are entities that have the autonomy to perform tasks and achieving
their objectives without human supervision. This paradigm presents a new form of
analysis, design and implementation of complex software systems and has been
used for the development of recommendation systems [5].
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The desirable characteristics of the agents are as follows [17]: autonomy, reac-
tivity, pro-activity, cooperation and coordination, deliberation, distribution of
tasks, adaptation, and parallelism.

2.5 Virtual Organizations of Agents and Architecture

The Virtual Organization (VO) is defined as a set of individuals and institutions,
which need to coordinate their resources and services within institutional limits
[18]. The VO can be considered as open systems formed by grouping and collabo-
ration of heterogeneous entities where there is a clear separation between structure
and functionality.

3 Related Works

Huang et al. present a framework for the creation of standardized courses, includ-
ing an e-learning portal LMS, an authoring tool for editing educational resources,
a navigation training system, which collects information from the user's learning
history and gives course suggestions [19]. However, the two recommendations
being executed in this work are not performed. Campos et. al. present a multi-
agent model to search heterogeneous repositories with semantic features and in-
formation users. Besides, a LO classifier is presented which shows user informa-
tion, statistics and evaluations of objects [20]. In the work of Li et. al. 2012, a ubi-
quitous learning system is proposed which is based on the student’s learning
records. This study uses personalized instruction and a context-sensitive method
supported by a ubiquitous learning log [21], which only makes recommendations
for students.

Casali 2011, presents a recommendation system based on intelligent agents,
which aims to return a ranked list of the most suitable LO according to a user pro-
file. The search is performed in the repository Ariadne [5]. The main limitation of
this investigation is that despite some student’s characteristics are considered in
the user profile the user learning styles were not taken into account.

Rodriguez et al. 2012 propose a model for search, retrieval, recommendation
and evaluation of LO from repository federation, called BROA, delivering of LO
adapted to the student’s profile, learning style and preferences, SMA is a student-
focused recommendation [7].

De la Prieta et al. 2011, present BRENHET? search of educational resources in
heterogeneous, multi-agent systems to facilitate reuse of LO through federated
search that incorporates a phase of cataloging and filtering results. Federated
search is based on the application of virtual organizations SMA [6].

The last two models covering different approaches and looks promising them
together to have comprehensive system.
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4 Proposed Model

We propose a multi-agent system for search, retrieval, and recommendation of
LO, for students and teachers. The LO results of the search, for students are rec-
ommended to the profile and learning style. For teachers the system facilitates the
composition of training courses from cataloging LO. The search is performed in
local and remote repositories, or federations of repositories, accessible via web
and descriptive metadata of these objects. It keeps the MAS approach in order to
exploit their advantages, among which are: parallelism, the ability of deliberation,
Cooperation, Coordination and Distribution. In addition to the federated search
process, the MAS has rules and social organizations due to the high heterogeneity
of this context. Figure 1 shows the system architecture.
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Fig. 1 System Architecture

To make the student's recommendation, using the student profile that consists
of user information and preferences, and learning style; LO is recovered from the
LOR and the search is performed by metadata title, description and keywords, to
find the similarity with the preferences also a match is made between learning
style and metadata: learning Resource Type, Interactivity Level, Intended End
User Role, Definition, Description and LanguageSystem Architecture.

4.1 Agent Description

User Agent: Represents the human user into the system. It has the functions of
starting the search process, validating results and also has access to statistics. It
manages the user's profile allowing the creation and modification of the characte-
ristics and preferences according to the profile. Query Manager Agent: Is the re-
sponsible of monitoring the entire search process. It has the functions to retrieve
the query, start the search process, cataloging request and retrieve results from the
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query statistics. Coordinator Agent: This agent redirects the user queries to the
search repositories. It has the specific control over the process specific federated
search. Also, it should monitor the correct operation of these agents to maximize
performance. Repository Agent: Repository agents are responsible of making the
actual searches in the repositories. It implements the possible middleware code
layers. There will be as many LOR agents, as repositories, which are directed to-
ward the query. Results Agent: Receives the LO from each LOR agent. Automat-
ically extracts metadata schema information and removes invalid LO, and finally
calculates a reuse statistic. Teacher Agent: Is responsible for developing the rank-
ing of results. It implements a CBR to develop a ranking of the LO will best suit
the needs of the teacher on the basis of information previously obtained. Student
Agent: Recommendations to students are made from the LO after user login
query. This recommendation is based on the student's learning style. Statistics
Agent: This agent is responsible of collecting statistical data from other agents
(ROA, evaluation of results and LO). It communicates with the local LOR agent
to store these evaluations; the relationship remains LO - evaluation - user.

5 Experiments and Results

To evaluate the proposal was made searches with MAS and crossed the recom-
mendations made by the teacher agent and the student agent that would be valid
for an integrated system. Multiple searches were performed with the two models,
one of which is shown in Figure 2, the query string was cardiology, and Figure 2
shows the recommended LO system of teachers and students; on the right it shows
the LO recommended by the proposed system.

LO for teachers
Cardiology Explained
Equine cardiology for the veterinary board
Case Studies in Small Animal Cardiovascular
Medicine
The Aging Heart

Cardiology Algorithms. LO of the recomendation results
Hyperlipidemia Cardiology Explained

10 for students q Equi iology for the inary board
Cardiology Algorithms The Aging Heart
Equine cardiology for the veterinary board Cardiol i

Pre-Op Patient Education
The Aging Heart

Student Doctor Resource
Mechanisms in Cardiology

Pocket Body App for i0S
Mneumonics for Medicine & Surgery

Fig. 2 Result LO list of the three recommendation system

Several tests were performed at 2 systems; the teachers and students with the
same query string, as was done with the system proposed in this paper, the amount
of recovered LO is shown in the Figure 3. With the proposed system are selected
LO that are relevant to a course of a teacher where one student attends.
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Fig. 3 Result of three recommendation system

6 Conclusions and Future Work

This first approach of integrating the two approximations (students and teachers) is
promising have multi-agent system for recommending LO for students and teachers,
operating together, recognize the user's needs and making a tailored recommenda-
tion, particularly to support the teaching-learning process. The system facilitates the
composition of large training courses for teachers, by composing smaller elements.
In addition, the system supports the learning of students based on their profile. The
proposed MAS improves what already exists in the review found no recommenda-
tion systems that perform the two processes, helping teachers to develop new teach-
ing materials and educational resources recommendation to students.

Currently it has developed a prototype for validation; as future work is to ex-
tend both theoretically and practically the MAS, using the advantages of both
models: use of user profiles and collaborative filtering with CBR. Also defines the
thresholds to determine the qualifications for making the most effective recom-
mendation according to the two integrated approaches.
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