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Abstract: Vocabularies are linguistic resources that make it possible to access knowledge through
words. They can constitute a mechanism to identify, describe, explore, and access all the digital
resources with informational content pertaining to a specific knowledge domain. In this regard,
they play a key role as systems for the representation and organization of knowledge in environments
in which content is created and used in a collaborative and free manner, as is the case of social
wikis and blogs on the Internet or educational content in e-learning environments. In e-learning
environments, electronic vocabularies (e-vocabularies) constitute a mechanism for conceptual
representation of digital educational resources. They enable human and software agents either
to locate and interpret resource content in large digital repositories, including the web, or to use
them (vocabularies) as an educational resource by itself to learn a discipline terminology. This review
article describes what e-vocabularies are, what they are like, how they are used, how they work,
and what they contribute to the retrieval of digital educational resources. The goal is to contribute to
a clearer view of the concepts which we regard as crucial to understand e-vocabularies and their use
in the field of e-learning to describe and retrieve digital educational resources.

Keywords: vocabularies; e-vocabularies; digital educational resources; digital resources retrieval;
information retrieval; e-learning; lexicography

1. Introduction

Vocabularies are linguistic resources that make it possible to access knowledge through words [1].
In this regard, they can constitute, in their digital format, a mechanism to identify, describe,
access, and explore all the digital resources with informational content (e.g., documents, websites,
and educational software) pertaining to a specific knowledge domain [2,3]. Thus, they play a key
role as systems for the representation and organization of knowledge in work environments in which
information is created and used in a collaborative or free manner, as is the case in digital teaching and
learning environments, e-learning environments, or the web [4].

E-learning environments are spaces created on the Internet which integrate digital educational
resources as a fundamental didactic component. E-learning environments currently constitute one
of the basic elements in educational institutions and in professional training and updating services.
By digital educational resources, also known as learning objects, we understand digital entities (files or
file groups) which have at least one defined learning objective. Some examples of digital educational
resources are video lessons, e-books, presentations, notes, exercises, and assessments. On the Internet,
digital educational resources are usually located in educational digital repositories (also known as
Learning Object Repositories). An educational digital repository is an online system to store, publish,
retrieve, and reuse educational resources [5]. Two good examples are MERLOT [6] and ARIADNE [7].
The main advantage of these repositories is that they facilitate to the maximum location and selection
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of the resources sought as well as their integration in e-learning environments, such as virtual courses
in virtual campuses. To facilitate the location and selection of resources, mechanisms for identification
and description are used—mainly metadata and e-vocabularies.

This review article focuses on one of the aforementioned mechanisms: e-vocabularies. The article
describes, using a semasiological approach, what vocabularies are, how they are used, how they work,
and what they contribute to retrieve digital educational resources. The final goal is to answer the
main question—what is the position and purpose of e-vocabularies in the description, organization,
and retrieval of digital educational resources used in e-learning environments?

To answer this question, a deductive-inductive method based on successive refinements has been
applied. Starting from a theoretical core and a data sample, a double analysis is conducted going
(1) from theory to the sample and (2) from the sample to the theory, comparing and trying to fit the
theoretical proposals with the sample items. The theoretical core comprises the works presented
in [8-10], and the sample comprises the relevant examples of open educational repositories [6,7,11,12],
picture [13-16], and vocabularies [17-26]).

When a fit is found, that is, when a theoretical proposal used in any of the sample items is
found or vice versa, the answer is refined by searching in the literature for information that makes it
possible to (a) go deeper into the theoretical proposal; and (b) verify that it has been applied to other
relevant examples.

Finally, the results are presented in the article following the same deductive-inductive format
as in the analysis: the theory and the actual examples that support it. The article is structured to
answer the main question incrementally, by steps: Section 2 provides a discussion of what a vocabulary
is; Section 3 discusses what a vocabulary is like; Section 4 focuses on how vocabularies work in
Information Retrieval; Section 5 specializes Section 4 to digital educative resources coming increasingly
close to the main question: how vocabularies are used to describe and retrieve digital educational
resources; Section 6 answers how to describe digital educational resources albeit refining in each
possible e-vocabulary type. Finally, Section 7—the summary and conclusions—answers the main
question and provides the view from the author about what the role of e-vocabularies in the description
and retrieval of digital educational resources is.

2. What Is a Vocabulary?

The term vocabulary is ambiguous, and its meaning depends on the discipline of which it is
part and the context in which it is applied. For example, in the general knowledge domain of
a language such as Spanish, “vocabulario” has seven meanings (Figure 1): “(1) the set of words in
a language; (2) a dictionary (book); (3) the set of words used in a region, a profession, a writer’s
semantic field, etc.”, or simply “(4) the book in which they are included; ... ” [27]. In more specialized
domains, vocabularies have a more precise meaning, form, and application. In such domains, a word
(or collection of words in several languages) designates a single concept which is called a term
and the set of terms is called a terminology [28,29]. Although vocabulary is not synonymous with
terminology, vocabulary will be used in this article to cover not only words in generic language also
but domain-specific words (e.g., the International Standardization Organization, ISO, uses the term
vocabulary to denote some of their terminology standards such as ISO 472:2013-Plastics—Vocabulary).
Additionally, if vocabularies are built and used in electronic format, they are referred as e-vocabularies.
Since the majority of vocabularies are now built in electronic format, throughout the rest of the article
“vocabularies” and “e-vocabularies” are used interchangeably.
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vocabulario

Del lat. mediev. vocabularium, y este der. del lat. vocabiilum 'palabra’.

1. m. Conjunto de palabras de un idioma.

2. m. diccionario (|| repertorio en forma de libro).

3. m. Conjunto de palabras de un idioma pertenecientes al uso de una region, a
una actividad determinada, a un campo semantico dado, etc. Vocabulario andaluz,
Juridico, técnico, de la caza, de la afectividad.

4. Libro en que se contiene un vocabulario (|l conjunto de palabras de una
regién o actividad).

5. Catalogo o lista de palabras, ordenadas con arreglo a un sistema, y con
definiciones o explicaciones sucintas.

6. Conjunto de palabras que usa o conoce alguien.

7. m. colog. Persona que dice o interpreta la mente o dicho de otro. Hablar por
vocabulario. No necesitar de vocabulario.

Real Academia Espariola © Todos los derechos reservados

v

Figure 1. Seven meanings of the word “vocabulary”, “vocabulario” in Spanish (source: [27]).

In the domain of Library and Information Science, a vocabulary is called term vocabulary and
it is defined as a set of terms of conventional syntactic procedures used to represent the contents of
a document in order to retrieve it [30,31]. They are also known as documentary languages and provide
a common, universal system for classification of bibliographic works and documents [31].

This concept is also shared by the vocabularies used for Information Retrieval (hereinafter, IR).
In this domain, vocabularies are used as components of the IR software systems to prevent linguistic
ambiguity and polysemy [8]. These are controlled vocabularies that are defined as lists of terms, explicitly
listed, unambiguous, and non-redundant which contribute a conceptual description and a pragmatic
and empirical dimension to the information domain.

In the field of Computational Linguistics, Natural Language Processing, and Linguistic
Technology, vocabularies are also called computational lexicons or lexical databases. They are conceived
as databases and lexical knowledge bases designed for automatic processing of natural languages [32].
In these vocabularies, lexical knowledge—at the phonetic and phonological, morphological, syntactic,
semantic, pragmatic, discourse, and world levels—becomes explicit and is organized with formal
data models that are suitable for automatic natural language processing [33-35]. A widely used
example of a computational lexicon is WordNet [17]. Vocabularies constitute a basic component in
the architecture of Natural Language Processing Systems: they are necessary for the development of
linguistic applications such as spelling and style correctors, retrieval of textual information, and the
indexing and description of documents and textual resources. Two sources of computational lexicon
distribution are, for example, the European agency ELRA [36] and the US consortium LDC [37].

Finally, in the field of e-learning, vocabularies are a mechanism for semantic representation
that allows human agents or software to locate, interpret, and retrieve educational content or to
process it for didactic purposes. Vocabularies are currently mainly applied to solve two questions:
(1) the representation and retrieval of digital educational resources; and (2) the interoperability
between e-learning tools and content [9,10,38]. In the former case, the main type of vocabularies
used are taxonomies and thesauri [10], that is, vocabularies of terms organized into categories
and/or interconnected by hypernymy-hyponymy and other semantic relations. In the latter case,
the type of vocabularies used are thesauri and ontologies that conceptually represent the dimensions
of an e-learning system: the agents, tools, domain of knowledge, methodologies, and teaching models,
etc. [39]. In the following sections, vocabulary types and examples of each of these types will be seen.
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3. What a Vocabulary Is Like

A vocabulary, in any of its interpretations, comprises at least a lexical unit which can be general
or specific to a domain [40]. The words or word groups that constitute it are presented in a standard
form (i.e., canonical form) if they are inflected words and can be organized into classes or categories.
The overall organization of the vocabulary is called its macrostructure. The description of each word
is given in what is known as an entry (Figures 1 and 2). The contents of entries, known as their
microstructure, depend on the purpose of the vocabulary [41] but can include, in addition to their
meanings, grammatical, usage, phonetic, and etymological information, and relations with other
vocabulary terms.

WordNet Search - 3.1

Word to search for: Search WordNet

Display Options: ‘ (Select option to change) V‘ Change
Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun

e S: (n) lesson (a unit of instruction) "he took driving lessons”

¢ S: (n) example, deterrent example, lesson, object lesson (punishment intended as a
warning to others) "they decided to make an example of him"

¢ S: (n) moral, lesson (the significance of a story or event) "the moral of the story is to
love thy neighbor"

* S: (n) lesson (a task assigned for individual study) "he did the lesson for today”

Figure 2. Lexical entry of the word “lesson” in WordNet.

Several types of vocabulary, on the one hand, can be distinguished concerning macrostructure
and microstructure [9]: (i) lists of terms; (ii) glossaries; (iii) classifications and taxonomies; (iv) thesauri;
(v) ontologies; (vi) dictionaries; and (vii) lexicons [10]. In Section 6, the way in which each of these
vocabulary types is configured will be shown in more detail, as well as some examples used in the
retrieval of digital educational resources.

On the other hand, based on the procedural criterion of the output of a lookup strategy using
vocabularies, two fundamental vocabulary types can be considered [40]:

e Semasiological vocabulary: the lookup key is the word (form) and the information required is
semantic. Usually different meanings of a word can be considered as well as interrelations (mainly
semantic) between words.

e  Onomasiological vocabulary: the lookup key is a concept and the information required is the
word form or, more precisely, the term that designates the concept (and, if necessary, different
terms correlated with it).

On that bases, this section and the rest of the article are mainly following a semasiological
approach, although without ignoring the onomasiological angle. In this respect, the term “term” will
be used to denote a word that is assigned to a concept used in special languages that occur “ ... in
a domain or subject, and characterized by the use of specific linguistic means of expression ... ” [42].

A vocabulary can also be conceived as an index that establishes a correspondence between the
orthographic form of a word and the information about that word [40]. However, it may not be
a one-to-one correspondence, as in those cases in which a word has different syntactic categories,
in homographs, and in polysemy, a single word form can have different entries. This would be mainly
the case of dictionaries and lexicons. In other cases, a biunivocal word-information correspondence is
necessary, as in controlled vocabularies for IR and retrieval of digital objects. Controlled vocabularies



Educ. Sci. 2017, 7, 33 50f 38

try to ensure a biunivocal correspondence by a control process that disambiguates homograph terms
using qualifiers to specify, in the case of synonymy, a single term as the preferred term, also known
as the descriptor (Figure 3), and, in the case of polysemous terms, by restricting meaning through
a domain note [9].

cranes (birds)
cranes (lifting equipment)

mercury (metal)
Mercury (planet)
Mercury (Roman deity)

seals (animals)
seals (law)
seals (numismatics)

socialization (economics)
socialization (social psychology)

Figure 3. Qualifiers, in parentheses, to distinguish homographs (source: [9]).

The meaning of a lexical entry is expressed in its definition. A definition is “a descriptive
representation of a concept which serves to differentiate it from related concepts” [29]. The definition
can take many forms, from a simple statement to references based on the establishment of semantic
relations between the lexical units (or terms in specific languages) in the vocabulary. This latter
approach—the definition of meaning based on semantic relations—is preferred in vocabularies aimed
at information retrieval (IR) (Figure 4).

school
Broader Terms

BT educational institution

More specific terms

NT3 alternative school

Figure 4. Definition based on semantic relations (source: European Education Thesaurus
http:/ /vocabularyserver.com/tee/en/index.php).

Classic lexical relations between word meanings are equivalence, opposition, inclusion, co-hyponymy,
and part-all [13]. The meaning equivalence relation is synonymy. Two or more words are synonymous
if they can be replaced in any context without changing meaning. This condition of equality in all the
meanings of a word explains why absolute synonyms are scarce and, for practical purposes, a less
strict definition is preferred, so that two or more words are synonymous with respect to a meaning
if they can be exchanged in that specific context. Figure 2 shows the synonym example, deterrent
example, lesson, and object lesson with respect to the second meaning of a lesson.
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The opposite relation to synonymy is antonymy (Figure 5). In the lexicographic tradition, antonyms
are defined as words with opposite meanings and, as such, as opposed to synonyms. However,
this definition of antonymy is too vague. In [43], the notion is refined, taking into account the fact that
antonymy entails similarity between the terms. Antonymous terms are always composed by common
semes, i.e., semantic features: thus, brother and sister share the semes /human being/ and /born from
the same parents/, and are opposed by the seme /pertaining to sex/. Consequently, the antonymy
relation can be defined as the relation that binds two words in the same grammatical category that
share part of their semes and that have an opposing counterpart. Antonymy is also composed of
different types of oppositions, mainly binary ones. Three types of antonyms are usually distinguished:
(1) Contradictory or complementary antonyms, which express an exclusive disjunction relation, that is,
the negation of either one of the words implies the affirmation of the other one and the two terms
cannot be simultaneously denied, e.g., man/woman, present/past. (2) Contrary or gradable antonym:s,
which define the poles in an implicit gradation scale and allow the existence of intermediate degrees.
Big/small, heat/cold, love/hatred. (3) Reciprocal antonyms are those that force the replacement of
one by the other in a given statement to preserve the relation, e.g., doctor/patient, parent/child.

Antonyms
ignore neglect overlook
lose pass teach
miss release
misunderstand spend

Roget's 21st Century Thesaurus, Third Edition Copyright © 2013 by the Philip Lief Group.
Cite This Source

Figure 5. Antonyms of the word “learn” (Source: Thesaurus.com website http://www.thesaurus.com/
browse/learn/).

The main inclusion relation is generalization or hypernymy, and its inverse relation is specialization
or hyponymy. An example of hypernymy-hyponymy relations is shown in Figure 4. The hypernym
appears marked as the Broader Term (BT), and the hyponyms are marked as Narrow Terms (NTs).
Hypernymy-hyponymy relations are asymmetric and transitive so they “arrange” words into simple
or multiple hierarchies from more general to more specific meanings. Structures are usually lattices,
but the term hierarchy is used to emphasize the conceptual dependence of hyponyms on hypernyms.

Co-hyponymy within the same hierarchy is established between the words related to the same
hyperonymy, e.g., in Figure 4, “alternative school” and “boarding school” are co-hyponyms of “school”.
Co-hyponyms are distinguished by one or more delimiting characteristics. A delimiting characteristic
is a “necessary characteristic that distinguishes a concept from related concepts” [29]. Unlike in
antonymy based on a binary opposition, the negation of one of the co-hyponyms does not necessarily
imply the affirmation of the other co-hyponym, but the choice remains open: if x is not an “alternative
school”, it can be a “boarding school” or a “dancing school”. Co-hyponyms are mutually exclusive:
a “school” is an “alternative school” or a “boarding school” or a “dancing school”, etc. Moreover,
co-hyponyms can have synonymy or antonymy relations between each other. For example, “college”
and “university” can be regarded as co-hyponyms of “school” and can pass for synonyms; contrariwise,
“virtual learning” and “face-to-face learning”, co-hyponyms of “learning”, are antonymous [43].

The part-all or holonymy/meronymy relation is also a hierarchical, antisymmetric, and transitive
relation in which one of the terms denotes a part and the other the whole pertaining to that part
(Figure 6). The difference with respect to the hyponymy-hypernymy relation is that it is a relation of
belonging rather than inclusion, so meronyms do not inherit the homonyms’ attributes. Meronymic
dependence relations are varied and complex: member/set (teacher/faculty), component/assembly
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(leg/chair), portion/mass (slice/cake), material/object (steel /bicycle) [43]. In the WordNet vocabulary,
three types of holonymic relations are used: member, substance, and part [14].

¢ S: (n) school, schoolhouse (a building where young people receive education) “the
school was built in 1932"; "he walked to school every morning"
o direct hyponym [ full hyponym
o part meronym
e S: (n) classroom, schoolroom (a room in a school where lessons take
place)
o direct hypernym / inherited hypernym / sister term
o part holonym
e S: (n) school system (establishment including the plant and equipment
for providing education from kindergarten through high school)

Figure 6. Meronyms and holonyms with respect to the second meaning of “school” (source:
WordNet [17]).

In addition to “classic” lexical relations, vocabularies can include many other semantic associative
relations, such as family (fire/fireman), agent (student/learning agent), instrument (exercise/practice
instrument), or location (school/student location).

As will be seen in the following sections, semantic relations, particularly those of synonymy
and hyponymy-hypernymy, are basic for building vocabularies for the classification and indexing of
information and of digital educational resources.

4. How Vocabularies Work in Information Retrieval

Information retrieval (IR) is a field of Artificial Intelligence whose object is the search for
information in documents, document search, the search for metadata that describe documents, and the
search for data in databases, be it via the Internet, an intranet, for texts, images, sound, or other data,
in a pertinent and relevant manner [15]. Retrieval of digital educational resources is thus a particular
case of IR. In this section, the basic IR mechanisms that are also shared by retrieval of digital educational
resources are reviewed.

In the context of IR, vocabularies are information organization systems whose purpose is to increase
the effectiveness of the processes of indexing, search, or navigation of collections of digital resources
with informational content (hereinafter, simply resources). They constitute a “bridge” between
information representation at a high level of abstraction and representation at the level of computer
information system, as well as between the natural language in which people make a search query and
the formal query languages used by machines [8,10,16]. The idea is to use the terms to represent the
contents of resources and relations between the terms in the vocabularies to improve the exhaustiveness
and precision of the indexing results and the search for resources, as well as the usability of the
user interface.

In this regard, exhaustiveness in search processes improves if the terms employed by the user in
their request (i.e., “dog”) are expanded by using all the possible terms related either orthographically
(i.e., “dog”, “doggie”), in what is known as the form control, or else by their meaning, through synonym
control (e.g., “pooch”, “canine”, “cur”), quasi-synonyms, hyponyms/hypernyms (e.g., “quadruped”,
holonyms/meronyms (e.g., “pack”) and other associated terms. Regarding the improvement in
precision, vocabularies make it possible to combine terms to fine-tune the user’s query, what is
known as coordination. They make it possible to distinguish between homographs, use definitions to
disambiguate, restrict, or clarify the meanings of the query, and the frequency of use of the terms to
statistically differentiate the most likely terms on the basis of use, context, or even user profile. Finally,
as regards interface usability, vocabularies offer users an alternative system for access to resources as
a terminological-conceptual map of the resource collections (Figure 7).
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- ACCESOODA's :
ACCESO ODA’s : > CLASIFICADO

- CLASIFICADO
+ COLECCIONES ARQUEOLOGICAS

1-10 de 56 resultados 10 ¥ /2/3/4/5/6
Tipo Registro

- ARTEFACTOS ) ID 42 - Acceso Piblico
Descripcién :  Documentos: presentacion "Deep Learning" y "Navegando por
pBicromo(4)
»>Monocromo(13)
»Policromo(13)
>Tricromo(7) ID 53 - Acceso Piblico

Descripcién :  DIENTE DE BALLENA (posiblemente Physeter Macrocephalus)

© Carafe Monocromo(1)
© Decoracion en

forma...(1)

°Eﬁgie Antropomorfa ID 54 - Acceso Piblico

(1) Descripcién :  TALLA EN PIEDRA
o Efigie Zoomorfa(1)

Figure 7. Vocabulary for navigation in the archeological digital repository Coclé in Panama (source:
http:/ /oda-fec.org/cocle/).

The functioning of vocabularies in the indexing, search, and navigation of resources are discussed
in more detail in the next two subsections.

4.1. Vocabulary in Resource Indexing

The first process for IR is resource indexing. In indexing, resources are represented by means of
terms and the indices that link terms and resources are created (Figure 8). A small, limited set of terms
that represent the contents of the resource is selected and associated with this resource. The terms
may come from a pre-existing controlled vocabulary, and it is then termed assignment indexing by
assignation; otherwise, it can be extracted from within the resources themselves, what is known as
extraction indexing [8]. The index generated could be used, if so wished, as a terminological map for
users to explore and retrieve the collection resources (Figure 7).

Indexing is basically carried out in three stages: (1) analysis of the domain (collection of resources),
which entails the extraction of the key terms in each of the resources; (2) the selection of the most
representative terms of a controlled vocabulary to describe the resources; and (3) the creation of data
structures (called indices) to store the associations between resources and terms (Figure 8).

Englistea T i 3 Recurso 1
lexicon 2 ék‘_
- S—
;
l analizador "F,r""f— _‘_‘\-“
R
Vocabulary
(controlled) Index Resources

Figure 8. Indexing of digital resources with vocabularies.

The indexing process can be manual, automatic, or semiautomatic [2]. In the first case, an expert
(or expert committee) analyzes the contents, context, and structure of each resource and assigns to
it the set of terms from a controlled vocabulary that best describes it (categorization by assignment).
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Another option in this first case is the extraction of the terms that are most representative of the
resource or its metadata (categorization by extraction). Manual indexing has the advantage of having
a high degree of precision in the description of resources, particularly in non-textual resources such
as images or software applications. However, it is quite costly and in some cases lacks consistency
in descriptions due to differences in criteria among indexers. The data provided in [44] can serve as
“ ... Yahoo uses 200 employees to index web pages in accordance with its 500,000-term
taxonomy; MEDLINE (the national medical library) [18] spends $2 million per year on the indexing of
articles with the MeSH thesaurus ... ” [19].

Automatic indexing, in the second case, uses algorithms that statistically analyze the words in the
contents or metadata of the resources [45]. Metadata are a set of properties and values that describe
a resource (Figure 9). In indexing by automatic extraction, patterns of word behavior are identified
on the basis of such variables as frequency of use, placement, order, and proximity. In this way,
the words and relations that best represent the contents of the resource are identified [46]. In automatic
indexing by assignment, the words extracted are compared to the terms of a controlled vocabulary to
select those that are most similar as descriptors of the resource. The result are clusters of resources
that show similar content patterns, tagged by means of the sequence of terms extracted from the
controlled vocabularies or within the resources themselves , which best represent their contents [8,47].
As a sample of automatic indexing systems (see [48-50]) and American Society for Indexing list of
software [51]. Automatic indexing is faster, less costly, and more consistent than manual indexing,

a sample:

but the level of accuracy of descriptions is lower and usually requires a certain degree of human
involvement to correct the results obtained.

<html>9
<head><title>Introduction-to - Prolog programming</title>%

<meta '‘name="DC.Type" ‘content="text">1

<meta 1
d name="DC. Subject" -1
- scheme="UCD" -0

content="Language .Linguistics.Literature/Linguistics -and -

Language/Languages/Artificial -Languages”>{

<meta 'name="DC.Descripticn” content="This ‘document -is -an-introduction-

to-the -Prolog - logical ‘programming -language. "It -is a "teaching-
element 'for *the ‘Computational ‘Linguistics 'course *in“the -
Linguistics *degree "at "the ‘UCM 'School -of ‘Fhilology">9

<meta 'name="DC.Creatcor" -content="Ana -Fernandez-Pampilldon">9

(meta'name="DC.Title"'ccntent=”'Introduction'to'Prolog'programming">q

<meta '‘name="DC.Identifier" -scheme="URI" *

content="https://campusvirtual.ucm.es/linguistica-informati

ca/intro.html">9

Figure 9. Use of the UDC in the Dublin Core metadata. The subject attribute (DC.Subject) takes as its
values a set of related vocabulary terms (hypernymy).

In the third case, semiautomatic or hybrid indexing systems combine human involvement to identify
the potential meanings of the resources and the efficiency of automatic indexing [47]. They are able to
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learn with experience, which makes them increasingly efficient. One example is the Verity documentary
indexing systems used by Oracle [52].

To create indexing vocabularies, three points should be taken into account: firstly, in the design stage,
it should be verified whether there are standard reference vocabularies for the domain of knowledge
of the collection of resources that can be used totally or partially before creating a new one ad hoc.
The reason for this is twofold: not only does it reduce costs, but also facilitates interoperability between
repositories and IR systems, for example, to transfer the vocabulary to potential new versions of the
repository or to other information systems. If there are no such vocabularies and one must be created
from scratch, the standard guidelines for the creation of vocabularies should be followed, to guarantee
the interoperability of the vocabulary in every case [9,10,53-56].

Secondly, it should be taken into account whether the vocabulary will be used in combination with
metadata to describe the resources. This is a frequent option, which is described in Section 5. Basically,
it consists in using the terms of one or several vocabularies to assign values to the properties of the
resource metadata. Figure 9 shows use of the Universal Decimal Classification (UDC) to describe
a resource in html format. The metadata model is Dublin Core [57], which is probably the one most
frequently used on the Internet.

Thirdly and finally, when creating new vocabularies, it should be borne in mind whether they
will be also used in the IR system search, navigation, and personalization systems. This option has
the advantages that not only are the costs of creation capitalized, but also the maintenance of the
conceptual and designatory consistency of the collection resources is facilitated, which helps users
to have a mental image of what the collection of resources is like, and thus locate more easily the
resources sought.

4.2. Search and Navigation Vocabulary

To understand the role of vocabularies in search and navigation, the following types of IR and online
resource retrieval systems should be distinguished: browsing, searching, and filtering systems [47].

1. Browsing systems offer users an organized term structure, which is the vocabulary, which includes
the information resources and a mechanism that allows users to browse the vocabulary to
locate the resources sought. The way in which the vocabulary is presented ranges from simple
navigation in an alphabetical list restricted to the vocabulary terms (Figure 10) to hybrid systems
that make it possible to select terms while browsing through the vocabulary to combine them in
an expression that describes what is being sought [58].

2. Search systems offer users the possibility of defining the resource(s) sought by entering the terms
that describe said resource in a text box (Figure 11). These systems are suitable if users are able
to express in sufficient detail what they are looking for, that is, they know beforehand which
information or resources they seek (and consequently do not need to “browse” as in the previous
case). The vocabulary in this kind of system basically serves as a terminological reference system
for users to use the same terms employed by the IR system to index the information or resources.
In this way, better search results are guaranteed (recall and accuracy). In browsing and retrieval
systems, users interact in real time with the IR search module.

3. Filtering systems allow users to define their content preferences in their profile. These preferences
(e.g., Spanish Literature) are used by the IR system to filter the resources and offer users only
those resources in which they are interested. In this kind of system, the vocabulary allows users
to select the terms that define their preferences, which are the same terms used by the IR system
to index the resources. One example of use of this system is the “My MERLOT” option in the
MERLOT educational repository (Figure 12).
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Figure 10. Presentation of the Thesaurus for Graphical Material (http:/ /www.loc.gov/rr/print/tgm1/
toc.html) for browsing through the images in “US Steel Gary Works Photograph Collection, 1906-1971"
(http:/ /www.dlib.indiana.edu/collections /steel /index.html).
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Figure 11. Vocabulary (ETB thesaurus) of the Spanish AGREGA educational repository (http:/ /agrega2.
red.es/buscador2/BuscarAvanzadoCU/MostrarFormularioAvanzadoAnalizaPulsacion.do).
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MERLOT is a curated collection of free and open online teaching, learning, and faculty development services
contributed and used by an international education community.

MERLOT will be down
Oct 8,10p - 6a PST

CREATE MATERIALS NEWS &

M WITH CONTENT
BUILDER INFORMATION

Figure 12. “My MERLOT” in the MERLOT repository allows personalized filtering of content (www.
merlot.org/merlot/index.htm).

To conclude, vocabularies for resource searches play two basic roles in IR: (i) serving as the language
of reference to make queries and index the resources; and (ii) guiding users, or the system, in the search
by offering them all the potential options for information and resource retrieval through a map of
related terms.

In this respect, the key issue solved by vocabularies is that of making the users” query language
correspond to the indexing language in the IR system. Thus, two operations are carried out in the search
process: analysis of the user’s query, and its translation into the resource indexing language. If users
make their query the same language that is employed for indexing, the search process is simplified
and results are optimized, as the analysis of the query only involves checking that the terms used by
the user belong to the IR system vocabulary, and the translation is limited to an adjustment between
the terms of the query and the terms of resource indexing.

Despite the effectiveness of this solution, there are, however, two drawbacks that restrict it:
users are obligated to express what they are searching for using a limited vocabulary that is not
always capable of expressing what they really need [8], and users also need to be familiar with that
vocabulary. Two approaches have been put forward to solve these drawbacks: (i) expressing the query
in natural language that is as close as possible to users, and analyzing the query using natural language
processing techniques to translate it into the IR system indexing language. The second approach (ii)
consists in dynamically adapting the vocabulary, automatically or manually, so that it approaches the
user’s vocabulary. This approach entails applying an update methodology that includes the criteria to
accept new terms and relations without losing the vocabulary’s consistency [2].

Finally, to understand the role of vocabularies in IR, it is also necessary to know when and why
vocabularies fail as “intermediaries” between users and IR systems. The two main sources of failures
that can be attributed to vocabularies are the specificity of the vocabulary and spurious relations [8].

Specificity is probably the factor that has the greatest impact on search effectiveness. When a
vocabulary is very specific, it makes it possible to describe a resource by means of many terms or small
categories; this means greater indexing accuracy but also complicates resource location, as users must
have in-depth knowledge of the vocabulary to express the query with sufficient accuracy. By contrast,
if the vocabulary is general, users are more likely to find the resource(s) sought, using concepts with
a broad meaning, but the results obtain will be irrelevant in a high percentage (Figure 13). The goal is
thus to achieve a compromise between generality and specificity in such a way that the vocabulary
terms are sufficiently specific to make it possible to retrieve the information or resources in a sufficiently
fast and accurate manner (with the minimum number of undesired results), but the vocabulary should
also contain sufficiently general terms to respond to the queries of users that are not experts in the
domain of knowledge—e.g., learning students—or in the IR system vocabulary.
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Figure 13. Ratio between the specificity of a vocabulary and the accuracy and exhaustiveness of the
IR [8].

The second source of failure in IR vocabularies is uncontrolled synonymy relations and ambiguous
relations between terms. Synonymy control is necessary to make the IR system indexing language
coincide with the user’s query language. For example, if a user searches for information about “car”
engines, they should also receive information that is indexed as “automobile” engines. The ambiguity
of relations appears in systems that index resources by using multiple terms but do not coordinate,
that is, do not take syntax into account. They give rise to such failures as false term coordination or
incorrect relations. False coordination takes place, for example, when a document on “engines for clean
nuclear fusion” is ambiguously indexed under the terms “engine”, “fusion”, “nuclear”, and “cleaning’
when it should be indexed under the coordination “nuclear fusion engine”. If the query searches for
documents about “engine cleaning”, the false coordination between “engine” and “cleaning” in the
indexed document will include it as an erroneous search result.

To summarize, vocabularies play the role of the language of reference in IR systems to ensure
effective communication between users and the system. However, this role is not free of problems
which should be taken into account to make it effective. The first problem is that the vocabulary used
by the IR system and the vocabulary used by users to make queries are often not the same. The second
problem arises if coordination (combination of terms) is not properly performed when retrieving
information or resources. Consequently, a vocabulary will be effective in an IR system if it is close to

the users’ vocabulary and if coordination of the indexing and query terms is properly performed.

7

5. How Vocabularies Are Used to Describe and Retrieve Digital Educational Resources

Retrieval of digitalized resources from the Internet and from large repositories is a specific case of IR,
so use of vocabularies is basically the same but with distinct characteristics which should be taken into
account to improve its effectiveness in the specific context of educational resources.

As an IR system, vocabularies for the retrieval of digital educational resources are used as
a reference system fo describe and retrieve those resources. The resource repository or storage system
uses these descriptions to index and then find them. Three approaches can be taken to describe and
retrieve digital resources: metadata, vocabularies, or metadata with vocabularies. Metadata are a set
of properties and values that describe a resource from multiple points of view—content, authorship,
format, intellectual property, purpose, etc. (Figure 14).
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Metadata — Dublin Core Example

* Title="APDIP e-Note 5 — Building Online Communities of Practice:
The International Open Source Network Model”

Creator="Apikul, Christine”
Subject="Community of Practice
Subject="Open Source”

Descrlptlon=“Discussesthe approaches, tools and technologies used by the
International Open Source Network to build a participatory, sustainable and ever-
expanding community of practice around issues related to free/open source software,
open content and open standards.”

Publisher="United Nations Development Programme”
Date="2005"

Type="“Text”

Format="application/pdf”
Identifier="http://www.unapcict.crg/ecohub/resources/apdip-e-note-
5-2013-building-online-communities-of”

o Language="en”

Figure 14. Example of Dublin Core metadata (source: Christine Apicul http:/ /slideplayer.com/slide/
1515416/).

In the first approach, resources are described and indexed using a common metadata
scheme. The metadata schemes used are generally standard to facilitate interoperability between
repositories [59]. Interoperability is the ability to take resources from a repository or e-learning space
and use them in another location with another set of tools or platforms. The standard schemes most
frequently used for the description of educational resources are Dublin Core [60] (Figure 14) and
Learning Object Metadata (LOM) [61] (Figure 15).
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Figure 15. Scheme of the IEEE Learning Object Metadata (LOM) metadata standard (source: IMS
Global Learning Consortium https://www.imsglobal.org/metadata/mdv1p3/imsmd_bestv1p3.html).
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Retrieval of the educational resources in a repository is carried out on the basis of the properties
and values of its metadata. To do so, search forms (Figure 16) or navigation menus (Figure 17) are
used which show the properties (also known as attributes) of the metadata for users to select the
values sought.

HM ERLOT II Multimedia Educational Resource
for Learning and Online Teaching
[Home | search| Communities| My MERLOT | Membership | Add to Collection | Create Materials | News & Info| About MERLOT

;, Find material by attributes:

Keywords:| | @ anywords () allwords (
Title: | |
URL: | |
Description: | |
Discipline: T
g ‘ Select a discipline... v ‘
Language: |Any v
CEFR/ACTFL: | Any ~|
Material type: |Any - ‘
Technical format: |Any V|
Audience: [] Grade School [ college Lower Division
] Middle School OJ College Upper Division
Ol High School [J Graduate School
Ol College General Ed [ Professional

Figure 16. Resource search form based on the LOM properties of the MERLOT educational repository
(source: https:/ /www.merlot.org/merlot/advSearchMaterials.htm).
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Author: University of |
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[ case Study (1.115)
[ PPN

Figure 17. Navigation menu and metadata search in the MERLOT international repository.
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Metadata-based retrieval is very effective but not flexible. Indexers and users must follow the
repository’s metadata scheme or storage system, which can be a problem for two reasons: (i) in highly
specialized disciplines (e.g., pre-Columbian archeology in Figure 7), the properties and values of
metadata schemes are too general and cannot describe the resources; and (ii) the values used for
properties (e.g., the subject property in the Dublin Core scheme) may be not fixed, so users can employ
values that are not those used in indexing. This has a negative impact on the effectiveness of retrieval.

The second option is based on use of indexing languages [62]. As described in the previous section,
an indexing language is a vocabulary, and in some cases a set of syntactic rules that standardize
the combination of terms in resource indexing. Two types of indexing languages can be established:
(a) those that use terms from controlled vocabularies; and (b) those that use the symbols of bibliographic
classifications and formal knowledge representation systems, such as ontologies [63]. In both cases,
indexing languages provide a shared vocabulary to express the indexing and search terms and to
create navigation menus.

The limitation of indexing languages as opposed to metadata is that they only make it possible to
describe one property or aspect of the resource collection, usually the topic, and no other properties or
attributes are used that could help refine the search, such as key words, language, type of material,
technical format, etc. (Figure 16). Moreover, they pose the problems, mentioned in the previous section,
of differences between the indexing terminology and the user’s terminology, and a lack of accuracy in
coordination, which have an impact on effectiveness of retrieval.

A third option is joint use of metadata and indexing languages. The idea is to describe educational
resources using metadata schemes in which certain properties take as their values the terms of
one or several vocabularies set or recommended in the metadata scheme. If the metadata and
vocabularies are standard, they also solve the problem of the interoperability and compatibility
between repositories and e-learning platforms, allowing the exchange, shared use, and integration of
resource collections. In this regard, it is worth pointing out the role currently played by vocabularies
as “mediators” (software modules that employ the encoded knowledge to create information at higher
level than the applications that they integrate and connect) in the sharing and exchange of resources
between people and computer systems (e.g., repositories and e-learning platforms) [64]. MERLOT [6],
EUROPEANA [11], and ARIADNE [7] are examples of repositories that use standard metadata and
controlled vocabularies.

The vocabularies used with standard metadata meet a number of requirements: authority
(i.e., they are evaluated by a committee or recognized authority), stability (i.e., they do not disappear
or change frequently), maintenance (i.e., there is someone responsible for their being operative on
a permanent basis), dissemination, coverage, multilingualism, adaptation to users’ needs, degree
of compliance with standards, and specifications such as those of [10] and [61]. In this respect, it is
important to point out that no ad hoc vocabularies are allowed, nor is using folksonomies, which
are categorization systems that describe a resource domain by means of tags created collaboratively:
for example, the categorizations of del.icio.us websites, which categorize favourite links and pictures
on Flickr. The vocabularies recommended for metadata include the DDC [20] and LCSH [58]
general classification systems, the vocabularies of specific scientific area such as the Medical Subjects
Heading [19], the NASA Thesaurus [22], the ACM taxonomy [23], or general vocabularies such as
Cyc [24], WordNet [17], the UNESCO thesaurus [25], and the ARIADNE thesaurus [65] (Figure 18).
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Figure 18. Presentation of the ARIADNE thesaurus for the Knowledge Pool repository. The terms are
structured by means of the generalization-specialization relation. The numbers indicate the number of
resources indexed by each term.

These recommendations are meant to ensure the interoperability and reusability of the metadata
schemes and vocabularies. However, as for IR vocabularies and standard metadata, the vocabularies
recommended for metadata have two drawbacks: (i) they require an effort on the part of the authors,
the indexers, and the users of educational resources repositories to learn the vocabulary; and (ii) it is not
guaranteed that the vocabulary will be able to accurately describe all the educational resources [66-68],
particularly in highly specialized academic contexts [69]. These drawbacks can be solved, as described
in the previous section, by adapting the standard vocabulary to the knowledge domain of the
educational resources, but this has a significant cost, as it requires (i) being fully familiar with the
vocabulary (its terms, expansion rules, and technology); (ii) knowledge of the specialized vocabulary,
and (iii) having sufficient technical resources and staff to make the adaptation. This cost frequently
accounts for the fact that new vocabularies are created, which specifically target the knowledge domain
of the collection of educational resources and the educational community that uses them [10,66,69].

Finally, it is important to highlight three characteristics of use of vocabularies to retrieve digital
educational resources. The first one is that, despite the recommended standards, the vocabularies used
are frequently non-standard and highly specialized in the knowledge domain of the resources described,
targeting the educational communities that use them. This, however, is not the case with other contexts
for retrieval of digital resources, such as digital libraries [10,67,69]. One of the reasons that may account
for this non-standard use is, as was previously stated, that the authors, indexers, and users of the
educational resources cannot spend the time and effort required to learn the recommended standard
vocabularies, or do not wish to spend it because they are not certain that they adequately represent
their educational resources.

Secondly, retrieval vocabularies are frequently used as a conceptual representation system for the
knowledge domain to which the collections of educational resources belong. These representations
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or conceptual maps are useful not only to find what is sought but also to support and reinforce the
learning of the domain terms and concepts [70,71].

Thirdly, it is important to point out that the vocabularies for the retrieval of digital educational
resources are often created in an inductive and collaborative manner by the groups of teachers and
students that use them, by means of virtual learning environments [72,73].

To summarize, vocabularies are used in the retrieval of educational resources as in IR,
but embedded in the standard educational metadata that document resources. The vocabularies
pertaining to the contents of the resources or their teaching use are often created as needed
and collaboratively by the educational community that uses them. They are non-standard,
highly specialized vocabularies, adapted to the educational community that creates them. Thus,
the vocabulary, in addition to a communication language with the repository retrieval system, is in
itself an educational resource that helps students to create a conceptual map of the knowledge domain
and learn its terminology. Despite the specific nature of these vocabularies, their joint use with standard
metadata provides sufficient interoperability to ensure that the educational resources will be enduring
from the technological point of view.

In the following section, the last aspect of vocabularies is described, namely their type. There are
five types of vocabularies: lists, classifications and taxonomies, thesauri, ontologies, and dictionaries
and glossaries. Each type plays a specific role in the retrieval of digital educational resources.

6. Types of Vocabularies for Retrieval of Digital Educational Resources

The types of vocabularies distinguished in this section are based on the ANSI/NISO Z39.19 [9]
standard for the creation of monolingual vocabularies and on the recommendations for use of
vocabularies for the description of “learning objects” made by the European Commission for
Standards [10]. There are five types:

1)  Simple vocabularies or lists of values;
2) Classifications and taxonomies;

3) Thesauri;

4)  Ontologies;

5)  Dictionaries and glossaries.

The selection of a specific type for retrieval of educational resources depends on (i) the specific
role to be played; (ii) the users targeted; (iii) compatibility with the information system where it is
integrated; (iv) the resources (financial, personal, and time) for their creation and maintenance; (v) the
coverage; (vi) the size; (vii) the nature of the educational resources; and (viii) the type of queries,
searches, and user profiles [2]. The types of vocabulary and their use experience complete the review
made in this paper of the role of vocabularies in the retrieval of digital educational resources.

6.1. Simple Vocabulary or List of Values

The simplest form of vocabulary is a list of terms (Figure 19). They can be accompanied by unique
alphanumerical identifier and some other types of very simple associated information, but they do not
contain definitions or semantic relations with other terms. Their structure is flat: completely linear and
in alphabetical order when viewed.

Simple vocabularies are suitable for providing values for certain properties (also known as
attributes) of the digital resource metadata. For example, Figure 20 shows an excerpt of the metadata of
an educational resource in the former ARIADNE European repository [7]. The properties Educational,
Media (MIME), Type, and Operating System (OS) take their values from simple vocabularies. Figure 21
shows use of the ISO 3166 vocabulary [74] in Figure 19 to describe the property “language” in
an XML document.
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English short name
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla

Antarctica

~ French short name
Afghanistan (I')
Aland(les Tles)
Albanie (I')
Algérie (I')
Samoa américaines (les)
Andorre (I')
Angola (I')
Anguilla

Antarctique (I')

Alpha-2 code

AF
AX
AL
DZ
AS
AD
AO
Al

AQ

Alpha-3 code
AFG

ALA

ALB

DZA

ASM

AND

AGO

AlA

ATA

19 of 38

Numeric
004

248

008

012

016

020

024

660

010

Figure 19. A standard Vocabulary: ISO 3166 Codes for the representation of names of countries and

their subdivisions—Part 1: Country codes (source: https:/ /www.iso.org/obp/ui/#search).
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Figure 20. Metadata of an educational resource in the former ARIADNE European repository.

<string langnage="de"> Allgemein/Verschiedenes</string>
=string language="en">GeneraliSundty</string>
<string language="¢:">Generalidades/Vatios</string>

<string language="it">Generalit&agrave,Varie</string>
<string language="nl">AlgemeenThiversen</string>
=string language="ro">GeneralitatiDiverse </string=

<string language="ft">G&eacute;néeacute ralité eacutes/Divers</string >

Figure 21. Use of the ISO 3166 standard vocabulary to give values to the property “language” of the

XML element <string>.

6.2. Classifications and Taxonomies

A classification is a vocabulary comprising categories. Categories are usually presented in
alphabetical order (Figure 22) or hierarchically if they are linked by hypernymy-hyponymy or
generalization—-specialization relations. For example, Figure 23 shows the “Language. Linguistics.
Literature” category, the “Linguistics and language” subcategory, and the subcategories within this

subcategory in the Decimal Universal Classification.
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Figure 22. Alphabetical classification of papers, specifying the frequency of the number of links to each
term by means of their greater or smaller size (Source: http://cent.uji.es/octeto/taxonomy/).

8 Language. Linguistics. Literature

81 Linguistics and language

g1'1/4... Facets of linguistics

g1'1 General linguistics

g1'2.. semiotics. Psycholinguistics. Sociolinguistics. Usage.
Dialectology

g81'5... Mathernatical and applied linguistics. Phonetics. Graphemics.
Grammar. semantics

g1 Text linguistics. Discourse analysis. Typological linguistics

811 Languages

811.1/.8  Individual (natural) languages
Parallel with Tahle 1c - Langquages

811.9  Artificial languages

Figure 23. Root category number 8 “Language, Linguistic, Literature” in the Decimal Universal
Classification with some of the terms included (Source: http:/ /www.udcc.org).

A taxonomy is a classification for a speciality, discipline, or specific thematic area [10]. It constitute
specialized representation of a specific knowledge domain. The structure of a taxonomy is hierarchy.
Categories or general descriptors are located at the top level. The successive hierarchy levels refine
the top-level categories or descriptors (Figure 24). Descriptors can also have an alphanumerical ID.
They are frequently integrated in more general vocabularies. For example, the Cyc ontology includes
the Mesh medical taxonomy and the Open Directory topic taxonomy [75].

This difference between classification and taxonomy is very subtle and in practice both terms are
frequently used as synonyms. For example, Figure 24 shows the ACM taxonomy for the Computer
Science domain, and yet it is called as “classification system”.

In any case, use of classifications and taxonomies to conceptually describe digital educational
resources consists in associating each resource with the suitable category or categories. The semantic
description of the resource is a set of terms, called taxonomic paths, from the terminal categories,
called “leaf”, which include them, to the top or “root” categories in the classification or taxonomy
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(Figure 25). The indexing tools and the tools for search by concept and topic in the educational resource
repositories are based, for the most part, in categories and taxonomies (Figure 26).

R DIGITAL

ACM LIBRARY

SIGNIN  SIGN U

|'a CH

The ACM Computing Classification System (CCS)

Switch to Flat View Generate CCS Codes

Formal languages and automata theory

Computational complexity and cryptography

General and Hardware Computer systems Networks
reference organization
Software and its Theory of | | Mathematics of | | Information svstems
engineering computation * Models of computation

Terms of Usage

Privacy Policy

The ACM Digital Library is published by the Association for Computing Machinery. Copyright @ 2016 ACM, Inc.

Code of Ethics Contact Us

* Logic
Security and privacy Human-centered « Design and analysis of algorithms ting
computing * Randomness, geometry and discrete structures
+ Theory and algorithms for application domains
* Semantics and reasoning
Sodial and What is the CCS?
professional topics
= Contact Us

Figure 24. Categories in the Association for Computing Machinery (ACM) Classification System and
terms in the “Theory of computation” category (Source: http://dl.acm.org/ccs/ccs.cfm).

[
2

Submitter: Jeff Bell

Description:

Browse in Categories:
- Science and TechnologywBiologwhalecular Biology

DNA from the Beginning

Material Type: Simulation
Technical Format: Cther
Cost involved: no

Location: oo to material or mirrar site

Date Added: abril 11, 2000

Author: Unknown Know the author?

- Science and TechnalogyBiologyGenetics

- Social Sciences/PeychologwBiological

Date Modified: febrero 01, 2007

DM fram the Beginning is an animated tutarial on DMA, genes and heredity. The science behind
each concept is explained using animations, an image gallery, video interviews, problems,
biographies, and links. There are three sections, Classical Genetics, Molecules of Genetics and
Organization of Genetic Material. Key features are the clear explanations of classical experiments and
the excaellent photographs of researchers and their lahs,

Figure 25. Classification of a resource with several taxonomic paths specified in the field: Browse in

Categories (Source: [6]).
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W MERLOT

Multimedia Educational Resource
for Learning and Online Teaching

Home Communities Learning Materials Memi

Arts - Materials | Memhbers

Art Histary - Materials | Members

Cinema - Materials | Members

Dance - Materials | Members

Fine Ars - Materials | Memhbers

General - Materials | Members

Music - Materials | Members

Aural Skill and Ear Training - Materials | Memhbers

Caompasition - Materials | Members

Music Appreciation - Materials | Memhbers

Music Education - Materials | Members

Music History - Materials | Members

Music Technology - Materials | Members

Figure 26. Categories in the MERLOT educational resource repository (Source: MERLOT [6]).

6.3. Thesauri

A thesaurus is a limited vocabulary, usually of specialized terms, including their semantic
correspondence, selected to represent the notions that appear in a given context for use in computing
and in the establishment of indices [76]. The concept of thesaurus has been adapted to new Information
and Communications Technologies uses. Thus, later definitions are oriented towards IR: Aitchison
defines a thesaurus as “the vocabulary of a controlled indexing language, formally organized so as to
make relations between concepts explicit beforehand” [2], and the ANSI/NISO Z39.19 standard as
“a controlled vocabulary that is organized and structured in a known form, where relations between
equivalent terms, homographs, hierarchical and associative relations are clearly viewed by means of
standard and reciprocal markers” [9].

The difference between a thesaurus and other types of vocabularies lies in the fact that its
priority is formally representing semantic relations between concepts using natural language terms.
Simple vocabularies do not contain semantic relations: classifications and taxonomies implicitly
represent the generalization/specialization relation only. Dictionaries and glossaries, as will later
be seen, contain natural language descriptions of works in which relations between words are not
always explicit (Figure 27). Finally, ontologies represent concepts (not words) and their relations at
a language-independent level.

Thesauri explicitly define the standard semantic relations of associativity, equivalence,
and hierarchy and other potential relations pertaining to the speciality domain, for each of the terms
that constitute it. They can also organize terms by aspect (i.e., separate categories) or by category
(i.e., categories that are not necessarily separate), including information to specify the definition of
the concept designated by the term. Figures 28-30 show three examples of thesauri used to describe
digital educational resources.
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learn-ing ! (lar’ning)
Share:
i
1. The act, process, or experience of gaining knowledge or skill.
2. Knowledge or skill gained through schooling or study. See Synonyms at knowledge.
3. Psychology Behavioral modification especially through experience or conditioning.

The American Heritage® Dictionary of the English Language, Fifth Edition copyright ©2016 by
Houghton Mifflin Harcourt Publishing Company. All rights reserved.

Iearning 4)) Y see definition of learning show| ar v

noun education, knowledge

Relevance A-Z  Complexity s -+ Length T—

Synonyms ._‘ Comr
culture schooling acquirements lore
information science attainments scholarship
literature study erudition tuition
research training letters wisdom

Figure 27. Content and structure of the “learning” entry in The American Heritage e-dictionary (top)
and Roget’s Thesaurus (bottom).

(LINGUISTIC): ACCEPTABILITYY
T.E:

AGRAMMATICALITYY

GRAMMATICALITY" (LINGUISTICS)T
T.G.:

SOCIOLINGUISTICSY
SPEECH-ACTS(LINGUISTICS){]
T.R.:|

LANGUAGE' AND-LANGUAGES-- PHILOSOPHY'|
ACTION-AND-COMPETENCE: (LINGUISTICS){]
US.q

COMPETENCE- AND- ACTION: (LINGUISTICS)f
ANAPHORA - (LINGUISTICS)T]

Figure 28. Excerpt from the UCM Library thesaurus for documentary management. The standard
alphabetical presentation is used (Source: http:/ /alfama.sim.ucm.es/tesauro/).
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Macrotesauro Mexicano para Contenidos j
Educativos
DETVE INGENIER(A Y TECNOLOGIA LENGUAJEY COMUNICAC
LENGUAJE ¥ COMUNICACION [ Mostrar |
MATEMATICAS v
ALFABETICC JERARQUICO EXPANDIBLE LENGUAJE Y COMUNICACION
Términe e
seleccionado LRGSR,
REFLEHIE)ES‘C‘)EI‘{E LA LENGUA ~  Uszado por Ciencia del lenguaje articul
5 Térmmino genérico REFLEXTION SOBRE L4
'ﬁsado por: Ciencia del lenguaje articulado, ) LENGUA
ETOLOCTA Termino especifico
ETNOLINGUISTICA ETDMOLOGLA
FONOLOGIA ) ETHOLINGUISTIC &
SISTEMA FONOLOGICO FONETICA
?Sgﬁiﬁ DEL LENGUAJE FONOLOGLA
FOMETIC A GRAWMATICA

Figure 29. Hierarchical presentation (left) and by detailed term (right) of the MMCE thesaurus for
description of educational content (Source: http:/ /iibi.unam.mx/~tesauro/).

Term: Language instruction [796]

MT 1.45 Basic and general study subjects
LIF Language education

LIF Language learning

UF Language teaching

NT Second language instruction [217]
UF Foreign language instruction

NT Writing [composition) [14]
LF Literary composition

L GWTE Creative writing [97]

Figure 30. Presentation by selected term from the UNESCO documentary resource repository thesaurus.
The number of resources associated with the term is specified and linked to the right of the terms
(Source: http:/ /vocabularies.unesco.org/browser/thesaurus/en/).

One of the main applications of thesauri is currently the retrieval of digital educational resources,
but it is not the only one. Other uses include support in general understanding of a knowledge area,
providing conceptual maps and conceptual schemes that show the interrelations between concepts
and entities (e.g., resources), the search for alternative terms in text writing or reading, the learning of
the terms in a discipline, and the generation of keyword lists [2].

Regarding the retrieval of educational resources, thesauri are used for exploration and search in
digital repositories. Resources are associated with one or several terms in the thesaurus (Figure 31),
and during the search all the combinations of the query terms that are related in the thesaurus are
calculated to specify and complete the query, thus reducing the number of unwanted results or the
likelihood of obtaining no results (Figure 32) [10].
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UNESDOC

3796
Title: Directory of ICT resources for teaching and learning of science, mathernatics and language

Publ Year: 2006

Corporate author: UNESCO Office Banagkaok and Reagional Bureau for Education in Asia and the Pacific; ASEAN
Foundation

Imprint: Bangkok, UNESCO Bangkok, 2006
Collation: 50 p,
Original Language: English

Main descriptors: educational technology; teaching materials; science education; mathematics education; |anguagd
instruction; secondary education; teaching guides

Identifiers: 1CT in Education Programrne; Strengthening ICT in Schools and SchoolMet Project in ASEAN
Setting

Document Type: Unesco publication

Catalog Number: 145633

Figure 31. The “Main descriptors” field contains a description of the content of the educational resource
using the UNESCO thesaurus terms.

@ About ERIC | Mews | Contact ERIC |

E N Education Resources Information Center
£ Al e

Home ERIC Search . Thesaurus My ERIC

Advanced Search

Basic Search Advancad Search

Search for: | Descriptors (from Thesaurus) v| |"ﬂ.pp|ied Linguistics" | [ Thesaurus...

|§,.-:'.||'\,|D v| | Descriptors (from Thesaurus) v| |"CDmputati|:|na| Linguistic5| e Thesaurus...

|£\ND V| | Descriptors (from Thesaurus) V| ["Technology Education” | Thesaurus...

@ Add Another Row

E Search E Clear

Figure 32. Search for educational resources by means of the ERIC Thesaurus (Source:
http:/ /eric.ed.gov/).

For exploration, the thesaurus can be visually presented as a conceptual map through which users
can browse. While browsing, users can interactively discard those thesaurus terms that do not meet
their request so as to specify the results. Results can also be expanded by finding new resources from
the terms related to the search term(s). Figures 33 and 34 show two examples.

Thesauri are systems for the representation and retrieval of educational resources that are easy
to use by people as they contain natural language terms or speciality terms to represent the contents
of the educational resources, avoiding the ambiguity intrinsic to natural language. However, strictly
speaking thesauri cannot be regarded as a conceptual representation of the knowledge domain or as
a natural-language description. Rather, they constitute an intermediate system between conceptual
representations and natural language.
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Laboratery or Sign or
Test Result Symptom

produces, - 3

concaprual
Fanaf |

Figure 33. Graphic presentation of part of the Semantic Network of the Unified Medical Language
System (UMLS) thesaurus [77] (source: https:/ /www.ncbi.nlm.nih.gov/books/NBK9679/, Figure 3).

Interseccion de conjuntos |

La unidn de dos conjuntos consiste en
reunir todos los elementos de un conju
con todos los elementos del otra,
formando un dnico conjunto.

= [}
Interseccion

Ejemple Nivel 2

La unidn de los conjuntos A y B contie
todos los elementos de A y todos los
elementos de B. Se denota como &)

Figure 34. Graphic presentation of the thesaurus.maths.org thesaurus, with the terminological and
conceptual organization of the subject “mathematics” (currently unavailable on the web).

6.4. Ontologies

The term ontology is taken from Philosophy and has been adapted to Computer Science and
to Library and Information Science to handle the representation, management, and exchange
of knowledge. From a computer point of view, ontology is defined as the specification of
a conceptualization [78], or, more specifically, the formal specification of a shared conceptualization [79].
A conceptualization is an abstract, simplified view of the world to be represented (known as the domain
model); it is shared because it is agreed, and it is formal because it is precise and non-ambiguous, which
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makes it automatic processing possible (Figure 35). Ontologies provide a shared, agreed understanding
of a knowledge domain which can be used by people and by computer systems [80]. In this regard,
they are a models for knowledge representation, exchanging knowledge by reusing and incorporating
it from different sources [35].

Thing
Indiwi dual P artiallyl ntangible
E
P artiallyl ntangibl elndivichal | | Intangble |

Temporal Thing BpatialThing

Mlathem ati

Irtangiblel ndividual ‘

Timelnterval ‘ | Fituati on ‘ Tulathem ati cal by ed
3ot ethingExisting / Attribate¥ alue

Situatione Temporal

| SpatialThing-Localized J

Felation

o >
PartiallyT angible '
- . e | I

TangibleThing [ Corfimmation | FixedérityRelation

Figure 35. Top level of the Cyc ontology (Source: http://www.cyc.com).

Ontologies comprise a set of entities or concepts, relations and instances of entities and relations.
They define the structure of a domain and use a shared vocabulary and semantics (Figures 35 and 36).
They are usually structured by generality levels: a top level, which represents knowledge of the
world in general and provides basic notions and abstract concepts (Figure 35), and specific level,
corresponding to specific domains or knowledge areas.

BiologicalKingdom

Figure 36. Example of an instance of “dog” in the Cyc ontology: “Fido”.
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Multiple models and types have been put forward to build ontology, depending on the purpose
or the domain to be modeled [81-84]. More specifically, in [82], four types of ontology are put forward:
formal, terminological, prototypes, and mixed.

In formal ontologies, concepts are defined by means of axioms and definitions in logic or in
some programming language that can be automatically translated into logic (Figures 37 and 38).
These ontologies have the greatest expressive power, as they make it possible to make queries not
only regarding the knowledge explicitly stored but also regarding implicit knowledge by means of the
application of inference rules and automatic reasoning. Their drawback is that they are costly to build
and hard to maintain.

-

Relative

Abstract

Actuality Form Prehension Proposition Nexus Intention

Occurranl

Figure 37. Categories of the top level of the KR Ontology (Source: http://www.jfsowa.com/ontology/
toplevel.htm).

Abs{mlgltlr(? iz;fonnation as distinguished from any particular encoding of the information in a physical medium. Formally, Abstract is a primitive that satisfies the following
axioms:
o No abstraction has a location in space: ~($x:Abstract)($y:Place)loc(x,y).
® No abstraction occurs at a point in time: ~($x:Abstract)($7:Time)pTim(x, 7).
As an example, the information you are now reading is encoded on a physical object in front of your eyes, but it is also encoded on paper, magnetic spots, and electrical

currents at several other locations. Each physical encoding is said to represent the same abstract information.

Figure 38. Axioms to define the concept “Abstract”.

Terminological ontologies express concepts by means of natural-language terms and semantic
relations [82]. A standard example is WordNet [17], which calls concepts “Synsets”, represents them
by means of one or several language terms, and links them by means of semantic relations that depend
on the grammatical category of each term. For example, the basis semantic relations for nouns are
hyponymy-hypernymy and part-whole (Figure 39).

Prototype ontologies define concepts by means of categories that are defined by the instances that
contain them. Thus, for every category (or concept) “c” of the ontology, there must exist a prototype or

“u_ 1

instance “p”, and a semantic distance function “d(p,x,c)” which measures the similarity or difference
between “p” and the other “x” instances in the ontologies. The new instances in the ontology are
"placed” in categories that contain similar instances, that is, with small semantic differences with respect
to it. The prototype theory has its philosophical roots in Wittgenstein’s famous “family resemblance

theory”, which states that objects (or instances) covered by a term often share a family resemblance [85].
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Thus, prototype categories are constructed on the basis of experientially perceived similarities among
members, and these similarities may involve one or more dimensions, or characteristics.

Display Options: ‘ (Select option to change) ~ ‘ Change

Key: "S:" = Show Synset (semantic) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence"

Noun

* S: (n) car, auto, automobile, machine, motorcar (a motor vehicle with four wheels;
usually propelled by an internal combustion engine) "he needs a car to get to work"
o direct hyponym / full hyponym
o part meronym
o domain term category
o direct hypernym ! inherited hypernym / sister term
o derivationally related form
* S: (n) car, railcar, railway car, railroad car (a wheeled vehicle adapted to the rails of
railroad) "three cars had jumped the rails"”
S: (n) car, gondola (the compartment that is suspended from an airship and that
carries personnel and the cargo and the power plant)
S: (n) car, elevator car (where passengers ride up and down) "the car was on the
top floor"
S: (n) cable car, car (a conveyance for passengers or freight on a cable railway)
"they took a cable car to the top of the mountain”

Figure 39. Concepts (Synsets) of “car” and semantic relations with other concepts (source: WordNet
Search 3.1).

Finally, mixed ontologies contain concepts defined as in formal ontologies in the top, more abstract
levels, and concepts defined by means of prototypes or instances at the more specialized levels.
They are a “mix” of formal and prototype ontologies.

Regardless of their type, ontologies have a complex structure, as they are networks of organized
concepts with partial order relations, such as subtype-type (i.e., hyponymy-hypernymy) or part-whole
(meronymy-holonymy). The resulting structure is called a lattice in mathematics, and one or several
types of hierarchies can be distinguished within it. The operations and properties defined in lattices
can be programmed to automatically manage the knowledge that they contain.

In the context of e-learning, ontologies are applied to describe the components of Learning
Management Systems (applications to build virtual e-learning spaces), such as user types, academic
organization and administration, courses, activities, and resources. These semantic descriptions for
each component make it possible to create applications to personalize and adapt teaching and learning
to each student’s needs, facilitating collaborative learning in a distributed environment, exchange and
reuse of information and knowledge, and management of and access to digital educational resource
repositories [10,39,72,86,87].

Regarding the role of ontologies in management of and access to digital educational resource
repositories, these are basically used as indexes to index resources with respect to their contents.
One example is the ALOCoM ontology, which defines a content model to describe the Learning Objects
in the ARTADNE European repository (ARIADNE Learning Objects Content Model) [88]. Ontologies
also serve to interpret users” queries by using concept-based search strategies [89]. Finally, they are
also used as conceptual maps and schemes of the domain, like thesauri, through which teachers and
students can browse to locate resources that have related content, topics, or concepts (for example, [90])
(Figure 40).
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Figure 40. Concepts of the top level of the ALOCOM ontology (Source: [88]).

In practice, the distinction between ontologies and thesauri is not always clear. In the bibliography
cited in this paper we find many examples of thesauri called ontologies, particularly in the case of
terminological ontologies that model specific knowledge domains. For example, in the ontology
classification given in [84], vocabularies—lists, glossaries, and thesauri—are regarded as a type
of ontology.

However, other authors such as Sowa [26,40] clearly establish the differences between vocabularies
understood as lexicons—lists, taxonomies, thesauri, dictionaries, and glossaries—and ontologies.
They believe that ontologies have three clear characteristics with respect to other vocabularies: (1) they
constitute the conceptual representations of the knowledge domain at an abstract semantic level;
(2) they must be representations that are independent from natural languages even though their
notation must be close so as to be legible (for which reason they have been used as interlanguage
modules in multilingual systems [91]); and (3) they can include inferential knowledge (rules) that
make it possible to reason on the basis of the knowledge explicitly stored. Sowa [92] rightly defined
the role of the lexicon with respect to the role of ontologies in the knowledge representation as follows:
“the lexicon is the bridge between language and the knowledge expressed with that language”.

In any case, ontologies are preferred as systems for the description of computer applications
because they facilitate interoperability between said applications, while thesauri are preferred as
mechanisms for the indexing, search, and browsing through information and digitalized resource
collections as they facilitate operability for people.

6.5. Glossaries and Dictionaries

Glossaries and dictionaries are vocabularies organized and written for human use even if they are
presented in an electronic format, among other reasons because the information which they contain
is not always explicit, it is semi-structured, and its interpretation depends on the user’s linguistic
competence and knowledge of the world [93].

Generally speaking, when information is semi-structured, the structure of the content elements
(such as the lemma, the definition, and the examples) is embedded in the text and is recognized
because a convention or simple syntax is used [94]. Thus, the preamble of dictionaries describes
the conventions to recognize each information item, such as the convention to present the structural
element “lemma” shown in Figure 41 [27].
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The lemma is the term that heads the entry and can be presented in different ways:

Usually in a regular font.

In italics if the term in question is a foreign term or a Latin term not adapted to Spanish
(kilobyte, ab initio).

In capital letters if it is an acronym.

Preceded or followed by a dash in the case of a compositional element (pre-, -aico, ca).

With a superindex, if there are two or more entries with the same form (champén1, champan?).

In the masculine form, followed by the feminine termination, when there is a gender variation

Figure 41. Description of the structural element “lemma” and the presentation system in the Dictionary
of the Royal Spanish Academic (Source: http://dle.rae.es).

A dictionary is a “repertoire in the form of a book on paper or on an electronic support which brings
together, in a given order, the words or idioms of one or more languages or of a specific subject, together
with their definition, equivalence, or explanation” (Figure 42) [27]. As for a glossary, it is a “catalogue
of words of one subject, field of study, work, etc., defined or discussed” [27]. The difference between
them lies in their coverage, complexity, and purpose. Glossaries have a limited number of entries
and more specific content than dictionaries. Their purpose is to accurately define the specific terms of
a given text, work (Figure 43), or subject (Figure 44) to help readers to understand the material [95].

diccionario

Del b. lat. dictionarium.

1. m. Repertorio en forma de libro o en soporte electrénico en el que se recogen,
segun un orden determinado, las palabras o expresiones de una o mas lenguas, o
de una materia concreta, acompanadas de su definicién, equivalencia o
explicacion.

2. m. Catalogo de noticias o datos de un mismo género, ordenado alfabéticamente.
Diccionario bibliogréfico, biogréfico, geogréfico.

Real Academia Espaniola © Todos los derechos reservados

Figure 42. Query for the word “dictionary” in the online version of DRAE [27].

Glossary

Canadian Index of Well-being: An initiative to develop a new comprehensive meas-
ure of well-being that reflects economic, social and environmental conditions that

matter most to Canadians.

Capital: Wealth, in whatever form, used or capable of being used to produce more

wealth. Also an accumulated stock of such wealth (money or property) or its value
The Economics of Happiness:

Building Genuine Wealth

Escrito por Mark Anielski

which is owned or used in business by a person, corporation, etc.

Chrematistics: An ancient Greek term which literally means the art of money-making
or the science of wealth (e.g. riches).

Ir CIW: Canadian Index of Well-being.

Common Wealth: This phrase (or “the common weal”) incorporates the old meaning of
wealth which is well-being. Thus the term literally means “common well-being.”

Competition: Originally from the Latin comspetere meaning to strive together for some

common Interest or purpose.

Figure 43. Glossary for a work (Source: Google Books).
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SOFTWARE
ENGINEERING

GLOSSARY

Software configuration management domain

baseline: 1. A descr'lpﬂon of system and its compo-
nents [configumﬁon items) at a purﬂcu|0r perl'od of
time, and any approved updates to the baseline.
2. A work product that has been placed under formal
configuration management. See also work product.

baseline document: A system/software document that
defines a werk prcduc’r that has been p|c:ced under
configuration management. Examples are system
specfﬁcuﬁons, requirements spec'lﬁ'cuﬁons, and de-
sign speciﬁcuﬁons,

build: An cperational version of a software product in-
corporating a specified subset of the capabilities that
the final produc’rwi” include. Sometimes Synanymous
with version.

configuration: 1. The arrangement of a system ar net-
work as defined by the nature, number, and chief
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port change processing and implementation status,
and verify compliance with specified requirements.
[IEEE Std. 610.12-1990]

configuration management system: The dl'sc'lph'ne of
fdeniify'mg the components of a oonﬁnua”y evo|v'|ng
system for the purpose of conrro”ing changes to
those compaonents and maintaining integrity and
tmceqb”fl}' throughouf the life cyc|e.

control point (project control point): An agreed-on
point in time or times when specified project agree-
ments or controls are applied to the software config-
uration items befng deve|oped, Exemp|es are an ap-
proved baseline or release of a spec'ncl'ed document
or code. [IEEE Std. 828-1998]

document control: The upph'cuﬁon of conﬂgumﬁon
management to the centrol of decuments.

engineering change: An alteration in the configuration
of a hardware/ software conﬁguraﬁon item or items,
delivered, to be delivered, or under deve|opmen'r, af-
ter formal establishment of their ocnfl'gur(:ﬁon identi-
fication. See also engineering change proposal.

engineering change proposal (ECP): A proposed engi-

Figure 44. Glossary for “Software Engineering” (source [96]).

Use of glossaries and dictionaries in the retrieval of digital resources is very limited. In the case of
dictionaries, they are used as a source of lexical knowledge to create other types of vocabularies that are
suitable for retrieval (classifications and taxonomies, thesauri, ontologies, and lexical databases) [97].
Glossaries, by contrast, have been directly used as a tool to access digital resources, both to expand
search mechanisms [98] and to organize and explore digital information, content, and resources [99].

Glossaries are used in the retrieval of educational digital resources, not only to delimit the set
of natural-language terms used to index and describe the stored resources, as in the case of lists or
classifications and taxonomies, but also to provide the definition of the sense in which said terms are
used. In this way, users can compare whether what is sought for corresponds to what was indexed and
stored in the system, which also helps them to understand and grasp the concepts in the knowledge
domain that encompasses the educational resource repository.

7. Summary and Conclusions

To understand the role of vocabularies in the retrieval of digitalized educational resources, we have
reviewed (i) their nature, which depends on the vocabulary type; (ii) their role in IR systems; and in
particular (iii) their role in the retrieval of educational resources, taking the vocabulary type also into
account. The conclusions of this review are the following:

Firstly, in the context of retrieval of educational resources in electronic environments,
the vocabulary constitutes a linguistic, computer, and educational resource that brings together
and formalizes the lexical knowledge of a knowledge domain in order to describe and index the
resources of said domain so that they can be easily located by people or computer systems.

Secondly, regarding the nature of the vocabularies for retrieval, a vocabulary usually comprises
a set of terms that can be associated and described. When terms have a single meaning,
the vocabulary is regarded as being controlled and suitable for IR, and in particular for the
retrieval of educational resources. Associations between terms and descriptions depend on the
vocabulary type. Thus, (i) lists do not contain associations or descriptions; (ii) taxonomies, thesauri,
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and ontologies only contain semantic associations between terms, basically hyponymy-hypernymy in
classifications and taxonomies, synonymy, hyponymy-hypernymy and related terms in thesauri,
and hyponymy-hypernymy and varied typology in ontologies; (iii) glossaries and dictionaries
contain natural-language descriptions that implicitly and explicitly contain relations with other words.
From the point of view of the retrieval of digital educational resources, the most effective systems are
classifications, taxonomies, and thesauri.

Thirdly, regarding the role of vocabularies in IR systems, they provide a precise language to
describe and guide the search for the information that is the object of a query. They are used in indexing
and queries. Vocabularies are IR-effective if they are able to represent the resources in indexing in the
same way as users make searches in their queries. For this reason, a vocabulary that is effective in an IR
context is not always effective in a different IR context within the same knowledge domain. Consider,
for example, the educational context of a university, where teachers, researchers, and students are
usually the authors, indexers, and users of the information generated. In this context, vocabularies
of reference such as the Universal Decimal Classification, which is widely used for IR in libraries
and documentation centers, seem not to be effective in educational repositories, and, if possible,
new vocabularies closer to the speciality language shared by the creators and users of the knowledge
domain are created.

Fourthly and finally, regarding the role of vocabularies in the retrieval of digital educational
resources, they provide a precise, shared language to index, describe, and locate the resources. They are
usually employed with metadata as they benefit from the features of metadata, which are simpler to
process and, if standard, provide a minimum level of interoperability, as well as from the benefits of
vocabularies, which provide a language for metadata values that is suited to users’ knowledge and
needs (teachers and students).

To conclude, experience in use of vocabularies for the retrieval of the digitalized educational
resources reviewed indicates that vocabularies constitute the language for the retrieval of educational
resources and are usually employed to add value to metadata properties. Vocabularies could be more
effective if: (i) they are adapted to the knowledge domain of the collection resources and the teaching
and speciality language of the teachers who are the main users and in many cases the authors of
the resources; (ii) they provide mechanisms that facilitate the collaborative and inductive creation
of these vocabularies in a framework that is as standardized as possible; and (iii) they can be used
as an educational resource in themselves to learn the speciality language for the subject(s) which
they encompass.
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