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Why is it so hard to be FAIR?



…and can we make it less 
difficult?



What do we mean by FAIR?

https://doi.org/10.5281/zenodo.1212496 CC0 1.0

https://doi.org/10.5281/zenodo.1212496


http://dx.doi.org/10.1038/sdata.2016.18

http://dx.doi.org/10.1038/sdata.2016.18


Go FAIR Community
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FAIR Community -- “Not One 
Size Fits All”

https://www.go-fair.org/implementation-networks/

https://www.go-fair.org/implementation-networks/


Example Community Network



“The primary limitation of humans, however, is that we are unable 
to operate at the scope, scale, and speed necessitated by the scale 
of contemporary scientific data and complexity of e-Science. It is 
for this reason that humans increasingly rely on computational 
agents to undertake discovery and integration tasks on their 
behalf. “



What FAIR is Not



FAIRification Process

https://www.go-fair.org/fair-principles/fairification-process/

https://www.go-fair.org/fair-principles/fairification-process/


So now, what’s the problem?
● Standard metadata isn’t standard!
● There are many repositories providing “standard” metadata in incompatible ways (81 identified with polar 

data)
● There are many aggregators harvesting information which often has already been aggregated by some 

other group!
● There are many technologies in use

A partial polar landscape map from 2018

Durr, R. Structured data on the web: putting best practice to 
work, ESIP Summer Meeting 2020 2020 ESIP Summer Meeting: 
Structured data on the web: putting best...

https://2020esipsummermeeting.sched.com/event/cIvy/structured-data-on-the-web-putting-best-practice-to-work
https://2020esipsummermeeting.sched.com/event/cIvy/structured-data-on-the-web-putting-best-practice-to-work


Problem 1: Driving force 
towards Centralization



Linked Data As a Solution?

https://www.w3.org/DesignIssues/LinkedData.html
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https://ruben.verborgh.org/blog/2018/12/28/designing-a-linked-data-deve
loper-experience/
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https://inrupt.com/solid
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Inrupt Solid Idea

https://inrupt.com/solid
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https://twitter.com/SShanabrook/status/1182442214980501505
Paco Nathan’s Excellent talk on Deep Context and AI: 
https://esip.figshare.com/articles/presentation/Rich_Context_providing_support_for_cros
s-agency_data_stewardship_and_measuring_dataset_impact_on_public_policy/1157334
3

https://twitter.com/SShanabrook/status/1182442214980501505
https://esip.figshare.com/articles/presentation/Rich_Context_providing_support_for_cross-agency_data_stewardship_and_measuring_dataset_impact_on_public_policy/11573343
https://esip.figshare.com/articles/presentation/Rich_Context_providing_support_for_cross-agency_data_stewardship_and_measuring_dataset_impact_on_public_policy/11573343
https://esip.figshare.com/articles/presentation/Rich_Context_providing_support_for_cross-agency_data_stewardship_and_measuring_dataset_impact_on_public_policy/11573343


https://github.com/ropensci/emld

https://github.com/ropensci/emld


http://aims.fao.org/activity/blog/fair-data-what-and-why-easier-said-implemented
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https://twitter.com/simonhodson99/status/100610626421
5195648

https://twitter.com/simonhodson99/status/1006106264215195648
https://twitter.com/simonhodson99/status/1006106264215195648


Problem 2: Persistent 
Identifiers Are Hard to 

Implement (as Web 
Resources)



Linked Data As a Solution?

https://www.w3.org/DesignIssues/LinkedData.html

https://www.w3.org/DesignIssues/LinkedData.html


URI Resources also have 
semantics themselves as to 

HOW they identify entities



https://journals.plos.org/plosbiology/article?id=10.1371/journal.
pbio.2001414

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001414
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001414


https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001414

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001414


Identifiers.org



https://douroucouli.wordpress.com/2020/08/05/what-is-the-sars-cov-2-molecular-parts-list/
https://www.nytimes.com/interactive/2020/04/03/science/coronavirus-genome-bad-news-
wrapped-in-protein.html
https://www.wikidata.org/wiki/Q87917581

https://douroucouli.wordpress.com/2020/08/05/what-is-the-sars-cov-2-molecular-parts-list/
https://www.nytimes.com/interactive/2020/04/03/science/coronavirus-genome-bad-news-wrapped-in-protein.html
https://www.nytimes.com/interactive/2020/04/03/science/coronavirus-genome-bad-news-wrapped-in-protein.html
https://www.wikidata.org/wiki/Q87917581


https://w3id.org/

W3IDs persistently redirect to 
sustainable resources like GitHub

https://w3id.org/


Problem 3: Machine readable 
interfaces 



The interface for the digital 
object is not the object



Use of Standardized APIs and 
Landing Pages

https://github.com/opengeospatial/SELFIE

https://github.com/opengeospatial/SELFIE


Opengeospatial Consortium 
SELFIE



https://www.w3.org/TR/dx-prof-conneg/

https://www.w3.org/TR/dx-prof-conneg/


Example: Australian 
Geographic Name Service

https://gnafld.net/address/GAACT714845933

https://gnafld.net/address/GAACT714845933


https://gnafld.net/address/GAA
CT714845933?_view=alternates



Hybrid approaches that store 
metadata in Knowledge Graphs

http://loci.cat/

http://loci.cat/


Problem 4: Which 
Vocabularies?



Problem 4: Vocabularies are 
also need to be FAIR, Linked 

and Harmonized



Vocabularies Need to be FAIR

https://arxiv.org/pdf/2003.13084.pdf

https://arxiv.org/pdf/2003.13084.pdf


http://www.semantic-web-journal.net/content/are-we-better-just-one-ontology-web-0
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One Ontology to Rule them 
All?

http://www.semantic-web-journal.net/content/are-we-better-just-one-ontology-web-0

http://www.semantic-web-journal.net/content/are-we-better-just-one-ontology-web-0


Ontology Design Pattern (ODP) Approach - Janowicz 
WOP 2015

https://www.slideshare.net/kjanowicz/ontology-engineering-a-view-from-the-trenches-wop-2015-keynote
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Ontology Design Pattern (ODP) Approach

https://www.slideshare.net/kjanowicz/ontology-engineering-a-view-from-the-trenches-wop-2015-keynote

https://www.slideshare.net/kjanowicz/ontology-engineering-a-view-from-the-trenches-wop-2015-keynote


Ontology Design Pattern (ODP) Semantic Trajectory

https://www.slideshare.net/kjanowicz/ontology-engineering-a-view-from-the-trenches-wop-2015-keynote

https://www.slideshare.net/kjanowicz/ontology-engineering-a-view-from-the-trenches-wop-2015-keynote


https://arxiv.org/abs/1808.08433

https://arxiv.org/abs/1808.08433


Examples of Mid-Level 
Ontologies for FAIR



Web Standard Middle 
Ontologies -- Provenance



Web Standard Middle 
Ontologies -- Time



Web Standard Middle 
Ontologies -- GeoSPARQL

https://github.com/opengeospatial/geosemantics-dwg
https://github.com/opengeospatial/geosemantics-dwg/blob/master
/white_paper/wp.pdf

https://github.com/opengeospatial/geosemantics-dwg
https://github.com/opengeospatial/geosemantics-dwg/blob/master/white_paper/wp.pdf
https://github.com/opengeospatial/geosemantics-dwg/blob/master/white_paper/wp.pdf


Web Standard Middle 
Ontologies -- Observations



Web Standard Middle 
Ontologies -- Datasets



Schema.org and Wikidata as 
the start of ‘core’ ontologies





Schema.org as a start for 
Findability

https://zenodo.org/record/3736235#.Xy2QypNKhZ4

https://zenodo.org/record/3736235#.Xy2QypNKhZ4


Harmonization and Linking of 
Domain Ontologies



Harmonization Efforts: ENVO and Semantic Web for 
Earth and Environment Terminology (SWEET)



Harmonization Efforts: ENVO  and SWEET



Alignments to Mid-Level Ontologies



GitHub Driven Development



Lessons from CI-CoE Pilot



How do we move toward FAIR 
Principles
● Work to connect Large Facilities to scientific 

communities through organizations like ESIP, 
RDA, CODATA, Go-FAIR to advance FAIR 
adoption because FAIR is a community 
process

● Leverage Community Software Building 
Blocks such as RDFlib, RDFJS, tools built by 
Zazuko GmbH like trifid, Inrupt Solid

● Knowledge engineering to create better 
ontologies through harmonization, adoption 
of FAIR practices, formalization of 
vocabularies in ontologies

https://github.com/RDFLib
https://rdf.js.org/
https://github.com/zazuko
https://github.com/solid


Thank you! 
https://cicoe-pilot.org/

https://wiki.esipfed.org/Schema.org_Cluster
https://wiki.esipfed.org/SemanticHarmonization

RDA - i-Adopt https://bit.ly/33D6IEL
cvardema@nd.edu

https://cicoe-pilot.org/
https://wiki.esipfed.org/Schema.org_Cluster
https://wiki.esipfed.org/SemanticHarmonization
https://bit.ly/33D6IEL

