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Topics for Today’s Webinar

1. Open science and data sharing
2. Data as a research output 
3. What are the FAIR principles?
4. Why were the FAIR data principles introduced?
5. A deeper dive into some of the FAIR principles

a. Use of persistent identifiers
b. Rich metadata
c. Data licenses
d. FAIR vocabularies
e. Community standards

6. Introduction to data repositories
7. FAIR data and you: Importance of Data Management
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About dkNET

• Research resource information portal for biomedical researchers

• Information network to connect DK researchers and NIH-funded 

resources and centers

• Funded by National Institute of Health (NIH) - National Institute of 

Diabetes and Digestive and Kidney Diseases (NIDDK)  

• Developed and maintained by the FAIR Data Informatics Laboratory 

(fdilab.org) at UCSD (Supports major informatics projects in 

biomedicine) 
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Get involved in the dkNET Community
dkNET Homepage: dkNET.org

Check out dkNET Resources

Join Webinar

Follow us 
@dknet_info

Check Out or Post 
News and Funding 
Opportunities

Blog, Calendar

Sign up email list
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Open science

...the movement to make scientific research (including publications, data, 
physical samples, and software) and its dissemination accessible to all levels 
of an inquiring society, amateur or professional. Open science is transparent 
and accessible knowledge that is shared and developed through 
collaborative networks. It encompasses practices such as publishing open 
research, campaigning for open access, encouraging scientists to practice 
open notebook science, and generally making it easier to publish and 
communicate scientific knowledge. -adapted from Wikipedia

https://en.wikipedia.org/wiki/Free_access
https://en.wikipedia.org/wiki/Open_research
https://en.wikipedia.org/wiki/Open_research
https://en.wikipedia.org/wiki/Open_access
https://en.wikipedia.org/wiki/Open_notebook_science
https://en.wikipedia.org/wiki/Open_science
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And then 
there’s COVID...

https://www.oecd.org/coronavirus/policy-responses/why-open-science-is-critical-to-combatting-covid-19-cd6ab2f9/
https://opencovidpledge.org/
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Motivations for open science

• Consequence of digital revolution:  access and computation
• Two main arguments in biomedicine:

• Research is largely funded by the public and the public should have 
access to the results

• Open science = better science
• Transparency
• More eyes
• Increasing computational capacity that can mine biomedical 

literature and data for new insights
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Trends in Open Data

• “Long tail data”
• Make data underlying claims in a paper 

available
• Publish data as a primary product of research, 

like you would a paper
• Transparency
• Reuse
• Aggregation to increase analytic power

• “Big science” : generate large pools of freely 
available and more usable data “AI/ML  Ready”

• Spur data science in biomedical science
• Funders and journals are increasingly requiring data 

sharing 
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January 25, 2023

• US National Institutes of Health new 
data sharing policy goes into effect

• All data must be managed; most 
data should be shared

• “As open as possible;  as closed as 
necessary”

• Mandates the inclusion, approval 
and execution of a Data 
Management and Sharing Plan 

• (DMP + S = DMS)

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html
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The Details...

The effective date of the DMS Policy is January 25, 2023, including for:

• Competing grant applications that are submitted to NIH for the January 
25, 2023 and subsequent receipt dates;

• Proposals for contracts that are submitted to NIH on or after January 25, 
2023;

• NIH Intramural Research Projects conducted on or after January 25, 2023; 
and

• Other funding agreements (e.g., Other Transactions) that are executed on 
or after January 25, 2023, unless otherwise stipulated by NIH.
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More Details...

What
• Defines Scientific Data as: “The recorded factual material commonly accepted in the scientific 

community as of sufficient quality to validate and replicate research findings, regardless of whether 
the data are used to support scholarly publications. Scientific data do not include laboratory 
notebooks, preliminary analyses, completed case report forms, drafts of scientific papers, plans for 
future research, peer reviews, communications with colleagues, or physical objects, such as 
laboratory specimens.”

• Even those scientific data not used to support a publication are considered scientific data and within 
the final DMS Policy’s scope

When
• “[s]hared scientific data should be made accessible as soon as possible, and no later than the time of 

an associated publication, or the end of the award/support period, whichever comes first.” 
• Researchers may share data underlying publication during the period of award but may share other 

data that have not yet led to a publication by the end of the award period.
Where

• Encourages the use of established repositories to the extent possible.
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More Details...

How
• NIH encourages data management and data sharing practices consistent with the FAIR data 

principles
Funding

• Fees for long-term data preservation and sharing are allowable, but funds for these activities must be 
spent during the performance period, even for scientific data and metadata preserved and shared 
beyond the award period.

Repercussions
• After the end of the funding period, non-compliance with the NIH ICO-approved Plan may be taken 

into account by NIH for future funding decisions for the recipient institution

The DMS Policy applies to all research, funded or conducted in whole or in part by NIH, that results in the 
generation of scientific data. This includes research funded or conducted by extramural grants, contracts, 
Intramural Research Projects, or other funding agreements regardless of NIH funding level or funding 
mechanism. 
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Good data management is the gateway to data sharing

Borghi J, Abrams S, Lowenberg D, Simms S, Chodacki J (2018) Support Your Data: A Research Data
Management Guide for Researchers. Research Ideas and Outcomes 4: e26439.

https://doi.org/10.3897/rio.4.e26439
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Changing the culture around data management and sharing

• Me
• Answer to the underpowered study
• Data sharing and good data 

management are closely aligned
• Compliance with mandates
• Credit for the totality of my work

• Science and Society
• Transparency

• Reproducibility

• Reduced waste

• Driving discovery

• Future me
• One most likely to benefit from good 

data management and sharing 
through stable archives

• No one ever regretted annotating too 
much

• My colleagues (and PI)
• Easy to engage with colleagues over 

well annotated data and associated 
code

• What happens when the post doc 
leaves?

April 28029, 2021;  National Academies of Science Workshop
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But how do I do that?
● “NIH encourages data management and data sharing practices 

consistent with the FAIR data principles.”
● “NIH strongly encourages the use of established repositories to 

the extent possible for preserving and sharing scientific data”
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The FAIR Guiding Principles for scientific data management and 
stewardship

High level principles to make data:

• Findable

• Accessible

• Interoperable

• Re-usable
Mark D. Wilkinson et al. The FAIR Guiding Principles for scientific data management and stewardship, Scientific Data (2016). DOI: 10.1038/sdata.2016.18

…for humans and machines

http://dx.doi.org/10.1038/sdata.2016.18
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Definition:  Machine readable

• "(meta)data in a format that can be easily processed by a computer without human 
intervention while ensuring no semantic meaning is lost." ...

There are two types of machine-readable data: human-readable data that is marked 
up so that it can also be read by machines (e.g. microformats, RDFa, HTML) and data 
file formats intended principally for processing by machines (CSV, RDF, XML, JSON). 

Again, these formats are only machine readable if the data contained within them is 
formally structured; exporting a CSV file from a badly structured spreadsheet does 
not make the data machine-readable. -adapted from Wikipedia

https://en.wikipedia.org/wiki/Markup_language
https://en.wikipedia.org/wiki/Markup_language
https://en.wikipedia.org/wiki/Microformat
https://en.wikipedia.org/wiki/RDFa
https://en.wikipedia.org/wiki/HTML
https://en.wikipedia.org/wiki/Comma-separated_values
https://en.wikipedia.org/wiki/Resource_Description_Framework
https://en.wikipedia.org/wiki/XML
https://en.wikipedia.org/wiki/JSON
https://en.wikipedia.org/wiki/Machine-readable_data
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CSV file...or is it?

SubjectID Subject Group Species Age Unit Sex Strain

F001 1 Mouse 25 days F C57Bl/6
F002 1 Mouse 23 days M C57Bl/6
F003 1 Mouse 26 days M C57Bl/6
F004 1 Mouse 25 days M C57Bl/6
F005 1 Mouse 24 days F C57Bl/6

Good resource:  https://schoolofdata.org/courses/

https://schoolofdata.org/courses/
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Metadata

• “Data about about data” e.g., file format, file size

• Descriptive metadata describes a resource for purposes such as discovery 

and identification. It can include elements such as title, abstract, author, 

keywords, study organism, condition studied etc

https://en.wikipedia.org/wiki/Metadata
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A closer look at FAIR
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Findable

● F1. (meta)data are assigned a globally unique and 

persistent identifier

● F2. data are described with rich metadata

● F3. metadata clearly and explicitly include the identifier of 

the data it describes

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

resource

Accessible

● A1. (meta)data are retrievable by their identifier using a 

standardized communications protocol

● A1.1 the protocol is open, free, and universally 

implementable

● A1.2 the protocol allows for an authentication and 

authorization procedure, where necessary

● A2. metadata are accessible, even when the data are no 

longer available

● I1. (meta)data use a formal, accessible, 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

Re-usable
● 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

Interoperable
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Findable

• F1. (meta)data are assigned a globally 

unique and persistent identifier

• F2. data are described with rich 

metadata

• F3. metadata clearly and explicitly 

include the identifier of the data it 

describes

• F4. (meta)data are registered or indexed 

in a searchable resource
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Huh?

• “Principle F1 is arguably the most important because it will be hard to achieve other 
aspects of FAIR without globally unique and persistent identifiers. Hence, compliance with 
F1 will already take you a long way towards publishing FAIR data”-GoFAIR

• Unique in the world + Stable (persistent)

• Identify only a single object for all time (never reused)
• Only persistent and unique because organizations stand behind them***

• Can be resolvable, i.e., you can plug it into a web browser and be taken to the 
object independent of its location

• Allows a digital object to be reliably tied to its metadata

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

https://www.go-fair.org/fair-principles/f1-meta-data-assigned-globally-unique-persistent-identifiers/
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Some examples of PIDs

• DOI:  Digital object identifier

• ORCID:  Researcher identifier

• RRID:  Resource Identifier

• Globally unique:  identifies 
one thing only

• Unlike URL’s or catalog 
numbers, may NOT be 
re-used

• Issued by registries who 
track and identify unique 
entities
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PIDS in action:  DOI

● Identifies an object 
regardless of its location

● Issued by authorities:  
DataCite and CrossRef who 
work with data repositories 
to make sure that the links 
don’t break

● Issued by data repositories 
who agree to keep the links 
up to date

● A PID is a social contract!

DOI: 10.17632/cydmwsfztj.1

https://doi.org/10.17632/cydmwsfztj.1
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You obtain a PID from a trusted repository that provides PIDs

https://dknet.org/about/Suggested-data-repositories-niddk

Lesson:  You cannot assign PIDs to your data yourself

https://dknet.org/about/Suggested-data-repositories-niddk
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F2: Data are described with rich metadata  

• What exactly are rich metadata?

• “I shall not today attempt further to define the kinds of material I understand 
to be embraced within that shorthand description, and perhaps I could never 
succeed in intelligibly doing so. But I know it when I see it...”- Justice Stewart 
Potter
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We know how to publish papers so they can be found by search engines, 
understood and reused by people we don’t know

● Clear title
● Standard metadata:

○ Authors
○ Affiliations
○ Contact author
○ Journal
○ Issue
○ Pages (if appropriate)
○ DOI/Pub Med ID

● Standard structure
○ Abstract
○ Introduction
○ Methods
○ Results
○ Discussion
○ Figures/tables
○ References
○ Acknowledgements



ABCD-ReproNim

ABCD-ReproNim: An ABCD Course on Reproducible Data AnalysesABCD-ReproNim

PIDs + Rich Meta = FAIR1 
Meaningful title

Full author list

How to cite data

Data description

Link to experimental 
protocol

Usage notes

Link to code

Originating 
publication

Grant
Key words

Rich metadata aids in search, provides 
provenance, credit for those who 
produced it and valuable context for 
understanding the data

DOI

Subjects and 
samples

https://sparc.science/
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Lesson:  More metadata is better 
than less metadata

Think about publishing data like you would publish a paper;  what information do 
people need to understand it and use it?
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Accessible

● A1. (meta)data are retrievable by their 

identifier using a standardized 

communications protocol

● A1.1 the protocol is open, free, and 

universally implementable

● A1.2 the protocol allows for an 

authentication and authorization 

procedure, where necessary

● A2. metadata are accessible, even when the 

data are no longer available

“As open as possible, as closed as necessary”
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Structured vs unstructured (meta)data

• Structured (meta)data = Data organized according to a data model=an abstract 
model that organizes elements of data and standardizes how they relate to one 
another and to properties of the real world entities.

• Unstructured (meta)data = information that either does not have a pre-defined data 
model or is not organized in a pre-defined manner. Unstructured information is 
typically text-heavy, but may contain data such as dates, numbers, and facts as well. 
This results in irregularities and ambiguities that make it difficult to understand using 
traditional programs as compared to data stored in fielded form in databases or 
annotated (semantically tagged) in documents. (Wikipedia)

https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Data_model
https://en.wikipedia.org/wiki/Data_model
https://en.wikipedia.org/wiki/Plain_text
https://en.wikipedia.org/wiki/Ambiguities
https://en.wikipedia.org/wiki/Annotation
https://en.wikipedia.org/wiki/Tag_(metadata)
https://en.wikipedia.org/wiki/Unstructured_data
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Example

• Unstructured:  “subjects comprised male (N=6) and female (N =6) 
C57BL/6 mice, aged 25 days”

• Structured:
– Subject Group:  1
– Organism:  mouse 
– Age: 25
– Age unit:  days
– Strain:  C57BL/6
– Sex:  Male
– Number:  6

– Subject Group:  2
– Organism:  mouse 
– Age: 25
– Age unit:  days
– Strain:  C57BL/6
– Sex:  Female
– Number:  6
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Interoperable

•I1. (meta)data use a formal, 

accessible, 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
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Three different laboratories study a rat model of Type 1 diabetes 

• Data set 1:  Physiological measurements correlated with 
gene expression in kidney

• Data set 2:  Gene expression in peripheral organs
• Data set 3:  Gene expression in major organs

Typical Research Scenario
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● What are the problems here if you wanted to combine these data? 
● What would a computer not “know”
● What could have been done differently?

Data set 1 Data set 2 Data set 3

Age 15-30 days Age range 10-20 days Age adult

Organism WF.BBDR-(D4Arb
29-D4Rat44)/Wor 

Subject N8 WF.iddm4 Animal 6

Gene 
name

Calretinin Gene Calb2 Exp CR 

Location Ct Kidney Region Renal cortex Sample Cortex

One of these things is not like the other.  Maybe.
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FAIR vocabularies

• Have the characteristics of FAIR data:
• PIDs
• Metadata
• Relationships

• Cortex of kidney = UBERON:0001225
• Can be read by both humans and machines

http://www.ontobee.org/ontology/UBERON?iri=http://purl.obolibrary.org/obo/UBERON_0001225
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PIDs are for more than dataset IDs an articles

• Best practice: Use common identifiers to unambiguously identify the 
same entity across multiple data sets
• Reagents and tools:  RRIDs
• Genes:  Gene IDs 
• People:  ORCIDs 
• Articles:  DOIs, PMIDs
• Concepts:  Ontologies/controlled vocabularies
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Attribute Data set 1 Data set 2 Data set 3

Age 15-30 days 10-20 days adult

Organism

OBI_0100026

WF.BBDR-(D4Arb29-D4Ra
t44)/Wor 

RRID:RGD_1357172

N8 WF.iddm4

RRID:RGD_1357172

6

RRID:RGD_1357172

Gene 
SO_0000704

Calretinin 
Gene ID: 117059

Calb2 
Gene ID: 117059

CR 
Gene ID: 117059

Anatomical 
structure
UBERON:0000061

Ctx kidney
UBERON:0001225 

Renal cortex
UBERON:0001225 

Cortex
UBERON:0000956

PID Power!

http://purl.obolibrary.org/obo/OBI_0100026
https://rgd.mcw.edu/rgdweb/report/strain/main.html?id=1357172
https://rgd.mcw.edu/rgdweb/report/strain/main.html?id=1357172
https://rgd.mcw.edu/rgdweb/report/strain/main.html?id=1357172
http://purl.obolibrary.org/obo/SO_0000704
https://www.ncbi.nlm.nih.gov/gene/117059
https://www.ncbi.nlm.nih.gov/gene/117059
https://www.ncbi.nlm.nih.gov/gene/117059
http://purl.obolibrary.org/obo/UBERON_0000061
https://www.ebi.ac.uk/ols/ontologies/uberon/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FUBERON_0001225
https://www.ebi.ac.uk/ols/ontologies/uberon/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FUBERON_0001225
https://www.ebi.ac.uk/ols/ontologies/uberon/terms?iri=http%3A%2F%2Fpurl.obolibrary.org%2Fobo%2FUBERON_0000956
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RRID:AB_1855196

Fothergill LJ et al. Cell and Tissue Research. 375 (2) 359-69, 2019.

What are RRIDS?

● A  persistent identifier for 
research resources:  antibodies, 
digital tools, cell lines, organisms, 
plasmids, biosamples

● Required by many journals: 
Supplied by authors to identify 
resources in the materials and 
methods section

● Designed to answer two simple 
questions:

○ What resources were used in a study

○ Who else has published with this 
resource?

https://link.springer.com/article/10.1007/s00441-018-2921-z
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Where can I find RRIDs?  Ask dkNET!  

https://dknet.org/rin/rrids

https://dknet.org/rin/rrids
https://dknet.org/rin/rrids
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PIDs make it easier to combine data across sources

Alerts

RRID

Sources and 
metadata Literature

Collaborators

Validation &
Ratings

● Computers        
PIDs like RRIDs

● dkNET uses RRIDs 
to create 
“Resource reports” 
which provide 
additional 
information about 
how these 
resources are used

https://dknet.org/rin/rrids
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Lesson:  Use RRIDs and other IDs in 
your lab notebooks, spreadsheets,  

data dictionaries and papers!
Helps you and others (including computers) identify the tools that you use
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Re-usable

•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



An NIDDK Resource dknet.org

Lesson:  Think about where your 
data will end up in the beginning

Best practice:  Submit your data to  repository specialized for your type of data or your 
domain

..if there isn’t one, then there are also general purpose repositories available
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Where Can I Deposit My Data?

• List of DK relevant 
repositories, 
recommended by NLM 
and various journals

• Created in conjunction 
with NIDDK

• Coming soon:  FAIR data 
wizard

 
● FAIR Standards
● Clinical Repositories 

Information
● Data maintenance
● Data size limit and cost
● Dynamic database

https://dknet.org/about/Suggested-data-repositories-niddk

https://dknet.org/about/Suggested-data-repositories-niddk
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Data repositories

• “Publishing platform” for data
• Run by governments, researchers, 

commercial entities, non-profit entities, 
universities

• Hundreds of them across biomedicine
• Four major types:

• Data type specific 
• Domain specific
• Generalist
• Institutional

• A stated goal of NIH’s strategic data plan is 
to modernize biomedical repositories

• Ensure persistence, searchability, FAIRness 
etc 

Murphy et al., PLoS One, in press. Evaluation of 
biomedical data repositories against Open, FAIR, 
Citable and Trustworthy criteria
Preprint: 
https://www.biorxiv.org/content/10.1101/2021.01.
19.427362v2

https://www.biorxiv.org/content/10.1101/2021.01.19.427362v2
https://www.biorxiv.org/content/10.1101/2021.01.19.427362v2
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What standards should I use?

● Repositories often enforce specific 
standards for metadata and data

● Thinking about where your data will 
end up before you start your 
experiments will help you determine 
how to collect, annotate and 
organize your (meta)data

● Fairsharing.org maintains a database 
of standards and policies across 
biomedicine

https://fairsharing.org/
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Data Management and Sharing Plan

● Creating a good data management 
and sharing plan allows you to:
○ Comply with NIH mandates
○ Ensure that you allocate 

enough resources for 
preparing and sharing your 
data

○ Ensure that you collect your 
data in a FAIR manner

○ Easily share data with yourself, 
future you, your colleagues 
and the scientific community

● dkNET provides links to resources 
that can help https://dknet.org/rin/rigor-reproducibility-about

https://dknet.org/rin/rigor-reproducibility-about
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R1.2:  Provenance 

• Metadata supplied with a 
dataset should include 
information about where and 
how the data were obtained

• Detailed experimental protocols
• Associated code
• Associated publications
• Standard authoring metadata

• Also makes the data citable! 

DOI:10.34945/F5XW2P

https://odc-sci.org/data/578
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Data as a Research Product

Sound, reproducible scholarship rests upon a foundation of robust, accessible data. For this to be 
so in practice as well as theory, data must be accorded due importance in the practice of 

scholarship and in the enduring scholarly record…”

“Sound, reproducible scholarship rests upon a foundation of robust, accessible data. For this to be so in practice as well as theory, data must be accorded due importance in the practice of scholarship and in the enduring scholarly record…”

https://www.force11.org/group/joint-declaration-dat
a-citation-principles-final

Joint Declaration of Data Citation Principles

1. Data should be considered legitimate, citable products of research. Data citations should be 
accorded the same importance in the scholarly record as citations of other research objects, 
such as publications.

2. Data citations should facilitate giving scholarly credit and normative and legal attribution to all 
contributors to the data, recognizing that a single style or mechanism of attribution may not be 
applicable to all data.

3. In scholarly literature, whenever and wherever a claim relies upon data, the corresponding data 
should be cited.



A data citation looks like a regular citation

DOI

Full citation

DOI:10.34945/F5XW2P

https://odc-sci.org/data/578


Proper data citation = data citation metrics

https://datasetsearch.research.google.com/
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FAIR Partnership

Researchers Repositories and 
Registries

Indexers
Aggregators

• Good data 
management

• Rich metadata
• Prepare to share
• Open formats
• Adopt/align to 

standards
• Submit to repository

• Persistent identifier
• Machine based access
• Clear license
• Support for open, domain 

specific  standards
• Machine readable metadata
• Future friendly formats
• Persistent metadata
• Bidirectional links
• Data citation

• Index
• Effective Search
• Persistent metadata

dkNET
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Having trouble?  Ask dkNET

Coming soon:  The FAIR data wizard!
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You are here

Changing the culture of biomedicine one step at a time...
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