A service based on Linked Data to classify Web
resources using a Knowledge Organisation System
A proof of concept in the Open Educational Resources domain

Abstract—One of the reasons why Web resources could stay
hidden and therefore to be underutilized is that each person or
producer of this kind of resources, labels them using tags or informal
and heterogeneous knowledge schemes. The lack of semantics in the
relations between areas and subjects make difficult to find
associations between topics. It is possible to support semi-automatic
classification of resources, taking advantage from Linked Data
available in the Web through systems made by people who can
converge to a formal knowledge fields classification system. The
representation of areas or subjects and their relationships through
semantic technologies will help the discovery of such kind of
resources for user at worldwide. This paper presents the design of a
service, which takes advantage from the potential of Linked Data
available on the Web for the classification of OERs according to
subject areas and to improve the discovery of courses by users.
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I.

INTRODUCTION

In repositories or collections of high amounts of
information objects, such as libraries, different cataloging and
classification systems have been used in order to facilitate the
location or recovery of academic materials. To perform this
task, a closed schema of knowledge organization is generally
chosen - proposed by an organization or by experts-, and a
librarian is responsible for determining the most appropriate
topic for a given resource.
In the Web, new ways and means to create content have
emerged thanks to the ease of use of the social services.
Wikipedia is one of the most successful cases, it is the
encyclopedia created by people who are constantly editing it.
One of the facilities offered by the current Web 2.0 services
is the human cataloging of content, i.e., people add tags and
metadata (tags) to Web resources in an ascending order
(bottom-up) without expert cataloguers. This open
classification system is called folksonomy, the "voice of the
people" [1]
In addition to the annotations created by people, today is
possible to find on the Web, large amounts of descriptions on
resources and entities such as subjects, people, licenses, and
locations, in dozens of open repositories of structured data. The
Linking Open Data cloud currently provides access to hundreds

of datasets in various areas such as Media, Geography,
Publications, Government, and Life Sciences. As a
consequence of Linking Open Data community project,
datasets in a wide range of domains are now semantically
described and connected to each other. The language
recommended by W3C to describe Web resources is RDF1
(Resource Description Framework) and SPARQL2 (SPARQL
Protocol and RDF Query Language) that is the language to
query RDF data from different repositories across the network.
Thanks to the emergence of the Semantic Web technologies
some approaches have been proposed to take advantage of the
linked data and to face to the problems and complexity of
locating and classifying open resources. This paper presents a
method for the categorization of resources, which takes
advantage of the capacity of organization of the controlled
vocabularies and the capacity of enrichment that the open
vocabularies and repositories created socially can provide.
Next, section II presents the problem addressed in this
paper and also the fundamentals of the approaches used to
solve it. In section III the framework based on Linked Data to
characterize Web resources is presented. A proof of concept, it
is explained in section IV. Finally, in section V the conclusions
and future works are presented.
II.

KNOWLEDGE ORGANISATION SYSTEMS TO CLASSIFY
WEB RESOURCES

The classification systems of knowledge, such as thesauri,
have traditionally been used to improve the organization and
retrieval of documents. Make a better categorization of
resources according to the subject areas could be a mechanism
of guidance to help people find the documents that they need.
Therefore there is a clear need to use thesauri and semantic
models to provide a controlled source of terms or concepts, this
is an essential pre-condition to guarantee quality in document
indexing and retrieval. [2] Some thesauri or controlled
vocabularies used in libraries to classify documents are now
available in the formal languages of Semantic Web.
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Semantic Web technologies and Linked Data [3] are
changing the way information is stored, described and
exploited. The Linked Data Design Issues, outlined by Tim
Berners-Lee back in 2006, provide guidelines on how to use
standardized Web technologies to set data-level links between
data from different sources [4]. Through the life cycle of
Linked Data can be enrich, disambiguate, connect and retrieve
data from heterogeneous domains, repositories or systems.
A. Knowledge organization systems
In the academic field, there are some thesauri to classify
knowledge. The decimal systems DDC3 and UDC4 are the
most widely used in libraries, however, they are proprietary
schemas. JACS5 is one of the most complete thesauri and
updated, though it is available only in English and its adoption
has been restricted to the United Kingdom. Finally, EuroVoc6
and UNESCO thesaurus7 are multilingual and multidisciplinary
systems, however, the first one covers the activities of the
European Parliament and the second one is more popular. The
decision of which system is better depends on the context and
uses.
In Semantic Web, Simple Knowledge Organization System
(SKOS) is used for representing mapping relationships among
systems of classification of knowledge. In 2009, SKOS8
reached Recommendation status at W3C because it provides a
standard way to represent knowledge organisation systems
using RDF to describe concept schemes such as thesauri,
classification schemes, subject heading lists, taxonomies and
other types of controlled vocabulary, thus guaranteeing
interoperability among applications9.

If in the Social Web, the Wikipedia is one of the major
cases of success, in the Semantic Web, DBPedia10 is the most
popular structured Web data sources.
The DBPedia ontology enables a broad coverage of entities
in the world, and allows entities to bear multiple overlapping
types; it includes RDF data derived from Wikipedia; each
resource is harvested from a Wikipedia article (which content
is maintained by thousands of editors and it broad and
multilingual). [5] In addition, DBPedia resources are linked to
other linked data sources and ontologies such as Geonames,
YAGO, OpenCyc, and WordNet, providing more semantic
information in the form of relations such as typeOf and
sameAs. [7]
In [5, 6, 7, 8, 9] the use of DBPedia is addressed to
annotate, to enrich and to classify content. According to [7]
DBpedia resources are a good starting point to entity
recognition due to the fact that a huge part of the knowledge
base is related to classes in the DBpedia Ontology.
III.

DESCRIPTION OF THE PROCESS

So that resources can be discoverable, they should be
characterized and classified according to main topics enriched
with a variety of related tags.
Next, the general process for the topical classification of a
resource is presented which try to harnesses the graph structure
of the Data Web and knowledge created collaboratively.
A. Data Processing

In SKOS, the elements of a thesaurus are represented by
means of concepts among which there are established
hierarchic relations. The properties skos:broader and
skos:narrower are used to assert a direct hierarchical link
between two SKOS concepts.
B. Using sources collaboratively created to classify resources
One of the aspects that is questionable in a traditional
thesaurus is the lack of update. Therefore, a formal
classification approach can be enriched with the categories that
people spontaneously shared on social sources.
In reference [5] some features are mentioned for the use of
social data sources for the organization of knowledge: i)
constitute some of the largest repositories built in a
collaborative manner, ii) provide an up-to-date channel of
information and knowledge on a large number of topics. Thus,
one should expect a high coverage of subjects that are
emergent [6].
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Fig. 1. Flow to data enrichment

Goal: Enriching the subjects of a thesaurus (controlled
vocabulary) from semantic resources found on open sources of
RDF data. The result will be a catalog of entities (people,
locations, concepts, etc.) related to a specific topic.
Tasks:
•

Mapping between controlled and formal classification
system and open or collaborative organization system.

•

Enriching main concepts through topics existing in social
data sources. In this work we propose the use of the
spreading activation algorithm [10] for traversing across
the sources of linked data. The main idea of spreading
activation is that it is possible to retrieve relevant resources
if they are associated with other resources by means of
some type of connection [8].
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B. Document Processing
Goal: Recognizing key entities into each resource of
corpus. Entities are DBPedia resources collected in previous
stage.
Tasks:
•

Performing a semantic annotation of information objects.

•

Making a semantic derivation to generate new mappings
from the semantic relations defined by SKOS.

C. Classification Layer
Goal: Finding a list of the main topics or subjects, which
can fit a particular resource.
Task:
•

Accessing to the local knowledge base by mean of
grouping queries, in order to obtain the concepts
associated with the entities recognized in the content of a
resource.

•

Creating an ordered list of topics according to their
frequency and weight within a field or sub-domain
specific.

In addition, in this layer a service of rating of topics could
be incorporated so the system can learn based on the decision
of the people.
IV.

PROOF OF CONCEPT

In this paper, authors propose to characterize an OER with
the knowledge area or topic to which the resource belongs,
thus, to improve the organization of the educational resources,
in order to search engines could offer relevant resources and
users could explorer of better way the results.
Table I presents sources selected to perform the method
proposed in this work.
EXTRACT OF MAPPINGS BETWEEN UNESCO AND DBPEDIA
RESOURCES

Source

Corpus:
Serendipity
LOCWD
Controlled
vocabulary:
UNESCO
Thesaurus

Description
Serendipity Linked Open Data
includes data about
OpenCourseWare and Open
Educational Resources. The RDF
data is searchable via a SPARQL
endpoint.
We chose the system of 6-digit of
the nomenclature UNESCO. Since
2013, there is an implementation
of this thesaurus according to
SKOS.

Description
As case of implementation of the
framework, Computer Science
have been chosen field
Currently DBpedia has 995.911
instances of SKOS concept and
4’125.606 resources related to
Open vocabulary: these concepts by dcterms:subject
DBPedia
predicate

Access point

http://datahub.io/da
taset/serendipity

http://skos.um.es/sp
arql/

Access point

http://dbpedia.org/s
parql

B. Data Processing
1) Data Collection
A service implemented in python has allowed recovering
information of every discipline and sub-discipline of Computer
Science field of UNESCO thesaurus (source dataset). From
each title of topics, the service Sem4tags11 was used to choose
the DBPedia semantic entity that better defines each concept.
Applying this method in Table II, the first five associations
found are showed. In summary, of the 27 sub-disciplines of the
Computer Science field, 16 were found based on similarity of
titles between the two sources, 10 were mapped manually.
TABLE II.

EXTRACT OF MAPPINGS BETWEEN UNESCO AND DBPEDIA

UNESCO
resource

UNESCO
Title

unesco:12

Mathematics
Computer
Science

dbpedia:Category:Mathematics

Accounting
Analog
computing
Artificial
Intelligence

dbpedia:Category:Accounting

RESOURCES

unesco:1203

A. Description of the case: Classification of Open
Educational Resources
In the last years, the amount of Open Educational
Resources (OER) on the Web has increased dramatically. In
2001, came up the first educational resources in open, the MIT
OpenCourseWare of the Massachusetts Institute of
Technology. Currently, dozens of institutions have adopted this
philosophy and have made available to the world, thousands of
those courses.

TABLE I.

Source

unesco:120301
unesco:120303
unesco:120304

DBPedia resource

dbpedia:Category:Computer_science

dbpedia:Category:Analog_computers
dbpedia:Category:Artificial_intelligence

2) Entity Enrichment
Then, to find entities (topics, tags, people) related to each of
the sub-disciplines of Computer Science, an iterative querying
process was performed to traverse DBPedia according to the
spreading activation method.
Applying this method, the categories with more related
resources were: Artificial Intelligence (1215), Data Banks
(1416) and Hybrid Computing (4205). By contrast, the
categories for which fewer resources were found are:
Accounting (20), Automated manufacturing systems (36), and
Computer and software (39).
C. Document processing
In this proof of concept, the platform KIM was used to
index and annotate each OER from corpus.
A customization of KIM was needed in order to the system
can recognized entities related to each discipline of Computer
Science field. In the Fig. 3, an example of key features found
on the content of an OER is depicted.
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systems or applications could make inference on subject
demanded by a user and could display recommendations to get
more relevant resources to support several tasks.

Fig. 2. Semantic annotations on OER content

D. Categorization according a sub-discipline

Through a concrete case, we tried to demonstrate that is
possible to find semantic relationships between two different
schemas of knowledge organization: thesaurus-folksonomy. In
the specific case of this study, it has been shown that it is
possible to classify a resource according to the thematic areas
defined by the UNESCO Thesaurus, based on the entities
found in the content of the resource and whose descriptions are
obtained from DBPedia.
In order to release this service, we follow testing the results.
In a second phase we will test the effectiveness of the system
against the cataloging made by experts.
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