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Abstract. The work presented in this paper is twofold. On the one
hand, we aim to define the concept of semantic artefact catalogue (SAC)
by over viewing various definitions used to clarify the meaning of our
target of observation, including the meaning of the focal item: semantic
artefacts. On the other hand, we aim to identify metrics and dimensions
that can be used to assess the maturity of such catalogues. In particular,
we define a maturity model to measure, compare and evaluate available
semantic artefact catalogues. By setting these dimensions and their met-
rics, catalogues can be classified by each dimension. So the maturity of
both the catalogues and the dimensions as a whole can be expressed.
Such a maturity model and its application to 26 semantic artefacts cat-
alogues —from various disciplines and relying on various technologies—
are available to be later enriched.
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1 Introduction

With the advent of Open Data [41], the Open Science movement [53|, and the
FAIR Principles [567] in the scholarly ecosystem, the role and need for storing,
managing and sharing data grew significantly in academia. In the past years,
The General Data Protection Regulation (GDPR) was an important step around
data management in Europe and was the main responsible, at least in the be-
ginning, for scientists’ fears of making their work impossible as data scientists.
Indeed, one of the reasons for the introduction of the European Open Science
Cloud (EOSC) has been for providing a safe European environment for data
management compliant with the GDPR, to avoid the risk European scientists
start to entrust all their data to foreign owned/registered data servers to bypass
European laws [10].

In the EOSC, a strategic relevance has been given, since the beginning, to
the issues to address for implementing a real interoperability among all the
infrastructures, services and, of course, data that are shared by researchers in
this European cloud. Indeed, one of the most cited and used document produced
in the past years was the EU report about the EOSC Interoperability Framework.
The goal of this document was to identify “the general principles that should
drive the creation of the EOSC Interoperability Framework (EOSC IF), and
organises them into the four layers [...]: technical, semantic, organisational and
legal interoperability” [16].

Two years ago, moved by the principles highlighted in the EOSC IF report,
the EOSC Association (https://www.eosc.eu) has promoted the creation of
several task forces (EOSC TFs) dedicated to specific aspects to address for en-
abling the implementation of the EOSC. One of these task forces has been en-
tirely dedicated to semantic interoperability (https://www.eosc.eu/advisory-
groups/semantic-interoperability), that is the means to ensure “that the
precise format and meaning of exchanged data and information is preserved
and understood throughout exchanges between parties” [I6]. The charter of this
task force [4], and the subsequent working activities held in this context, has
concerned several aspects of semantic interoperability. One of these was entirely
focused on the management and sharing of the main tool for enabling seman-
tic interoperability, i.e. semantic artefacts. A semantic artefact is a machine-
actionable and machine-readable formalisation of a conceptualisation, enabling
sharing and reuse by humans and machines, that may have a broad range of
formalisation, from loose sets of terms, taxonomies, thesauri to higher-order
logic constructs, vocabularies and ontologies. Often, these semantic artefacts
are stored and shared by means of specific services called registries, libraries,
repositories, catalogues, or simply terminology/vocabulary servers, each provid-
ing a mixture of functionality — ranging from simple metadata descriptions to
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advanced content-based services — in order to facilitate finding, accessing, un-
derstanding and re-using of such semantic artefacts and enabling their long-term
preservation.

Considering this context, the paper presents the outcomes of an extensive
analysis done by the EOSC TF on Semantic Interoperability aiming at answering
the following research questions:

1. What is a catalogue of semantic artefacts?
2. Which metrics and dimensions can be used to assess the maturity of such
catalogues?

To answer these research questions, we have gathered various definitions con-
cerning the concept of semantic artefact and of catalogues storing and serving
them (either at the metadata or data level or both). Then, we have defined,
by analysing the current literature on the topic, a model to measure, compare
and evaluate available semantic artefact catalogues. We present this maturity
model [17], i.e. the main resource introduced in this paper, as composed by
several dimensions in which catalogues could be compliant and/or improved.
Catalogues can be classified by each dimension, and so the maturity of both the
catalogues and the dimensions as a whole can be expressed. In addition, we anal-
ysed a collection of 26 semantic artefacts catalogues, aiming, on the one hand,
at completing the maturity model by adding additional features (or sub-criteria)
for each of the dimensions identified and, on the other hand, at showing how
existing catalogues comply with such dimensions and sub-criteria.

The structure of the paper follows our overall approach of investigation. In
Section 2L we introduce the details of collecting definitions and maturity dimen-
sions. Section [3] describes the selected material and our methods for analysis.
Section [ presents the analysis results also giving an overview of current state,
while Section [0l discusses the outcomes and outlines lessons learned. Finally,
Section [0l concludes the paper sketching out possible future developments.

2 Literature review

2.1 Process for collecting relevant works

We involved all the members of the EOSC Task Force on Semantic Interoper-
ability (EOSC-TF-SI) to provide us relevant material related to that includes
at least one of the two aspects of interest for our study, i.e., (1) definitions of
semantic artefact catalogues and (2) dimensions that can be used to measure
the maturity of such catalogues.

After having gathered all such relevant documents, we asked to some mem-
bers of the EOSC-TF-SI to read them and highlight any passage in the text
referring either to definitions related to catalogues of semantic artefacts or ma-
turity measures. Overall, we found that fifteen of the gathered documents con-
tained relevant texts, as shown in Table [l The raw data of this overview are
available in [IT].
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Table 1. Documents introducing some definitions of catalogues of semantic artefacts
and highlighting at least one maturity dimension identified by the analysis (Me: Meta-
data, Op: Openess, Qu: Quality, Av: Availability, St: Statistics, Pi: PID, Go: Gov-
ernance, Co: Community, Su: Sustainability, Te: Technology, Tr: Transparency, As:
Assessment).

||Document||Deﬁniti0n|Me Op Qu Av St Pi Go Co Su Te Tr As”

2] x

5 X X X X

6 X X X X X

8 X X X

15 X X X X X

16 X X X X X X X

18 X X X X

23 X X X X X

25 X X X X X X X X X
28 X X X

31 X X X X X X X X

34 X X X X X X X X X X

38 X X X X X X

47 X X X X X X X

48 X

2.2 Definitions of catalogues of semantic artefacts

Before defining a catalogue of semantic artefacts, we need to first agree on a
definition to adopt for a semantic artefact.

Previous studies used terms such as Knowledge Organization Systems (KOS)
[61] or knowledge artefact [39] to address semantic artefacts. A KOS has been
adopted as a general term to encompass all types of schemes used to organise
information and promote knowledge management, such as classification schemes,
gazetteers, lexical databases, taxonomies, thesauri, and ontologies. The aim of
these schemes is to underline the semantic structure of a domain, which needs
to be embodied as web services to facilitate a resource discovery and retrieval
(by acting as semantic road maps) for either humans or machines.

Considering other more recent works, a semantic artefact has been defined as
a machine-actionable and -readable formalisation of a conceptualisation enabling
sharing and reuse by humans and machines [I6][31]. Semantic artefacts may
have a broad range of formalisation, which include ontologies, terminologies,
taxonomies, thesauri, vocabularies, metadata schemas and standards [16][31].
The term semantic artefact was also strongly advised as an overarching term
in the conetxt of the H2020 FAIRSFAIR project’s task on "FAIR semantics”.
Despite the different forms of a semantic artefact, some works used blanket term
such as “ontologies” or “vocabularies and ontologies” [33]. Moreover, semantic
artefacts are serialised using a variety of digital representation formats, e.g.,
RDF Turtle, and OWL, using XML (RDF) and JSON-LD [31].
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The notion of ontology library was introduced in [20], defined as “A library
system that offers various functions for managing, adapting and standardizing
groups of ontologies”. In addition, [20] highlighted the importance of making
such libraries easily accessible and offer efficient support for re-using existing
relevant ontologies and standardizing them based on upper-level ontologies and
ontology representation languages.

The terms “collection”, “listing” or “registry” are also used to describe on-
tology libraries. All correspond to systems that help reuse or find ontologies
by simply listing them (e.g., DAML or DERI listings) or by offering structured
metadata to describe them (e.g., FAIRSharing, BARTOC, Agrisemantics Map).
Yet, those systems do not support additional services that go beyond the descrip-
tion of the items, e.g., a content analysis of the ontologies or a search index on the
ontology content [34]. A new concept introduced by [30] to cover these aspects
is an ontology repository with advanced features which enables search, brows-
ing, managing metadata, customizing, and mapping an application to query the
contents of the ontologies. [21] and [42] provide the latest reviews of ontology
repositories.

By the end of the 2000’s, the topic was of high interest as illustrated by the
2010 ORES workshop [I] or the 2008 Ontology Summit (http://ontolog.cim3.
net/wiki/OntologySummit2008). The Open Ontology Repository Initiative [3]
aimed to create a joint infrastructure of ontology repositories through collabo-
ration. At the time, the initiative utilized the NCBO BioPortal technology [56],
which was the most advanced open-source technology for ontology management,
but it was not yet available as a ”virtual appliance” as it is today. Later, the
initiative considered using the OntoHub [40] technology for broader application,
but it has since been discontinued.

Other recent works used to refer to catalogue of semantic artefacts with
terms such as "repository” [16] [38] and “registry” [16], as well as hypernyms
such as ”infrastructure” and ”service” [16][23]. Additionally, the FATRSFAIR
project employed the term ”semantic registry,” which is defined as a ”catalogue
that contains metadata about semantic artefacts” [31].

Two of the works we have considered, while talking about catalogues, do not
focus specifically on semantic artefacts. In particular, [23] presents the generic
term open science infrastructures and clarifies that they are “services, proto-
cols, standards and software that the academic ecosystem needs to perform its
functions during the research lifecycle”. Instead, [38] introduce the concept of
trustworthy digital repositories and provides an operational definition for them
that should “remit to actively preserve data in response to changes in both
technology and stakeholder requirements”. The only work referring explicitly to
semantic artefacts as the kind of items contained in the catalogue is [16].

Considering the status we have presented, there is a clear need to adopt
an inclusive definition that, in principle, enables us to consider as a catalogue
also web pages (e.g. https://w3id.org/mobility) with descriptive metadata of the
semantic artefacts included in the catalogue in human-readable form.
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2.3 Identification of maturity dimensions for catalogues

From the document analysed, we have extracted 12 dimensions that can be
used to measure the maturity of the catalogues of semantic artefacts. These
dimensions, summarised in Table [Il indicating the documents that describe or
refer to them, are listed as follows:

— Metadata (Me). The identification of the minimal set of metadata to de-
scribe the catalogue and its semantic artefacts. Huge importance is also given
to the use of metadata standards and schemas (e.g., DCAT or Schema.org),
the adoption of machine-readable formats, the documentation associated,
and the licenses used to release the metadata.

— Openness (Op). The concept of being open from different perspectives.
On the one hand, it concerns technical openness, referring to the metadata
handled in the catalogue, the software used to run the catalogue, and the
services and protocols used to access the metadata. On the other hand,
openness also refers to the social attitude of enabling anyone interested in
depositing and also helping govern the catalogue.

— Quality (Qu). The possibility of having mechanisms to check the quality
of the metadata provided and, thus, of the catalogue itself. In particular,
if processes and workflow are in place for peer reviewing new entities and
curating the catalogue.

— Availability (Av). It refers to the availability of the metadata and if there
are methods in place for guaranteeing privacy and access only to certain data
due to legal or other contextual issues.

— Statistics (St). The availability of statistics referred to the catalogue (num-
ber of semantic artefacts handled, number of users, etc.) in time to measure
the usage of the catalogue and its growth.

— PID (Pi). The use of persistent identifiers (PIDs) referring to the meta-
data of the various semantic artefacts described in the catalogue and their
contextual entities (author, curator, etc.).

— Governance (Go). The rules to define the governance of the catalogue and
its goals and purpose, which should allow community input and responsibility
for the integrity of the metadata.

— Community (Co). The mechanism in place to involve the community in the
catalogue, identifying and reaching target users’ expectations and attracting
stakeholders from diverse lived experiences and viewpoints.

— Sustainability (Su). The models in place to sustain services financially
and preserve the catalogue in the long run.

— Technology (Te). The tools that the catalogue should provide to enable
users to have a better experience in exploring the data, such as REST APIs,
Web search interfaces, SPARQL endpoints, etc.

— Transparency (Tr). The processes behind the catalogue, from the elections
of new members of the various governing boards, curators, etc., to the clarity
in exposing fees for the services offered by the catalogue itself and its revenue
model.
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— Assessment (As). The presence of some practice in place for assessing
the catalogue against all these dimensions, e.g. by adopting self-assessment
exercises and/or by asking third parties to run an independent assessment
of the catalogue.

3 Methods and material

This section presents the methodology followed for the analysis of semantic arte-
fact catalogues. The process is divided into three steps: 1) selection of catalogues,
2) setup of the assessment process, 3) analysis of the catalogues, and 4) harmo-
nization and summarization.

3.1 Collection of catalogues

To collect potential catalogues of semantic artefacts, a preliminary search was
conducted. Potential catalogues of semantic artefacts have been identified by
direct knowledge of the co-authors or members of the EOSC-TF-SI-TF. The re-
sulting list of potential catalogues was then screened to remove duplicates and
those that were clearly irrelevant to the study. In particular, we decided to keep
in the analysis only those potential catalogues that refer mainly to semantic
artefacts. This exclusion criteria has been made to filter out (i) generic repos-
itories that may also contain semantic artefacts, even if it is not the primary
resource types they refer to (e.g., Zenodo), and (ii) generic repositories (e.g.,
Google or other general-purpose search engines). The resulting set included 26
selected catalogues. With this list, our goal was not to be exhaustive but rather
to cover well multiple application domains and also get a good representation in
terms of underlying technology used to build the catalogues (e.g., OntoPortal,
OLS, SKOSMOS, etc.).

3.2 Setup of the assessment

The identified catalogues were evaluated based on their relevance to semantic
artefacts. A spreadsheet was created with the selected catalogues listed on rows
and the 12 maturity dimensions on columns. Additional columns were dedicated
to the names of the reviewers and comments. Each reviewer was assigned a
number of catalogues to review.

Twelve separate tabs in the spreadsheet were devoted to describe the possible
values to use for each maturity dimension. These tabs contained the name of the
dimension and a set of particular features, each with a number, a description,
the name of the reviewer that proposed it, and whether it had been validated
by the group. In addition, there was a column for possible comments.

The main table in the first tab was extended with two additional columns.
The first column allowed us to specify whether the catalogue store a copy of the
semantic artefacts it describes. The second column referred to the open software
or tool used to implement the catalogue in order to distinguish if the software is
generic (i.e., can be used to deploy multiple catalogues) and open-source.
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3.3 Analysis

Each reviewer had the responsibility to evaluate a first small set of 2-3 catalogues.
For each catalog and each dimension, the reviewer had to select which features
of the dimensions applied for the catalogue at hand. If, for a given dimension,
a certain feature was not already present, the reviewer could add such a new
feature, making it available for the next reviewers. A number from 3 to 7 features
for each dimension have been added during this step for a total of 63 features.

After the first analysis, early results and issues were discussed by all review-
ers. The analysis was then extended by assessing other potential catalogues,
ideally 5 catalogues each, to have a clear view of other aspects that did not arise
from the former analysis. In addition, we decided to invite other interested peo-
ple to such a study afterwards, ideally after we have assessed all the potential
catalogues. Our perceived risk here is to be biased by a particular point of view
while we are still in a phase of preliminary analysis.

3.4 Harmonization and summarization

Following the completion of the catalogue descriptions, a final review and sum-
marization process was conducted. Each reviewer was tasked with analyzing 2
to 4 dimensions, where they reviewed the corresponding features provided by
other reviewers and suggested potential edits such as merging similar features,
removing irrelevant ones, or splitting them into separate aspects. As a result, 16
out of 63 identified features have been removed from the analysis, keeping 47
features. The main table was updated accordingly to reflect any changes made
by the reviewer. A final meeting was held to review and harmonize the catalogue
dimensions and features, in order to ensure a consistent set of dimensions and
features that could be used to compare and analyze the different catalogues.

During this meeting, any remaining inconsistencies or ambiguities in the
dimension features have been discussed and made final decisions on how to
harmonize them across all catalogues.

4 Results

The section reports our assessment of the selected metadata catalogues. As a
result, we identified a set of distinct features for each dimension (Section ),
and provide the characterization of the selected semantic artefact catalogues
according to the dimensions and their features (Section [F2]).

4.1 Dimension Features

In this section, we provide a brief description of the identified features (or sub-
criteria) from each dimension as the basis of our assessment. These features
resulted from the harmonization effort (cf. Section B4)).
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Metadata. (a) custom vocabulary - custom metadata is used to describe seman-
tic artefacts, (b) standard vocabulary - a well-known, widely shared or standard
metadata vocabulary is used, (c) primary metadata - the original semantic arte-
fact metadata are preserved in the catalog, (d) version metadata - metadata for
each distribution/version of semantic artefact is available, (e) human readable -
metadata is visible in the user interface in an harmonised manner, (f) machine
readable - metadata is accessible via API or machine supported formats.

Openness. (a) fully oss - based on open source software, (b) customised oss -
the catalog is based on an open source software but the customised instance is
not available for public, (¢) open model - the metadata model / ontology used to
document the semantic artefacts is openly available, and (d) open contribution -
external or registered users can add/propose new semantic artefacts for inclusion.

Quality. (a) curation by owner - changes (or new submissions) to the semantic
artefact can only be conducted by the catalog owner, (b) curation by main-
tainer - changes (or new submissions) to the semantic artefact can be made by
the maintainers/curators of the artefact, (c) certified maintainer - the maintain-
ers/curators of the semantic artefacts are certified and assigned by the catalogue
owner, (d) metadata by editor - metadata is curated by a group of editors, and (e)
metadata by system - metadata is generated/curated by an assessment system.

Availability. (a) no restriction - no authentication methods provided; con-
tents are freely available without restrictions, (b) rmultilinguality - items are
translated and available in several languages, and (c) moderated services - some
functionalities for access and modification of semantic artefact are available only
to registered users and content creators.

Statistics. (a) catalog statistics - basic metrics about the metadata catalog, (b)
resource statistics - metrics on each semantic artefact, and (¢) social metrics -
social metrics for semantic artefacts, e.g., stars, likes, and number of contributors.

PID. (a) metadata record PID - PID metadata might be specified in the se-
mantic artefact record (e.g. ORCIDs for curators), and (b) resource PID - PID
used to identify the semantic artefact object.

Governance. (a) 3rd party - items are managed via 3rd party tool, e.g. GitHub,
(b) description - governance is described as part of the catalog, and (c) rules -
rules for proposing new items to the catalogue are introduced.

Community. (a) read only - no direct involvement is possible; users can only
communicate to the catalog via read-only APT and email, (b) read write - cura-
tors and developers can use services to get information from the catalogue and
be directly involved through the creation of their own records to be added to
the catalogue and increase their visibility, (¢) 3rd party - community features
delegated to 3rd party tool, e.g. GitHub issues, and (d) suggestion a dedicated
page for content suggestion is available.
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Sustainability. (a) organization - the catalog is a service provided by an orga-
nization (university, institute or one of its research units), (b) community - the
catalogue is maintained by a community with members from various organiza-
tions or infrastructure, (¢) management board - a multidisciplinary community-
driven service, strongly sustained by an operational team, and (d) (research)
project - sustained by funds coming from one or more projects.

Technology. (a) REST API - a service to access semantic artefact information
and/or metadata via a REST interface, (b) web search GUI - a service to ac-
cess semantic artefact information and/or metadata via a web search GUI, (c)
SPARQL endpoint - a service to access semantic artefact information and/or
metadata via a SPARQL endpoint, and (d) alignment - a service to align (part
of) semantic artefacts that might be used within a catalog.

Transparency. (a) documented curation - data flow of curation is documented,
(b) automatic curation - curation process happened automatically based on a
documented process flow, and (c) resource versioning - records on previous ver-
sion of items are available.

Assessment. (a) shared metrics - assessment in terms of FAIRness is provided,
and (b) custom metrics - assessment against catalog’s own assessment metrics.

4.2 Assessment Result

We provide the result of our assessment as Table[2l In addition to the assessment
dimensions and dimension features, we also observe the type of the catalogue.
Specifically, we look into catalogues containing both data and metadata, which
is classified as a repository according to the classification from Jonquet [34].
These catalogs are marked with an asterisk (*) in the table header alongside the
catalogue names. The raw data of Table 2] are available in [IT].
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Table 2. An overview of assessment results. Asterisk in the name means that the
catalogue also store a copy of the semantic artefacts it describes.

2}
= b Hmy & —_
E}—g’ ?:‘g ﬁéo*—-"—*'gT ﬁiﬁ*ht;?:i
fHy TR E AR HEEE M Y5 ER £ By
Sx EmHEg SR Ta5y 2 I, 2% 527 80 8
=S EEr sS85 E 0802228803
RN IR R R
Dimension & Features © < A E < AL MO0 N K<~ O0OMEALZ =M A=K Z0OTO
custom vocabulary X X X X X X X X X X X X X X X X X X X X
standard vocabulary bq X b'e
M primary metadata X X X X X X X X X
N version metadata X b'e b'e X X X
human readable bq X X X X X X X X X X X X b'e
machine readable X X X X X X X X X X X
fully oss X X X X X X X X X X X X X X
o customised oss b'e X b'e
p open model X X X X X X X X
open contribution X X X X X X X X X X X X X X X X X
curation by owner only b'q X X b'e
curation by maintainer X X X X X X X X X X X X X
Qu certified maintainer x x
metadata by editor X X X
metadata by system X X
no restrictions X X X X X X X X X X X X X X X X X X X X X X X X X
Av  multilinguality X X X X
moderated services X X X X X X X X
catalog statistics b'e X X X X X X X X b'e X
St resource statistics b'q X X X X b'q X X X X X X X
social metrics X X X X X X
pi metadata record PID X x X
resource PID X X X X X X X X X X
3rd party X X X
a description X X X X X X X X X X X X X X
© rules X X X X X X X X X X X X
read only b'e b'd X b'e X X b'e X
C read and write X X X X X X X X
© 3rd party X X X X X X x
suggestion x X x X X X X X X X
organization X X X X X X X X X X X X X X X X X X X
g community X X X X X
" management board X X X X b'q X
(research) projects X X X X X X
REST API X X X X X X X X X X X X X X X X X
Te web search GUI X X X X X X X X X X X X X X X X X X X X X X X X
SPARQL endpoint X X X X X X X X X X
alignment X X X X b'q
documented curation — x X X X X X X X x
Tr automatic curation X X
resource versioning X X X X X X X X X
shared metrics X b'e
As

custom metrics
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5 Discussion

All the catalogues maintained by a community with members from different orga-
nizations/infrastructures (5 out of 26), are open-source and provide no authen-
tication methods/restrictions to their contents. Furthermore, catalogues that
enable external/registered users to add/propose new semantic artefacts to be
included in the catalogue (65%), delegate the quality control of these changes
to the maintainers/curators of the artefacts. Indeed, generally, more than half
of the analysed catalogues (65%) permit the curation of their data by either the
owners of the catalogue or by the maintainers of the semantic artefacts: no cat-
alogue provides both strategies. This aspect is a positive sign which shows that
the majority of the catalogues are concerned with guaranteeing a good quality
to their data.

In two cases the sustainability could not be assessed. In 5 cases projects are
the only source of funding, which may be temporal. In the remaining, the sustain-
ability seems sufficiently stable. Furthermore, all the catalogues maintained by
a community with members from different organizations/infrastructures (19%),
are open-source and provide no authentication methods/restrictions to their con-
tents.

The wide majority of catalogues (92%) provide at least a search web GUI. The
non-SPARQL catalogues represent 61% (16) of the total, around 88% of these
use a web search GUI and 56% combine it also with REST APIs. Therefore,
only 10 out of 26 provide a SPARQL endpoint. 70% of these provide machine-
readable metadata, in fact, the preferred technology used by all the catalogues
integrating machine-readable metadata is either REST APIs, web search GUI,
or both. A relatively large number of catalogues incorporate all three basic tech-
nologies (30%), i.e. REST API, web search GUI, and SPARQL endpoint. These
catalogues provide data with no authentications/restrictions and contents are
freely available without restrictions, in addition, both external/registered users
can add/propose new semantic artefacts to be included.

All catalogues, with only one exception, provide access with no restriction.
However, 8 of them (i.e., around 31%) include functionalities, mostly as APIs,
that are accessible only to registered users. Only a small percentage of catalogues
(i.e., 11.5%) provide a PID (Persistent IDentifier) for the metadata of a given
record, while a larger share (i.e., 38%) use PIDs for identifying resources, 88% of
these latest group use custom metadata to describe semantic artefacts. In other
words, the attribution of new custom metadata occurs with care toward the use
of PIDs in such a process.

Almost half of the catalogues provide statistics on resources, typically includ-
ing the number of classes, properties and axioms. Nine of them (i.e., around 35%)
also provide general statistics which aggregate information across all resources.
In a few case, also social statistics are included, e.g., in the form of metrics taken
from GitHub metadata where the original resources are stored (e.g., number of
received stars and contributors).

Governance processes and/or structure is described by more than a half of
the catalogues, 71% of which also explicitly provide rules for contributors willing
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to propose new resources. In 8 cases, external 3rd-party solutions, particularly
GitHub, are used as management tools for the resources. Part of the catalogues
are more open than others to the contribution of the community. In particular,
while almost one-third only provide the capabilities to communicate with the
catalogue through read-only APIs, only 8 out of 26 provide also the possibility
for resource creation.

Only 9 catalogues (i.e., around 35%) explicitly document a workflow for
data curation, which in two cases is mostly automated, 8 of these are open for
modifications to be made to the semantic artefacts by external /registered users.
In 9 cases, the catalogue provides also previous versions of the resource, enabling
a versioning system useful for backward compatibility and documentation.

The vast majority of the catalogues do not provide information on (self)
assessment against quality criteria. Among the few exceptions, AgroPortal [33]
includes an assessment in terms of FAIR score, an evaluation on the satisfac-
tion of each aspect of the 15 FAIR principles. FAIR score includes a number of
questions specific for ontologies and semantic resources, with the capability to
compute the score for each resource and for the whole catalogue. On the other
hand, Archivo [26] proposes a rating based on a set of automatically assessed
criteria (whether the ontology is retrievable and parsed correctly, is provided
with a clear and proper license statement, and is logically consistent).

Adopting standard vocabulary for metadata is an essential aspect to join,
compare, and curate the semantic artefacts, in addition, it fosters the interoper-
ability of these items, yet, only 15% (4) use standard vocabularies. Regardless,
further analysis is needed to definitely affirm that all the other catalogues, do
not use standard vocabularies. Indeed, it is possible that these catalogues use
custom vocabularies made by extending standard vocabularies.

6 Conclusions

Overall, this paper contributes to the ongoing effort by the EOSC Task Force
on Semantic Interoperability to address interoperability challenges towards the
vision for a Europe-wide shared data infrastructure based on FAIR ecosystem
of data and services. In particular, this work addresses the need for defining the
notion of semantic artefact catalogues and identifying metrics and dimensions
to assess their maturity. By analyzing current literature, a model to measure,
compare, and evaluate available catalogue services for semantic artefacts has
been defined, which can classify catalogues by each dimension and express the
maturity of both the catalogues and dimensions as a whole.

The analysis done for the maturity model shows the current state of the
catalogue, which is a requirement for guiding and shaping future developments.
In particular, the analysis will be integrated with the ongoing work on minimum
(meta)data sets and interoperability indicators which is currently being carried
out within the EOSC Task Force on Semantic Interoperability. By combining
these efforts, the aim is to provide recommendations for governance and processes
for the preservation and maintenance of semantic artefacts. This will involve
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identifying gaps and areas for improvement in current approaches to semantic
interoperability, and developing strategies to address these challenges.

In the future, we aims at interlinking aspects of the dimensions identified
within the maturity model presented in this paper with recommendations of
other EOSC Task Forces. For instance, the ESOC Task Force on FAIR Met-
rics and Data Quality have produced some guidelines, such as [37] [59] [58],
that may be used in the context of the Quality maturity dimension for provid-
ing even more in-depth specifications for measuring the FAIRness of semantic
artefacts catalogues. Similarly, the work underdevelopment in the EOSC Task
Force on PID Policy and Implementation (https://www.eosc.eu/advisory-
groups/pid-policy-implementation) may provide additional insights related
to the PID maturity dimension highlighted in this paper.
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