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Abstract. In a face-class, where the student group is heterogeneous, it is
necessary to select the most appropriate educational resources that support
learning for all. In this sense, multi-agent system (MAS) can be used to simulate
the features of the students in the group, including their learning style, in order
to help the professor find the best resources for your class. In this paper, we
present MAS to recommendation educational resources for group students,
simulating their profiles and selecting resources that best fit. Obtained promising
results show that proposed MAS is able to delivered educational resources for a
student group.
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1 Introduction

In the classroom education, the teacher is facing a heterogeneous group of students. This
group there are students with different features, preferences and ways of learning [1].
The UNESCO in 2011 defined educational resource how any type of resource (including
curricula, course materials, textbooks, video, multimedia applications, streaming audio,
and other material that is designed for use in the teaching and learning process) that are
available for use by teachers and students, without the need for any payment for rights or
licenses for use.

Likewise, a Recommendation Systems (RS) is defined as a piece of software that
facilitates users to discern more relevant and interesting learning information [2]. RS
are a tool aims at providing users with useful information results searched and
recovered according to their needs, making predictions about matching them to their
preferences and delivering those items that could be closer than expected [3]. In the
case of educational resources, the system should be able to recommend resources
adapted to one or more user’s profile characteristics using metadata [4].

Students and teachers need a starting place for thinking about, and understanding,
how they learn. In addition, a learning style is a description of a process, or of pref-
erences. Any inventory that encourages a learner to think about the way that he or she
learns is a useful step towards understanding and hence improving, learning [5].
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Besides, is necessary that students “learn to learn” and teachers should recognize
the individual differences of their students to customize their education. Is important
highlights that teaching styles do not influence the learning styles of the students [6].

Similarly, teachers should give classes using teaching strategies that strengthen
learning styles. That is teach the classes first with a style after another so that all
students feel cared for according to their preferences in the way they learn [7].

Currently, the group recommender systems have been extended and are increasingly
popular. Some works make recommendations using hybrid approach combining
content-based and collaborative strategies. It is used in cases where groups are
heterogeneous and can only recommend a small amount of items in a given period [1, 8].

This type of recommendation is mainly applied in various contexts where people
gather to perform a specific activity. These contexts are associated with the use of
multimedia such as movies, TV content, music selections resources and educational
resources [9]. Also, consider learning styles in the classroom to deliver tailored
materials is increasing.

An alternative to the selection of the most suitable educational resources for each
learning style is a mapping between metadata and every learning style. Several pro-
posals have been made in this regard, using different models of learning styles and
metadata standards [10–12].

Multi-agent Systems (MAS)-being emergent computing approaches- are widely
spread in several e-learning areas providing solutions for complex and restrictive
systems. In contrast with conventional computing approaches, MAS has special fea-
tures such as customization, intelligence, accessibility, safety, task distribution, deci-
sion making, among others [13].

In this paper, we propose a recommender system of educational resources for a
student group, taking account the learning style of each student of the group. The aim is
delivering, for the teacher, educational resources to supporting the face class.

Experiments are done using Repository Federation of Learning Objects Colombia-
FROAC (available at: http://froac.manizales.unal.edu.co/froac/). For quantifying the
retrieval quality, a precision metric is used.

The rest of the paper is organized as follows: Sect. 2 describes the proposed model
the recommender for group student and the proposed MAS. Section 3 explains the
model validation and the results of the proposed model, through a case study. Finally,
the main conclusions and future research directions are shown in Sect. 4.

2 Proposed Model

This work proposes a multi-agent system for adaptive educational resources recom-
mendation for a student group. The search resources are recommended according to
learning style of each student. The learning style are built according to VARK model
proposed by Fleming and Baume [5]. The students answer the test to kwon the learning
style own, this is the main input of the recommender system. Fleming and Mills
suggested four modalities that seemed to reflect the experiences of the students and
teachers (Visual, Aural, Read/write, and Kinesthetic). This is sensory modalities that
are used for learning information [5].
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The test alerts people to the variety of different approaches to learning. It supports
those who have been having difficulties with their learning and has particular appli-
cations in business, sport, training and education.

In order to select the most suitable educational resources for each learning style is
performed a mapping between metadata and every learning style. Similar to the pro-
posal in [10], this paper presents a mapping between the scores in the VARK test for
each simulated student and the metadata “Educational Resource Type” included in the
LOM metadata standard.

Table 1 shows the mapping performed, where indicated with “1” if the Resource
Type is relevant or not for each learning style. For example, if the Educational
Resource Type of a LO is “Diagram”, this will be convenient for a student with a
‘Visual’ learning style.

Likewise, the agents of MAS can assume different roles within the system and can
be created following a template. Each student is represented through an agent and it
behaves autonomously, this ensure that the realized evaluation to each resource is
independent. Once created the agents that representing students with their respective
profiles, the evaluation process of educational resources begins.

The proposed model assisting teacher in the selecting educational resources for
students group, because the system simulates the resource evaluation depending on
their characteristics. After the evaluation, the scores assigned to educational resource
for each simulated student are aggregated, and the educational resource with more
points are best suited to the group average. This ensures greater efficiency and effec-
tiveness against individual recommendation.

Figure 1 presents the architecture of the MAS proposed. Then explains the
behavior of each agents in this work.

Table 1. LOM metadata vs. VARK learning styles

V A R K

Exercise 1
Simulation 1 1
Questionnaire
Diagram 1
Figure 1
Graph 1
Slide 1 1
Table 1
Narrative text 1 1
Exam 1 1
Experiment 1
Problem
statement

1 1

Self assessment 1 1
Lecture 1 1
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Interface agent: It is responsible for presenting two interfaces to the teachers. A first
interface allows entry the characteristics of a group. The data can be entered to the
platform using a plain text that contains the id of the students and the results of the
scores for each learning style. In addition to the above, the teacher can enter keywords
related to the central theme of the course and with these perform the initial search of the
LO in the repository. Other data that help to refine the amount of resources to be
evaluated are: the education level to which is this course, learning time than is available
for the course and the age range of students.

Coordinator agent: responsible for creating agents that simulate each of the members
of the student group, which are created with the profile of learning according to the
VARK model, admitted by the teacher together with the configuration data of the
group. This agent also makes consulting LO in the repository and sends these to each of
the simulated students so that they make their respective evaluation. Finally received
the assessments made during the simulation and totals the results for the overall rating
for each LO and recommend the LO with the higher qualifications.

Fig. 1. Proposed architecture
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Generic student agent: This generic agent is the basis for creating the simulation of
each student. Each simulation must be different, receiving the configuration data of
individually profile, where the complete classification of each learning style is present
being as the profile contains not only data of the predominant style, but also takes the
calcification obtained in the other styles available in the model. This allows a weighted
score of each LO. Once completion the LO classification, these come back to the
Coordinator agent who totalizes the obtained data.

3 Case Study

To validate the model proposed we make two different experiments apply to case study.
We use the educational resources stored in Repository Federation of Learning Objects
Colombia-FROAC (available at: http://froac.manizales.unal.edu.co/froac/), in the aim
to delivered metadata resources to initialized process.

The JADE (Java Agent Development Environment) framework was used to perform
the prototype implementation, that offers a suite of resources to supply the development
and implementation of MAS. For this work, we have chosen JADE-LEAP (http://jade.
tilab.com/), a FIPA-compliant agent platform that follows agent international commu-
nication standards.

Figure 2 shows the configuration interface for the group, where the specifics of
each student and the general characteristics of the group are entered.

Figure 3 shows the interface to display LOs that are recommended to the teacher.
The aim the first experiment is to validate the discriminating among different

groups. If two groups have the different predominant learning style, presumably the
recommender result are different for these groups, although the search string are equals.

For this experiment, we have two student groups, in the Fig. 4 show learning style
for each student in these groups.

Students group 1, the learning style predominant is Reader/Write; this means that
the preference for learning are the narrative text, slide, exam, problem statement, and
lecture.

Fig. 2. Configure group interface
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Students group 2, the learning style predominant is Visual; this means that the
preference for learning are simulation, diagram, figure, graph, table, and self assessment.

In the experiment, the results are different in both cases; the searching string is
“programación”. The Table 2 show the educational type resources result.

With this experiment concludes that the proposed recommendation system dis-
criminates and delivers different results for each group of students, according to the
learning style of the majority.

Fig. 3. Results interface

Fig. 4. Distribution of groups in learning styles in experiment 1

Table 2. Educational type results for each group

Group 1 Group 2

Text Simulation
Lecture Graph
Lecture
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The second experiment want to measure the level of satisfaction of the recommen-
dation. Formula 1 is the metric of precision that is commonly used to measure the quality
of information retrieval. The relevance is understood as the importance of LO delivered
for carrying out a learning process. For that students of Computer/Management Infor-
mation Systems, Universidad Nacional de Colombia, Manizales, belonging to the
research group on adapted and intelligent environment-GAIA, were selected to rank the
relevance of the recommendation outcomes.

Precision ¼ Relevant LOs
Relevant LOsþRetrieved LOs

ð1Þ

A precision metric was applied for performing the LO relevance evaluation. The
Table 3 and 4 show the results for precision metric for each group.

On average, recommendation system recovered around four LO for each student
group and on average, three were relevant, therefore the result of precision was 0.75 on
average for this experiment. If delivered to the student group random LO about theme
(without recommender), the number of results are five LO, on average only 1 which is
relevant LO, then precision is 0.2., and can be concluded that recommendations
adapted to the student groups are delivered supports the teaching process on the face
classroom.

4 Conclusions and Future Work

This paper proposes a model for recommendation of educational resources for a student
group, which is based on the MAS paradigm using repository federations. Such a
model takes advantage of simulating.

This proposal can support the teacher in the difficult task of selecting educational
resources for use in the teaching of large groups of students. The suggestions are based
on the characteristics of the students and how they learn best.

Table 3. Precision metric results with recommender

Group Relevant LO Recommended LO Precision

Group 1 4 5 0,8
Group 2 2 3 0,67
Average 3 4 0,75

Table 4. Precision metric results without recommender

Group Relevant LO Recommended LO Precision

Group 1 1 7 0,14
Group 2 1 3 0,33
Average 1 5 0,2
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The results of the case study show that there is differentiation between the rec-
ommended educational resources for each group of students, who are relevant and can
support the learning process.

Experiments are carried out over Repository Federation of Learning Objects
Colombia- FROAC (http://froac.manizales.unal.edu.co/froac/). Our model not only
slightly improves the precision rate but optimizes the amount and quality of delivered
LOs.

As a future work, we are aiming at exploring and incorporating more student
characteristic and other recommendation techniques. Also, expand the validation of the
system. As well, the model performance is to be improved from an adequate agent
behavior configuration.

Acknowledgments. The research presented in this paper was partially funded by the COL-
CIENCIAS project entitled: “RAIM: Implementación de un framework apoyado en tecnologías
móviles y de realidad aumentada para entornos educativos ubicuos, adaptativos, accesibles e
interactivos para todos” of the Universidad Nacional de Colombia, with code 1119-569-34172. It
was also developed with the support of the grant from “Programa Nacional de Formación de
Investigadores– COLCIENCIAS”.

References

1. Kaššák, O., Kompan, M., Bieliková, M.: Personalized hybrid recommendation for group of
users: top-N multimedia recommender. Inf. Process. Manag. 52, 459 (2015)

2. Sikka, R., Dhankhar, A., Rana, C.: A survey paper on E-learning recommender system. Int.
J. Comput. Appl. 47, 27–30 (2012)

3. Mizhquero, K., Barrera, J.: Análisis, Diseño e Implementación de un Sistema Adaptivo de
Recomendación de Información Basado en Mashups. Rev. Tecnológica ESPOL-RTE (2009)

4. Li, J.Z.: Quality, evaluation and recommendation for learning object. In: International
Conference on Educational and Information Technology, pp. 533–537 (2010)

5. Fleming, N., Baume, D.: Learning styles again: VARKing up the right tree! Educational
Development (2006)

6. Alonso, C., Gallego, D., Honey, P.: Los Estilos de Aprendizaje. Procedimientos de
diagnostico y mejora. Bilbao (1997)

7. Othman, N., Amiruddin, M.H.: Different perspectives of learning styles from VARK model.
Procedia-Soc. Behav. Sci. 7, 652–660 (2010)

8. Elahi, M., Ricci, F., Massimo, D.: Interactive Food Recommendation for Groups, pp. 6–7
(2014)

9. Boratto, L., Carta, S.: State-of-the-art in group recommendation and new approaches for
automatic identification of groups. Stud. Comput. Intell. 324, 1–20 (2010)

10. Duque, N., Tabares, V., Vicari, R.: Mapeo de Metadatos de Objetos de Arendizaje con
Estilos de Aprendizaje como Estrategia para Mejorar la Usabilidad de Repositorios de
Recursos Educativos. VAEP-RITA 3, 107–113 (2015)

11. Peña, C.I., Marzo, J., De la Rosa, J.L., Fabregat, R.: Un sistema de tutoría inteligente
adaptativo considerando estilos de aprendizaje. Univ. Girona, España (2002)

426 P. Rodríguez et al.

http://froac.manizales.unal.edu.co/froac/


12. Rodriguez, P., Tabares, V., Duque, N., Ovalle, D., Vicari, R.: BROA: an agent-based model
to recommend relevant learning objects from repository federations adapted to learner
profile. Int. J. Interact. Multimed. Artif. Intell. 2, 6 (2013)

13. Ahmad, S., Bokhari, M.: A new approach to multi agent based architecture for secure and
effective E-learning. Int. J. Comput. Appl. 46, 26–29 (2012)

Recommendation System of Educational Resources 427


	Recommendation System of Educational Resources for a Student Group
	Abstract
	1 Introduction
	2 Proposed Model
	3 Case Study
	4 Conclusions and Future Work
	Acknowledgments
	References


