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Abstract 
Modern science and technology require the rapid sharing of knowledge. Ongoing 
digitalisation further increases the dependence of materials design and development on data 
originating from diverse disciplines, including physics, chemistry, engineering, and medicine. 
The FAIR principles facilitate data exchange and support the machine-actionable analysis of 
research outputs. However, materials science and related disciplines lag behind in the 
implementation of these principles. This final report of the Harmonised Terminologies and 
Schemas for FAIR Data in Materials Science and Related Domains RDA Working Group, 
together with the two accompanying field guides, aims to improve the availability of 
community-driven semantic artefacts and to promote the adoption of FAIR principles within 
materials science and related fields. 

 

Introduction 
Materials are central to humanity's advancement, so much so that human history is often 
conceptualised by the most advanced material of the time (e.g., the Stone Age, the Iron Age, 
etc.). Materials science is a complex, interdisciplinary domain spanning engineering, 
physics, chemistry, and, more recently, biology. Therefore, applying the FAIR data principles 
in materials science is not a trivial endeavour. The materials community has been calling for 
broadly applicable, and widely used semantic artefacts for many years and made several 
attempts to develop semantic artefacts via standardisation efforts over the past decades. 
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There have been some advances in specific fields, and in recent years more dedicated 
materials science ontologies have been emerging, e.g. the EMMO and the PMDCore 
ontology. However, today still very few approaches have been widely adopted. The situation 
contrasts with that in chemistry and biomedicine. In chemistry, the IUPAC Goldbook has 
been established as a standard vocabulary since 1987; in medicine, the OMIM (Online 
Mendelian Inheritance in Man, John Hopkins University) and ICD (International Classification 
of Diseases, curated by WHO) are successfully used for classification of diseases and their 
linkage to genes for more than 50 years. All these services are continuously updated and 
curated, and widely used. 
 
The lack of widely used approaches for FAIR materials data and relevant semantic artefacts 
is likely due to several factors, such as the complex and interdisciplinary nature of the field, 
diversity of international stakeholders, and often low maturity of existing approaches. This 
Working Group addresses the challenge of low FAIR maturity and supports the community in 
its transition towards a modern, interconnected scientific praxis by developing guidelines for 
adopting the FAIR data principles for both semantic artefacts and the data itself. The ultimate 
aim is to provide materials science and related disciplines with a framework of FAIR 
semantic artefacts that enables the implementation of FAIR principles at every stage of the 
materials lifecycle and supports relevant data infrastructures.   
  

Working Group Background 
This working group's origins date back to two prior Birds of a Feather (BoF) sessions, which 
were organised by its chairpersons: 

● RDA 18th Plenary Meeting: Metadata for Data Indexing and Data Discovery in 
Materials Science and Engineering  

● RDA 20th Plenary Meeting:  Data representation in materials and chemicals based 
on harmonised domain ontologies 

Between these two BoF sessions, the overall objectives could be summarised as: 
● Explore Opportunities and Survey the Landscape: Define, socialize, and assess 

the current state and opportunities of Linked Data, Semantic Web, and related 
technologies in materials science and engineering. 

● Foster Collaboration and Community Building: Gather interested stakeholders, 
promote collaboration, and build consensus for advancing these technologies within 
the field. 

● Develop and Harmonize Semantic Resources: Discuss existing and required 
resources (e.g., ontologies, taxonomies, thesauri) and recommend approaches for 
developing and aligning them as common tools. 

● Plan Future Actions and Governance: Identify actionable steps, and explore the 
creation of a Working Group on Domain Ontologies to guide objectives and outputs 
in chemistry and materials science. 

 
Following these two BoF sessions, interested parties collaboratively drafted and submitted a 
Case Statement for the Harmonised Terminologies and Schemas for FAIR Data in Materials 
Science and Related Domains Working Group. 
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Opportunity for having a Working Group 
The opportunity is there for the field to make a significant step forward in FAIR maturity, due 
to the following factors. 

● In the last 10 years, there has been an increasing number of initiatives at the national 
and regional level in the field of materials science, with the aim of improving data 
infrastructures and the data life cycle towards increased FAIR Data maturity. Most of 
the initiatives have been referenced in the Case Statement of the WG.  

● There has been a high level of activity in developing semantic assets, in particular 
ontologies as well as schema, and a concomitant use of semantic web technologies 
such as Linked Data. There is hence a need as well as an opportunity to ensure best 
practice for FAIR maturity of semantic assets, as well as FAIR mappings. 

● With the growth of data infrastructures, including repositories as well as digital 
infrastructures that provide aggregation and facilitate search across repositories, 
data annotation and cataloguing standards such as schema.org and DCAT, as well 
as the use of controlled vocabularies have come into stronger focus. There is an 
opportunity for the field to learn from and adapt/adopt standards and best practices 
implemented in other fields such as Bioscience (see e.g. bioschemas.org ) and 
Geodata (see e.g. GeoDCAT-AP). 

 

Working Group Process 
Since the founding of the working group, the group has met on a monthly basis (with some 
gaps) to coordinate and propel output documents. The working group has hosted working 
sessions at the following Plenary Meetings, where we note that the group adopted a 
short-hand name of HarmonisedMatChem WG: 

● RDA 22nd Plenary Meeting:  Kickoff of Harmonised Terminologies and Schemas for 
FAIR Data in Materials Science and Related Domains Working Group 

● RDA 23rd Plenary Meeting:  Updates and Community Feedback for 
HarmonisedMatChem WG 

● RDA 24th Plenary Meeting:  HarmonisedMatChem WG: Updates and Community 
Feedback 

● RDA 25th Plenary Meeting:  HarmonisedMatChem WG: Wrap Up 
 
The group organised work into three separate stream documents that mapped to the original 
list of outputs. Over time, as the group conducted its business, the two stream documents (A 
and B) morphed into field guides and continue to be developed as living documents on the 
groups’ github. Stream C was adopted into this final report and recommendation submitted 
to the RDA for endorsement. In summary 

● Stream A: The activities of this workstream converged into developing a field guide 
for individuals who are supporting the development of semantic artefacts within the 
materials science and engineering communities.  

● Stream B: The activities of this workstream converged into developing a field guide 
for individuals who are supporting the materials science and engineering community 
to increase the FAIR maturity of their data.  
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● Stream C: The activities of this workstream converged into this document, the final 
recommendation submitted to the RDA.  

 
In addition, the group received facilitation and expert funding support via the RDA TIGER 
project and was recognised as a well-defined group to support alignment, harmonisation, 
and standardisation of Open Science developments and technologies globally. The expert 
funding resulted in a workshop and report on “Metadata for cataloguing datasets from 
materials science and related domains”. 
 
 

Recommendations 
This working group presents four recommendations aimed at increasing the FAIR maturity of 
data and semantic artefacts within the materials and chemistry communities.  

● Recommendation 1: We recommend that the community embrace the FAIR data 
principles throughout the research data lifecycle. FAIR data maturity enhances their 
sharing and reuse. Individuals supporting the materials community, such as data 
stewards, should understand the inherent complexity of the materials and chemistry 
community. Due to the inherent complexity of the discipline, high FAIR data maturity 
will only be achieved if steps are taken early in the research data lifecycle. To help 
the community adopt this recommendation, we have created a field guide for this 
purpose, which we expect to be a living document:  

○ Field Guide for Increasing the FAIR Maturity of Materials and Chemistry Data 
● Recommendation 2: We recommend that the community also embrace the FAIR 

data principles with regard to existing or new semantic artefacts. FAIR maturity of 
semantic assets increases their implementation in data services, and ultimately 
improves human interpretability and machine actionability of data. Data engineers, 
developers of semantic artefacts for the materials community, should make a 
concerted effort to increase the FAIR maturity of existing and future semantic assets. 
The WG developed guidelines to enhance FAIR maturity of newly developed or 
revised semantic assets: 

○ Field Guide for Increasing the FAIR Maturity of Materials and Chemistry 
Semantic Artefacts 

○ All maintainers of existing semantic assets within the materials community 
should release new versions of their semantic assets with the goal of attaining 
higher FAIR maturity. 

● Recommendation 3: We recommend that the community embrace existing general 
purpose semantic artefacts, which can be adopted within the materials and chemistry 
domains via a profile. Data engineers supporting the materials community should 
make a concerted effort to develop profiles and extensions to widely utilized 
general-purpose semantic assets for data annotation and cataloguing (e.g., 
DCAT-AP, schema.org, etc).  

○ The community should host RDA Plenary sessions to assist development of 
Materials-DCAT-AP and schema.org discipline-specific profiles (see also 
Future Opportunities). 
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● Recommendation 4: We recommend that the community map existing and 
emerging semantic artefacts within the materials community to broadly adopted 
general purpose and domain-specific vocabularies and ontologies. Data engineers 
supporting the materials community should make a concerted effort to create FAIR 
mappings between existing and future semantic assets.  

○ See activities and outputs of RDA FAIR Mappings WG 
○ See also Future Opportunities  

 

Future Opportunities 
In order to complete the mission of this WG as defined in its Charter, we propose to continue 
its work in maintenance mode. We have identified a few tasks for further work. Some of 
these tasks could be discussed in a Birds-of-a-Feather session at a future RDA Plenary, and 
transitioned into a future working group(s). These tasks are as follows: 

● Regularly update living documents:  
○ Field Guide for Increasing the FAIR Maturity of Materials and Chemistry 

Semantic Artefacts 
○ Field Guide for Increasing the FAIR Maturity of Materials and Chemistry Data 

● Supervising the development of an Application Profile for using DCAT in materials 
sciences. The data engineering work will likely be done by European or national 
projects. 

● Design a framework for profiling schema.org for materials science and related 
disciplines. 

● Building a library of terminologies and semantic references/patterns that can be 
applied in a wide range of materials science fields and applications, such as.  

● In collaboration with the RDA FAIR Mappings WG, identify and promote FAIR 
mappings of semantic artefacts to support globally resolvable federated data systems 
for materials science and related disciplines. 
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Glossary 
Data engineer, also known as semantic artefact developer or knowledge engineer. A person 
who designs, builds, and maintains semantic artefacts (e.g., ontologies, vocabularies, 
taxonomies) to represent knowledge in a structured and interoperable way. 
 
Data stewards, a person responsible for ensuring the quality, consistency, and proper use of 
data within a specific domain or organization. 
 
Semantic artefacts, also known as semantic assets. A formal resource, such as an ontology, 
vocabulary, or taxonomy, that encodes concepts and their relationships to enable consistent 
meaning, data integration, and reasoning. 
 
Semantic assets, see Semantic artefacts. 
 
Knowledge engineer, see Data engineer. 
 
Semantic artefact developer, see Data engineer. 
 
Semantic mappings, formal correspondences between elements of different semantic 
artefacts, such as concepts, terms, classes, attributes, or relationships, established to 
ensure that meaning is preserved and correctly interpreted across systems. 
 
Semantic reference, a pointer or citation that links data to meaning defined by the semantic 
artefact. 
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