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Learning Object Metadata Mapping With Learning
Styles as a Strategy for Improving Usability of
Educational Resource Repositories
Nestor D. Duque Méndez, Valentina Tabares Morales, and Rosa M. Vicari
Abstract— One of the topics that generate interest in the
community is the possibility of relating the characteristics of
students with the type of material that best suits the student’s
learning style, interests, and preferences. This topic holds most
importance in systems that perform automatic selection of materials and educational activities and thus improve usability. The
main idea of this paper is directed to the personalized selection
of learning objects according to the student learning style. The
proposal and some of the tests that predict good outcomes in
diverse systems are presented.
Index Terms— Usability of educational resource repositories,
object learning metadata, learning styles.

I. I NTRODUCTION

D

IGITAL educational resources online are increasingly
used in libraries and other places with internet access.
Their objective, as traditional resources do, is to address needs
and concerns of users, making it easier to get relevant, accurate
and relevant information in an agile and timely manner [1].
The availability of a large number of educational resources
is an advantage for students, allowing access to material with
different approaches and created by different people, which
provides a broader view on the treatment of concepts and the
same teaching strategies. But this huge amount of educational
resources, and the open possibility of publishing material
without any previous assessment process, also involves risks
and problems regarding the availability and relevance of
recovered materials, in line with students’ needs, preferences
and learning styles.
Learning Objects (LOs) are an alternative that addresses
some of these problems, using its labeling and availability in
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institutional repositories. Morales and others recognize that
within the online educational materials, LOs have special
interest, which are distinguished from other resources for
their reusability in multiple contexts, and their availability in
different environments [2].
LOs are stored in digital libraries called repositories, which
are accessible through a network to facilitate their search and
retrieval supported in metadata [3].
LOs stored in repositories have among their aims to be
reused (the same way as the open educational content).
Therefore, those who work on them need to watch the usability
and adaptability of these contents. Very small or very large
modules are usually inefficient. Very small ones allow easy
adaptation but their usefulness may be affected, as it tends
to be very specific and reuse work involved may not be
compensated.
Moreover, very large educational modules are difficult
to adapt and reuse. As such, our experience suggests that
medium-sized materials addressing solutions of common problems of everyday life in the classroom are often the ones with
the most usability, allow easy adaptation, and are therefore
easier to reuse. However, for educational content to be reused,
it is important to remember their associated rights, which is
also defined in metadata.
In very simple terms, the usability of a system is associated
with its ease of use, but also with the particular user that
interacts. This implies that in usability there is a major component associated with adaptability and to adapt LO recovery
we must recognize the user’s individuality represented in
the student profile, understood as the permanent and nonpermanent characteristics of the student, which may involve
different academic, psychological, preferential or contextual
elements. Learning styles is one of the main characteristics
considered in the educational process.
The selection work LO stored in repositories in accordance
with the learning profile of students can be facilitated, if the
educational content developer includes metadata information
that may be associated with the users’ characteristics to whom
it is intended. In order to take advantage of the metadata that
is part of an LO and performing a custom recovery, it is
necessary to associate the values of their labels with specific
elements of the student profile. This involves determining what
values are involved in this correspondence. This article is
aimed in that direction.
Works, like those by Peña et al (2002), have made an
approach to the relationship between students learning styles,
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II. S TUDENT P ROFILE , L EARNING
O BJECTS AND M ETADATA
A. Student Profile

Fig. 1.

Adaptive System Components [7].

according to Felder’s model, and type of material. Their
work seeks to dynamically adjust the educational content to
students, according to their preferences, taking into account
the format in which information is presented. This proposal
does not focus on LOs, therefore is not subject to any metadata
standard [4].
Similarly, in the work presented by Arias et al (2009),
a selection of educational resources model is proposed to
be used in online courses, according to the student’s learning style. This proposal works with LOs labeled under the
Dublin Core [5] standard.
In practice, the automatic selection of these materials is
not easy, which makes its use difficult in environments such
as learning object repositories, to improve search results and
enable adaptation of content to the characteristics of students.
In a previous work [6], a first approach was presented
for using available information about educational materials
and preferences dependent on learning styles of the student
to make LO recommendations from repositories of these
educational resources. The experience allowed identifying
some gaps, so this paper redefines the previous approach,
adding other metadata and specifying the domain of values for
each.
An adaptive system can be understood as a system with
the dynamic ability to adapt to the requirements of user
interaction, in which three elements must be defined: Student
Model, Domain Model and Adaptation Strategy, as shown
in Figure 1 [7]. Taking up this concept, for customized
searches of LOs, it must be defined what the characteristics
of both the learner and the LO are, which may be intersected
or mapped for the personalized information retrieval.
This article presents a proposal based on research and
experiments made, which aims to link part of the LO metadata,
as the LOM standard, and the trainees characteristics, to select
educational resources stored in repositories that best suit the
needs and conditions of the students.
The rest of the article is organized as follows: in the
next section, some basic concepts are presented to study the
proposal, which is then detailed. The Evidence and Results
section shows the proposal application to a specific study case,
and finally some conclusions and future works.

It includes all permanent and non-permanent characteristics
of a learner related to academic, personality, psychological,
psycho-pedagogical, mood, contextual and environmental features. Among the several components, Learning Styles (LSs)
are recognized as relevant in the learning process.
According to Felder (1996) we should be aware of the
differences that students have to process information in order
to offer them dynamic educational materials adjusted to individual learning preferences [8]. Several authors have explored
the role of LSs in improving the quality of learning and
conceptualize that every individual possesses his or her own
changing style, and that is directly related to the educational
tasks and results [9].
B. Digital Educational Resources
They are digital materials with an educational purpose and
can be used in the learning process to gain or strengthen skills.
A specific type of digital educational resource is Learning
Objects (LOs), which are entities usually delivered via the
Internet and are designed so that they can be used and reused
in multiple educational settings [10]. They are independent
and self-content units that can be associated with a specific
learning objective, which facilitates reuse.
One of the main features of the LO is that they can be
described by the metadata they contain, facilitating search and
retrieval [11]. This metadata allow identifying each LO, know
how, where and by whom it was developed, the segment to
which it is addressed, implementation, interactivity, technical
specifications and other relevant information, which may help
to understand its contents.
The main purpose of metadata is to facilitate the search,
assessment, recovery and use of LOs, allowing the reuse of
these resources, which is one of its greatest challenges [12].
In order to facilitate interoperability among different systems containing LOs, some metadata standards have been
proposed. Some of the best known and used are [12], [13]:
a) Learning Object Metadata (LOM): internationally recognized, proposed by IEEE, as a hierarchical data model with
metadata grouped in 9 categories.
b) Dublin Core: Proposed by the DCMI (Dublin Core
Metadata Initiative) provides 15 elements for cataloging digital
resources in general.
c) OBAA: A Brazilian initiative that proposes a metadata
standard for LOs compatible with the IEEE-LOM standard.
The main difference is that it is oriented to the interoperability of LOs on platforms such as Web, digital TV and
mobile devices; in addition, it allows storing more information
related to accessibility for people with special needs and
characteristics of the Brazilian educational context.
C. Learning Objects Repositories (LORs)
They are specialized digital libraries, which house multiple
types of LOs along with their metadata, allowing search
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Fig. 2.

Elements of Felder & Silverman Model [9].

and retrieval so that they can be used in various e-learning
environments. Access to repository and LO information in
each specific LOR is essential in the process of selecting and
obtaining personalized educational resources.
III. M ETADATA M APPING P ROPOSAL –L EARNING S TYLES
Personalization of teaching and learning strategies is a
fundamental factor in taking advantage of information and
communication technology, and a help in skills training,
particularly in virtual learning environments.
This proposal incorporates elements of previously mentioned works [4]–[6], focuses on making use of the information
contained in the LO metadata, and is based on the theoretical
guide activities recommended by Felder, according to the
student LS. It aims to respond with the appropriate LO to
the user in searching processes of learning object repositories.
This initial phase has been based on the LOM metadata standard, which is adopted by the repository where experiments
for the case study were conducted. Specifically, the metadata
used are Learning Resource Type, Interactivity Level and
Interactivity Type, which belong to the Educational category.
The selected LS pattern is proposed by Felder, FSLSM.
It classifies students in dichotomies: Active/Reflective,
Sensory/Intuitive, Visual/Verbal and Sequential/Global.
As shown in Figure 2, each dichotomy corresponds to a
different element in the learning process, which allows to
identify the types of educational resources that best suit the
student’s needs [9]. To identify information type, the way
they prefer to acquire it, sensory way and the track that
facilitates understanding, is closely related to the type of LO,
its level and type of interactivity.
The following describes the characteristics of the LS, considered for the mapping LOM metadata standard [9], [14]:
• Active: when students with this LS have the possibility
of interacting during the learning process, they tend to better
retain and understand the new information. Questionnaires,
exercises and experiments are among the resources that help
them more.
• Reflective: In this case, it is preferable to provide students
with resources to enable him or her to meditate and to better
analyze the contents, such as readings, tables and diagrams.
• Sensory: People with this LS are practical, fact-oriented,
and prefer working with experiments and simulations, because
they find it easier to memorize facts.
• Intuitive: It is recommended to provide a student of this
profile with resources oriented towards the understanding of
theories and new concepts such as narrative, presentations and
lectures.
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• Visual: The mechanism of obtaining information that
this kind of people prefer is through visuals representations, with materials such as diagrams, figures, tables and
graphs.
• Verbal: Due to the fact that students with this LS better
remember what they read or what they hear, it is recommended
to deliver educational materials such as readings, narratives
and presentations.
• Sequential: This feature is aimed at how understanding
is provided, so in this case it is preferable to deliver the
material to allow students to convey new information step
by step (for example exercises, simulations, diagrams and
experiments).
• Global: Students who are global perform better when they
interact with materials that exhibit the problem in its entirety,
such as figures and graphics.
Table I shows the relationship between LOM standard
attributes and the FSLSM learning styles.
To determine if the metadata is relevant or not to each LS,
it is placed a 1 or a 0 as applicable at the junction between
these two elements. For example, if the Educational Resource
Type of a LO is “Exercise”, this will be convenient for a student with an ‘Active’ learning style, while it is not applicable
to a ‘Reflective’ student, so between the first column and the
first row it gets a 1 and at the junction between the second
column and the first row it gets a 0. So on is done for the
other elements.
Based on this mapping proposal between Learning Styles
and some LOM metadata, customized LO recovery is possible. After selecting a set of resources either to a specific
educational objective or to the results from a search string
in a repository, comparisons can be performed automatically
to provide students with resources that fit their needs and
preferences in their learning process.
Values corresponding to each dichotomy Felder model
(an odd value between −11 and 11) must be defined for the
student to whom the resource will be delivered. With these
data and the relationship shown in Table I, we proceed to
perform the respective comparisons in order to generate a
numeric value at the end, which will allow to select the highest
level of relation with the student LS resource.
Here are the steps that should be executed for obtaining
results:
1. Select each LO and repeat the following steps until all
of them are evaluated.
1.1 Select each metadata (Learning Resource Type,
Interactivity Level, Interactivity Type) of the LO
chosen and repeat the following steps until the
three metadata are evaluated.
1.1.1 Select in Table I the corresponding row to the
metadata value.
1.1.2 Select each column of Table I for each LS
dichotomy and repeat the following:
a) Identify the student LS value corresponding
to the column.
b) If the value is less than 0 select the value A
of the column; if the value is more than 0
select the value B of the column.
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TABLE I

TABLE II

R ELATION : LOM M ETADATA VS L EARNING S TYLES FSLSM

C ASE S TUDY S TUDENTS P ROFILE

TABLE III
LO A SSOCIATED W ITH A S PECIFIC E DUCATIONAL O BJECTIVE

c) Multiply the absolute value of the LS for the
selected column with the value obtained in
point.
1.1.3 For the selected metadata, add all the resulting
values in c).
1.2 For the selected LO, add all the resulting values
in 1.1.3.
2. Select the LO with the highest value in 1.2.
In case of absence of values in some of the metadata
correspondence does not occur, so it is necessary to pass
immediately from 1.1.1 to 1.1.3 assigning a value of 0, which
is reflected in a lower chance of selection that LO.
IV. E VIDENCE AND R ESULTS
To prove this proposal, a case study was considered,
taking advantage of the access to the Learning

Objects Repositories Federation Colombia - FROAC
(http://froac.manizales.unal.edu.co).
Twenty (20) students were linked to the try-out to complete the test proposed by Felder for qualifying them
in 4 dichotomies. For each dimension, the student can get odd
values between -11 and 11, therefore for the first category
(which is Active/Reflective) a value of 7 would indicate that
the student has a more Reflective trend. In Table II, data
associated student’s learning style profile is shown.
Table III shows some metadata for four LOs retrieved from
FROAC, which are oriented to a specific educational objective.
For the selection of material, and in order to explain with
an example, we selected the “Student 8” introducing his/her
LS like this: Active/Reflective: 9; Sensory/Intuitive: −5;
Visual/Verbal: −7; Sequential/Global: 5. Necessary comparisons with Table I in which a mapping between LO metadata
and LS categories is made, as explained in the previous
section.
The comparisons made and the results obtained are presented in Table IV, where readers can see that the LO selected
is number 3 for the “Student 8”.
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TABLE IV

TABLE V

C OMPARISONS AND C ALCULATIONS FOR S ELECTING
LOs FOR A S PECIFIC S TUDENT

A NSWERS TO S ATISFACTION S URVEY Q UESTIONS

For example, in LO1 for comparisons of Educational
Resource Type, a value of 5 is obtained in the Sensory/Intuitive
column, which corresponds to the multiplication of the student profile absolute value (in this case the absolute value
of −5 is 5) and the value 1 of Table I of the junction between
“Narrative Text” and Sensory. For the level of interactivity
category in the Active/Reflective column it is obtained a 0,
corresponding to the increase of the absolute value for the
learning style which in this case would be 9, and the junction
between “Low” and Reflective, that is 0. Thus the calculations
for each set of metadata for the selected LO are made.
Finally, LO totals are the sum of the three categories results,
for LO1 would be 19, for OA2: 21, OA3: 30, of the sum
of 21, 0 and 9 and ending with LO4 14. With these results
the higher value (OA3) is selected.
For the initial evaluation of the proposal, a survey type
instrument (Student Satisfaction Questionnaire) was created.
The items used referred to the level of satisfaction with the
given Object and is graded according to the Likert Scale from
1 to 5. The values from 1 to 5 represent the degree of students
satisfaction compared to the LO delivered. This satisfaction
is directly related to the size of their Learning Style, so the
questions seek to reflect this situation.

Fig. 3.

Graphic: accumulative answers according to each survey item.

The questionnaire begins with the following sentence:
Please indicate your level of satisfaction from 1 to 5, with
the following aspects of the LO delivered. The numbers on
the scale means: 1. Strongly Disagree 2. Disagree 3. Neither
agree nor disagree, 4. Agree and 5. Strongly Agree.
Questions and accumulation of each grade for each item
can be seen in Table V.
Figure 3 shows that group ratings (x axis) at the different
items for each question (y-axis) are very close and that there
are not completely unfavorable responses regarding student
satisfaction with the LOs delivered.
Ratings with value 3 (neither agree nor disagree) are usually
due to the fact that there is no clarity in the response or the
student is indecisive, and since they represent 28% of the
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results, it indicates that questions can be confusing, despite the
fact that we supported the student to understand the question
when applying the survey.
V. C ONCLUSIONS AND F UTURE W ORKS
The above case study allows to validate the proposal
submitted for the selection of educational material based on
LO metadata repositories and learning style of the students.
As presented in this work, educational resources can be
recovered from LO repositories in a personalized way, crossing
student characteristics –in this case the learning style– with the
values of some LOs metadata.
From the results the automatic recovery of LOs repositories
is implemented according to the learning style of the student.
This work follows the same path presented by [4] and [5],
but differs primarily in the integral form of the calculations
performed and ease of application, as well as the use of the
categories and LOM metadata standard and the possibility of
using LO repositories. The adaptation is based on the criteria
set by Felder on preferences with students according to their
profile.
As shown in Figure 3 and despite being a preliminary and
not exhaustive validation, focused on whether the proposal can
select learning objects to suit the student’s profile, particularly
his or her learning style, the results are relatively favorable
and become a real motivation to move forward on this path.
In future works, it is expected to expand the validation in
order to refine the proposal, and at the same time to build
tables similar to Table I for other learning styles models and
LO metadata standards.
Stricter validation and evaluation methods are being
designed and, in this direction, it is expected to assess the
students’ results in the case study by comparing the weights
given by the students and those obtained with the proposal.
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