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FAIR Assessment Approaches

 Ad hoc methods

* Questionnaire or Survey methods
* Programmatic methods

* Web-browser integrated tools

* Repository-integrated methods




FAIR Assessment Approaches

 Ad hoc methods
* Derived from reading the FAIR principles +/- FAIR metrics (fairmetrics.org)
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FAIR Principle Ola !l = @)
F1. (meta)data are assigned globally unique and persistent identifier ® o O o
F1. (meta)data are assigned globally unique and persistent identifier =~ FM-F1B ® O O o
F2. data are described with rich metadata (defined by R1 below) FM-F2 e O o o
F3. metadata clearly/explicitly include identifier of data it describes FM-F3 e O o o
F4. (meta)data are registered or indexed in a searchable resource FM-F4 ® O O o

Al. (meta)data are retrievable by identifier using a standardized

. N/A
communications protocol
Al.1 the protocol is open, free, and universally implementable FM-A11 © @ @ o o
A1.2 the protocol allows for an authentication and authorization EM-AL2 e o o ° °
procedure, where necessary
A2. metadata are accessible, even when data are no longer available FM-A2 ® o O O o
11. (rTmeta)data use a formal, accessible, shared,.and broadly EM-I1 o o o o o
applicable language for knowledge representation.
12. (meta)data use vocabularies that follow FAIR principles FM-12 o O O o (o]
I3. (meta)data include qualified references to other (meta)data FM-I3 o O O o O
R1. meta(data) are richly described with a plurality of accurate and N/A

relevant attributes
R1.1. (meta)data released with clear, accessible data usage license FM-R1.1 e o o ] o
R1.2. (meta)data are associated with detailed provenance FM-R1.2 ® e O o o
R1.3. (meta)data meet domain-relevant community standards FM-R1.3 ® o O ] o

| Overall FAIRnessScore | [ufu]6][105[12]

Range of FAIRness Scores (all systems)
PASS: 29-79%

PARTIAL PASS: 0-21%

FAIL: 7%-50%

PASS/PARTIAL PASS/FAIL BY METRIC

HGEO
HENA

B MG-RAST

FMFIA FM-F1B FM-F2 FM-F3 FM-F4 FMALL  FMAL2 FM-AZ FM-11 FM-12 FMH3 FMRL1  FMRL2  FMRL3

Berrios DC, Beheshti A, Costes SV, editors. FAIRness and Usability for Open-access Omics Data Systems. Proceedings of the 2018 AMIA Annual

Symposium; PMC6371294
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6371294/

* Questionnaire or Survey methods
* Any groups with an understanding of FAIR can leverage these
* Any system can be assessed, without code development or execution

 FAIR Data Self Assessment Tool (https://ardc.edu.au/resource/fair-data-
self-assessment-tool/)

* Do-I PASS for FAIR

* Taco de Bruin, Sarah Coombs, Jutta de Jong, Irene Haslinger, Henk van den Hoogen,
Frans Huigen, Mijke Jetten, Jacko Koster, Margriet Miedema, Sjef Ollers, Inge
Slouwerhof, Ingeborg Verheul, & Jacquelijn Ringersma. (2020). Do I-PASS for FAIR. A
self assessment tool to measure the FAIR-ness of an organization (Version 1)



https://ardc.edu.au/resource/fair-data-self-assessment-tool/

* Programmatic methods

* Code-based assessments using metadata querying and applying rules to
determine compliance

* FAIRSFAIR (https://www.f-uji.net/?action=test)

 FAIR Evaluation Service (https://w3id.org/AmIFAIR)



https://www.f-uji.net/?action=test
https://w3id.org/AmIFAIR

BPS FAIR Evaluations using Gen 2 M|

* Pilot study using FAIR Evaluator web site
e “Basic”, Cross-domain Mls: FAIR

* Quick, preliminary, automated evaluation using single dataset as
Input

Genelab

PSI
ALSDA/LSDA




* Web-browser integrated tools
* FAIRShake (https://fairshake.cloud/)

/ Pr,' FF”";:';’ > Anatomy of a FAIRshake Insignia\

Colors ::".-;:r.'- from blue, very FAIR, o red,
J ..... not very FAIR. The range 15 based on the

mean scores Tor all assessments matching

a given query

Score: 100%

The metadata includes a title for the data resource

- looltips tell you the precise score and
metric measured when hovered over

, |
| i
Rubric 3 Filler
11 Metrics



https://fairshake.cloud/

* Repository-integrated methods
* Arctic Data Center/DateOne

Search / Metadata / Assessment Report P
Metadata Assessment Report

Tiffany Windholz, Nigel Golden, Jacqueline Hung, & Sue Natali. (2023). Polaris Project 2022: CO, Chamber Fluxes, Yukon-
Kuskokwim Delta, Alaska, 2022. Arctic Data Center. doi:10.18739/A2Q814T64]

After running your metadata against our standard set of metadata, data, and congruency checks, we have found the following potential issues. Please assist us in improving the
discoverability and reusability of your research data by addressing the issues below.

Assessment suite:  FAR Suitev03.1 «
Findable: 100% complete

checks Accessible: 63% complete
Interoperable: 100% complete

Reusable: 64% complete

¢+ Passed 35 checks out of 51 (informational checks not included).

» Warning for 9 checks. Please review these warnings.

* Failed 7 checks. Please correct these issues.
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FAIR

* FAIR is a set of principles relating to optimizing the capabilities of
data systems

e Data systems are not properly labeled as “FAIR” or “NOT FAIR”:....
« Data systems must implement each of the principles
* Some principles may only be implemented for some data/sets of data

* FAIR principles have evolved and are going to continue to evolve

* There are always going to be new and better methods to find data, to access data, to
share and re-use data

e Thusimproving compliance with FAIR will be a continual process of systems
Improvement



/. &n The “FAIR” Principles

Metadata

Normalization

Inferrmg I1 (meta)data use a formal, accessible,
Data Relationships shared, and broadly applicable
language for knowledge representation.
I2 (meta)data use vocabularies that follow FAIR
principles
I3 (meta)data include qualified references to
other (meta)data

F1 (meta)data are assigned a globally
unique and persistent identifier

F2 data are described with rich metadata
(defined by R1 below)

RN ESEGEIENCERIENRGES G HIALENGCENGE  Data Federation

identifier of the data it describes

F4 (meta)data are registered or indexed in
a searchable resource

Cost-efficient

Processed Data

D.a.ta . Metadata Metadata
Identification Schemas Acquisition
Schemes
Al (meta)data are retrievable by their identifier R1 meta(data) are richly described with a
using a standardized communications protocol plurality of accurate and relevant attributes
Al.1 the protocol is open, free, and universally R1.1 (meta)data are released with a clear and
implementable accessible data usage license
Al1.2 the protocol allows for an authentication and R1.2 (meta)data are associated with detailed
authorization procedure, where necessary provenance
A2 metadata are accessible, even if data are no R1.3 (meta)data meet domain-relevant
longer available community standards

Credentialin
* g



FAIR Metrics: Gen 1

* Designed to specify what should
be measured in evaluating
compliance with FAIR principles

* Textual and OWL format

* Provides guidance for evaluations,
but not executable code

* What is measured
Why/Rationale

Input

Description of testing method
Pass/Fail criteria

Scope

No detail on specific semantics
tested for interoperability

https://github.com/FAIRMetrics/Metrics

* * ' '* . —



Pilot Testing of FAIR Metrics

* How FAIR is NASA GenelLab? Compared to similar data repositories? How could
FAIR compliance be increased?

 Berrios DC, Beheshti A, Costes SV, editors. FAIRness and Usability for Open-access Omics
Data Systems. Proceedings of the 2018 AMIA Annual Symposium;

* 5 0mics Data Systems, including NASA Genelab,
 Similar to GenelLab:
* Government-operated or government-funded, research lab-developed
* Roughly similar archiving capabilities
* Open access,
3 Raters that used manual testing and subjective evaluations of test results
* PASS (1): No evidence of failure of any test, for any input

* PARTIAL PASS (0.5): Failure of some, but not all test cases, or failure of some test
steps/components

* FAIL (0): No evidence of compliance to the principle, for any test cases

* Rating consensus
* Individually-assessed ratings combined through dialogue among the raters until consensus reached

+ l - +


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6371294/

Results

Mean and S.E. for Each FAIR Metric Assessed

FM-F1IA  FM-F1B FM-F2 FM-F3 FM-F4 FM-A1.1 FM-A1.2 FM-A2 FM-11 FM-12 FM-I3 FM-R1.1 FM-R1.2 FM-R1.3




Conclusions

* All the omics systems assessed had some FAIRness shortcomings
* All systems lacking at least some support for interoperable metadata (and data)
 Lack of metadata schemes grounded in formal semantics (DL languages like RDF/OWL/etc.)

* Some use ISA-Tab, which has at least been modeled in RDF, although they do not represent
metadata in RDF

* Community-derived, controlled vocabularies usage uncommon
« Semantic linkage of data through metadata also uncommon
* Lack of use of FAIR vocabularies

» Low prevalence of semantic normalization across data sets, perhaps due in
part to

* High costs
* Lack of automated semantic normalization resources



FAIR Metrics Gen 2

» Also known as Maturity Indicators (Mls)

» Designed to be executable by code

* Can be extended for domain-specific FAIRness evaluations
* MI Repository (open)

» Evaluator service (for Gen 2 Mls and MI test execution)
 Evaluations repository (open)

* Input: DOIs of data sets
* Record associated with DOI inspected
* Metadata of DOI is evaluated
* How to combine evaluations using multiple data sets?

* Output:

* Detailed json of evaluation parameters, processes and results
* Can bevery lengthy, depending on MI



https://fair-evaluator.semanticscience.org/FAIR_Evaluator/

Community-specific Mls

Developed by specific data end-user communities (e.g., space life scientists)
Possibly, but not necessarily, applicable to evaluations of repositories in other domains
Checks for data FAIRness through domain-specific semantics standards

Example domain-specific Mls:
» Repository with GFF3 files and radiation biology experimental data

* “Organism” field values from NCBITaxon ontology/taxonomy

. “Fz;[c’ior studied” field must have values from Radiation Biology Ontology or other community-developed (OBO Foundry)
ontology

* GFF3 (General Feature Format) files must have “type” field values that are from the SO (Sequence Ontology)
* “Tissue Phenotype” values must be from Human Phenotype Ontology
* Etc.

OBO Foundry:
Sequence Ontology: http://www.sequenceontology.org/
Human Phenotype Ontology:



http://www.obofoundry.org/
https://hpo.jax.org/app/

Life Cycle of M

Users develop and test Mls

Users submit MIs to community Ml repository for feedback

Users Incorporate feedback, refine Ml

After final blessing by community, deploy to community Ml collection
Systems use fully developed Ml for FAIR evaluations

Gather l
Feedback DiaElEs bl l
Community Push to

Testing ‘ repository




GenelLab FAIR using Gen 2 M

* Pilot study using FAIR Evaluator web site

e “Basic”, Cross-domain Mls: FA IR

* Quick, preliminary, automated evaluation using single dataset as
Input

Principle Mis Tested Mis Passed Score (%)

Findability
Accessibility

Interoperability

Reusability
Total




LSDA FAIR using Gen 2 M|

* Pilot study using FAIR Evaluator web site
e “Basic”, Cross-domain Mls: FA IR

* Quick, preliminary, automated evaluation using single dataset as
Input

Principle Mis Tested Mis Passed Score (%)

Findability

Accessibility
Interoperability
Reusability
Total




PSI| FAIR using Gen 2 M

* Pilot study using FAIR Evaluator web site
e “Basic”, Cross-domain Mls: FA IR

* Quick, preliminary, automated evaluation using single dataset as
Input

Principle Mis Tested Mis Passed Score (%)
Findability
Accessibility

Interoperability

Reusability
Total




GenelLab FAIR Evaluation- Detailed
Findability

F1 Unique Identifier

F1 Identifier Persistence

Was unable to locate the data identifier in the metadata using any

F1 Data Identifier Persistence (common) property/predicate reserved for this purpose.

F2 Structured Metadata

F2 Grounded Metadata

Data Identifier EpricitIy In Was unable to locate the fjata identifier in the_ metadata using any
Metadat (common) property/predicate reserved for this purpose
etadata

Metadata Identifier EpricitIy No metadata identifiers were found in the metadata record
In Metadata

Searchable in major search Was unable to discover the metadata record by search in Bing using any
method

F3

F3

engine

4
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Genelab FAIR Evaluation- Detailed
Accessibility

Was unable to locate the data identifier in the metadata using any

Uses open free protocol for , :
(common) property/predicate reserved for this purpose.

data retrieval

Uses open free protocol for
metadata retrieval

Data authentication and No data identifier was found in the metadata record.

authorization

Metadata authentication and
authorization

Was unable to find a persistence policy using any approach.

Metadata Persistence




GenelLab FAIR Evaluation- Defailed

Metadata Knowledge Representation
Language (weak)

Metadata Knowledge Representation
Language (strong)

Data Knowledge Representation Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose.
Language (weak)

Data Knowledge Represe htation Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose.
Language (strong)

Metadata uses FAIR vocabularies
(weak)

Metadata uses FAIR vocabularies
(strong)

Metadata contains qualified outward
references

%+




GenelLab FAIR Evaluation- Detailed

Metadata Includes License (strong) FAIL No License property was found in the metadata.

Metadata Includes License (wea k) FAIL No License property was found in the metadata.




LSDA FAIR Evaluation- Detailed

Findabilit

Unique Identifier

|dentifier Persistence
Data Identifier Persistence
Structured Metadata
Grounded Metadata

Data Identifier Explicitly In Metadata

Metadata Identifier Explicitly In
Metadata

Searchable in major search engine

The metadata GUID does not conform with any known permanent-URL
system.

Was unable to locate the data identifier in the metadata using any (common)
property/predicate reserved for this purpose.

(dataset page)
experiment page FAIL: no structured metadata found)

(
(dataset page)
(experiment page FAIL: no linked-data style structured metadata found)

Was unable to locate the data identifier in the metadata using any (common)
property/predicate reserved for this purpose

No metadata identifiers were found in the metadata record

Was unable to discover the metadata record by search in Bing using any
method




LSDA FAIR Evaluation- Detailed
Accessibility

Was unable to locate the data identifier in the metadata using any

Uses open free protocol for , :
(common) property/predicate reserved for this purpose.

data retrieval

Uses open free protocol for
metadata retrieval

No data identifier was found in the metadata record.

Data authentication and
authorization

Metadata authentication and
authorization

Was unable to find a persistence policy using any approach.

Metadata Persistence




LSDA FAIR Evaluation- Detailed
Interoperabilit

(dataset page)

Metadata Knowledge Representation Language (weak) (experiment page: FAIL)

(dataset page)

Metadata Knowledge Representation Language (strong) (experiment page: FAIL)

Was unable to locate the data identifier in the metadata using

Data Knowledge Representation Language (weak) any (common) property/predicate reserved for this purpose.
(dataset page)

Was unable to locate the data identifier in the metadata using

Data Knowledge Representation Language (strong) any (common) property/predicate reserved for this purpose.
(dataset page)

No predicates were found that resolved to Linked Data.

Metadata uses FAIR vocabularies (weak) (dataset page)

No predicates were found that resolved to Linked Data.

Metadata uses FAIR vocabularies (strong) (dataset page)

0 of the O triples discovered in the linked metadata pointed to

q .r- resources hosted elsewhere. The minimum to pass this test is
Metadata contains qualified outward references 1

(dataset page)




LSDA FAIR Evaluation- Detailed
Reusability

No predicates were found that resolved to Linked Data. did not match any

. k identificati tem. (Dataset
Metadata Includes License (strong) nown identification system. {Dataset page)

No License property was found in the metadata. (Experiment page)

No predicates were found that resolved to Linked Data. did not match any
known identification system. (Dataset page)

Metadata Includes License (weak)

No License property was found in the metadata. (Experiment page)




PSI| FAIR Evaluation- Detailed
Findability "

.github.io/FAIR-Evaluator-FrontEnd/#!

Unique Identifier

The metadata GUID does not conform with any known permanent-

|dentifier Persistence URL system.

Was unable to locate the data identifier in the metadata using any

Data Identlfler Persistence (common) property/predicate reserved for this purpose.

Structured Metadata
Grounded Metadata

Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose

Data Identifier Explicitly In Metadata

Metadata Identifier EXp|ICIt|y In No metadata identifiers were found in the metadata record
Metadata

Was unable to discover the metadata record by search in Bing using

Searchable in major search engine il Ee


https://fairsharing.github.io/FAIR-Evaluator-FrontEnd/#!/evaluations/5290

PSI FAIR Evaluation- Detailed

AC cess | b | l | ty https://fairsharing.github.io/FAIR-Evaluator-FrontEnd/#!/evaluations/5291

Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose.

Uses open free protocol for
data retrieval

Uses open free protocol for
metadata retrieval

No data identifier was found in the metadata record.

Data authentication and
authorization

Metadata authentication and
authorization

Was unable to find a persistence policy using any approach.

Metadata Persistence




PSI FAIR Evaluation- Detailed
I N t ero p eraqa b | llty https://fairsharing.github.io/FAIR-Evaluator-FrontEnd/#!/evaluations/5292

Metadata Knowledge Representation Language
(weak)

Metadata Knowledge Representation Language
(strong)

Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose.

Data Knowledge Representation Language (weak)

Was unable to locate the data identifier in the metadata using any
(common) property/predicate reserved for this purpose.

Data Knowledge Representation Language (strong)

Metadata uses FAIR vocabularies (wea k) No predicates were found that resolved to Linked Data.

Metadata uses FAIR vocabularies (strong) No predicates were found that resolved to Linked Data.

0 of the 0 triples discovered in the linked metadata pointed to
Metadata contains quallfled outward references resources hosted elsewhere. The minimum to pass this test is 1.



PSI FAIR Evaluation- Detailed

R e u S a b I llt https://fairsharing.github.io/FAIR-Evaluator-FrontEnd/#!/evaluations/5293

Metadata Includes License (strong) FAIL No License property was found in the metadata.

Metadata Includes License (weak) FAIL No License property was found in the metadata.




Moving Forward

Detailed analysis of GenelLab Ml failures
* Scope work to address these failures
* Generate a summary/FAIR report

Explore options for obtaining and integrating the FAIR Evaluator
* ?develop our own evaluator by extension
» Explore COTS option (Wilkinson’s spin-off)
» for continual systems evaluation
» data curation process improvement

How are other repositories using or considering use of FAIR evaluation services?

What are the domain-specific Maturity Indicators that could be developed to further interoperability in the
areas of genomics?

» Critical data interoperability will likely require these metrics be developed andcontinually applied to GenelLab data
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