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Abstract—A competence is the effective performance in a
domain at different levels of proficiency. Educational insti-
tutions apply competences to understand whether a person
has a particular level of ability or skill. Educational re-
source enriched with competence information allows learners
identifying, on a fine-grained level, which resources to study
with the aim to reach a specific competence target. However,
the process of annotating learning objects with competence
levels is a very time consuming task; ideally, this task should
be performed by experts on the subjects of the educational
resources. Due to this, most educational resources available
online do not enclose competence information. In this paper,
we present a method to tackle the problem of automatically
assigning an educational resource with competence levels. To
solve these problems, we exploit information extracted from
external repositories available on the Web, which lead us to a
domain independent approach. We demonstrate the quality of
the proposed methods through an evaluation on real world data
with an additional user study. Results show that the automatic
competence level assignment achieves 84 % precision on ground
truth data. The key implications of our approach are: first, it
effectively facilitates experts in the arduous task of competence
assignment and second, it directly supports learners to retrieve
proper leveled material.

I. INTRODUCTION

In the last years we have witnessed major changes in the
way people communicate, work and learn. These activities
were boosted by the Internet booming and the digital inclu-
sion. Today, as never seen before, more people are connected
to the World Wide Web with unlimited access to various
forms of communication, information sources and digital
working/learning environments.

Due to the new means of communication and speed
of information, both working and learning processes are
evolving to adapt to our new reality. Learning is gradually
becoming a collaborative web-based activity [2] rather than
a solitary one. Once the learning activity is online, as well as
the players involved, namely teachers, students and Learning
Objects (LOs), technologies have to be developed to assure
the right integration among the parts. Students must be able
to interact with their fellow students and teachers. Teachers
must be able to reach their students, collaborate with other
teachers and easily produce and share online educational
resources. Regarding the learning objects, it is crucial that
they can be found and understood by all involved actors in
the learning process.
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Search interfaces are the common access point to any
online material, including learning objects. In this way, for
a learning material to be easily found, it needs well-defined
textual descriptions and additional metadata describing it.
Metadata such as collaborative tags, classification, and cat-
egorization always improve the accessibility of annotated
items. Thus, it is important that educational resources have
these additional descriptions in order to facilitate learners’
access.

Regarding the understandability of the resources by learn-
ers, one essential feature is the use of competence metadata.

A competence is the effective performance in a domain at
different levels of proficiency. Educational institutions apply
competences to understand whether a person has a particular
level of ability or skill. Thus, an educational resource
enriched with competence information allows learners iden-
tifying, on a fine-grained level, which resources to study
with the aim to reach a specific competence target.

Additionally, competence annotations are usually assigned
together with an expertise level. For example, the European
Qualification Framework (EQF) has eight levels to describe
a competence that ranges from beginner to expert.

With the catch up of the Open Archives Initiative, plenty
of learning materials are freely available. Through the uti-
lization of the OAI-PMH protocol‘, a learning environ-
ment can list the contents of several external repositories.
Although this open content strategy provides numerous
benefits for the community, new challenges arise to deal
with the overload of information. For example, every time
a new repository is added to a library, thousands of new
documents may come at once. This makes the experts’ task
of evaluating and assigning competences to the learning
objects impossible.

In this paper, we present our work towards an automatic
competence level assignment tool, taking into account the
speed of educational resources development, exchange, and
the problems of ensuring that these materials are easily
found and understandable. Our goal is to provide a mech-
anism that facilitates learners in finding relevant learning
materials and to enable them to better judge the required
skills to understand the given content through the interpre-
tation of competence levels. Thus, in this work, we present
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an strategy that exploits knowledge from the wisdom of the
crowds to automatically assign levels of expertise for LOs’
competences.

To the best of our knowledge, this is the first attempt to
build an automatic competence leveling tool.

The rest of this paper is organized as follows. In Sec-
tion II, we first present relevant related work on the area. In
Section III, we motivate our work based on the importance
of competences in the learning process and describe the
efforts done to build a competence classification within the
context of an European Project on e-Learning. Section IV is
reserved to briefly introduce our previous work in the field
of automatically assigning competences to learning objects.
In Section V, we concentrate on the work done to solve
the problem of automatically assign level to competences.
In Section VI, we discourse on the results obtained in our
experiments and we give final remarks and describe our
future plans.

II. RELATED WORK

In recent years, many systems have been developed for
the Technology-Enhanced Learning (TEL) with the goal of
providing technological support for pedagogical purposes.
In this sense, several learning object repositories (e.g.,
Stanford OpenCourseware?, Merlot®>, OpenScout®, Science
Netlinks®) have been made available for retrieving edu-
cational resources on the Web. However, the process of
retrieving educational resources is not straightforward due
to the lack of descriptive metadata, such as competences and
skills. Although standards of competence-based metadata to
describe educational resources have been proposed in the
literature [17], manual metadata filling is often an arduous
and laborious task.

To deal with this problem, OpenScout [16] proposed a
collaboration tool for describing its educational resources
metadata [8]. In practice, competence and skill metadata
could just be changed from few registered contributors, thus
these metadata were not completely filled out.

In the same direction Auzende et al. [3] introduced the
importance to visualize competences and sub-competences
for educational resources. Authors developed interfaces to
let teachers upload, create, search, and enrich metadata
of LOs. In their work, a competence level was always
assigned by humans to a resource. Then, according to users’
feedbacks, such a competence level was refined. As intro-
duced, this work does not handle with automatic competence
classification, but once the competence is assigned to each
resource, authors’ work is limited only to update/modify the
competence level.

2http://ocw.mit.edu
3http://www.merlot.org
“http://www.openscout.net
5 http://sciencenetlinks.com
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Van Assche [1] introduces an approach for linking educa-
tional resources through competences according to curricula.
In his method, he manually depicts the goals of curricula
into competences allowing interoperability between different
curricula and to support resources retrieval. This work is
similar to ours, however we use an automatic approach to
assign competences to educational resources in order to be
easily retrieved and reused by lecturers and students.

An attempt to automate the competence assignment pro-
cess is presented by Melis et al. [14], [15]. In order to facil-
itate the reuse of learning objects, they present a framework
that maps different competence systems, such as PISA [18]
and Blooms Taxonomy [4]. Our approach is complementary
to that, since we automatically classify learning objects
according to their competence type and level; these learning
objects can be reused by such courses generator which may
take advantage of the knowledge about the field of study
and the competence level.

Finally, Ley et al. [11] present an interesting approach for
eliciting, modeling, and evaluating resources using experts’
knowledge. Authors collect and structure experts’ knowl-
edge that is available in the domain of interest. Specifically,
this research is focused on obtaining a list of elementary
tasks and competences, which each LO is later assigned
to. A competence-task graph is designed by experts and
the focus of this research is mainly to validate what is
produced by experts. This work is finalized to give a high
quality structure for competences, skills, knowledge, and
tasks, using experts’ information.

III. COMPETENCES

In order to show the whole potential of our work, we
present a prior overview of the magnitude of competences
regarding the learning process, focusing in the context of
our work. We have briefly introduced the benefits of com-
petences in Section I wherein a competence is a standardized
requirement for an individual to properly perform a specific
job.

The term first gained attraction after published by Mc-
Clelland in the work ‘Testing for Competence Rather Than
for Intelligence’ [13], where the author discourses on the
idea that analyzing one’s competences is more effective
than testing intelligence regarding °‘life outcomes’. Lately,
not surprisingly, many educational institutions were applying
competences to understand whether a person has a particular
level of ability or skill. For example, the prototype proposed
by Lindstaedt et al. [12] is a great example of competence
usage in practice.

In another example, Habermann et.al [7] identified that
more than 85% of managers in small-medium enterprises
(SMEs) would improve their learning process if the educa-
tional resources could be easily found and accessible, espe-
cially if the materials could match the competence develop-
ment needs. Clearly, the main goal of applying competences



is supporting individuals to improve their performances.
Thus, learning platforms significantly augment training and
personal development by explicitly providing the compe-
tence requirements or the outcomes to be achieved.

Our work is contextualized within the OpenScout learning
environment®. The Openscout portal is the outcome of
an EU co-funded project’, which aims at providing skill-
and-competence based search and retrieval web services
that enable users to easily access, use, and exchange open
content for management education and training. Therefore,
the project not only connects leading European Open Ed-
ucational Resources (OER) repositories, but also integrates
its search services into existing learning suites.

OpenScout suffers from the same problem of information
overload that we have introduced in Section I. As the plat-
form integrates different content repositories, many learning
materials are daily added to the environment without the
experts’ annotations regarding competence levels. To tackle
this problem we proposed a novel approach that automati-
cally annotates the educational resources in OpenScout with
competences. Our problem is divided into two very distinct
steps. First, it is necessary to identify which are the relevant
competences of a giving object. Second, to identify the level
of expertise required (competence level).

Within the project, a management-related competence
classification was developed, in order to support the
learner/teacher while searching for appropriated educational
resources that meet a specific competence level. In a first
major step, a focus group was organized consisting of
a sample of ten domain experts from Higher Education,
Business Schools, and SMEs, including two professors, six
researchers and two professionals with the aim to generate
an initial competence classification from experience and
academic literature. A pre-test with domain experts from
higher learning institutions, INSEAD®, BRUNEL’, EFMD'?,
and VMU!' was conducted to assess the content of the com-
petences involved and to ensure content validity. Ideally, all
learning objects in OpenScout should be classified according
to these competences. In total, the competences vary in 14
different fields of Business and Management.

IV. AutoMATICALLY ASSIGNING COMPETENCES

In order to solve the problem of automatically assigning
competence annotations to learning objects, we developed an
unsupervised method that can be applied to any repository
of documents. Our proposed competence annotation method
is an extension of the a-TaggingLDA. This method is a

SHittp://learn.openscout.net
7http://openscout.net
8http://www.insead.edu/home
9http://www.brunel.ac.uk
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state-of-the-art LDA based approach for automatic tagging
introduced by Diaz-Aviles et al. [6], [S].

On top of the automatic tagging method, we added a
new layer to identify which is the most probable compe-
tence a document includes. The classification layer uses
two different inputs; (i) a ranked list of keywords that
describes the resource to be classified (tags) and (ii) a list
of competences that a document can belong to with a list
of keywords describing each competence. With these two
inputs, the classification method assigns scores for each
match found between the document’s list of keywords and
the competences’ keywords. Since the document’s tags are
already properly ranked, we apply a linear decay on the
matching-score. It means that the competences’ keywords
that matches the first document’s keywords have a greater
score. On the other hand, the higher a document’s keywords
is positioned in the ranking, the lower is the final score. After
the matching process, we compute the sum of the scores for
each competence and the document is assigned with the top
scoring competence.

We evaluated the proposed method in a previous
work[10], where we used the OpenScout dataset containing
21,768 learning objects. We pruned these data to consider
only objects that are in English, with the description with a
minimum length of 500 characters, which resulted in a set
of 1,388 documents. Thus, on these documents we applied
the competence assignment method.

The results obtained showed very few occurrences where
different competences were assigned to very similar items.
We interpret that as evidence of the coherence and effective-
ness of the proposed method. In addition, in 72% of the cases
the participants agreed with the competence classification.

V. CoMPETENCE EXPERTISE LEVELING METHOD

Our main problem to be solved is the competence leveling.
Given a LO and its competence that is assumed to be
correctly assigned, the goal is to automatically assign a level
to this competence according to the European Qualification
Framework (EQF). In other words, our method must assign
a score between 1 (basic) and 8 (advanced). To accomplish
this task, our idea is to transfer the knowledge from an
external repository, namely Wikipedia. Wikipedia is the
largest repository of textual articles created and maintained
by humans and arguably the most consulted, structured, and
referenced one. Our proposed method extracts the authority
information of a Wikipedia article based on its link structure
to calculate the competence levels.

Authority of a Wikipedia article is given by the popularity
of an article as evidence of its complexity. We use the
number of incoming links as the popularity measure for an
article [9]. Wikipedia editors create these incoming links
manually. Therefore, it is reasonable to assume that these
articles are, to some extent, significant to the general public.
The hypothesis is that the more popular an article is, the



easier it is for the reader to understand (e.g., there are much
more incoming links to the article Finance than to Private
equity, which is a more specific term that requires more
abstraction).

In our work, we used a dataset consisting of a snapshot of
the whole Wikipedia corpus from October 2011. It contains
more than 4.5 Million pages (all articles without redirect
pages). Additionally, we collected the list of Wikipedia cat-
egories from the same time period and statistical information
of the most linked articles.

Then, our automatic competence level assigner is divided
in the following steps. First, each document is semantically
annotated (RDFa) using the DBpedia Spotlight'> Web Ser-
vice. The output returns the content of the document en-
riched by DBpedia resources (or Wikipedia articles). Then,
for each link added to the content of the LO, we check the
respective Wikipedia article and query for its authority value,
i.e. the number of incoming links that each article has.

The distribution of authorities follows a power law distri-
bution, where a small number of dominant articles contain
the larger part of all incoming links (See Figure 1). In order
to compensate for that, we apply a logarithmic smoothing
function before the proper normalization. In this way, we still
exploit the information but counterbalance the dominance of
the few top authorities.

At this point, each LO contains the information of the
authorities’ values (number of incoming links) of each
linked article. It is important to remark that our competence
leveling method regards only LOs that are assigned with
one single competence. Thus, to compute the final level
of a competence, we apply a linear combination of all the
authorities’ values for each linked term and normalize it to
the European Qualification Framework scale.

A. Evaluation and Results

To evaluate the performance of the competence leveling,
we used the OpenScout dataset containing 21,768 learning
objects. We pruned these data to consider only objects
that are in English, with the description with a minimum
length of 500 characters, which resulted in a set of 1,388
documents. Finally, we only considered resources that had at
least 10 terms annotated by the DBPedia Spotlight service.
In the end, we assigned competence levels to 1051 learning
objects.

As mentioned before, annotating resources with compe-
tences is a very time consuming task and is usually done
by experts in each respective knowledge area. Due to that,
our ground truth to evaluate the results was very limited.
Out of the 100 resources that have been annotated with
competences by an expert, 60 were in English language and
out of these 60, only 44 passed our directives of being at
least 500 words long and having at least 10 terms mapped
to Wikipedia articles.

2http://dbpedia.org/spotlight
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Figure 1. Links distribution in our Wikipedia dataset.

Table 1
EXPERTS AGREEMENT WITH ASSIGNED COMPETENCES LEVELS.

Neither
3%

Strongly Disagree
7%

Disagree

8%

Agree
44%

Strongly Agree
38%

The competence assignment in Openscout includes lower
and upper boundaries of expertise needed. The outcomes
of our evaluation showed that for 37 learning objects, out
of the 44 considered as ground truth (84% of the cases),
the competence level was automatically assigned within
the boundaries given by the experts. The results show that
exploiting Wikipedia’s link structure to derive the expertise
needed to understand an article - therefore a learning object
- seems to be valid.

In addition to the automatic evaluation, we performed
a user evaluation to further assess the correctness of the
assigned competence levels. Out of the 1051 learning objects
assigned with competence levels, we randomly selected 100
and, with the participation of 4 experts in the field of
business and management we evaluated the assignments.
Each expert was presented with 25 learning objects (with the
assigned competence). Then, they were instructed to evaluate
the competence assignment and, finally, to rate in a 5-point
Likert scale their agreement with the proposed competence
level. The results in Table I show that in 82% of the cases
the experts agreed or strongly agreed with the competence
levels automatically assigned by our method.

VI. CoNcLusioN

In this work we proposed a solution to a very difficult task:
to predict the competence level involved in a learning object.
We demonstrated that, by exploiting the linking structure
existing in Wikipedia articles as a measure of complexity of
a term, it is possible to derive levels of abstraction necessary
to understand documents.

The experiments’ results show that automatic competence
level assignments achieve an accuracy of 84%. The same
good results were achieved with the user evaluation with
experts (82% accuracy). A closer look on the misassigned



levels(18%) shows that around 55% were overestimated -
the automatically assigned level was higher than the factual
and 45% underestimated. This shows that our approach is
not biased to either side.

The weakness we identify in our strategy is that, in its
current implementation, it is not suitable to assign one
learning object to multiple competences and calculate the
levels involved. Nevertheless, the good results on single
competence items are already an evidence of the method’s
potential.

As future work, we have two planned extensions. The first
one is to provide a method that, instead of returning one
single competence level value, would return a competence
with lower and upper boundaries that can be calculated based
on the confidence of the assignment. The second extension
is to include a pre-processing step where, once a Wikipedia
term is identified in the learning object, it is assigned as a
representative of a competence.
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