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The FAIR Guiding Principles

F1: (Meta) data are assigned globally
unique and persistent identifiers

F2: Data are described with rich
metadata

F3: Metadata clearly and explicitly
include the identifier of the data they
describe

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

Al: (Meta)data are retrievable by their
identifier using a standardised
communication protocol

Al.1: The protocol is open, free and
universally implementable

Al.2: The protocol allows for an
authentication and authorisation where
necessary

A2: Metadata should be accessible even
when the data is no longer available

11: (Meta)data use a formal, accessible,
shared, and broadly applicable language for
knowledge representation

12: (Meta)data use vocabularies that follow
the FAIR principles

13: (Meta)data include qualified references
to other (meta)data

R1: (Meta)data are richly described with a
plurality of accurate and relevant attributes

R1.1: (Meta)data are released with a clear
and accessible data usage license

R1.2: (Meta)data are associated with
detailed provenance

R1.3: (Meta)data meet domain-relevant
community standards
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Metadata in public repositories are a mess!

* Investigators view their work as publishing papers or
delivering products, not leaving a legacy of reusable
data

e Sponsors or managers may require data sharing, but
they may not encourage the use of their own funds to
pay for it

* Creating good metadata to describe data sets is
unbearably hard












disease name
Hereditary way

altitude
Chr
Start
End

GO_cellular_component

GO_molecular_function
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chr20
23618395
23618395

extracellular region;basement membrane;extracellular space;lysosome;multi
cytoplasm;extracellular exosome;tertiary granule lumen;ficolin-1-rich granule

amyloid-beta binding;protease binding;endopeptidase inhibitor activity;cysteil

Full metadata record available at: https://www.ncbi.nlm.nih.gov/biosample/15811762



https://www.ncbi.nlm.nih.gov/biosample/15811762

NCBI BioSample Metadata are Dreadful!

* 73% of “Boolean” metadata values are not actually true or
false

V4

* 26% of “integer” metadata values cannot be parsed into
Integers

V4 4

* 68% of metadata entries that are supposed to represent
terms from biomedical ontologies do not actually do so.
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It we want to have FAIR data, we need good
metadata. Good metadata need:

* Ontologies to provide controlled terms

* Reporting guidelines to provide a standardized structure for
the metadata components

* Technology to make it easy to author good metadata in the
first place

* Procedures to create community-based standards in the first
place



It we want to have FAIR data, we need good
metadata. Good metadata need:

* Ontologies to provide controlled terms



Good metadata need ontologies!

age age [y]
Age age [year]
AGE age [years]
"Age age in years
age (after birth) age of patient
age (in years) Age of patient
age (y) age of subjects
age (year) age(years)
age (years) Age(years)
Age (years) Age(yrs.)
Age (Years) Age, year
age (yr) age, years
age (yr-old) age, yrs

age (yrs) age.year
Age (yrs) age_years w

Gene Expression Omnibus



https://bioportal.bioontology.org


https://bioportal.bioontology.org
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http://purl.org/sig/ont/fma/fma67498

It we want to have FAIR data, we need good
metadata. Good metadata need:

* Reporting guidelines to provide a standardized structure for
the metadata components



The microarray community took the lead in standardizing
metadata reporting guidelines

e What was the substrate
of the experiment?

 What array platform was
used?

» What were the
experimental conditions?

DNA Microarray






But it didn’t stop with MIAME!

 Minimal Information About T Cell Assays (MIATA)

* Minimal Information Required in the Annotation of biochemical
Models (MIRIAM)

* MINImal MEtagemome Sequence analysis Standard (MINIMESS)

* Minimal Information Specification For In Situ Hybridization and
Immunohistochemistry Experiments (MISFISHIE)

These are exactly the kinds of community standards
that we need to structure metadata!



Two kinds of community standards that guide
the authoring of scientific metadata

1. Ontologies: Collections of standard terms
for salient entities in a discipline
(e.g., Gene Ontology, International
Classification of Diseases)

2. Reporting Guidelines: Enumerations
of those aspects of a class of experiment
that useful metadata need to mention
(e.g., Minimum Information About
a Microrray Experiment; MIAME)



It we want to have FAIR data, we need good
metadata. Good metadata need:

* Technology to make it easy to author good metadata in the
first place



Technology for better metadata

1. CEDAR Workbench: An editor that helps
researchers to create standards-compliant
metadata from

* Ontologies
* Reporting guidelines
2. CEDAR Metadata Validator: A system that

validates spreadsheet-entered metadata
against CEDAR templates



The CEDAR Workbench















CEDAR
Metadata Editor
in the
Dryad Platform





https://m

CEDAR Metadata
Editor in the
Open Science

Framework
Web Platform



CEDAR Metadata Editor in
the Open Science
Framework App



Technology for better metadata

2. CEDAR Metadata Validator: A system that validates spreadsheet-
entered metadata against CEDAR templates
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Spreadsheets can’t enforce adherence to standards

. Spreadsheets are prone to errors, such as missing fields
and formatting problems

. Validation features in tools such as Excel are limited,
allowing users to enter erroneous information

. Metadata ingestion processes based on spreadsheets
need to anticipate and rectify such errors



Our Solution: A CEDAR-based approach that ...

. Facilitates high-quality metadata creation and
validation when using spreadsheets
. Takes advantage of:
- CEDAR'’s library of customizable metadata templates

for reporting guidelines
- Established controlled terminologies and ontologies





















Technology for better metadata

1. CEDAR Workbench: An editor that helps researchers
to create standards-compliant metadata from

* Ontologies
* Reporting guidelines

2. CEDAR Metadata Validator: A system that validates
spreadsheet-entered metadata against CEDAR
templates



A metadata template ...

Serves as a knowledge base of
a scientific community’s
metadata preferences
Captures those preferences in
a reusable, standardized form
Can be used by people

to review, enhance, or build
on those preferences

Can be accessed by machines
to assist in a variety of tasks




Metadata for Machines Workshops

* Are intensive 1-3 day invited, highly
participatory sessions

 Historically, have been hosted by the GO FAIR
Organization

* Lead groups of scientists to consensus
regarding
* Ontologies
* Reporting guidelines

for different

* Areas of science
e Classes of experiments

e Ultimately result in new CEDAR metadata
templates



The Netherlands Organization for Health Research
and Development

* Has hosted Metadata for Machines workshops to develop metadata

templates and controlled terminologies needed for all its funded
research related to COVID

* Uses CEDAR to create the metadata templates during the workshops

* Mandates the use of these metadata templates as a condition of
funding

* |Is now expanding the use of M4Ms and standardized metadata into
other areas of research that it supports



Building a CEDAR metadata template

Subject-Matter

Experts

Template

Modelers
\ Metadata
Template




CEDAR metadata templates communicate
community standards in a reusable manner

* Capture knowledge of a professional community in machine-
readable form (in our case, knowledge of preferred metadata
standards)

* Help the community to codify its knowledge in a public,
inspectable, editable place

* [deally, can plug-and-play with a variety of software systems

* Allow the community—and others outside the community—
to reuse the knowledge over and over again



A CEDAR templates are like cartridges that can plug
into a variety of applications to communicate
preferences regarding community-based metadata
standards.



Making data FAIR requires good metadata;
making good metadata requires:

* Community-endorsed metadata standards for all areas of
science

* Technology

* Like CEDAR,
to help create standards-adherent metadata in the first place

* Like the CEDAR Metadata Validator
to help improve metadata entered from spreadsheets

* A concerted effort on the part of funders, publishers,
professional societies, and investigators to stimulate the
creation of the standards needed to advance science




Data will not be FAIR until ...

* Funding agencies enforce their requirements
* Publishers demand it
* Investigators feel peer pressure

e Academic institutions deem the sharing of FAIR data to be an
essential component of scholarship

* Professional societies take the lead in developing
community-based standards for their constituencies



In the meantime,
semantic technology

remains the key to

* Making data FAIR

* Enabling third parties
to find and access
other people’s data

 Making new
discoveries through
data reuse
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