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About POLIS

The Centre for Social Research and Methods has been rebranded as POL/S: The
Centre for Social Policy Research. As part of this change, the Centre for Aboriginal
Economic Policy Research (CAEPR) has joined POLIS and is being renamed the
Centre for Indigenous Policy Research.

POLIS - which draws from the Ancient Greek for the administrative centre of the
City-State - is designed to provide a designated space at the ANU for discussion,
debate and research on the formulation of social policy. The rebrand will allow
POLIS to better capture and market the key work of the centre in providing
research and expertise on social policy in response to community and federal and
state/territory government needs and requirements.

POLIS delivers exceptionally robust data and evidence-driven insights into the key
challenges facing contemporary Australia. This provides the foundational
cornerstones of informed social policy development amongst leading stakeholders
within our modern policy: government, community groups, business
representatives, and educators.

POLIS is home to seven research centres:

e Centre for Indigenous Policy Research

e Centre for Social Research

e Centre for Educational Equity

e Centre for Crime and Social Justice

e Centre for Gambling Research

e Centre for Data, Analytics, and Evaluation
e Social Impact Hub
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Knowledge representation artifacts, like controlled vocabularies, taxonomies, thesauri, ontologies,
schemas, and standards, are crucial for organising, annotating, and sharing data in a way that makes
it easy for systems to interoperate. For simplicity, this paper uses the term ‘vocabulary’ to refer to all
these artifacts. Vocabularies are key to following the FAIR Guiding Principles for Scientific Data
Management and Stewardship (FAIR Principle I2). They help describe data in a way that machines
can read and act on, making this information accessible to users now and in the future. Vocabularies
serve as essential reference points for both humans and machines, enabling effective data
processing, integration, and modelling. In the age of Al, vocabularies support machine learning and
artificial intelligence, helping us gain new insights and model complex systems. To make the most of
our data, we need strong machine-readable metadata. Vocabularies are vital in this process as they
help clarify the meaning of data, its connections, and its context.

Internationally, there is consensus across the research data landscape that to support the FAIR
Principles, vocabularies must themselves be FAIR. They should be published with unique persistent
identifiers, accompanied by rich metadata, and provided under standard Open licences where
possible. Additionally, they should be available in community-agreed standard formats to maximise
reuse. However, many vocabularies of interest to Australian researchers are not easily discoverable,
reusable, or fit-for-purpose, and they do not fully align with FAIR Principles. In the Australian
context, despite the importance of FAIR vocabularies in implementing the FAIR Data Principles and
ensuring that data is sustainable and fit for purpose, their essential role in the data ecosystem is
often overlooked. Enhancing the value of investments in research data requires improved tooling,
support and governance for vocabularies.

This Strategic Community Roadmap outlines 57 recommendations and a strategy to enhance the
Australian Vocabulary Ecosystem, which encompasses the people, resources, tools, platforms,
policies, and practices that make vocabularies accessible and valuable for researchers and users of
digital knowledge. The recommendations are organised under four strategic themes, emphasising
their significance and the urgency for implementation.

Whilst these recommendations may benefit parties in other countries, our primary focus is on the
social and technical support required within the Australian research context to address data
interoperability challenges effectively. The primary audience for this Community Roadmap includes
individuals and organisations involved in the creation, management, and use of vocabularies and
related services and tools within Australia’s research and government sectors. This comprises those
from the Australian Government’s National Digital Research Infrastructure (NDRI), the National
Collaborative Research Infrastructure Strategy (NCRIS) Facilities, National Research Infrastructure
(NRI) Platforms, as well as Australian universities, research organisations, government agencies,
researchers, and data scientists.

The recommendations and Community Roadmap outlined here were developed from a Vocabulary
Workshop held at the Australian National University (ANU) from November 16 to 18, 2022, along with
subsequent community consultation between 2022 to 2024. The objective of the 2022 workshop was
to create a Roadmap that facilitates the transition of Australian vocabularies from their current state
to a future state that fulfils next-generation requirements. The workshop brought together a diverse
group of participants, including vocabulary creators, managers, service providers, tooling experts,
and advocates from various fields such as health and medicine, Earth and environmental science, as



well as the humanities, arts, and social sciences. The recommendations presented reflect the broad
range of experiences and perspectives of these participants, who have significant involvement in
international data partnerships and a comprehensive understanding of the Australian research
infrastructure landscape. Feedback from subsequent community consultations, particularly from the
eResearch Australasia Conferences (2022-2024) and the Australasian eResearch Organisations
(AeRO) Newsletter (AeRO, 2024), has been incorporated into these recommendations.

Many researchers and data managers create and utilise vocabularies and related resources in their
work; however, these efforts often lack visibility. There are numerous challenges for those trying to
discover, utilise, or repurpose the domain expertise documented in these vocabularies. Our goal is to
enable any researcher to find the vocabularies that best represent the concepts they want to
document, use them to plan data collection, and structure their data products and analyses —all
without needing to be an expert in semantic technologies. Achieving this goal will require substantial
investment in vocabulary tools and platforms, such as Research Vocabularies Australia (RVA), as well
as the development of modules and plug-ins to simplify vocabulary use. Additionally, high-quality
training materials and supportive social and governance frameworks will be necessary to manage
the vocabulary lifecycle effectively.

Through the vocabulary workshop and subsequent community consultations, fifty-seven actionable
recommendations were identified, focusing on seven key topics:
1. Technical standards adoption;
Vocabulary content creation;
Vocabulary publishing;
Vocabulary governance;
Mapping and annotation of vocabularies;
Finding and using FAIR vocabularies; and
Skills, training and outreach.

No o s~LDN

For implementation purposes, the recommendations were organised under four strategic themes and
ranked by importance and urgency for implementation.

1. Foster a thriving vocabulary ecosystem;

2. Improve the consistency, content and context of vocabularies across Australia;

3. Improve the consistency of vocabulary tools and services; and

4. Lower barriers for using and maintaining vocabularies

Over the past 20 years, the Australian Government has made significant investments in the National
Collaborative Research Infrastructure Strategy (NCRIS), leading to substantial advancements in
research data management. These strategic roadmap recommendations for an Australian FAIR
Vocabulary Ecosystem aim to build upon these advancements and promote greater reuse of research
data, both within individual domains and across multiple fields. Additionally, they help address
transdisciplinary challenges that cannot be effectively solved without the cross-domain
interoperability of data.



Vocabularies are “organised arrangement[s] of words and phrases used to index content and/or to
retrieve content through browsing or searching” (Harpring, 2013). Vocabularies provide structures for
organising the knowledge of a scientific domain (e.g., the periodic table, social systems, the United
Nations standard classifications, etc). Consequently, every well-managed vocabulary is a valuable
component of our shared knowledge infrastructure. Vocabularies play a foundational role throughout
the data-sharing landscape, both in Australia and internationally, and are used, often unnoticed, in
most data assets, services, and infrastructure maintained by the research, government, and industry
sectors. In this document, we use the word ‘vocabularies’ to broadly describe all ‘semantic artifacts’
that are machine-actionable (Wilkinson et al., 2016), machine interpretable (Elixir-Europe, n.d.) and
machine-readable (CODATA RDM Terminology Working Group, 2024) formalisations of conceptual
frameworks, including ontologies, taxonomies, glossaries, thesauri, metadata schemas, and
standards (Hugo et al., 2020). Their use enables standard data representation, annotation, and
knowledge organisation for robust data sharing and reuse by both humans and machines (Hugo et
al., 2020; Corcho et al., 2024).

Vocabularies that are expressed using machine-actionable standards are fundamental to the 'FAIR
Guiding Principles for Scientific Data Management and Stewardship' (Wilkinson et al., 2016).
Vocabularies enhance data discovery and integration, facilitating cross-domain interoperability
(WorldFAIR, n.d.-a). The FAIR Principles — Findable, Accessible, Interoperable, and Reusable — place
particular emphasis on improving “the ability of machines to find and use the data automatically.”
They assert that all research objects should be FAIR for both machines and people.

FAIR Principle |12 states, “(Meta)data use vocabularies that follow FAIR principles” (Wilkinson et al.,
2016). Therefore, for a dataset to be entirely FAIR compliant, any vocabularies used to describe the
metadata and data must also be findable, accessible, interoperable, and reusable by both humans
and machines (Wilkinson et al., 2016). Such vocabularies are a core part of cross-domain FAIR
implementation, facilitating the potential for automated data integration in cross-domain research
and enabling automated access control (Hodson and Gregory, 2024), ultimately allowing for better
use of Al (Hodson and Gregory, 2024; ESIP Data Readiness Cluster, 2022). For example, vocabularies
support knowledge graphs (Fensel et al., 2020) and applications that utilise graph technology, and in
conjunction with Large Language Models (LLMs; Naveed et al., 2025), they enhance semantic
understanding and knowledge processing.

There are numerous available best practice documents relating to creating and using vocabularies
on the web (e.g., Hyland et al., 2014, Hugo et al. 2020, Garijo and Proveda-Villalon 2020; Cox et al.
2021, Léscio et al., 2017). FAIR-compliant ‘machine-actionable’ vocabularies are created from
information resources in hardcopy books, PDFs, and data sheets (.xls, .xlsx formats) using
appropriate standard serialisations and formats (See Appendix 2 Recommendation 2.a.1). For
uniqueness, persistence and re-use on the web the use of Globally Unique, Persistent and Resolvable
Identifiers (GUPRIs: Wittenburg and Strawn, 2018; Schultes et al., 2022) for vocabularies and each
term in the vocabulary is essential. As stated by Hugo et al. (2020): “Globally Unique, Persistent and
Resolvable Identifiers must be used for Semantic Artefacts, their content and their versions” (P-Rec.
1, p21). Ideally, raw vocabulary data is readable by both humans (e.g., HTML documentation,
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specification pages) and machines (RDF/XML, Turtle, JSON-LD), both resolvable from a single GUPRI
such as an Internationalised Resource Identifier (IRI; Dirst and Suignard, 2005) (Rule 5 of Cox et al.,
2021). For documentation and citation of the vocabulary as a whole (Rule 8 of Cox et al., 2021),
assigning a separate GUPRI, such as a Digital Object Identifier (DOI), is useful (Rule 8 of Cox et al,,
2021).

The complexity of the knowledge that can be encoded in a vocabulary varies along a ‘semantic
ladder’ (e.g., McGuinness, 2023; Duerr et al., 2024; Figure 1 below), from controlled vocabularies,
which tend not to include a structure of relations between their terms, through to ontologies which
are shared and standardised list of words, terms and phrases to describe components of a particular
discipline or domain, along with a taxonomy of their relations (Zeng, 2008; CODATA RDM
Terminology Working Group, 2024).

Strong Adapted fram Lea Orbst 2007-2008

Semantics

Semantic
Interoperability

Increasing Metadata, Context
& Knowledge Representation

Structural
Interoperability
Syntactic
Interoperability
Weak
Semantics — 3
Recovery Discovery Intelligence  Questioning/Answering  Smart Behaviours

Increasing Reasoning Capability

Figure 1. The Semantic Ladder

based on the Spectrum of Knowledge Representation and Reasoning Capabilities. Orbst, 2008. The
arrow indicates increasing metadata, context and knowledge representation. See Glossary for
definition of terms used in this figure (see also McCreary (2006) and Duerr et al. (2024)).

A Strategic Community Roadmap for an Australian FAIR Vocabulary Ecosystem. Wong, M., Atkins, N., Boyle, D.,
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Figure 2. Semantic resources that are worked with, Australian Vocabulary Symposium 2022
responses as to the types of semantic resources participants worked with (Source: Figure 7 in Wong
et al., 2023).

The 2022 Australian Vocabulary Symposium (Wong et al., 2023) featured a poll that asked
participants about the vocabulary resources they were currently using (see Figure 2). The
participants included vocabulary creators, managers, service providers, and advocates from various
sectors, such as technology, research (including Federal, State, and Territory governments,
organisations, and universities), national data infrastructures, consultancies, and service providers.
Responses came from individuals working with a range of vocabulary types, from simple lists,
taxonomies, and thesauri to more complex logics, such as ontologies. Figure 2 indicates there are
diverse needs of parties in creating, managing, and reusing vocabularies that are purpose-driven and
designed to be FAIR.

2.2. Vocabularies as enablers of interoperability

Data interoperability is a central focus in the development of research infrastructure. Interoperability
cannot be significantly achieved without vocabularies, particularly in contexts where machines are
involved in data processing. Data interoperability can be classified using different interoperability
levels (Veltman, 2001; Goldbeck and Simperler, 2018):

Structural and Syntactic Interoperability: The first levels of interoperability level is achieved by
adopting structural and syntactic standards that enable others to import and access the data. This
involves, for example, using widely used encodings and well-known data formats, such as NetCDF
or JSON (JSON:; n.d.). Although both machines and human users can load and read this data, the
meaning of the elements may be undefined or unclear, which can lead to potential
misinterpretation.

Semantic Interoperability: The next level of interoperability involves the addition of semantic
information to make the meaning of data understandable by both humans and machines. Semantic

A Strategic Community Roadmap for an Australian FAIR Vocabulary Ecosystem. Wong, M., Atkins, N., Boyle, D.,
Dharmawardena, K., Hobern, D., McEachern, S., and Wyborn, L. 6



Interoperability is the ‘Ability of computer systems to transmit data with unambiguous, shared
meaning. Semantic interoperability is a requirement to enable machine computable logic,
inferencing, knowledge discovery, and data federation between information systems...in other
words, what is sent is what is understood’ (CODATA RDM Terminology Working Group, 2024).
Vocabularies, along with supporting tools and services, are the means of achieving semantic
interoperability.

Simple controlled vocabularies and lists (represented by the red and orange ellipses in Figure 1)
allow users to recognise that multiple datasets reference the same concept, facilitating data
integration. When hierarchical vocabularies and taxonomies are employed, simple reasoning based
on set relationships becomes possible. Semantically annotated vocabularies and ontologies
(depicted by the yellow and green ellipses in Figure 1) enable deeper integration and the ability to
infer assertions that are not explicitly stated within a dataset. All these types of vocabulary serve
as 'semantic glue', enhancing the broader application and reusability of datasets.

Cross-domain interoperability: Cross-domain interoperability leverages semantic interoperability,
utilising vocabularies and semantic technologies to connect different terminologies across various
domains. Cross-domain interoperability is enriched when mappings between disparate terms are
documented and published in machine-readable formats (Goldbeck and Simperler, 2018; Figure 3).
New projects are emerging that are focused explicitly on cross-domain interoperability, for
example, the CODATA (Committee on Data and the International Science Council) and RD-A-led
WorldFAIR: Global cooperation on FAIR data policy and practice project, which worked with a set of
11 disciplinary and cross-disciplinary case studies to improve interoperability and reusability of
digital research objects (WorldFAIR, n.d.-a). The European Open Science Cloud (EOSC) is another
example (European Commission, n.d.). Fundamental to cross-domain interoperability is the leverage
of universal vocabularies that span across multiple domains, such as geography, units of measure
and the periodic table.
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Figure 3. Types of interoperability

with increasing levels of interoperability achieved within and across domains. Richer metadata
allows terms within and across datasets, as well as their relationships, to be understood by both
humans and machines (based on Goldbeck and Simperler, 2018).

2.3. The Vocabulary Ecosystem

With the increasing number and complexity of vocabularies and the growing requirements for human
and machine interoperability, vocabularies need to be understood as part of a broad ecosystem that
includes governance models, parties, and technical and social systems.

Baker et al. (2013a) used the term ‘Vocabulary Ecosystem’ to encompass the links and dependencies
between linked open vocabularies, as well as the global governance of the ecosystem in which
vocabulary managers, standard bodies, and memory institutions should engage. Tamma and Poveda-
Villalén (2021), in Boissier et al. (2021), more precisely defined a Vocabulary Ecosystem as “1) the
minimum vocabulary or vocabularies needed, and 2) the possible relations amongst them to support
discovery, access and interoperability amongst autonomous agents operating in the Web of Things
(WoT)”. Robust vocabulary governance is an essential component of “a more interconnected and
sustainable data ecosystem” (Ramezani et al., 2024 p.8, Baker et al., 2013a). This includes the need
for good governance and processes in the catalogues that preserve and maintain vocabularies
(Corcho et al., 2024). The CARE Principles for Indigenous Data Governance also raise important
governance considerations for innovation and Indigenous self-determination through the modern
data ecosystem (Carroll et al., 2020).

For this Community Roadmap, we define the Vocabulary Ecosystem as the parties, resources, tools,
platforms, policies and practices that together make vocabularies accessible and useful for all
researchers and users of digitally encoded knowledge. No matter how valuable vocabularies may be
as formalisations of expert knowledge, their value will not be realised unless all parties can discover
and apply this encoded knowledge to their data. If best practice is not well understood, or if adoption
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of vocabularies requires significant technical knowledge, most data will continue to be generated
without the interoperability benefits provided by vocabulary use, and large-scale data integration,
for example, for meta-analysis and time-series studies, will be costly activities.

A well-framed and properly resourced Vocabulary Ecosystem will facilitate the mainstreaming of
encoding expert knowledge as vocabularies, maximise vocabulary reuse and application, and
ultimately improve data quality and lower the transaction cost of data reuse for end users.

2.4. Vocabulary Ecosystem challenges: the Australian
context

The National Digital Research Infrastructure Strategy (NDRI), released in July 2024, provides a user-
centric vision for Australia’s digital research infrastructure (Australian Government Department of
Education, n.d.-d.) and lists six Outcomes. Outcome 3 states that by 2030, Australia’s NDRI system
should be “Consistent in its standards for data collection, curation, and access”. The identified
challenge for Outcome 3 is that “Increasing volumes of research data are being generated that are
not FAIR/CARE compliant”. Specific to vocabularies, FAIR Principle 12 states that for data to be
interoperable, “(meta)data use vocabularies that follow FAIR Principles” (Wilkinson et al., 2016).

However, the reality in Australia is that shared vocabularies and services supporting them form a
diverse ecosystem that is not effectively coordinated, meaning that many potentially valuable
vocabularies are not discoverable or reusable (McEachern et al., 2023). In addition, existing
vocabularies are not necessarily findable, let alone accessible, interoperable and reusable; that is,
very few vocabularies comply with FAIR Principle 2. Tools and processes for vocabulary creation and
maintenance can be esoteric and off-putting to data stewards and generators (such as researchers).

Recognising these challenges, a cross-domain workshop was held in person at the Australian
National University (ANU) from 16-18 November 2022 (Wong et al., 2023). The workshop focused on
identifying and addressing key issues and barriers to promote movement from the current state of
Australian vocabularies to a future state that meets next-generation vocabulary requirements. From
this workshop, the necessity for a Strategic Community Roadmap for an Australian FAIR Vocabulary
Ecosystem was acknowledged.

2.5. Purpose of the Strategic Community Roadmap: Call to
Action

This Community Roadmap outlines a strategic path forward to create an integrated FAIR Vocabulary
Ecosystem in Australia. It was developed through a series of community engagements primarily
within the Australian research sector and government from 2021 to 2024. It combines vocabulary-
related infrastructure, services, tools, and practices within the Australian National Research
Infrastructure (NRI) to enhance the development, maintenance, and use of vocabularies.

It is a Call to Action for NRIs and the Australian research sector, including both academic institutions
and government bodies, to work towards a shared Vision and Mission (Section 4.2) for a FAIR
Vocabulary Ecosystem. This requires coordination, investment, and significant efforts to reinforce
and expand initial endeavours. The roadmap highlights specific, actionable recommendations that
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parties can adopt, both individually and collectively, to overcome the critical technical and social
barriers to help realise this Vision.

The Purpose of this Community Roadmap is to promote a more coordinated approach to overcoming
key technical and social barriers towards establishing a FAIR Vocabulary Ecosystem in Australia.

The Aim is to facilitate wider adoption and broader community support for machine-readable and
machine-actionable vocabularies, as a fundamental aspect of meeting the FAIR Data Principles.

The Goal is to make this process straightforward, clearly beneficial, and mainstream. Additionally, it
seeks to raise awareness of the importance of vocabularies in realising the advantages of FAIR data.
It presents improvements in the National Research Infrastructure (NRI; Australian Government
Department of Education, n.d.-a) landscape that would support the creation and use of such data.

The primary audience for this Community Roadmap includes those involved in creating, managing,
and using vocabularies within Australia's research and government sectors. Specifically, the
Community Roadmap is aimed at:

NDRI Strategy Coordinators and Implementers: The NDRI is coordinated through the National
Research Infrastructure Advisory Group (NRAIG, Australian Government Department of Education,
n.d.-e).

NCRIS and NRI Platforms: Decision-makers and technical teams responsible for developing and
maintaining Australia's NCRIS (National Collaborative Research Infrastructure Strategy: Australian
Government Department of Education, n.d.-b) and related NRI platforms (current funded projects
are listed in the Australian Department of Education n.d.-c);

Universities: Academic institutions that can benefit from and contribute to the uptake of improved
vocabulary practices and infrastructure.

Researchers and Data Scientists: Individuals in academic, government, and non-governmental
organisations (NGOs) who are directly involved in managing, curating, and using high-quality,
reusable data assets. This includes those who are "hands-on" with data and metadata and who
would benefit from enhanced vocabulary services and tools. Ready access to high-quality and
widely adopted vocabularies will help researchers understand the structure of each research
domain and facilitate communication using a shared conceptual framework.

Government Agencies: Various government departments, such as the Department of Agriculture,
Fisheries and Forestry (DAFF), the Department of Climate Change, Energy, the Environment and
Water (DCCEEW), Geoscience Australia (GA), as well as State and Territory Geological Surveys and
Geospatial agencies, have a vested interest in managing data and vocabularies for policymaking,
reporting, and research purposes. Additionally, we include publicly funded research agencies,
including the CSIRO.

Although industry and the public will benefit from the services and infrastructure improvements
mentioned in this Roadmap, they are not the primary audience for this document.



3.Methodology of Roadmap development

This Community Roadmap emerged from the November 2022 Vocabulary Workshop (Wong et al,,
2023), which focused on vocabularies that were machine-actionable (FAIR) and well-governed and
built on two preceding cross-domain Vocabulary Symposia held in 2021 (Brownlee et al., 2021) and
2022 (Wong et al., 2023). The organisational leads for the 2022 Workshop were the Australian Data
Archive (ADA: ADA, n.d.), the Australian Research Data Commons (ARDC; ARDC, n.d.-a) and the
Committee on Data and the International Science Council (CODATA; CODATA n.d.).

Invited participants at the 2022 Workshop included vocabulary creators, managers, service/tooling
providers or advocates who worked either within or across the domains in technology and service
provision (including geospatial). They were from agencies and organisations across Research
Agencies (Including Universities, Federal, State, and Territory governments), National Data
Infrastructures, consultancies, and service providers. Focus was placed upon domains covered by the
eleven case studies of the CODATA WorldFAIR Project (WorldFAIR, n.d.-a) and the three ARDC
Thematic Research Data Commons Initiatives (ARDC, n.d.-b): People (health and medicine); Planet
(Earth and environmental science); and HASS (humanities, arts, social science) and Indigenous.

On Day 1, participants at the 2022 Vocabulary Workshop were given a cross-domain problem and
discussed components of the Vocabulary Ecosystem required to solve this problem. By Day 2 of the
Workshop, broad issues had been identified, and separate cross-domain breakout groups were
formed to brainstorm core challenges that could be addressed through a Community Roadmap (p15,
Wong et al., 2023). From the discussions and activities, participants expressed interest in developing
a Community Roadmap for the future state of the Australian Vocabulary Ecosystem. A Roadmap
outline was drafted. A cross-domain working group was nominated to develop the roadmap further.

During the writing process after the workshop, community consultations were regularly held through
three Birds of a Feather sessions (BoFs) at the annual eResearch Australasia Conference (McEachern
et al., 2022; 2023; Boyle et al., 2024), at the 2023 Vocabulary Symposium (Australian Research Data
Commons, 2023) and through the November 2024 eResearch Newsletter (AeRO, 2024).

Here, we present the output of these community efforts. Firstly, a Vision and a Mission statement are
proposed to guide the actionable recommendations. Recommendations were then gathered and
synthesised from across the consultative activities of 2022 to 2024. The recommendations were built
into an Implementation Roadmap. To guide strategic investment and decision-making, as well as
practical implementation actions, recommendations were grouped under seven key topics. For
implementation purposes, the recommendations were organised into four Strategic Themes and
ranked by suggested importance and urgency for implementation. Each recommendation has been
assigned a prioritisation for implementation (high, medium, or low) and the timeframe within which it
should be implemented (short-term, 1-2 years; medium-term, 2-3 years; or long-term, 3-5 years).

A note on policy, guidelines and related documents
In the ‘Mapping the Landscape’ session of the 2022 Vocabulary Workshop, participants developed a
comprehensive list of sources of information that could influence the priorities for implementation,
including documents, legislation, guidelines, groups, reviews, etc. (Brownlee and Wyborn, 2023;
Appendix 2 in Wong et al., 2023). Participants felt that all the documents, initiatives, and/or
directives identified generally supported, rather than constrained, the creation and use of
vocabularies to enable machine-actionable FAIR data. Some may also inform how vocabularies and
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related services are governed and managed to allow for best practice of equity and transparency,
such as Codes of Ethics and Government Legislation.

Hence, specific policy and guidelines are not referenced in the roadmap. Although they are
recognised as essential parts of the Vocabulary Ecosystem, their relevance will vary across parties
and the vocabulary lifecycle and maturity. For example, the Australian Government Data Availability
and Transparency Act (Australian Government, n.d.) and the Data and Digital Government Strategy:
The Data and Digital Vision for a world-class APS to 2030 (Australian Government, 2023) are of
relevance to Australian Government agencies, whilst the Australian Code for the Responsible
Conduct of Research, in particular the Guide on Management and Data Research (NHMRC, 2018;
2019) and related institutional or organisational Data Management Plans are mainly relevant to
individual researchers and Institutions conducting research in Australia or under the auspices of
Australian Institutions.

4. Recommendations for a FAIR Vocabulary Ecosystem

4.1. The Vocabulary Ecosystem: Identified Components

Based on the provided definition (Section 2.3) and recurring themes identified during the
consultations for developing this Roadmap, we define the Vocabulary Ecosystem as consisting of
several elements and their interdependencies (Figure 4):

¢ The Content of the vocabularies. Representation of subject matter knowledge by domain experts,
authorities, communities and knowledge-brokers;

« The Community that uses, delivers or influences vocabularies. These are the participants and
influencers in the vocabulary ecosystem, and the relationships between them, including funders,
domain experts, informaticians and data engineers, and users, including researchers and data
stewards.

« Standards for publishing FAIR vocabularies, e.g., RDF, OWL, using XML, Turtle, JSON-LD (for the
representation and encoding of the vocabularies);

« The Governance supporting the persistence, trust, currency and authority of vocabularies. Agreed
community frameworks, best practices, and rules for developing, managing, using and citing
vocabularies;

¢ The Policy and Investment Context driving vocabulary use. Investments and policy drivers such as

the roadmap priorities of the National Research Infrastructure (Australian Government Department

of Education, n.d.-d.) and the rules that are managed via institutional guidelines and policies through
data management plans;

« Infrastructure, tools and technologies for the vocabulary life cycle, including creation, publishing,
preservation and maintenance, and facilitating discovery, access, use and re-use.

These tools encompass the services for storing and/or sharing vocabularies such as repositories,
catalogues, registries, libraries, and terminology/vocabulary servers, and associated tools and
technologies, including editors, client applications, plug-ins, and APIs. Herein, we refer to

A Strategic Community Roadmap for an Australian FAIR Vocabulary Ecosystem. Wong, M., Atkins, N., Boyle, D.,
Dharmawardena, K., Hobern, D., McEachern, S., and Wyborn, L. 12



vocabulary services as a service that enables users to discover, browse, and download controlled
vocabularies in a variety of languages (e.g., SKOS, RDF/XML, Turtle, RDF/JSON, Notation3). The
service may also contain an editor, where authorised users create, manage, and translate the
vocabularies (CESSDA, n.d.). These play a critical role in preserving and maintaining vocabularies,
as well as addressing interoperability challenges (Corcho et al., 2024).

Other Socio-technical drivers of vocabularies include, for example, intrinsic motivations for
knowledge sharing and the rise of Al.

Skills uplift and training materials for vocabularies in research and data management, and in support
of the FAIR data principles, including outreach activities to support vocabulary creation,
management and use.

Community participants and influencers within the ecosystem, along with their priorities and
motivations, play crucial roles in the creation, management, dissemination, and reuse of vocabularies.
This concept was highlighted during the cross-domain symposia on vocabulary governance held in
2021 (Brownlee et al., 2021) and in the "Mapping the Landscape" activity, which articulates all
stakeholders involved in the Australian Vocabulary Ecosystem (p. 12, Wong et al., 2023). The
interdependencies of stakeholder relationships throughout the vocabulary supply chain were
emphasised.

In the context of this Community Roadmap, it is essential to recognise that any implementation
activities must be tailored to the subcommunities within the Australian research community, each
possessing different perspectives, priorities, needs, and skill sets. For instance:

Domain experts and knowledge holders (subject matter experts) need collaborative tools for
developing accessible vocabularies, ensuring their expertise is appropriately accessible and
valuable to others.

Vocabulary service providers and informaticians require clear guidance on standards, best
practices, and futureproofing to deliver vocabularies, vocabulary services and tooling that are fit-
for-purpose for end users; and

Users (who may also be knowledge holders) require intuitive and straightforward ways to access
and utilise the most appropriate and well-supported vocabularies for their data management and
analyses. This includes researchers, who should not have to master semantic technologies to apply
vocabularies to their research data effectively.
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Figure 4. The elements of the Vocabulary Ecosystem

4.2. Vision and Mission

Shaped through the activities (a workshop, symposia, community consultations) across 2022 - 2024,
the following Vision and Mission statements are proposed. The purpose of articulating these is to
help foster a shared understanding of the stakeholder community's goals within the Australian
Vocabulary Ecosystem. The Vision and Mission can be adopted and adapted at the level of individual
organisations or collectively across several organisations or research groups.

The following Vision is proposed:

That shared vocabularies and their ecosystem form a key part of the Australian and international data
landscape, enabling the impact of data for beneficial cultural, environmental, societal, economic and
health outcomes.

The Outcome of this Vision would be:

In the next 5 to 10 years, the importance of vocabularies will be widely recognised in Australia. This will
lead to a growing ecosystem of vocabularies, along with associated services and tools, that will make it
easier to publish and use vocabularies. These vocabularies will serve as a fundamental component of
data assets, services, and infrastructure across the research, government, and broader data sectors.

To achieve this Vision, the following Mission statement is proposed:

A Strategic Community Roadmap for an Australian FAIR Vocabulary Ecosystem. Wong, M., Atkins, N., Boyle, D.,
Dharmawardena, K., Hobern, D., McEachern, S., and Wyborn, L. 14



To further the consistency and sustainability in the development, implementation, governance and use
of vocabularies across domains to solve real-world problems, both in Australia and internationally,
through the establishment of an effectively coordinated community and services.

A group coordinating communications across the Vocabulary Ecosystem may facilitate working
toward a shared Vision and Mission across organisations, institutes, communities, facilities, and
service providers.

The 2022 Vocabulary Workshop (Wong et al., 2023) and subsequent community consultations
between 2021 - 2024 identified 57 Recommendations.

The 57 recommendations are categorised into seven Key Topics:

QD

Technical standards adoption;

O

)

) Vocabulary content creation;
) Vocabulary publishing;
)
)

o 0O

Vocabulary governance;

D

Mapping and annotation of vocabularies;
Finding and using FAIR vocabularies; and
g) Skills, training and outreach.

—
=

To support strategic implementation, we have further organised the 57 recommendations around
four Strategic Themes (Table 1).

1. Foster a thriving vocabulary ecosystem;

2. Improve the consistency, content and context of vocabularies across Australia;
3. Improve the consistency of vocabulary tools and services; and

4, Lower barriers for using and maintaining vocabularies.

Table 1. Description of the Four Strategic Themes

Strategic theme Description
1. Foster a thriving The development of a robust Vocabulary Ecosystem
Vocabulary Ecosystem depends on creating a thriving network of interconnected

parties and vocabulary tools and services. This strategic
theme prioritises collaboration and community building,
sustainability and longevity, demonstrating value, well-
defined roles and responsibilities, and effective
communication and knowledge sharing, supporting a
thriving ecosystem. This theme aims to encourage the
widespread adoption of FAIR vocabularies for data sharing
and integration.

2. Improve the consistency, To ensure the effective use of vocabularies in data

content and context of management and integration, it is essential to enhance their

vocabularies across Australia consistency, content, and context. This strategic theme
focuses on promoting the development of high-quality
vocabularies that are aligned with the needs of diverse



stakeholders, emphasising governance, authority, inclusivity
and representation. By improving vocabulary consistency,
content, and context, this theme aims to reduce duplication,
promote interoperability, and facilitate appropriate data
integration and reuse, in line with the FAIR and CARE
principles.

3. Improve the consistency of The consistency of vocabulary tools and services is

vocabulary tools and services essential for encouraging the widespread adoption of
standardised vocabularies. This strategic theme focuses on
developing interoperable and standardised vocabulary tools
and services to enable seamless integration, facilitate data
sharing, and promote discovery, accessibility and reuse. By
fostering consistency in these vocabulary tools and
services, this theme aims to enhance data quality, support
the FAIR data principles, and establish a cohesive
vocabulary ecosystem.

4. Lower barriers for using To encourage the widespread use of vocabularies, it is

and maintaining vocabularies crucial to simplify their usage and maintenance. This
strategic theme aims to reduce the complexity involved in
managing vocabularies, making them more accessible and
user-friendly to a broader audience. By lowering barriers,
this theme aims to promote the reuse and adoption of
vocabularies, thereby supporting the FAIR principles and
enhancing data interoperability.

The 57 recommendations are presented in the tables below, organised by Strategic Theme. Further
details on each recommendation can be found in Appendix 1.

Each recommendation is coded, as an example:

Theme: Recommendation number:
2 - Improve consistency, content First recommendation under Theme 2
and context of vocabularies across Australia\‘ /
2.a1
Topic:

a-Technical standards adoption

i. Recommendations
Number Recommendations

2.a.l Promote the use of well-governed and established, internationally endorsed
technical standards

il. Rationale
To tackle the challenges of data interoperability, vocabularies need to be both machine-actionable
and machine-readable. This allows for the sharing and reuse of concepts and knowledge by both



humans and machines. To achieve this, it is essential to implement the appropriate technical
standards across the Australian Vocabulary Ecosystem. This includes encoding vocabularies in
standard representation languages and formats, as well as supporting technical standards through
vocabulary services and tools. Ensuring the technical accessibility of vocabularies is vital for
promoting widespread adoption and integration into various data applications, products, and
platforms. Whenever possible, it is important to utilise well-governed and internationally endorsed
technical standards throughout the Australian Vocabulary Ecosystem.

i. Recommendations
Number Recommendations

2.b.1 Reduce vocabulary duplication by facilitating the search for existing resources,
including across vocabulary services.

2.b.2 Allow vocabularies to be created at the local, regional, national and international
levels (including at the project level if required), recognising that those at the global
level can have a broad impact and utility but that these can take considerable
coordination effort.

2.b.3 Support collaborations to extend or revise existing vocabularies, including work at
national and international levels to merge semantically equivalent vocabularies.

2.b.4 Support creation of multilingual vocabulary content, including Indigenous languages
and dialects.

2.b.5 Support vocabulary creation and management workflows that respect the role of

knowledge holders and domain experts (e.g., communities, committees, bodies or
individuals) in maintaining the content of vocabularies as authoritative.

2.b.6 Encourage the use of best practice standards in the 'profiling' of existing
vocabularies.

3.b.1 Provide access to registers and services that handle the full spectrum of knowledge
encoding, from simple controlled vocabularies to more expressive ontologies,
encoded using the appropriate technical standards and standard schemas as
applicable (e.g., Data Catalogue Vocabulary, DCAT).

3.b.2 Provide options for utilising open-source collaborative platforms such as GitHub for
vocabulary creation and management.

ii. Rationale
Recommendations for vocabulary content creation focus on the key topics of creating a more
interoperable, collaborative, and inclusive system for managing vocabularies. The rationale of these
recommendations is to make it easier for people to find, use, and contribute to vocabularies in a way
that respects expertise and promotes wider use. The main themes are Minimizing Duplication and
Encouraging Reuse making it easier to search for existing vocabularies and to collaborate on
extending or merging them; Promoting Collaboration and Inclusivity emphasising supporting
collaboration at all levels —local, national, and international; Respecting Expertise and Authority
ensuring individuals, communities, or committees that hold expertise and knowledge have a central
role in creating and maintaining the content of the vocabularies; and Adopting Modern and Flexible
Tools using standards to encode different types of knowledge (from simple lists to complex
ontologies).



Vocabularies are critical to ensuring shared understanding of any term used in data. The absence of
controlled vocabularies in the terms used in metadata elements and/or data descriptions is often the
main reason for the lack of machine-to-machine interoperability between datasets, as machines
cannot easily understand text-based content in the same way that the human brain can decode,
interpret and make sense of the free text (Wang et al., 2017). However, there is an unnecessary
proliferation of vocabularies, many of which are developed in isolation. Facilitating the search for
existing vocabularies across vocabulary services will help maximise re-use of existing vocabularies,
reducing duplicity. There also needs to be a more precise articulation of roles and responsibilities
within vocabulary metadata, as well as through creation and management workflows. This includes
the identification of the governing authority of the vocabulary’s content. Such information will enable
users to evaluate which vocabulary is fit for their purposes, including considering which is more
authoritative and likely to persist over time.

i. Recommendations
Number Recommendations

2.c1 Offer tools that enable easy publication of a metadata record for each vocabulary,
ideally with a DOI, including metadata on content and scope, governance and
maintenance.

2.c.2 Enable vocabulary owners to express the licence and copyright for each vocabulary.

2.c.3 Vocabulary services should support the currency of vocabularies and mapping by
enabling the easy management and curation by authorised parties, through
community-driven and automated approaches.

3.c Provide pathways to easily, efficiently and persistently publish a vocabulary.

3.c.2 Promote good practice in GUPRI allocation by using dedicated, persistent identifier
services. Consider integrating the harvesting of GUPRIs through vocabulary tools
and services.

3.c3 Vocabulary services and registries must support version control and version
management, including metadata and tools to assist mapping between versions.

3.c4 Vocabulary services must offer the ability to notify users of changes, such as
deprecating and replacing a term.

4.c.1 The ability to represent concepts in a form that accommodates the semantic
complexity of the knowledge, and delivers it in a manner that is no more complicated
than necessary for the use.

ii. Rationale
A thriving vocabulary ecosystem requires that vocabularies are published in a manner that is both
accessible and sustainable. Without streamlined processes for easy, efficient, and persistent
publication, vocabularies risk remaining fragmented, hindering their utility and adoption.

The rationale behind the recommendations for the vocabulary publishing key topic is to ensure that
vocabularies are discoverable, authoritative, and sustainable over time. They focus on making
vocabularies easy to find and use while ensuring their integrity and long-term viability. Raised were
recommendations for Trust and Reliability achieved through transparent governance, version control
and the use of persistent identifiers; Accessibility and Management making vocabularies easy to
publish, manage and re-use; Flexibility and Adaptability allowing vocabularies to evolve, such as



through version management; and User Notification and Currency highlighting the importance of
keeping users informed.

i. Recommendations
Number Recommendations

1.d.1 Support and advocate for persistent and sustainable vocabulary registers and
services, including resourcing and contingency planning.

1.d.2 Reduce the inertia experienced in vocabulary creation and maintenance (e.g., no one
wanting to 'own' the vocabulary) by providing clear examples of roles,
responsibilities and resources required.

2.d.1 Engage with and respect the critical role of subject domain experts, committees or
bodies in endorsing and governing authoritative vocabularies.

2.d.2 Support Indigenous-led scoping and activity for vocabularies of, by and for
Australian Aboriginal and Torres Strait Islanders, including for use in decolonising
data, promoting the expression of CARE through the vocabulary lifecycle (including
in vocabulary metadata).

2.d.3 Promote authoritatively governed vocabularies within vocabulary services and
registers.
2.d.4 Acknowledge that vocabularies are not neutral and support the right of reply,

including in vocabulary notes, metadata and mappings.

2.d.5 The location of a vocabulary can change over time. Consider the responsible parties
and resources required for ensuring that vocabulary GUPRIs consistently resolve to
webpages containing the vocabulary information and metadata.

3.d.1 Understand and promote the expression of vocabulary governance in vocabulary
services, tooling and workflows.

4.d.1 Document and share scenarios of good practice and protocols for GUPRI
construction, allocation and endorsement.

4.d.2 Provide guidance and reference examples on fit-for-purpose vocabulary governance
- including for creation, maintenance, versioning, authorisation, sustainability and
persistence.

ii. Rationale
The recommendations under the key topic of vocabulary governance are about building a sustainable
and respectful Vocabulary Ecosystem. The rationale is to ensure that vocabularies and related tools,
infrastructure and services are not only technically sound, but deliver authoritative, up-to-date
content that is ethically governed and culturally aware. Raised were recommendations around
Sustainability and Ownership; Respectful and Authoritative Governance, Transparency and Trust, and
Documenting and Sharing Best Practices.

The FAIR Principles include the notion of “long-term care” of data, including vocabularies that are
used to represent and annotate data in a standard way (Ramezani et al., 2024). Vocabularies that
support meaningful knowledge representation through the FAIR data ecosystem are “particularly
sensitive to changes, versioning, sharing, management, all of which are governance aspects”
(Ramezani et al.,, 2024, p9). Therefore, robust vocabulary governance is an essential component of an
interconnected, sustainable data ecosystem (Ramezani et al., 2024; Baker et al., 2013a). Semantic
artifact governance (herein ‘vocabulary governance’) can be described as:



“A principled approach for standardising different aspects of semantic artifacts development through
the semantic artifact lifecycle, from acquisition to use to disposal. It specifies decision rights and
accountabilities for an organisation's decision making about semantic artefact” (Ramezani et al., 2024
p.12).

Governance requirements for vocabularies vary with maturity and user base, as well as between
specific use cases, research communities, and projects. In addition to the recommendations
identified here, the 2022 Workshop identified key concerns relating to the governance of FAIR
vocabularies (Wong et al., 2023). This included the requirements to understand and communicate
scope, context, roles, and responsibilities, manage change requests and communicate revisions, and
consider matters of persistence and sustainability, including vocabulary services. Addressing the
gap in the maturity and the skills of vocabulary governance across the Australian Vocabulary
Ecosystem is necessary to empower parties to establish robust governance structures, ensuring that
vocabularies are a trusted and persistent resource for diverse parties. There is a need for practical
guidance and examples on governance patterns that can be adopted and adapted for various
scenarios. One such resource in the context of the European Open Science Cloud (EOSC) is the
models of vocabulary governance based on the diverse needs of different scientific communities and
projects documented by Ramezani et al. (2023, 2024).

i. Recommendations
Number Recommendations

2.el Vocabulary services should include tools to provide additional text representations
or labels for existing vocabulary terms.

3.e. Vocabulary services should include tools for providers and the community to define
and publish mappings that establish the relationship between pairs of vocabulary
terms using SSSOM, SKOS, OWL, FHIR or other well-established technical
standards.

3.e? Vocabulary services, or specialist mapping registries, should provide stable,
persistent and FAIR hosting for these mappings and their metadata (e.g., provenance
and authority).

3.e3 Vocabulary services and registries should provide access to mappings using a
standardised set of formats and representations, as well as via APIs and software
packages that facilitate their use.

3.e4 Vocabulary services and registries should enable the discovery of known mappings
that reference each vocabulary.

4.e.1 Vocabulary services or other associated software should facilitate semi-automated
creation of (candidate) mappings based on term similarity, other mappings, etc., and
practitioners should have the ability to edit and curate these candidate mappings.

4.e.2 Consider the feasibility of Al for creating, mapping and annotating vocabularies.

ii. Rationale
Vocabularies are key building blocks for knowledge management, but additional effort is necessary
to build mappings between vocabularies so applications can use them to aggregate, integrate and
reason over data.



The rationale behind recommendations for the key topic on mapping and annotation of vocabulary is
to support dynamic, interconnected, and intelligent vocabularies. They focus on making vocabularies
more useful by linking them together and by leveraging automation to do so more efficiently. Raised
were recommendations for Interoperability Through Mappings; the Enrichment of Vocabulary Content;
Discovery and Accessibility of mappings; and Making the Creation and Maintenance of Vocabularies and
their Mappings Easier through Automated and Semi-Automated Tooling.

The ability to contextualise vocabularies into a broader ecosystem supports several important use
cases, including:

e A network of partners all collect data using related but different vocabularies and want to
improve accessibility for their data by identifying how terms in different vocabularies relate to
each other.

e Researchers wish to map vocabulary terms to domain ontologies so they can leverage the
semantic power of these ontologies;

e A local network has developed a functional vocabulary to meet its needs, but a subsequent
international standard vocabulary now exists, and the network wishes to document how the two
vocabularies are related; and

o Communities wish to annotate vocabulary terms with known variant text representations
(abbreviations, additional languages, misspellings, etc.).

All these use cases depend on the ability of researchers or networks to create sets of annotations for
existing vocabulary terms, even in cases in which they have no rights to modify the original
vocabulary, and to publish these in a form that enhances the usefulness and interoperability of the
vocabulary and of data using the vocabulary.

i. Recommendations
Number Recommendations

1.f.1 Understand the emergent role of vocabularies in Al optimisation and ethical data re-
use, including in automated data tagging.

3.f1 Support standard APl usage, including the development of vocabulary APIs with
standard and extensible search mechanisms.

3.f.2 Provide human and machine-readable views of vocabularies, of varying complexities,
to standard formats (content negotiation by profile).

3.f.3 Vocabulary services should facilitate re-use (forking) of vocabularies where this is
necessary for technical or governance reasons, including establishing links to the
terms in the source vocabulary.

411 Enable users (both humans and machines) to easily find, access and reuse
vocabularies (ie FAIR vocabularies).

4.2 Ensure vocabularies are appropriately licensed to enable and allow reuse.

4.3 Allow users to reference and cite vocabularies appropriately attributing curators and

contributors.

414 Encourage interoperability between vocabulary services and registries where it will
support vocabulary discovery and re-use within or across domains.



415 Vocabulary services and registries should deliver information in a way that is user-
friendly to search, discover and access the granularity of information they require.

416 Vocabulary services and registries should include tools and APIs that allow
vocabularies to be accessed and used directly within popular programming
languages and software (e.g., spreadsheet and database tools).

417 Support the seamless integration of vocabularies into data management workflows
and user interfaces to increase vocabulary reuse.

ii. Rationale
The main recommendations in the key topic of finding and using FAIR vocabularies are about making
vocabularies discoverable, accessible, and useful for both humans and machines in a modern, data-
driven world. The rationale is to embed vocabularies into digital workflows, so they become an
everyday, effortless part of how we manage data. Raised were recommendations focused on
Enabling Machine-Readable and Al-Friendly Vocabularies, including in emergent roles in Al
optimisation and ethical data re-use; Promoting Interoperability and Reusability, making it easier for
people and systems to find and use vocabularies; User-Centric Design and Integration for a user-
friendly experience; and Attribution and Licensing, ensuring vocabularies are appropriately licensed
for reuse and cited.

There is a proliferation of vocabularies available online, many of which are local solutions for local
vocabularies: researchers are confused as to which ones are reliable, endorsed, licensed for re-use,
and have sustainable funding. Whilst FAIR-compliant vocabularies are essential for making any
dataset FAIR-compliant for both human and machine readability and actionability (Interoperability
principle 12: “meta(data) use vocabularies that follow FAIR principles”), many vocabularies are not
entirely FAIR. With vocabularies developed by small groups at the local or regional scale, and/or
dataset-specific profiles of existing vocabularies, there are often not the resources required to make
these vocabularies FAIR compliant. Furthermore, many vocabularies are not described using
standard metadata schema elements, and metadata for citation, such as DOls and standard
licensing. The machine-actionability of vocabularies needs to be addressed as a priority, as well as
working towards the convergence and reuse of existing vocabularies where possible (including
finding, mapping and harmonisation) to provide fewer but better vocabularies. Vocabulary services
and registries play a crucial role in the Vocabulary Ecosystem, enabling the creation, discovery, and
reuse of FAIR vocabulary. A dedicated program of work is required to address the challenges of
vocabulary services federation, including articulating a shared vision.

i. Recommendations
Number Recommendations

1.g.1 Recognise the value of, and invest in, vocabulary professionals critical to the FAIR
Vocabulary Ecosystem.

1.2 Encourage and support communities of practices for knowledge brokering, sharing,
mentorship etc.

1.2.3 Use tangible case studies and vignettes that demonstrate the value of FAIR
vocabularies to stakeholder communities, including the cost-benefit compared with
using local lists of data systems.

184 Collaborate for co-investment across parties involved in the vocabulary lifecycle.



1.5 Leverage working groups, including international efforts that cut across/address
pressing issues in the vocabulary data supply chain.

1.2.6 Establish communication and information dissemination channels across the
Vocabulary Ecosystem in Australia, such as through the Australian Vocabulary
Special Interest Group (AVSIG) and the Australian Government Linked Data Working
Group (AGLDWG).

2.8.1 Foster linkage and collaboration with relevant international initiatives, for example,
WorldFAIR+, Interoperable Descriptions of Observable Property Terminology
Working Group (I-ADOPT WG), RD-A Vocabulary Services Interest Group, RD-A FAIR
Mappings Working Group.

2.8.2 Provide the necessary support for knowledge holders and domain experts (e.g.,
communities, committees, bodies or individuals) critical in the governance of
vocabularies as authoritative resources.

4.g.1 Provide a central touchpoint for those seeking guidance on the various tools and
services for finding, creating, publishing, and reusing vocabularies.

4.g.2 Support the democratisation of vocabulary reuse through providing training and
workshops on vocabularies tailored to communities' and domains' needs. Provide
guidance on finding vocabularies across services and evaluating them as fit-for-
purpose and likely persistent for reuse.

4.3 Provide access to a body of knowledge for education on vocabulary types, standards,
best practices, guidelines, and examples critical to the FAIR vocabulary lifecycle.

4.g4 Advocate for vocabularies as first-class 'digital citizens' in their own right, including
support for citation and indexing.

ii. Rationale
The core rationale of the skills, training and outreach recommendations is to build a robust,
sustainable, and collaborative ecosystem for creating, managing and using vocabularies in Australia.
The focus is on valuing the people and partnerships that make the Vocabulary Ecosystem work, as
well as educating users about the benefits of using FAIR vocabularies. Recommendations focused on
the areas of Investing in People and Expertise, emphasising that the success of a Vocabulary
Ecosystem depends on the people who support it. This focus is on human infrastructure as much as
on digital infrastructure; Demonstrating Value and Promoting Collaboration to grow buy-in through
collaboration and co-investment; Educating and Empowering Users to democratise vocabulary reuse
by empowering users to find, evaluate, and use vocabularies effectively; and Elevating the Status of
Vocabularies as ‘first-class digital citizens’, including through ensuring they can be cited and
indexed.

FAIR vocabularies and a vibrant Vocabulary Ecosystem hinge on a diverse pool of skills and
expertise. There is a recognised shortfall in Australia that must be addressed in any National Digital
Research Infrastructure workforce planning. Skills and education needs are evolving at a rapid pace,
driven by the current upward trend in research practices such as the adoption of machine-actionable
FAIR principles; vocabulary-backed technology solutions such as graph databases; making data
assets Al-ready; etc.

There are few university courses or other training courses available that cover or specialise in FAIR
vocabularies, and access to authoritative online training courses is desirable. Developing formalised



information models, ontologies and linked data implementations is usually beyond the skill set of the
majority of research scientists, and they do not necessarily need to be able to develop these skills.
Hence, training courses need to be targeted at the three communities: subject matter experts, users,
and informaticians (Section 4).

5.Conclusions

The development of this Strategic Community Roadmap has been a collaborative effort, involving
numerous parties from the Australian research and government sectors. Through a series of
symposia, a workshop and community consultations held between 2021 and 2024, a comprehensive
understanding of the challenges and opportunities within the Australian Vocabulary Ecosystem has
been achieved. It is intended to complement, rather than compete with, vocabulary activities, outputs
and recommendations that come out of international efforts initiatives such as the WorldFAIR
Project (WorldFAIR, n.d.-a), working groups/interest groups and plenaries of the Research Data
Alliance (RD-A; RD-A n.d.) and clusters within the US-based Earth Science Information Partners
(ESIP; ESIPFed n.d.-a), such as the Semantics Cluster and the Data Readiness Cluster (ESIPFed, n.d.-
b). It is anticipated that implementations of this Community Roadmap would continue to be informed
by best practices emerging from such initiatives.

This Community Roadmap presents a critical step towards maturing the FAIR Vocabulary Ecosystem
within Australia. By adopting and adapting the Vision and Mission and actioning recommendations
outlined in this document strategically, parties can work collectively towards creating a thriving
Vocabulary Ecosystem. This ecosystem will not only enhance the utility and impact of research data
within Australia but also contribute to the global data landscape, supporting beneficial cultural,
environmental, societal, economic, and health outcomes. The successful realisation of this
Community Roadmap will cement Australia's advances in research data management, facilitate
greater reuse of research data, and help address significant transdisciplinary challenges. By working
together, parties can ensure that the Vocabulary Ecosystem in Australia is robust, sustainable, and
capable of supporting the needs of a rapidly evolving data-driven landscape.

The roadmap has identified a clear Vision and Mission to guide the actions and investments
necessary to strengthen the FAIR Vocabulary Ecosystem in Australia. The Vision emphasises that
shared vocabularies and their related ecosystem should form a key part of the Australian and
international data landscape, enabling the impact of data for beneficial outcomes across various
sectors. The Mission focuses on furthering the consistency and sustainability in the development,
implementation, governance, and use of vocabularies across domains, both nationally and
internationally.

A significant outcome of this effort has been the identification of 57 recommendations, categorised
into seven key topics and organised around four Strategic Themes ranked by suggested importance
and urgency for implementation:

1. Foster a thriving vocabulary ecosystem;

2. Improve the consistency, content, and context of vocabularies across Australia;

3. Improve the consistency of vocabulary tools and services; and




4. Lower barriers for using and maintaining vocabularies.

The 57 recommendations provide a comprehensive framework for parties to address the critical
technical and social barriers hindering the creation, adoption and effective use of vocabularies in
Australia. They cover a wide range of aspects, from the adoption of technical standards and the
creation of vocabulary content to publishing, governance, mapping, finding, and utilising FAIR
vocabularies, as well as skills, training, and outreach.

The path forward involves implementing the 57 recommendations across the four Strategic Themes,
with a focus on prioritisation, resource allocation, and collaborative action. As the FAIR Vocabulary
Ecosystem evolves, it is anticipated that the utility of vocabularies will become well understood, and
a burgeoning ecosystem of vocabularies and associated services will emerge, lowering barriers to
publishing and using vocabularies as a foundational aspect of data assets, services, and
infrastructure.

This Community Roadmap outlines a pathway for Australia to transition from its current fragmented
landscape to a cohesive and dynamic FAIR Vocabulary Ecosystem. The transition will unlock the
hidden value within our national data assets, empower researchers and data scientists with
interoperable resources, and ensure that data is suitable for an Al-enabled future. Implementing
these recommendations will require coordination, investment, and effort from various parties,
including NDRI Strategy Coordinators and Implementers, NCRIS Facilities and NRI Platforms,
universities, researchers, data scientists, and government agencies. The successful execution of this
Roadmap will facilitate a more coordinated approach to vocabulary management, enhance data
interoperability, and support the FAIR Data Principles.

Ultimately, this Strategic Community Roadmap aims to maximise the societal, economic, and
environmental benefits derived from our national research and data initiatives. It is a call to action to
collectively build the vocabulary ecosystem essential for Australia's data-driven future.



The Australian Data Archive https://ada.edu.au/
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The Implementation Roadmap outlines the actionable steps required to build and sustain a robust vocabulary ecosystem in Australia, organised around
and colour-coded by the four Strategic themes:

1. Foster a thriving vocabulary ecosystem;

2. Improve the consistency, content and context of vocabularies across Australia;

3. Improve the consistency of vocabulary tools and services; and

4. Lower barriers for using and maintaining vocabularies.

The roadmap below presents priorities for action (High, medium and low). The timeframe that each recommendation should be scheduled for action to
begin is suggested, with recommendations to schedule commencement immediately (1 - 2 years), through to medium-term (2-3 years) and long-term (3-

5 years).

Recommendati
on

1.d.1

1.d.2

1.f.1

1.g.1

Topic

d) Vocabulary
governance

f) Finding and using
FAIR vocabularies

g) Skills, training
and outreach

Recommendation Description

Support and advocate for persistent and sustainable vocabulary registers and
services, including resourcing and contingency planning.

Reduce the inertia experienced in vocabulary creation and maintenance (e.g., no
one wanting to 'own' the vocabulary) by providing clear examples of roles,
responsibilities and resources required.

Understand the emergent role of vocabularies in Al optimisation and ethical data
re-use, including in automated data tagging.

Recognise the value of, and invest in, vocabulary professionals critical to the FAIR
data ecosystem.

Timefram
e

1. Short

2.
Medium

1. Short

2.
Medium

Priority

1. High

2. Medium

1. High

1. High



1.8.2

1.3

184

1.5

1.2.6

Strategic
theme

2.a.1

2.b.1

2.b.2

2.b.3

2.b.4

2.b.5

Topic

a) Technical

standards adoption

b) Vocabulary
content creation

Encourage and support communities of practices for knowledge brokering,
sharing, mentorship etc.

Use tangible case studies and vignettes that demonstrate the value of FAIR

vocabulary to stakeholder communities, including the cost-benefit compared with

using local lists of data systems.

Collaborate for co-investment across parties involved in the vocabulary lifecycle

Leverage working groups, including international efforts that cut across/address
pressing issues in the vocabulary data supply chain.

Establish communication and information dissemination channels across the
ecosystem, such as through the Australian Vocabulary Special Interest Group
(AVSIG) and the Australian Government Linked Data Working Group (AGLDWG)

Recommendation Description

Promote the use of well-governed and established, internationally endorsed
technical standards.

Reduce vocabulary duplication by facilitating the search for existing resources,
including across vocabulary services.

Allow FAIR vocabularies to be created at the local, regional, national and
international levels (including at the project level if required), recognising that
those at the international level can have broad impact and utility but that these
can take considerable coordination effort.

Support collaborations to extend or revise existing vocabularies, including work
at national and international levels to merge semantically equivalent
vocabularies.

Support the creation of multilingual vocabulary content, including languages
and dialects.

Support vocabulary creation and management workflows that respect the role
of knowledge holders and domain experts (e.g., communities, committees,

3.Long

1. Short

2.
Medium
1. Short

1. Short

Timeframe

1. Short
2. Medium

2. Medium

2. Medium

3. Long

2. Medium

2. Medium

1. High

2. Medium

1. High

1. High

Priority

1. High

1. High

2. Medium

3. Low

2. Medium

2. Medium



2.b.6

2.c.1

2.c.2

2.c.3

2.d.1

2.d.2

2.d.3
2.d.4

2.d.5

2.e.l

2.8.1

c) Vocabulary
publishing

d) Vocabulary
governance

e) Mapping and
annotation of
vocabularies

g) Skills, training
and outreach

bodies or individuals) in maintaining the content of vocabularies as
authoritative.

Encourage the use of best practice standards in the 'profiling’ of existing
vocabularies

Offer tools that enable easy publication of a metadata record for each
vocabulary, ideally with a DOI, including metadata on content and scope,
governance and maintenance.

Enable vocabulary owners to express the licence and copyright for each
vocabulary.

Vocabulary services should support the currency of vocabularies and mapping
by enabling the easy management and curation by authorised parties, through
community-driven and automated approaches.

Engage with and respect the critical role of subject domain experts, committees
or bodies in governing authoritative vocabularies.

Support Indigenous-led scoping and activity for vocabularies of, by and for
Australian Aboriginal and Torres Strait Islanders, including for use in
decolonising data, promoting the expression of CARE through the vocabulary
lifecycle (including in vocabulary metadata).

Promote authoritatively governed vocabularies within vocabulary services.

Acknowledge that vocabularies are not neutral and support the right of reply,
including in vocabulary notes, metadata and mappings.

The location of a vocabulary can change over time. Consider the responsible
parties and resources required for ensuring that vocabulary GUPRIs consistently
resolve to webpages containing the vocabulary information and metadata.

Vocabulary services should include tools to provide additional text
representations or labels for existing vocabulary terms.

Foster linkage and collaboration with relevant international initiatives, for
example, WorldFAIR+, RD-A Interoperable Descriptions of Observable Property
Terminology Working Group (I-ADOPT), RD-A Vocabulary Services Interest
Group, RD-A FAIR Mappings Working Group.

1. Short

1. Short

2. Medium

2. Medium

2. Medium

1. Short

1. Short
2. Medium

2. Medium

1. Short

1. Short

2. Medium

1. High

1. High

2. Medium

2. Medium

1. High

1. High
1. High

2. Medium

1. High

1. High



2.8.2

Strategic
theme

3.b.1

3.b.2

3.c.1

3.c.2

3.c.3

3.c4

3.d.1

3.e.l

3.e2

Topic

b) Vocabulary content
creation

c) Vocabulary
publishing

d) Vocabulary
governance

e) Mapping and
annotation of
vocabularies

Provide the necessary support for knowledge holders and domain experts (e.g., 2. Medium
communities, committees, bodies or individuals) critical in the governance of
vocabularies as authoritative resources

Recommendation Description Timefram
e

Provide access to registers and services to handle the full spectrum of knowledge 2.
encoding, from simple controlled vocabularies through to more expressive Medium
ontologies, encoded using the appropriate technical standards and standard

schema as appropriate (e.g., Data Catalogue Vocabulary (DCAT)).

Provide options for utilising open-source collaborative platforms such as GitHub 2

for vocabulary creation and management. Medium

Provide pathways to easily, efficiently and persistently publish vocabulary. 2.
Medium

Promote good practice in GUPRI allocation by using dedicated, persistent 1. Short

identifier services. Consider integrating the harvesting of GUPRIs through
vocabulary tools and services.

Vocabulary services and registries must support version control and version 1. Short
management, including metadata and tools to assist mapping between versions.

Vocabulary services must offer the ability to notify users of changes, such as 3.Long
deprecating and replacing a term.

Understand and promote the expression of vocabulary governance in vocabulary 3.Long
systems, tooling and workflows

Vocabulary services should include tools for providers and the community to 1. Short
define and publish mappings that establish the relationship between pairs of
vocabulary terms using SSSOM, SKOS, OWL, FHIR or equivalent standards.

Vocabulary services, or specialist mapping registries, should provide stable, 2.
persistent and FAIR hosting for these mappings and their metadata (e.g., Medium
provenance and authority).

2. Medium

Priority

1. High

2. Medium

1. High

1. High

1. High

1. High

2. Medium

1. High

2. Medium



3.e.3

3.e4

3.f.1

3.f.2

3.f.3

Strategic
theme

4.c.1

4.d.1

4.d.2

4.e.l

4e.2
4.5

f) Finding and using
FAIR vocabularies

Topic

c) Vocabulary
publishing

d) Vocabulary
governance

e) Mapping and
annotation of
vocabularies

f) Finding and using
FAIR vocabularies

Vocabulary services and registries should offer access to the mappings using an
agreed set of standard formats and representations and via APIs and software
packages that facilitate their use.

Vocabulary services and registries should enable the discovery of known
mappings that reference each vocabulary.

Support standard APl usage, including the development of vocabulary APl with
standard and extensible search mechanisms

Provide human and machine-readable views of vocabularies, of varying
complexities, to standard formats (content negotiation by profile)

Vocabulary services should facilitate re-use (forking) of vocabularies where this is
necessary for technical or governance reasons, including establishing links to the
terms in the source vocabulary.

Recommendation Description

The ability to represent concepts in a form that accommodates the semantic
complexity of the knowledge, and delivers it in a manner that is no more
complicated than necessary for the use

Document and share scenarios of good practice and protocols for GUPRI
construction, allocation and endorsement.

Provide guidance and reference examples on fit-for-purpose vocabulary
governance - including for creation, maintenance, versioning, authorisation,
sustainability and persistence.

Vocabulary services or other associated software should facilitate semi-
automated creation of (candidate) mappings based on term similarity, other
mappings, etc., and practitioners should have the ability to edit and curate these
candidate mappings.

Consider the role of Al in creating, mapping and annotating vocabularies.

Vocabulary services and registries should deliver information in a way that is
user-friendly to search, discover and access the granularity of information they
require.

2.
Medium

3.Long
1. Short
2.

Medium

3.Long

Timeframe

1. Short

2. Medium

2. Medium

2. Medium

1. Short
1. Short

2. Medium

2. Medium

1. High

1. High

3. Low

Priority

1. High

2. Medium

2. Medium

2. Medium

2. Medium
1. High
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Appendix 2. More Detailed Explanations of Individual
Recommendations

In this appendix, we include various supporting ideas presented at different forums for individual
recommendations; some are more comprehensive than others. These ideas can be used in scoping
activities for implementing the recommendations.

As a reminder, each recommendation is coded as follows: the first number is the theme, the second is
the topic, and the third number is the number of the recommendation within that topic.

Theme: Recommendation number:
2 - Improve consistency, content First recommendation under Theme 2
and context of vocabularies across AustraliN
2.a1
Topic:

a-Technical standards adoption

a) Technical standards adoption

Recommendation 2.a.1: Promote the use of well-governed and established, internationally endorsed
technical standards

Technical standards are endorsed by major International standards bodies such as the International
Organisation for Standardisation (ISO; ISO n.d), Open Geospatial Consortium (OGC, OGC n.d.), World
Wide Web Consortium (W3C, W3C n.d.-b), or Institute of Electrical and Electronics Engineers (IEEE;
IEEE, n.d.). They are largely domain agnostic and are foundational to being able to integrate data
across domains. The creation and governance of technical standards are managed mainly at the
international level by standards authorities and are beyond the scope of this paper.

It is critical to the operation of the Australian Vocabulary Ecosystem that vocabulary and service
creators, users, managers and implementers are supported in practices that use well-governed and
established, internationally endorsed technical standards. Technical standards in the context of
vocabularies are often referred to as ‘Semantic Standards’ (W3C, n.d.-a).

Some commonly adopted technical standards for representing and delivering vocabularies include:

e RDF: Resource Description Framework (RDF Working Group, 2014) and extensions to RDF Schema
(RDFS) (Brickley and Guha, 2014; Tomaszuk and Haudebourg 2025);

e Description of RDF data using semantic standards such as SKOS (Simple Knowledge Organisation
System, Miles and Bechhofer, 2009; Baker et al., 2013b) and OWL (Web Ontology Language: Hitzler
et al., 2012; W3C OWL Working Group, 2012; Cox et al., 2021), and widely adopted schemas such as
schema.org (Guha et al., 2018), and domain standards e.g. science-on-schema.org for
geoscience/geospatial data (Shepherd et al., 2022) and FHIR for health care data exchange (HL7 -
n.d.);

e Standard serialisations for linked data such as Turtle (Beckett et al., 2014); RDFa (Herman et al.,
2015); RDF/XML (Gandon and Schreiber, 2014); and JavaScript Object Notation for Linked Data
(JSON-LD, n.d.; Sporny et al., 2020);

e DCAT (Data Catalog Vocabulary for the Web), an RDF vocabulary designed to facilitate
interoperability between data catalogues published on the Web (Albertoni et al., 2024);

e XML (eXtensible Markup Language) (Bray et al., 2009);
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e SO 704: Terminology work — Principles and methods (ISO, 2022); and
e |-ADOPT (InteroperAble Descriptions of Observable Property Terminologies (Magagna et al., 2021,
2022).

For persistent identification on the web, Hugo et al. (2020) state that “Globally Unique, Persistent
and Resolvable Identifiers must be used for Semantic Artefacts, their content and their versions” (P-
Rec.1). This includes reference to several relevant recommendations, for example Data on the Web
Best Practices (Ldscio et al.,, 2017) that state:

e Reuse vocabularies, preferably standardized ones (Best Practice 15);

e Use persistent URIs as identifiers of datasets (Best Practice 9);

e Use persistent URIs as identifiers within datasets (Best Practice 10);

e Assign URIs to dataset versions and series (Best Practice 11) ; and

e Use content negotiation for serving data available in multiple formats (Best Practice 19).

For the raw vocabulary data, ideally, both Human-Readable (e.g., HTML documentation, specification
pages) and Machine-Readable representations (RDF/XML, Turtle, JSON-LD) can be served from the
same IRl using HTTP Content Negotiation, with separate stable URLs (e.g. DOIs) for documentation,
indexing and citation.

Recommendation 2.b.1: Reduce vocabulary duplication by facilitating the search for existing
resources, including across vocabulary services.

Quite often, duplicates are created because individual vocabularies themselves are not FAIR and
cannot be discovered or reused. As well as providing the support and tools to make vocabularies
FAIR, registers and services are critical to enabling discovery, sharing and reuse of any form of
vocabulary. Dedicated work is required to overcome the challenges of vocabulary service federation.
For example, many vocabulary services lack standards-compliant metadata records that enable
searching both within and across vocabulary services. One such example is that EcoPortal has
adopted MOD - the Metadata for Ontology Description and Publication (Dutta et al., 2017).

Recommendation 2.b.2: Allow vocabularies to be created at the local, regional, national and
international levels (including at the project level if required), recognising that those at the
international level can have a broad impact and utility but that these can take considerable
coordination effort.

It is recognised that any stakeholder community involved in creating and using vocabulary resources
can be highly variable in skills and can be geographically distributed, ranging from International,
National, Regional and Local Communities (Veltmann, 2001; UNESCO, 2022). It can also take years to
develop agreed content standards that are widely accepted by the international community.

Prent et al. (2024), who reviewed the types and sizes of communities that were developing
vocabularies to describe geochemical data, defined four levels of community engagement (Figure 5):
e The Local community, which can consist of a single institution or group;
e The Regional community would be a combination of groups from universities, government
agencies, a national standards group, or a group of discipline experts;
e Aninternational community would involve collaboration between two or more countries; and
e A global community acts on behalf of all communities. It is endorsed by an International
Authoritative body such as an International Science Union, Association or Society, or an
International Standards Bodly.
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Figure 5. The communities involved in developing vocabularies in geochemistry
(Source: Prent et al., 2024).

Geochemical data is typical of long-tail data communities (Heidorn, 2008) and is generated by many
small, disconnected groups around the globe and across many sectors (research, government and
industry). As it will be years before globally agreed, endorsed vocabularies can be agreed to, Prent et
al. (2024) recommended publication of any semantic resource that provides a guide to the definition,
meaning and/or relationships of any term used with a published dataset no matter what the size of
the community was that created it and will enable the dataset itself to become compliant with
Principle I2 of Wilkinson et al. (2016). As semantically equivalent, internationally endorsed standards
become available, the URIs used in the local vocabularies can be redirected.

Recommendation 2.b.3: Support collaborations to extend or revise existing vocabularies, including
work at national and international levels to merge semantically equivalent vocabularies.

Once developed, publishing and then maintaining internationally agreed vocabularies requires
dedicated funding and time resources to be effective. Currently, few resources are available for this
work; it is mainly done voluntarily. In Australia, prohibitive travel costs and inconvenient time zones
make participation in most international meetings, either in person/or virtual, very difficult.

Recommendation 2.b.4: Support creation of multilingual vocabulary content, including Indigenous
languages and dialects.

Multilingual translations of content, including those in Indigenous languages, are crucial for enabling
access to and sharing of data and information across geographic and cultural boundaries. This was
advocated in the UNESCO Recommendation on Open Science (UNESCO, 2022), which also
emphasises the need to ensure that multilingual scientific knowledge is openly available, accessible,
and reusable to ensure that members of a wider community are involved including citizen scientists
and Indigenous knowledge-holders (Amano et al., 2021; Specht et al.,, 2024). Good translations of
scientific content into multiple languages should occur at the concept level and be done by the
domain experts in each language, rather than as a simple word-for-word translation (David et al.,
2022). Most online generic automatic translation tools simply translate each word, and this could
also be a limitation of many online domain-specific translation tools. Each language version should
be published and linked to the source version, allowing any updates to be propagated back into each
language version.

Recommendation 2.b.5: Support vocabulary creation and management workflows that respect the
role of knowledge holders and domain experts (e.g., communities, committees, bodies or individuals)
in maintaining the content of vocabularies as authoritative.



Developing internationally endorsed standards can be a lengthy process, and for content standards,
it is best done under the support and endorsement of International Unions, Professional Societies
and equivalent bodies (Ma et al.,, 2022). The metadata of any vocabulary should indicate who
supports and endorses a particular vocabulary and recommends its use.

Recommendation 2.b.6: Encourage the use of best practice standards in the 'profiling' of existing
vocabularies.

Many vocabulary content standards are very comprehensive, listing definitions, conditionality for
each element (mandatory/optional or true/false), and other variables. A content standard may
contain many more elements than are necessary to define the metadata/data in a particular
dataset/data collection, whilst the required elements may reside within more than one published
content standard. In this case, a specific ‘profile’ can be created and then published and made FAIR.

A profile is defined as “a set of one or more base standards or subsets of base standards, and, where
applicable, the identification of chosen clauses, classes, options and parameters of those base
standards, that are necessary for accomplishing a particular function” (ISO, 2004). “A profile is derived
from base standards so that by definition, conformance to a profile is conformance to the base
standards from which it is derived” (ISO, 2004, Section 4.5). Best practices in creating, describing, and
publishing profiles of existing vocabularies are defined in ISO 19106:2004, Geographic Information -
Profiles (ISO, 2004), and in Atkinson et al. (2024). Essentially, a profile can use terms, definitions and
IRIs from one or multiple source vocabularies. Conditionality of a select set of metadata elements
may be raised but never reduced.

Examples of published vocabulary profiles include:

e The ISO 19115-1 metadata standard for fundamentals of Geographic Metadata has over 300
elements, most of which are optional (ISO, 2014). The Geoscience Australia profile of this
standard (Bastrakova, 2018) contains 26 elements of ISO 19115-1, and the conditionality of some
elements has been raised;

e The Terrestrial Ecosystems Research Network (TERN; TERN, n.d.) have published profiles of ISO
19115-3:2016 and of 1SO 19157-2:2016 (Mahuika et al., 2021); and

e The mt_metadata standard, a metadata schema for magnetotelluric geophysical data
acquisition and processing, currently has 370 defined elements and conditionalities (Peacock,
2021, 2022). Many of these elements are not relevant to legacy data collections. Goleby et al.
(2023) have published a profile of the mt_metadata standard that contains 75 elements
relevant to Australian legacy datasets funded by AuScope.

Recommendation 3.b.1: Provide access to registers and services to handle the full spectrum of
knowledge encoding, from simple controlled vocabularies through to more expressive ontologies,
encoded using the appropriate technical standards and standard schema as applicable (e.g., Data
Catalogue Vocabulary (DCAT)).

There are a few service providers of vocabulary infrastructures that can enable the range of
semantic resources (Figure 1) to be entirely FAIR compliant, particularly in Australia. For example, in
the Australian Research Community, the ARDC Research Vocabularies Australia (RVA: ARDC, n.d.-c)
currently (2025) only hosts simple SKOS vocabularies that contain values for each term, where each
value is a label for a SKOS concept, and each concept has a definition and an IRl. RVA presently does
not take thesauri, taxonomies, terminology mappings, ontologies, metadata schemes, subject
heading systems, Climate and Forecasting (CF) Conventions (CF Metadata Conventions, n.d.),
identifier schemas and other metadata schemas that are required for describing Research input



artefacts and ensuring that they are fully compliant with the FAIR principles of Wilkinson et al.
(2016), nor does it take mappings and crosswalks.

To address these gaps for the Australian medical and clinical research domain, in 2024, ARDC
trialled extending the Research Vocabulary Australia (RVA) service to boost support for health and
medical research (ARDC, n.d.-d). This extension, termed Research Terminologies Australia (Boyle et
al.,, 2023; Belton et al., 2024), focused on the gap in the data market by enabling the curation,
publication and reuse of critical information resources for medical and clinical data interoperability,
including:
e Curation of a look-up list: for example, a general practitioner database list of drugs and internal
ID numbers associated with them;
e Creating custom mappings: e.g., free text strings to standard terminology such as RxNORM, a
medication standard (NLM, n.d.) or custom terminology mapping to a standard terminology
such as SNOMED CT (Systematised Nomenclature of Medicine Clinical Terms, SNOWMED, n.d.);
and
e Text mapping to a Single concept: e.g., free text diagnosis of 'Type 2 Diabetes' to a single
code/definition such as SNOMED-CT term codes, for example 'T2DM’, 'Type two diabetes’,
'NIDDM'".

There are increasingly more examples of vocabulary registers and services globally, such as listed in
BARTOC (BARTOC.org, n.d.). These include generic vocabulary services such as Linked Open
Vocabularies (LOV; LOV, n.d.), and domain-specific repositories and services including the ESIP
Community Ontology Repository (ESIPFed, n.d.-c), the UK National Environmental Research Council
(NERC) Vocabulary Server (NERC, n.d.), OntoPortal and its various instances, including BioPortal for
biomedical ontologies (Bioportal, n.d.), Agroportal (FAO, n.d.; Jonquet et al., 2018) and Ecoportal
(Lifewatch, n.d,; Turallo et al.,, 2024). For metadata schemas there is the RD-A Metadata Schema
Catalog (RD-A Metadata Standards Catalog, n.d.) and the EOSC Metadata Schema and Cross Walk
Registry (Faircore4eosc, n.d.).

Recommendation 3.b.2: Provide options for utilising open-source collaborative platforms such as
GitHub for vocabulary creation and management.

Many tools exist to support components of creating and managing vocabularies. Choosing the tool
that is fit for purpose and suitable for the available level of expertise is challenging. Open-Source
tools include methods to use GitHub for the creation and management of vocabularies (e.g., Crystal-
Ornelas et al., 2021; Chuc and Car, 2024).

Recommendation 2.c.1: Offer tools that enable easy publication of a metadata record for each
vocabulary, ideally with a DOI, including metadata on content and scope, governance and
maintenance.

As far as possible, tools for this purpose should not require special understanding of knowledge
engineering concepts and technologies. Spreadsheets and simple form-based interfaces with clear
guidance are likely to be most appropriate. Resulting issues will need to be detected and diagnosed
on entry/upload, and clear assistance must be given on how to fix them. Documentation and clear
reference examples should target the needs of all users.



Recommendation 2.c.2: Enable vocabulary owners to express the licence and copyright for each
vocabulary.

Each published vocabulary must have a human and a machine-readable licence and copyright
statement (Recommendation P-Rec. 16, Hugo et al., 2020) and preferably an open license for users
(e.g., CCO or CC-BY).

If a legacy vocabulary is to be republished, it is essential that it is possible to produce a derivative
product and that the conditions for derivation are known. It may be necessary to contact the
copyright holder directly for a list of terms to be republished (Hugo et al., 2020; Cox et al., 2021).

Recommendation 2.c.3: Vocabulary services should support the currency of vocabularies and
mapping by enabling the easy management and curation by authorised parties, through community-
driven and automated approaches.

Once a vocabulary is published through a service, it is essential that only authorised parties can
update that vocabulary.

Recommendation 3.c.1: Provide pathways to easily, efficiently and persistently publish a vocabulary.
Many researchers find both publishing and updating their vocabularies an onerous task. As they may
not do this regularly, it must be easy to publish and modify a vocabulary. The alternative is to have
dedicated staff whose role is to either assist staff in publishing vocabularies or offer a service to
publish vocabularies.

Recommendation 3.c.2: Promote good practice in GUPRI allocation by using dedicated, persistent
identifier services. Consider integrating the harvesting of GUPRIs through vocabulary tools and
services.

Globally unique, persistent and resolvable identifiers should be assigned to (a) the vocabulary and (b)
each term in the vocabulary (Cox et al., 2021) and to their versions (P-Rec.1, Hugo et al., 2020), to
support the retrieval of both the metadata of the vocabulary and of each term. Assigning globally
unigue, persistent and resolvable identifiers (GUPRIs) will facilitate vocabulary harvesting via
standardised tools and services into vocabulary registries, which in turn will increase their findability.
Recommendation 3.c.3: Vocabulary services and registries must support version control and version
management, including metadata and tools to assist mapping between versions.

and

Recommendation 3.c.4: Vocabulary services must offer the ability to notify users of changes, such as
deprecating and replacing a term.

This relates to the maturity dimension of Transparency (Corcho et al. 2024) for resource versioning
within a workflow for data curation; records on previous versions of vocabularies must be made. See
Jonquet and Poveda-Villaléon (2023) for recommendations regarding versioning principles. It also
relates to recommendation P-Rec.1 (Hugo et al. 2020) that all versions of vocabularies and their
concepts should have GUPRIs. This enables versioning systems for ensuring backward compatibility
and documentation when a change is made, including deprecations and replacements.

Recommendation 4.c.1: The ability to represent concepts in a form that accommodates the semantic
complexity of the knowledge, and delivers it in a manner that is no more complicated than necessary
for the user.

For some use cases, particularly where the community of data producers is well-defined and
connected, it may be possible to integrate and/or interpret a dataset using simple code lists without



requiring a formal ontology. It is essential to understand what can be done with a vocabulary as a
simple list, and what use cases require greater knowledge representation and reasoning capabilities
(Figure 1).

Recommendation 1.d.1: Support and advocate for persistent and sustainable vocabulary registers and
services, including resourcing and contingency planning.

Vocabularies must persist throughout the life of the datasets, databases, services, and related
implementations that use and rely on them. Therefore, establishing, continually updating, improving
and persistently sustaining a vocabulary register and service over time requires long-term funding
and support.

There are software stacks that enable the creation of local- and/or project-based registries and
services, but there have been cases of repositories that have ceased operations, without organising
any redirects, leaving users with loss of access to content. Hence, when a repository or vocabulary
service is established, they should have business models for sustainability (Dillo et al., 2017) and
planning for contingencies and emergencies.

Corcho et al. 2024 state that, as part of a maturity model for a catalogue of semantic artifacts,
recommendations for governance and processes for preserving and maintaining the artifacts are
required. They include an assessment of the sustainability of the models in place to sustain services
financially and preserve the catalogue over the longer term.

Criteria for trustworthy data repositories (e.g., CoreTrustSeal (CoreTrustSeal, n.d.); the TRUST
principles (Lin et al., 2020)), could be adapted and applied to semantic repositories, so that the both
the developer and the user of the semantic resource can have trust that any semantic resource that
they have published or used will persist and improve over the lifetime of their data resources, which
in longitudinal research can be over decades.

Trustworthy data repositories, focused on specific disciplines, are available for data curation and
preservation, and these repositories may be amenable to preservation of copies of vocabulary data
files in the short term. In the medium term, development of criteria for Trustworthy Semantic
Repositories is a community responsibility, as is the establishment of mechanisms for certification of
compliance. This recommendation does not endorse any specific technology. Still, it emphasises the
necessity to share, publish, and preserve vocabularies in such repositories to improve both findability
and reuse over time.

Recommendation 1.d.2: Reduce the inertia experienced in vocabulary creation and maintenance (e.g.,
no one wanting to 'own' the vocabulary) by providing clear examples of roles, responsibilities and
resources required.

Vocabulary creation and maintenance are essential for a robust Vocabulary Ecosystem, but often
stall due to unclear roles, responsibilities, and resource allocation. To overcome this, clear examples
and guidelines are needed to empower parties and promote collaboration. By defining key parties,
their roles, and required resources, we can establish a framework for vocabulary governance that
supports the development and maintenance of high-quality vocabularies. An Australian workshop
supported through CODATA, ARDC and the Data Documentation Initiative (DDI) produced a snapshot
of key concerns for the governance of FAIR vocabularies, including key stakeholders and their roles



(Wackerow et al., 2021). Ramezani et al. (2024) identify the types of actors involved in semantic
artifact governance, synthesise overarching critical components of governance frameworks
(principles, standards, and quality), and propose governance models for pre-defined target groups.

Recommendation 2.d.1: Engage with and respect the critical role of subject domain experts,
committees or bodies in endorsing and governing authoritative vocabularies.

For a vocabulary to be suitable for the widest adoption, it needs to be legitimised through ownership
by a trusted community that adequately and transparently represents the needs of the stakeholder
community — broader representation, and where relevant international contributions, will increase
both trust and sustainability. Ma et al. (2022) advocate for Science Unions to be more involved in the
development and endorsement of domain-specific vocabularies.

Recommendation 2.d.2: Support Indigenous-led scoping and activity for vocabularies of, by and for
Australian Aboriginal and Torres Strait Islanders, including for use in decolonising data, promoting
the expression of CARE through the vocabulary lifecycle (including in vocabulary metadata).

The CARE Principles for Indigenous Data Governance address “important considerations in modern
data ecosystems and across data lifecycles that support both innovation and Indigenous self-
determination” (Carroll et al.,, 2020); thus, the rights and interests of Indigenous Peoples require
consideration through the life cycle of vocabularies.

Particularly relevant to vocabularies is CARE Principle E3: Ethics - For future use. This states “Data
governance should take into account the potential future use and future harm based on ethical
frameworks grounded in the values and principles of the relevant Indigenous community” and that
“Metadata should acknowledge the provenance and purpose and any limitations or obligations in
secondary use, inclusive of issues of consent.” Vocabularies are used to describe and contextualise
data. They are also a type of dataset. Thus, CARE should be taken in the governance and use of
vocabularies about, for and by Australian Aboriginal and Torres Strait Islanders.

Recommendation 2.d.3: Promote authoritatively governed vocabularies within vocabulary services.
Automated scoring of vocabularies based on FAIR metrics, documented governance processes,
continuity of maintenance communities, past use in multiple datasets and applications, and peer-
review mechanisms can all contribute to these evaluations. Recommenders also have value.

Recommendation 2.d.4: Acknowledge that vocabularies are not neutral and support the right of
reply, including in vocabulary notes, metadata and mappings.

Vocabularies that are intended for adoption and reuse by broader audiences should have established
and well-documented mechanisms for community members to contribute to the future of the
vocabulary. Software communities such as the Apache Software Foundation and GitHub offer
examples of how tools can support collaborative development.

Recommendation 2.d.5: The location of a vocabulary can change over time. Consider the responsible
parties and resources required for ensuring that vocabulary GUPRIs consistently resolve to
webpages containing the vocabulary information and metadata.

and

Recommendation 3.d.1: Understand and promote the expression of vocabulary governance in
vocabulary systems, tooling and workflows

Many vocabulary infrastructures and services cannot document governance alongside the
vocabularies, which hinders trust in the use of the vocabularies and discourages vocabulary



professionals from establishing effective governance and reporting it. Vocabularies require
sustainable governance that has dedicated personnel and resources to continually ensure the
vocabularies are up-to-date and can accommodate location changes, as well as updates to the
underlying software. Additionally, tooling and workflows must be updated as required.

Recommendation 4.d.1: Document and share scenarios of good practice and protocols for GUPRI
construction, allocation and endorsement.

and

Recommendation 4.d.2: Provide guidance and reference examples on fit-for-purpose vocabulary
governance - including for creation, maintenance, versioning, authorisation, sustainability and
persistence.

One of the strengths of an interconnected Vocabulary Ecosystem should be the ability to facilitate
structural changes that make it easier for users to find and select the best existing vocabularies for
their purposes, to contribute improvements where necessary, and to develop new vocabularies only
when no suitable equivalents exist. Just as for publishing new vocabularies, the barriers should also
be low for domain knowledge-holders to contribute their expertise to improve an existing
vocabulary.

Recommendation 2.e.1: Vocabulary services should include tools to provide additional text
representations or labels for existing vocabulary terms.

and

Recommendation 3.e.1: Vocabulary services should include tools for providers and the community to
define and publish mappings that establish the relationship between pairs of vocabulary terms using
SSSOM, SKOS, OWL, FHIR or other well-established technical standards.

Standards and tools are already emerging to facilitate or enable annotation and mappings. For
example, relevant work carried out under SSSOM (Simple Standard for Sharing Ontological
Mappings; Matentzoglu et al., 2022) and the proposed RD-A FAIR Mappings Working Group (RD-A
FAIR Mappings WG, n.d.). SSSOM can be adopted as a standard model for representing all categories
of mapping discussed here, along with the metadata on sets of mappings (MappingSets) and on
registries of mapping sets (MappingRegistries).

Recommendation 3.e.2: Vocabulary services, or specialist mapping registries, should provide stable,
persistent and FAIR hosting for these mappings and their metadata (e.g., provenance and authority).
and

Recommendation 3.e.3: Vocabulary services and registries should offer access to the mappings
using an agreed set of standard formats and representations and via APIs and software packages
that facilitate their use.

and

Recommendation 3.e.4: Vocabulary services and registries should enable discovery of known
mappings that reference each vocabulary.

Most vocabulary services are developed in isolation, and there are no agreed interconnections
between them. Often, when an organisation chooses to adopt a subset of terms from multiple
vocabulary services, it is usually done as an ad hoc copy-paste, with poor documentation of
provenance and version tracking; in some cases, new PIDs are minted for the same term.



There are many challenges in federating vocabulary services and the semantic resources they
deliver. Dedicated work towards solving the challenges of vocabulary federation is required, in a way
that focuses on articulating a shared vision and enabling discovery, access and reuse of vocabularies
and concepts within individual vocabularies.

Recommendation 4.e.1: Vocabulary services or other associated software should facilitate semi-
automated creation of (candidate) mappings based on term similarity, other mappings, etc., and
practitioners should have the ability to edit and curate these candidate mappings.

and

Recommendation 4.e.2: Consider the feasibility of Al for creating mappings and annotating
vocabularies.

Current methods of mapping and annotation are mainly manual, but automated methods are
emerging (e.g., Wu et al,, 2025). Investment in projects that propose automated mapping and
annotation should be encouraged.

Recommendation 1.f.11: Understand the emergent role of vocabularies in Al optimisation and ethical
data re-use, including in automated data tagging.

Including how Al can and could be integrated with vocabularies to improve data quality, integration,
and reasoning, thereby enhancing the utility of research data and services. Additionally, vocabularies
can support ethical data reuse, for example, through the standardised machine-readable expression
of permissions, restrictions, and provenance.

Recommendation 3.f.2: Provide human and machine-readable views of vocabularies, of varying
complexities, to standard formats (content negotiation by profile).
This requirement is essential to making vocabularies FAIR.

Recommendation 3.f.3: Vocabulary services should facilitate re-use (forking) of vocabularies where
this is necessary for technical or governance reasons, including establishing links to the terms in the
source vocabulary.

This is a requirement for building vocabulary services

Recommendation 4.f.1: Enable users (both humans and machines) to easily find, access and reuse
vocabularies (ie FAIR vocabularies).

This broad recommendation aligns with many of the recommendations outlined in this roadmap.
Vocabularies themselves need to be Findable by both humans and machines and need to be assigned
a globally unique and persistent identifier (F1), described with rich metadata (F2), that includes the
identifier of the data it describes (F3). To enhance their discoverability, they must be registered or
indexed in a searchable resource (F4).

Recommendation 4.f.2: Ensure vocabularies are appropriately licensed to enable and allow reuse.
With the content owner/copyright holder, agree on the license for the FAIR vocabulary, preferably an
open license for users (e.g., CCO or CC-BY). If you are reusing a vocabulary, it may not have a licence.
If it does have a licence and you are making an existing vocabulary FAIR, or making a profile of an
existing vocabulary, you must take into account the licence of the source vocabulary (Hugo et al,,
2020; Cox et al., 2021). If you are making a profile from multiple vocabularies that have different



licences, the final profile must take on the most restrictive licence of all the source vocabularies
(ARDC, 2019).

Recommendation 4.f.3: Allow users to reference and cite vocabularies appropriately, attributing
curators and contributors.
Users need to be able to reference and cite vocabularies, which will enable the tracking of adoption
and subsequent usage, including:
e The ability to include links (relatedldentifiers or similar) to (external, public) vocabularies from
the metadata for datasets that use the vocabulary; and
e GUPRIs for each vocabulary itself (such as DOIs) to facilitate discoverability and enable
indexation and citation.

Recommendation 4.f.4: Encourage interoperability between vocabulary services and registers to
support vocabulary discovery and reuse within or across domains.

and

Recommendation 3.f.1: Support standard APl usage, including the development of vocabulary APIs
with standard and extensible search mechanisms.

These recommendations point to the need to continue to overcome vocabulary service federation
challenges (Jonquet et al., 2025), including potentially defining and communicating a standard
architecture (‘best practice’) for implementation of infrastructures (Best Practice 13, Hugo et al.
2020).

Recommendation 4.f.5: Vocabulary services and registries should deliver information in a way that is
user-friendly to search, discover and access the granularity of information they require.

and

Recommendation 4.f.6: Vocabulary services and registries should include tools and APIs that allow
vocabularies to be accessed and used directly within popular programming languages and software
(e.g., spreadsheet and database tools).

These recommendations relate to requirements for building a user-friendly vocabulary service and
registry. They relate to the Technology requirements of mature semantic artifact catalogues to
“enable users to have a better experience in exploring the data, such as REST APIs, Web search
interfaces and SPARQL endpoints, etc” (Corcho et al., 2024).

Recommendation 4.f.7: Support the seamless integration of vocabularies into data management
workflows and user interfaces to increase vocabulary reuse.

Integrating vocabularies into workflows would increase their reuse. Raised was the requirement to
point to and access authoritative vocabularies through machine-to-machine interoperability - rather
than downloading, adapting, and using them locally. This included the need to share tools and
libraries for interacting with vocabularies (e.g., Python libraries, R packages and Excel plug-ins).

Recommendation 1.g.1: Recognise the value of, and invest in, vocabulary professionals critical to the
FAIR Vocabulary Ecosystem.

Organisations should recognise the importance of vocabulary professionals in their organisations.
Position descriptions that describe the required skills, roles and functions could be shared.

Recommendation 1.g.2: Encourage and support communities of practices for knowledge brokering,
sharing, mentorship, etc.



Those involved in the vocabulary lifecycle work across various sectors, including academia and
government, and need to rely on external networks for assistance. Those working with vocabularies
have responsibilities encompassing tasks such as creating, updating, discovering, disseminating, and
governing vocabularies. This can require conceptual, informatics, technical and sometimes content
skills and training, including a grasp of technical tools, workflows and infrastructures. Creating
communities of practice amongst vocabulary professionals to share experiences and offer mentoring
is desirable.

Recommendation 1.g.3: Use tangible case studies and vignettes that demonstrate the value of FAIR
vocabularies to stakeholder communities, including the cost-benefit compared with using local lists
of data systems.

To support existing professionals, documented case studies/research papers of the return on
investment in making vocabularies FAIR are required.

Recommendation 1.g.4: Collaborate for co-investment across parties involved in the vocabulary
lifecycle.

As the investment in developing new vocabulary technologies and skills is high, to accelerate
change, parties could consider co-investment across multiple organisations. This could include
participation in collaborative external projects (e.g., NCRIS National Digital Research Infrastructure
projects).

Recommendation 1.g.5: Leverage working groups, including international efforts that cut
across/address pressing issues in the vocabulary data supply chain.

and

Recommendation 1.g.6: Establish communication and information dissemination channels in
Australia across the ecosystem, such as through the Australian Vocabulary Special Interest Group
(AVSIG) and the Australian Government Linked Data Working Group (AGLDWG).

and

Recommendation 2.g.1: Foster linkage and collaboration with relevant international initiatives, for
example, WorldFAIR+, RD-A Interoperable Descriptions of Observable Property Terminology Working
Group (I-ADOPT WG), RD-A Vocabulary Services Interest Group, RD-A FAIR Mappings Working Group.
Community Working Groups, Interest Groups and other communities of practice exist both nationally
and internationally to develop new technologies and address pressing issues in the
operationalisation of various components of the Vocabulary Ecosystem. They also enhance and
accelerate communication and information dissemination channels across the ecosystem. Leading
Australian communities of practice include the Australian Vocabulary Special Interest Group (AVSIG,
ARDC, n.d.-e) and the Australian Government Linked Data Working Group (AGLDWG, AGLDWG, n.d.),
whilst international groups include WorldFAIR Plus (WorldFAIR, n.d.-b), RD-A Interoperable
Descriptions of Observable Property Terminology Working Group (I-ADOPT: RD-A |-ADOPT WG, n.d),
RD-A Vocabulary Services Interest Group (RD-A Vocabulary Services |G, n.d.) and RD-A FAIR
Mappings WG (RD-A FAIR Mappings WG, n.d.). There is a need to encourage greater participation of
Australians in these, particularly the international ones, although time zone constraints and the cost
of travel can make participation difficult.

Recommendation 2.g.2: Provide the necessary support for knowledge holders and domain experts
(e.g., communities, committees, bodies or individuals) critical in the governance of vocabularies as
authoritative resources.



Knowledge domain experts and field participants may need to be engaged to create and manage
vocabularies for specific purposes. In this kind of engagement, those working to develop, manage
and deliver FAIR vocabularies can play a pseudo ‘business analyst’ role, where the key frameworks,
activities and concepts of a domain are elicited, extracted, and documented. The end users and
potential re-users of vocabularies require a basic understanding of the value in applying vocabularies
in their data assets and systems. They need skills in finding, selecting, and applying vocabularies.

Recommendation 4.g.1: Provide a central touchpoint for those seeking guidance on the various tools
and services for finding, creating, publishing and re-using vocabularies.

Develop community websites dedicated to this or enhance existing sites such as the AVSIG
community site (ARDC, n.d.-e).

Recommendation 4.g.2: Support the democratisation of vocabulary reuse through providing training
and workshops on vocabularies tailored to communities' and domains' needs. Provide guidance on
finding vocabularies across services and evaluating them as fit-for-purpose and likely persistent for
reuse.

and

Recommendation 4.g.3: Provide access to a body of knowledge for education on vocabulary types,
standards, best practices, guidelines, and examples critical to the FAIR vocabulary lifecycle.

Both recommendations require the development of dedicated training programs and indexed online
resources that can be easily discovered and accessed.

Recommendation 4.g.4: Advocate for vocabularies as first-class 'digital citizens' in their own right,
including support for citation and indexing.

This should be supported by institutions and organisations recognising vocabularies as ‘first-class’
research objects. As such, the professional recognition and development of professionals who work
to create, manage, and deliver vocabularies should help support their sustainability.



Controlled vocabulary: List of standardised terminology, words, or phrases, used for indexing or
content analysis and information retrieval, usually in a defined information domain (CODATA RDM
Terminology Working Group, 2024). The term ‘controlled’ indicates that there has been some
governance of its creation, but it does not necessarily mean that the governance is being sustained.

Data Model: A model that specifies the structure or schema of a dataset. The model provides a
documented description of the data and thus is an instance of metadata. It is a logical, relational
data model showing an organised dataset as a collection of tables with entity, attributes and
relations (CODATA RDM Terminology Working Group, 2024).

DCAT: Data Catalog Vocabulary for the Web. DCAT is an RDF vocabulary designed to facilitate
interoperability between data catalogs published on the Web (Albertoni et al., 2024).

FAIR Vocabulary: A vocabulary that in itself complies with the FAIR principles (Wilkinson et al., 2016)
and allows references to the terms to be resolved to learn what they mean, using standard web
technology through an individual persistent resolvable unique web identifier (web link) per term (i.e. a
HTTP (Hypertext Transfer Protocol) IRl (Internationalised Resource Identifier) (Cox et al., 2021).

Glossary: Alphabetical list of terms with definitions (Zeng, 2008).

International standard: Standard that is used in multiple nations and whose development process is
open to representatives from all countries (CODATA RDM Terminology Working Group, 2024).

IRI: Internationalised Resource Identifiers, an internet protocol standard which builds on the Uniform
Resource ldentifier (URI) protocol by greatly expanding the set of permitted characters (Durst and
Suignard, 2005).

Knowledge Graphs: Very large semantic nets that integrate various and heterogeneous information
sources to represent knowledge about certain domains of discourse (Fensel et al., 2020).

Legacy Vocabulary: A list of terms available in a print-based glossary or table not accessible using
web standards (Cox et al., 2021).

Machine Actionable: Indicate a continuum of possible states wherein a digital object provides
increasingly more detailed information to an autonomously-acting, computational data explorer. This
information enables the agent —to a degree dependent on the amount of detail provided —to have
the capacity, when faced with a digital object never encountered before, to: a) identify the type of
object (with respect to both structure and intent), b) determine if it is useful within the context of the
agent’s current task by interrogating metadata and/or data elements, c) determine if it is usable,
with respect to license, consent, or other accessibility or use constraints, and d) take appropriate
action, in much the same manner that a human would (Wilkinson et al., 2016).

Machine interpretable: Machines can put the provided information into context and “understand” the
meaning (semantics) and relations contained in the digital object. This concept is related to the
Semantic Web vision and the Linked Data concept (Elixir-Europe, n.d.).



Machine Readable: Data in a form that can be used and understood by a computer (CODATA RDM
Terminology Working Group, 2024).

Ontology: Shared and standardised list of words, terms and phrases to describe components of a
particular discipline or domain, along with a taxonomy of their relations. Compare this to a controlled
vocabularies, which tend not to include a structure of relations between their terms. Ontologies are
typically developed by domain-specific institutions or communities to aid in the precise referencing
of elements (CODATA RDM Terminology Working Group, 2024).

OWL: Web Ontology Language, a computational logic-based language for ontologies (Hitzler et al.,
2012; W3C OWL Working Group, 2012; Cox et al., 2021).

PID: Persistent Identifier - long lasting digital reference to an object that gives information about
that object regardless of what happens to that object. Developed to address link rot, a persistent
identifier can be resolved to provide an appropriate representation of an object whether that object
changes its online location or goes offline (CODATA RDM Terminology Working Group, 2024).

RDF: Resource Description Framework is the core data model of the Semantic Web (Miller, 2001; RDF
Working Group, 2014; Cox et al., 2021).

RDF/XML: is a syntax, defined by the W3C, to express (serialise) an RDF graph as an XML document
(Gandon and Schreiber, 2014).

RDFS: Resource Description Framework-Schema, is an extension of RDF and is used for representing
simple RDF vocabularies on the Web (Brickley and Guha, 2014; Cox et al., 2021; Tomaszuk and
Haudebourg, 2025).

Semantic Artefacts: A semantic artefact is a machine-actionable and -readable formalisation of
a conceptualisation, enabling sharing and reuse by humans and machines. Semantic artefacts may
have a broad range of formalisation, which include ontologies, terminologies, taxonomies, thesauri,
vocabularies, metadata schemas, and standards Semantic artefacts are serialised using a variety of
digital representation formats, e.g., RDF Turtle, and OWL, using XML (RDF) and JSON-LD (Hugo et al.,,
2020; Corcho et al., 2024).

Semantic Data: Data that are tagged with particular metadata that can be used to derive
relationships between data (CODATA RDM Terminology Working Group, 2024).

Semantic interoperability: Ensures that the precise format and meaning of exchanged data and
information are preserved and understood throughout exchanges between parties; in other words,
what is sent is what is understood (CODATA RDM Terminology Working Group (2024).

Semantic Ladder: Synonym of Semantic Spectrum.

Semantic Spectrum: Sometimes referred to as the ontology spectrum, the smart data continuum, or
the semantic ladder, is a series of increasingly precise or rather semantically expressive definitions
for data elements in knowledge representations ranging from: 1) simple controlled vocabularies that
list terms for use as standard labels to support indexing, content analysis and information retrieval,
through to 2) ontologies that encode complex domain knowledge and concept relationships as part


https://en.wikipedia.org/wiki/Resource_Description_Framework
https://en.wikipedia.org/wiki/XML

of the definition of each term, especially for machine readability (McGuiness, 2003; McCready 2006;
Duerr et al., 2024).

Semantic Standards: See Semantic Web Technologies.

Semantic Web Technologies: Semantic Web Technologies enable people to create data stores on the
Web, build vocabularies, and write rules for handling data (W3C Semantic Web Standards, n.d.-a).

SKOS: Simple Knowledge Organisation System, is a simple OWL ontology to represent Knowledge
Organization Systems (KOS) such as thesauri, term lists and controlled vocabularies (Isaac and
Summers, 2009).

Standard: Set of agreed-upon and documented guidelines, specifications, accepted practices,
technical requirements, or terminologies that have been prepared by a standards developing
organisation or group, and published in accordance with established procedures. These can be
mandatory or voluntary and are distinct from Acts, regulations, and codes, although standards can
be referenced in those legal instruments (CODATA RDM Terminology Working Group, 2024).

Taxonomy: Divisions of terms into ordered, hierarchical groups, or categories based on particular
characteristics (Zeng, 2008).

Thesaurus: Sets of terms representing concepts and the relationships connecting them (Zeng, 2008).

Turtle: A textual syntax for RDF that allows an RDF graph to be completely written in a compact and
natural text form, with abbreviations for common usage patterns and datatypes (Beckett et al,,
2014).

URI: Uniform Resource Identifier (URI), formerly Universal Resource ldentifier, is a unique sequence of
characters that identifies an abstract or physical resource, such as resources on a webpage, mail
address, phone number, books, real-world objects such as people and places, concepts (Berners-Lee
et al,, 2005).

Vocabulary: Organised arrangement[s] of words and phrases used to index content and/or to retrieve
content through browsing or searching (Harpring, 2013).

Vocabulary Ecosystem: The set of resources, tools, platforms, policies and practices that together
make vocabularies accessible and useful for all researchers and users of digitally encoded
knowledge (this paper).

Vocabulary Services: A vocabulary service enables users to discover, browse, and download
controlled vocabularies in a variety of languages (e.g., SKOS, RDF/XM, Turtle, RDF/JSON, Notation3).
The service may also contain an editor, where authorised users create, manage, and translate the
vocabularies (CESSDA, n.d.). Corcho et al., 2024 p.3 define a vocabulary service as “a dedicated web-
based system that fosters the availability, discoverability and long-term preservation and
maintenance of semantic artifacts”.

”

Vocabulary Registry: The terms “collection”, “listing”, or “registry” can be used to describe ontology
libraries. These systems help reuse or find ontologies by simply listing them or offering structured
metadata to describe them. Yet, those systems do not support additional services beyond the
description of the items (Corcho et al., 2024).
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