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Guiding principles for successful data sharing and reuse



• Policymakers are pushing 
for research data to be made 
available as openly as possible

• Big investments are being made 
in infrastructure and skills for 
data sharing and reuse

• Some motivating factors
– Democratic principles
– Good research practices
– Societal and academic impact

Why talk about data sharing?

FAIR […] open data sharing 
should become the default 
for the results of EU-funded 
scientific research

“
The EU’s Open Science policy

Swedish Research Bill 2021–2024*

[…] research data shall be made 
accessible as open as possible 
and as closed as necessary“

* Our translation from Swedish



• Successfully sharing data can 
increase the citation rate of 
your articles

• By striving for FAIR you make it 
easier for your future self and 
collaborators to use the data 
your are producing now

• Be prepared for future 
opportunities with stricter data 
sharing requirements

What’s in it for the individual?
[…] papers with publicly available 
microarray data received more 
citations than similar papers that 
did not make their data available,

Piwowar, H. A., & Vision, T. J. (2013). Data reuse and the open 
data citation advantage. PeerJ, 1, e175. doi:10.7717/peerj.175

“

– Piwowar, H. A., & Vision, T. J. (2013)

even after controlling for many 
variables known to influence 
citation rate. We found the open 
data citation benefit for this 
sample to be 9% overall



Background from ‘FAIR Principles’ by Martínez-Lavanchy, et al (2019), 
CC-BY 4.0. doi:10.11581/dtu:00000049

Reuse by people and machines

Ronot: MetaManMachine by Nikola Vasiljevic (2021), 
CC BY-SA 4.0, doi:10.5281/zenodo.4471098

Works with 
my software



The FAIR principles
• Promote efficient data discovery 

and reuse by providing guidelines 
to make digital resources

Findable
Accessible
Interoperable
Reusable

• Address aspects enabling software 
and infrastructure to automatically 
find and use research data

Comment: The FAIR Guiding
Principles for scientific data
management and stewardship
Mark D. Wilkinson et al.#

There is an urgent need to improve the infrastructure supporting the reuse of scholarly data. A diverse
set of stakeholders—representing academia, industry, funding agencies, and scholarly publishers—have
come together to design and jointly endorse a concise and measureable set of principles that we refer
to as the FAIR Data Principles. The intent is that these may act as a guideline for those wishing to
enhance the reusability of their data holdings. Distinct from peer initiatives that focus on the human
scholar, the FAIR Principles put specific emphasis on enhancing the ability of machines to automatically
find and use the data, in addition to supporting its reuse by individuals. This Comment is the first
formal publication of the FAIR Principles, and includes the rationale behind them, and some exemplar
implementations in the community.

Supporting discovery through good data management
Good data management is not a goal in itself, but rather is the key conduit leading to knowledge
discovery and innovation, and to subsequent data and knowledge integration and reuse by the
community after the data publication process. Unfortunately, the existing digital ecosystem
surrounding scholarly data publication prevents us from extracting maximum benefit from our
research investments (e.g., ref. 1). Partially in response to this, science funders, publishers and
governmental agencies are beginning to require data management and stewardship plans for data
generated in publicly funded experiments. Beyond proper collection, annotation, and archival, data
stewardship includes the notion of ‘long-term care’ of valuable digital assets, with the goal that they
should be discovered and re-used for downstream investigations, either alone, or in combination with
newly generated data. The outcomes from good data management and stewardship, therefore, are
high quality digital publications that facilitate and simplify this ongoing process of discovery, evaluation,
and reuse in downstream studies. What constitutes ‘good data management’ is, however, largely
undefined, and is generally left as a decision for the data or repository owner. Therefore, bringing some
clarity around the goals and desiderata of good data management and stewardship, and defining
simple guideposts to inform those who publish and/or preserve scholarly data, would be of great utility.

This article describes four foundational principles—Findability, Accessibility, Interoperability, and
Reusability—that serve to guide data producers and publishers as they navigate around these
obstacles, thereby helping to maximize the added-value gained by contemporary, formal scholarly
digital publishing. Importantly, it is our intent that the principles apply not only to ‘data’ in the
conventional sense, but also to the algorithms, tools, and workflows that led to that data. All
scholarly digital research objects2—from data to analytical pipelines—benefit from application of
these principles, since all components of the research process must be available to ensure
transparency, reproducibility, and reusability.

There are numerous and diverse stakeholders who stand to benefit from overcoming these obstacles:
researchers wanting to share, get credit, and reuse each other’s data and interpretations; professional
data publishers offering their services; software and tool-builders providing data analysis and
processing services such as reusable workflows; funding agencies (private and public) increasingly
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• The FAIR principles relies on
good data management practices
in all phases of research
– Ethics and legislation
– Information security
– Research documentation
– Data organisation

• FAIR data ≠ Open data
Carefully consider what data and 
versions to preserve and under 
what conditions they will be shared

A FAIR data lifecycle

q Findable
q Accessible
q Interoperable
q Reusable



The first step in (re)using data is 
to find them. It should be easy for 
both humans and computers.
q You can identify the data and 

rely on that identification to find 
the data in the far future

q You can find the data when 
you search for them by their 
descriptive attributes

Guiding principles
• Make an effort to describe the 

data with rich metadata
• Assign a unique and persistent 

identifier (PID), such as a DOI, 
and include it in the metadata

• Ensure that data are findable 
using a search service

Findable

MetaManMachine by Nikola Vasiljevic (2021), 
CC BY-SA 4.0, doi:10.5281/zenodo.4471098



Unique & persistent identifiers

Identifiers are labels that help us 
uniquely identify physical and 
digital objects and services
• We ideally want an identifier to be 

globally unique, persistent (never a 
broken link), and resolvable

• A DOI meets all the requirements, 
so does URN, ORCID, etc.

• DOI: 10.5281/zenodo.4471098
Maintained by Zenodo
https://doi.org/10.5281/zenodo.4471098 

identifiers



identifiers

protocols

Access protocols

Protocols are procedures to 
access data and metadata 
• Prefer well-established protocols, 

such as http(s) and ftp. This is how 
the web browser connect to the 
Internet and downloads a web page.

• Fully automated access to sensitive 
data might not be possible. Provide 
contact details and clear instructions.



identifiers

protocols

Metadata

Metadata is data that defines 
and describes other data 
or resources
• Metadata is everywhere. From a file 

name and the file extension to 
embedded camera details in a 
picture to a data table listing tissue 
samples and their properties.

• Use widely-adopted templates and 
vocabularies so others understand 
their structure and meaning

metadata



Data and data files
Data (and metadata) represent 
observations, measurements and 
information that support your research
• All digital file formats are in danger of 

becoming outdated. If that happens, 
future software may not be able to 
read or show the content correctly. 

• You should choose a file format that 
is likely to be usable in the future.

• Document the content structures and 
relationships between your data files.

identifiers

protocols

metadata

data
10.55,
9.41, 

11.01,

abcd
efgh
ijkl

AAAG 
TCTG 
ACAC



Data as a digital resource

identifiers

protocols

metadata

MetaManMachine by Nikola Vasiljevic (2021), 
CC BY-SA 4.0, doi:10.5281/zenodo.4471098
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Once identified, we need to know 
how to locate and access them.
q You can obtain the data from 

wherever it is stored
q You can issue a request to 

get access if the data cannot 
be shared openly

Guiding principles
• Choose an identifier that can 

be used to access the data 
using a widely adopted 
communications protocol

• Provide a means to request 
the data if access is restricted

• Keep the metadata available, 
even if the data is removed

Accessible

RIĆFH#JR�IDLU�RUJ��

ZZZ�JR�IDLU�RUJ

#*2)$,5RIĆFLDO��

A bottom-up international approach

for the practical implementation of the European 
Open Science Cloud (EOSC) as part of a global 
Internet of FAIR Data & Services

To get involved, just get in touch! Our team at 
the International Support and Coordination 
2IĆFH�ZLOO�EH�KDSS\�WR�KHOS�������

Persons, institutions and organisations who 
wish to get engaged in *2�)$,5�LPSOHPHQWDWLRQ�
QHWZRUNV��,1V� can join in three steps:  

Fill in the DSSOLFDWLRQ�IRUP on the GO FAIR 
website 

Sign the GO FAIR 5XOHV�RI�(QJDJHPHQW and 
select a FRQVRUWLXP�FRRUGLQDWRU

Create a PDQLIHVWR� outlining objectives, 
strategy and partners 

(8� 0HPEHU� 6WDWHV� DQG� $VVRFLDWHG� &RXQWULHV 
wishing to become part of GO FAIR should:  

have at least one organisation in their 
country that is part of an implementation 
network   

acknowledge that GO FAIR is a 
bottom-up initiative

actively participate in the governance of 
GO FAIR as part of its Steering Committee 

&RQWDFW

France, Germany and the Netherlands have 
established an LQWHUQDWLRQDOO\�RSHUDWLQJ�RIĆFH 
at three sites – Paris, Hamburg and Leiden – to 
support the implementation and further 
development of GO FAIR.  

Strategic Directors are 'U� /DXUHQW� &URX]HW� 
Prof Klaus Tochtermann and Prof Barend Mons.   

The team at the ,QWHUQDWLRQDO� 6XSSRUW� DQG�
&RRUGLQDWLRQ� 2IĆFH is looking forward to 
hearing from you!

*HW�,QYROYHG
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Working with someone else files 
can be challenging. We need to 
find out how to integrate the data in 
our own workflows
q You can open the data files, 

read their content and 
understand what the data 
represent

Guiding principles
• Use a formal, accessible, 

shared, and broadly applicable 
language for knowledge 
representation

• Use vocabularies that follow 
FAIR principles

• Include PIDs and links to 
required resources

Interoperable



To optimise for reuse, metadata and 
data should be well-described and 
accessible to machines
q You can determine under what 

conditions and to what extent the 
data can be used in your project

q You can combine the data with 
other sources with acceptable 
effort

q You can cite and reference the 
data

Guiding principles
• Describe the context, structure 

and content of the data, linking 
documentation, protocols and 
papers to the data

• Use well-established and 
sustainable file formats and 
descriptive standards

• Clearly state under which 
license the data can be used

Reusable



Selecting a data repository

General data 
repositories

Institutional 
repositories

Institutional 
data repository 

exists?

YES

NO

Disciplinary 
repositories

Discipline-
specific data 

repository 
exists?

YES

NO

Restricted access 
repositories

Contains 
personal or 

sensitive info?

YES

NO

https://www.re3data.org/ https://scilifelab-data-guidelines.readthedocs.io/

https://www.re3data.org/
https://scilifelab-data-guidelines.readthedocs.io/


ENA’s 
upload area

Metadata 
as XML

Compressed data files

Discipline specific (ENA)

Data analyses

fasta
chromosome list

Raw reads

fastq

Submission 
tooling

Sequenced biomaterial

tsv



Sample: Sequenced Biomaterial
• Should have a unique name that 

can identify the source material
• Always associated with a taxon 

with further descriptions using 
fields from a curated checklist

• ENA virus pathogen reporting 
standard checklist has 35 fields
– 9 required
– 15 recommended
– 11 optional

Info should be available early on
• A sample name
• Associated taxon
• A sample description
• Use the checklist: 

ERC000033



Checklist: ERC000033

https://www.ebi.ac.uk/ena/browser/view/ERC000033 dx.doi.org/10.17504/protocols.io.bh5dj826

https://dx.doi.org/10.17504/protocols.io.bh5dj826


Consult the SciLifeLab Data Repository 
Submission Guidelines
q Choose file formats that are likely to 

be usable in the future 
q Use widely-adopted templates 

and vocabularies where possible
q Add a Readme to store a copy of 

the metadata and from the Figshare
q Add a Manifest for users to verify 

that nothing has been lost in transit

Institutional (SciLifeLab)



Restricted access?
Cite, reference 
and let others know 
that the data exists



Good practices
q Secure/organise data & analyses, by 

managing back-ups, access restrictions, 
versioning, docs, scripts and transcripts

q Deposit and share data using restricted or 
public access data repositories that promote 
FAIR data principles

q Adhere to community standards, such as 
file formats, data dictionaries, controlled 
vocabularies and metadata

q Maintain a Data Management Plan, outlining 
the project’s data management practices

Contact us
§ nbis.se   
§ scilifelab.se/data
§ data@nbis.se
§ wolmar.n.akerstrom@nbis.se


