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Abstract

Higher education is now a globally interconnected setting, bringing together diverse languages and
cultures. In these multilingual environments, effective terminology management is crucial for
facilitating seamless and high-quality communication. This study specifically addresses the
enhancement of the Arqus Termbase prototype, the terminological database of the Arqus European
University Alliance, encompassing seven languages. The primary focus is on refining the conceptual
structure through the creation of an ontology. This advancement aims to optimise the end-user
experience and enhance terminological information within the realm of European higher education.
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1. Introduction

The academic world, a hub of diverse cultures and languages, is highly internationalised.
Universities frequently launch programmes and activities to fortify internationalisation—a
process integrating an international, intercultural, or global dimension into higher education
aims and functions [1]. While this process signifies quality and excellence [2], its intercultural
and multilingual nature introduces challenges. This holds true for entities like the European
Union (EU), where standardising terminology is crucial due to the multilingual nature and
volume of documents. The ultimate aim is to ensure consistency and correctness of terms,
facilitating easier, faster, and more reliable communication processes [3]. In such complex
contexts, the development of centralised terminology resources, exemplified by IATE, is
indispensable.

The design and management of these tools, falling under the scope of terminography or
terminology management [4], encompass tasks such as extraction, compilation, description,
documentation, and dissemination of terms [5]. In normative contexts, eliminating
inconsistencies and controlling new and obsolete terms are integral to the workflow. These
systematic tasks contribute to the accurate use of terminology and enhance profitability,
productivity, and institutional image [6,7,8]. However, creating terminology resources for
systematic terminology management also requires constructing the underlying conceptual
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structure for a coherent organisation of specialised knowledge tailored to the tool's end-users.
In the academic realm, there are limited terminological databases dedicated to handling
institutional and higher education terminology. A couple of exceptions include the bilingual
terminological database UGRTerm from the University of Granada (https://ugrterm.ugr.es/en/)
and the multilingual Arqus Termbase (ATB) prototype, from the Arqus European University
Alliance (https://arqusterm.ugr.es).

This preliminary work seeks to improve the conceptual structure of ATB. The primary
objective is to formulate a methodology for crafting a new ontology featuring both hierarchical
and non-hierarchical relations, specifically designed for the context of European higher
education. This endeavour involves mapping term entries to this knowledge structure, enabling
end-users to visualise entities and relations inherent in the teaching, learning, and research
processes.

2. Ontology development

Ontology development and terminology management are essential in structuring knowledge
within specialised domains. Organisations utilise taxonomies and ontologies for organising
both knowledge and terms [9]. Taxonomies provide a hierarchical structure based on a single
criterion, while ontologies enable more complex structures, incorporating both hierarchical and
non-hierarchical conceptual relations.

In knowledge engineering, ontologies are defined as explicit specifications of a
conceptualisation [10]. Studer et al. [11] emphasise that ontologies must not only be explicit but
also formal and interoperable, possessing the capacity to be shared. Roche’s [12] definition,
aligned closely with the field of terminology, describes ontologies as "a conceptualisation of a
domain," providing a formal definition of concepts and their relations to describe a reality
shared by a community of practice. Similarly, Moreno Ortiz [13] defines ontologies as
"conceptual and terminological descriptions of a shared understanding of a specific domain."

Therefore, ontologies are formal and explicit representations of concepts and relations,
fostering a shared understanding of a specialised domain and promoting interoperability and
semantic clarity. They serve as a foundational framework for information systems, facilitating
data integration and advanced reasoning. Ontologies stand out for their comprehensive
inclusion of attributes and relations, offering more detailed descriptions for domain entities
compared to terminologies [14].

Numerous methodologies exist for ontology construction, including METHONTOLOGY [15]
and On-To-Knowledge Methodology [16], among others. While these methodologies share
common features like conceptualisation and formalisation, distinctions emerge based on the
specific scope or field of application. In the realm of terminology, Temmerman and Kerremans'
Termontography [17] integrates a sociocognitive approach with a semasiological perspective
for ontology development and analysis. Roche's onomasiological model, Ontoterminology [18],
is employed to construct notional systems and operationalise terms.

In this study, a semasiological proposal was implemented to construct a preliminary
EuroScholar Ontology (EuSO), which takes into account the features of Arqus Termbase (ATB)
and end-user requirements. Building upon the methodology employed for the NavSAFE
ontology [19], the proposed approach introduces novel stages.
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3. Materials and methods

Since ontologies establish conceptual structures fostering more coherent, systematic, and
interoperable terminological resources [20, 21], the primary aim of this study is to enhance the
conceptual framework of the ATB, operating under the premise that the creation and utilisation
of ontologies in the realm of terminology yield significant benefits.

Thanks to the incorporation of an ontological model (EuSO), more intricate relations will be
introduced, enhancing the richness of the resource. To achieve this, the subsequent sections
delineate the principal characteristics of the multilingual termbase, the European Higher
Education Area (EHEA) corpus, the TermoStat tool, and the WebProtégé software, employed in
ontology development. Ultimately, the proposed methodology aligns with the ontology's scope,
the intricacy of the domain, and the resources at hand.

3.1. Arqus Termbase

The Arqus Termbase, a prototype multilingual termbase developed by the Arqus European
University Alliance, consolidates terminology in the context of the Alliance to foster
communication coherence and fluidity by centralising term management and eliminating
inconsistencies. ATB currently includes seven languages of partner universities and
incorporates a simple and advanced search system. Users can also access terms through various
access points, including an alphabetical and a thematic list [22]. Such efforts are anticipated to
contribute to improving the overall image of the Alliance, as outlined by Montero-Martinez and
Castillo-Pérez [23].

The ATB is structured into four terminology collections: Arqus ad hoc Glossaries, Arqus
Alliance Proprietary Multilingual Terminology, Arqus Partner's Institutional Terminology, and
Arqus Multilingual European Higher Education Terminology. This paper focuses on European
higher education terminology, particularly on the current conceptual structure depicted in
Figure 1. The existing structure is a taxonomic model adapted from the UGRTerm database [24].
However, to enhance the resource with more specific information and improve user experience,
enriching this structure with more complex relations that interlink entries is deemed essential.

Arqus Multilingual European Higher Education Terminology

Figure 1: Hierarchy for the Arqus Multilingual European Higher Education Collection



3.2. The European Higher Education Area corpus

The EHEA corpus was created ad hoc for this study. It currently contains 1,639,445 words and
comprises 85 documents in English. The documents were chosen based on Buendia Castro
and Urefia's criteria [25], which emphasise authority, content, and design. This selection
process prioritised factors such as authorship, topic relevance, availability of articles or full
texts, and accessibility. They include official and specialised texts within the European higher
education domain, such as books, reports, communiqués, declarations, statements, and
guidelines from official bodies like the European University Association, ministers of the
European Higher Education Area, and the European Students' Union.

To compile the corpus and conduct linguistic analysis, the Sketch Engine tool
(www.sketchengine.eu) was used. This software provides numerous functionalities, including
Word Sketch for summarising grammatical and collocational behaviour, Wordlist for
generating frequency lists, and Concordance for displaying instances of words or phrases in
context.

3.3. WebProtégé

Protégé (http://protege.stanford.edu) is a free and open-source software developed by the
Stanford Center for Biomedical Informatics Research at Stanford University School of Medicine.
It is designed for constructing domain models and managing terminologies, ontologies, and
knowledge bases across various application domains.

This work utilises the web-based version known as WebProtégé. This tool enables the
editing, development, uploading, and sharing of ontologies in a collaborative and user-friendly
environment. It features change tracking, revision history display, and facilitates discussions
among collaborators. WebProtégé is fully compatible with the latest OWL 2 Web Ontology
Language, and other formats like RDF/XML, Turtle, XML, or OBO. It is noteworthy that this
web version is cross-compatible with Protégé Desktop.

3.4. Methodological framework for ontology development

To develop the EuSO a preliminary semasiological approach with six phases has been
implemented. However, it should be noted that ontology development is an iterative process,
allowing for revisiting and refining previous steps. Therefore, the order proposed in this
methodology may vary throughout the ontology's development. The stages include the
following processes:

1. Domain delimitation: Prior to ontology development, it is crucial to define the specific
domain under consideration.

2. Terminology selection: Following domain delineation, the relevant terminology from
ATB is chosen for the selected field.

3. Conceptualisation: The ontology's classes, hierarchical and non-hierarchical
organisation, and conceptual relations are defined.

4. Formalisation and implementation: The ontology must be formalised and implemented
using the chosen ontology development tool.

5. Expert validation: Ensuring the ontology's validity and accuracy involves validation by
domain experts, who verify its quality and specificity.
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6. Update and maintenance: This final stage involves updating the ontology based on
expert feedback and recommendations, as well as ongoing maintenance and
improvement.

This termino-ontological proposal draws inspiration from the methodology employed in the
development of the NavSAFE ontology by Losey Ledn and Corpas Pastor [26]. Notably, it
introduces variations, including domain delimitation, expert validation, and a concluding stage
for updating and maintenance.

4. The EuroScholar Ontology

Following the proposed methodology, tailored to the needs and scope of the Arqus Termbase,
a tentative model for the EuSO has been developed'. For this preliminary work, domain
delimitation was restricted to the teaching, learning, and research processes. This choice was
made based on the significant impact these processes have on the development of higher
education. Moreover, this initial study only contemplates the first four stages for ontology
development.

Once the domain and the scope for ontology development were determined, terminological
selection encompassed all terms within the ATB associated with the teaching, learning, and
research processes. These terms were drawn from official sources such as the EuroVoc
Thesaurus and the TESE (Thesaurus for Education Systems in Europe). However, term selection
was enhanced with the EHEA corpus and, to validate the relevance of terms in the ATB, they
were cross-checked against terms from the corpus using the TermoStat tool
(http://termostat.ling.umontreal.ca).

Subsequently, in the conceptualisation stage, gathered classes were organised based on
hierarchical relations already documented in the taxonomic model of ATB. The classes were
drawn from the ATB's existing entries, covering a spectrum of general and specific concepts
pertaining to the teaching, learning, and research processes. These classes provided insights
into the who, where, when, and how of these processes, delineating the involved actors,
settings, methodologies, and temporal aspects. The EHEA corpus also plays a vital role in such
conceptualisation. The extraction and analysis of lexical constructions and contexts, related to
selected terms, provides enriching conceptual information, in the form of hierarchical and non-
hierarchical relations that enhance conceptual structuring.

Examples 1 (a, b, ¢), identified in the EHEA corpus, contain lexical units and constructions
that formalise entities such as the people involved in the teaching, learning and research process
(doctoral candidates, undergraduate students, students, student body) (AGENT/PATIENT),
educational programmes (Bachelor programmes, Master programmes, doctoral programmes)
(INSTRUMENT), and higher education institutions (HEIs) (EUA member institutions, institutions of
the European Higher Education Area) (LOCATION: HIGHER-EDUCATION-INSTITUTION). Furthermore,
relevant conceptual relations in the teaching and learning process can be abstracted: 1(b)
STUDENT enrolls in BACHELOR/MASTER/DOCTORAL PROGRAMME, 1(c) STUDENT studies at HEI,
STUDENT enrolls in EHEL

! The EuSO is currently under development and not yet available online.
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a) “(...) research teams of doctoral candidates and undergraduate students to build
teamwork.”

b) “(...) only 17.5 % of all students are enrolled in Bachelor programmes, compared to 75 %
in Master programmes and 7,5 % in doctoral programmes.”

¢) “(...) which is more than half of the 17 million students studying at EUA member
institutions, or about a quarter of the student body enrolled in the institutions of the
European Higher Education Area.”

Some of the terms collected for analysis in this work pertained to the entity UNDERGRADUATE,
given its significance as a principal participant in the teaching, learning, and research processes.
Conceptual analysis for the UNDERGRADUATE class preceded manual formalisation and
implementation in WebProtégé. Figure 2 depicts class hierarchy, where UNDERGRADUATE is a
subordinate of the entity STUDENT, itself a subordinate of AGENTS and PATIENTS involved in the
process of teaching, learning, and research (Figure 2). Moreover, non-hierarchical relations such
as enrolled_in, studies, and studies_at are also shown, inherent to the entity UNDERGRADUATE.
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¥ ) owl:Thing
¥ () Teaching, learning, and research process IRI
¥ ()Independent_entity http://webprotege stanford.edu/R7fHgnU38uxBuUNASZIVXavx
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Figure 2: The entity UNDERGRADUATE (STUDENT)

The ontological properties for UNDERGRADUATE are also visualised in Figure 3, with a partial
representation of the relations and attributes. Thus, visual representations are employed to
illustrate the preliminary conceptual information that links the UNDERGRADUATE entity with
other classes, already conceptualised and formalised within the WebProtégé software.

The implementation of the EuSO in the ATB will introduce relations in terminological
entries, forming conceptual networks and structures for visual representation within the
termbase. Integrating knowledge representation structures, as illustrated in Figure 3, will
streamline end-user queries. This will ensure that information gathered in the ontologised
conceptual structure is presented visually, enhancing knowledge transfer and user experience
with the ATB.



Teaching, learning, and research process
Independent_entity Value

Teaching, learning, and research structures | | Education and training programmes Teaching, learning, and research agents and patients | | Education and training levels | | Teaching and learning instruments Duration

Student | | Higher education Staff Undergraduate thesis | | 3 years 4 years

Bachelor degree studies Teacher
Associate professor Professor

Undergraduate degree programme

Undergraduate

Figure 3: Properties of UNDERGRADUATE (STUDENT)

5. Conclusions

Arqus Termbase has been conceived as a tool for enhancing communication within the Arqus
European University Alliance. In such a context, ensuring comprehensive information and user-
friendly access for non-expert users is essential.

This preliminary work focuses on proposing a methodological approach for the development
of the EuroScholar Ontology—an ontology for the teaching, learning, and research process in
European higher education. The goal is to enhance and validate the conceptual structure of
Arqus Termbase. This ontology will implement relations in terminological entries, creating
conceptual networks and structures for visual representation within the termbase.

Such enhancement will ultimately contribute to improving end-user experience with ATB.
In other words, this research aims to make ATB a more comprehensive resource for various
user profiles, including the Arqus university community, as well as other stakeholders. The
development of this ontology could also benefit other specialised resources in European higher
education, by providing a conceptual framework for improvement and validation.
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