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Outline of Talk

This talk will address the topic of Open Science and FAIR Data for scientists 
doing research in order to answer the following questions: 

ÅOpen Science and FAIR Data

What is this ?
Why do this ?

What to do ?
What to expect ?

What to learn ?



Andy Götz

Kilobytes
to

Petabytes
in

40 years

1. Started as radio astronomer (1984 ς1987)

2. Joined ESRFin 1988, to work on accelerator controls, 
beamline controls, data management, manager

3. Member of theIUCrCommission on Data (2015 ςnow)

4. Coordinator of the EU H2020 PaNOSCproject 
(https://panosc.eu) on making FAIR data realityfor 
Photon and Neutron sources in Europe (2018 ς2022)

5. Science Officer of the European Open Science Cloud 
(2024 ςnow)

https://panosc.eu/


Why a talk about Open Science  
+ FAIR data?



https://www.chemistryworld.com/careers/will-open-science-change-chemistry/4020023.article

https://www.chemistryworld.com/careers/will-open-science-change-chemistry/4020023.article


Definition of Science by the Science Council

https://sciencecouncil.org/about-science/our-definition-of-science/

https://sciencecouncil.org/about-science/our-definition-of-science/


https://pmc.ncbi.nlm.nih.gov/articles/PMC9425825/

ÅhǊŜǎƪŜǎΩǎ Ǉƻǎƛǘƛƻƴ ƛǎ ǘƘŀǘ scientific claims are trustworthy 
when they reflect a consensus in scientific communities 
that is structured in the right wayτfor example, by being 
diverse, open to democratic norms like transparency, and 
serving as a venue for the critical uptake of ideas. 

ÅTrust in sciencefor Oreskes is ǊƻƻǘŜŘ ƛƴ ǎŎƛŜƴŎŜΩǎ ǎƻŎƛŀƭ 
character.This trust is informed rather than blind, as it 
allows outsiders to assess claimsby judging the character 
of the scientific communities making the claims.

Why trust science?

https://www.youtube.com/watch?v=t7PwqiiQmVM

https://pmc.ncbi.nlm.nih.gov/articles/PMC9425825/
https://www.youtube.com/watch?v=t7PwqiiQmVM


https://whytrustscience.org.uk/essay/

Science Creates Knowledge Through a Community Effort

Shared Practices Increase the Accuracy of Scientific Findings

Ensuring that Science Remains Trustworthy
Requires Constant Vigilance

Scientific Thinking Is Continually Refined by New Evidence

https://whytrustscience.org.uk/essay/


Why do we need open science?

ÅResults(publications) from publicly funded research are published in journals 

which require a (often expensive) subscription i.e. behind a pay-wall and not 
available to the general public

ÅEvidence(scientific data, protocols, software, hardware etc.) are not made 

available as part of the publication or otherwise made available

ÅCommunity(society) is not consulted on what topics research should be done

²Ƙȅ ƛǎ ǎŎƛŜƴŎŜ ŎƻƴǎƛŘŜǊŜŘ άŎƭƻǎŜŘέ Κ



Evolution of publishing data

ÅLƴ ǘƘŜ ōŜƎƛƴƴƛƴƎ Řŀǘŀ ǿŜǊŜ ǇǳōƭƛǎƘŜŘ ŀǎ ǘŀōƭŜǎ ƛƴ ǘƘŜ !ƴƴŀƭǎ ƻŦ ǘƘŜ ƧƻǳǊƴŀƭǎ Χ



Digital technology makes publishing data easier

Å¢ƻŘŀȅ ǘƘŜȅ ŀǊŜ ǇǳōƭƛǎƘŜŘ Ǿƛŀ ŘŀǘŀōŀǎŜǎ ŀƴŘ ŘƛƎƛǘŀƭ ƳŜŘƛŀ Χ

http://archive.eso.org/cms.html

http://archive.eso.org/cms.html


ESRF data portal 
manages petabytes of 
raw data and recently 
processed data, since 
2015

Demonstrates that 
large volumes of data 
can be managed 
efficiently

https://data.esrf.fr

https://data.esrf.fr/


Synchrotron facilities now propose data repositories

Example of SESAME ςthanks to Malik AlMohammad+ Salman Matalgah



Example of federated data search portal 
https://data.panosc.eu/search/?q=lung

https://data.panosc.eu/search/?q=lung


Adoption of good data practices are still poor

Data sharing, management, use, and reuse: Practices and perceptions of scientists worldwide. 

PLoS ONE 15 (3): e0229003. https://doi.org/10.1371/journal.pone.0229003



Alphafolddemonstrates the power of Open Data + AI

Alphafoldhas basically solved the protein folding problem

using AI an learning from the open data in the Protein Data Base (PDB)

https://deepmind.google/technologies/alphafold/

https://deepmind.google/technologies/alphafold/


https://www.nobelprize.org/prizes/chemistry/2024/summary/
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Science produces Publications
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Science produces much more than Publications

https://library.usask.ca/studentlearning/workshops/grad-research.php#panel-section-3-ResearchDataManagementWhatYouNeedtoKnow

https://library.usask.ca/studentlearning/workshops/grad-research.php#panel-section-3-ResearchDataManagementWhatYouNeedtoKnow
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Open Science
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Reproducibility and Replicability

Further reading: 
Å Replication crisis ςWikipedia
Å https://phys.org/news/2017-03-science-crisis.html

https://en.wikipedia.org/wiki/Replication_crisis
https://phys.org/news/2017-03-science-crisis.html
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What is Open Science?

VOpen Science is: άto make the primary outputs of 
publicly funded research results ςpublications and the 
research data ςpublicly accessible in digital format with 
ƴƻ ƻǊ ƳƛƴƛƳŀƭ ǊŜǎǘǊƛŎǘƛƻƴέ

https://www.oecd.org/sti/inno/open-science.htm

ά²ƻǊƪΣ CƛƴƛǎƘΣ tǳōƭƛǎƘέ ĄάWork, Finish, Publish+Releaseέ 

Michael Farady1791-1867 Open Science

https://openscience.org/what-exactly-is-open-science/

https://www.oecd.org/sti/inno/open-science.htm
https://openscience.org/what-exactly-is-open-science/
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Pillars of Open Science
1. Open Access
ïpublications should be freely accessible either as Gold (journal) or Green (preprint) 

access

2. Open Data
ïdata should be FAIR and freely accessible under a licencewhich allows re-use without 

restriction

3. Open Source Software
ïsource code should be made available on a publicly accessible repository under an 

Open Source licence

4. Open Hardware
ïhardware designs should be accessible, like software, under an Open Source licence

5. Open Educational Resources
ïeducational resources (videos, e-training courses etc.) should be made available to all

6. Citizen Science
ïcitizens who follow the scientific method should be encouraged and facilitated and 

engage with scientists
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Open Access publications ςGreenvs. Gold

https://www.bioscientifica.com/authors/preparing-papers/publishing-open-access/ 
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Open Science - origin

άhǇŜƴ {ŎƛŜƴŎŜ Ŏŀƴ ōŜ ǎŜŜƴ ŀǎ ŀ Ŏƻƴǘƛƴǳŀǘƛƻƴ ƻŦΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ ǊŜǾƻƭǳǘƛƻƴ ƛƴΣ ǇǊŀŎǘƛŎŜǎ 
begun in the 17th century with the advent of the academic journal, when the societal 
demand for access to scientific knowledge reached a point at which it became necessary 
ŦƻǊ ƎǊƻǳǇǎ ƻŦ ǎŎƛŜƴǘƛǎǘǎ ǘƻ ǎƘŀǊŜ ǊŜǎƻǳǊŎŜǎ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊέ -
https://en.wikipedia.org/wiki/Open_science

By RobbieIanMorrison- Own work, CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=100144897

https://en.wikipedia.org/wiki/Open_science
https://commons.wikimedia.org/w/index.php?curid=100144897
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Unescodefinition of open science

open science is defined as an inclusive 
construct that combines various movements 
and practices aiming to make multilingual 
scientific knowledge openly available, 
accessible and reusable for everyone, to 
increase scientific collaborations and sharing of 
information for the benefits of science and 
society, and to open the processes of scientific 
knowledge creation, evaluation and 
communication to societal actors beyond the 
traditional scientific community. 

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
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Unescogeneral conference November2021 

ANNEX VI Recommendation on Open Science 

https://unesdoc.unesco.org/ark:/48223/pf000
0380399

This Recommendation outlines a 

common definition, shared values, 

principles and standards for open 

science at the international level and 

proposes a set of actions conducive to a 

fair and equitable operationalization of 

open science for all at the individual, 

institutional, national, regional and 

international levels. 

Updated recommendations on the 

following:

1. Scientific publications 
2. Open research data 
3. Open educational resources 
4. Open source software and source code 
5. Open hardware 
6. Scientific knowledge
7. Open science infrastructures 
8. Open engagement of societal actors 
9. Open dialogue with other knowledge 

systems 
10.Public + Private sector

https://unesdoc.unesco.org/ark:/48223/pf0000380399
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European Open Science Cloud

https://eosc.eu/horizon-europe-projects/

https://eosc.eu/horizon-europe-projects/
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African Open Science Platform

CERN Council adopted an Open Science Policy on 2022-09-29

https://aosp.org.za

https://aosp.org.za/
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CERN publishes Open Science policy 

CERN Council adopted an Open Science Policy on 2022-09-29

https://openscience.cern/

https://openscience.cern/
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CERN Open Science policy

1. Open access to publications

2. Open data

3. Open source software

4. Open hardware

5. Research integrity, reuse and reproducibility

6. Infrastructure provision for open science

7. Research assessment and evaluation

8. Education, training and outreach

9. Citizen Science
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EMBL Open Science Policy

ĄEMBL adopted an Open 
Science Policy for EMBL 
staff in December 2021 
and is implementing it 
since January 2022. 

ĄTwo main aspects:

1. Public availability of 
research outputs

2. Research assessment and 
fair attribution of credit

1.ORCID 

2.DORA

https://www.embl.org/documents/wp-content/uploads/2021/12/ip71-open-
science-and-open-access-policy.pdf
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US Federally funded research to be Open Access

1. Update their public access policies as soon as possible, and no later than December 
31st, 2025, to make publications and their supporting data resulting from federally 
funded research publicly accessible without an embargo on their free and public 
release; 

2. Establish transparent procedures that ensure scientific and research integrity is 
maintained in public access policies; and, 

3. Coordinate with OSTP to ensure equitable delivery of federally funded research 
results and data. 

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-
Public-Access-Memo.pdf

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
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US Federally funded research to be Open Access

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-
Public-Access-Memo.pdf

https://www.dataforprogress.org/blog/2022/9/8/voters-overwhelmingly-support-open-access-to-federally-
funded-research

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf
https://www.dataforprogress.org/blog/2022/9/8/voters-overwhelmingly-support-open-access-to-federally-funded-research
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Open access leads to more citations

https://book.fosteropenscience.eu/

Point of View: How open science helps 
researchers succeed (2016)
https://doi.org/10.7554/eLife.16800

https://book.fosteropenscience.eu/
https://doi.org/10.7554/eLife.16800
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Open access leads to more citations

Fig. 2 Comparing citation diversity between OA categories. a 
The median Shannon scores by citing institutions are compared 
between OA and CLOSED outputs over a ten-year period. 
Earlier outputs receive higher scores as a result of having had 
more time to garner citations (hence more possibility of wider 
citing affiliations). However, it is consistently observed that OA 
outputs perform better in the diversity of citing institutions 
for all years. 
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https://paleo.esrf.fr/

https://human-organ-atlas.esrf.eu/
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Open science is beneficial for scientists

άIf you don't want to 

share data why become 

a scientist?έ /ƭŀƛǊŜ ²ŀƭǎƘ 

(UCL)

This article is in the 99th percentile (ranked 192nd) of the 436,034 
tracked articles of a similar age in all journals and the 98th

percentile (ranked 2nd) of the 79 tracked articles of a similar age 
in Nature Methods
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https://human-organ-atlas.esrf.eu/

https://human-organ-atlas.esrf.eu/
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Open science vs. science

Most of these assumptions are not new, as the tradition of 
openness itself is at the roots of science, but the current 
developments of information and communication 
technologies have transformed the scientific practices to a 
level that requires a different approach to research 
(FOSTER)

https://www.fosteropenscience.eu/content/what-open-science-introduction

Q: "What is the difference between Open Science and óscienceô?ñ

A: Open Science refers to doing traditional science with more transparency 

involved at various stages, for example by openly sharing code and data. 
Many researchers do this already, but donôt call it Open Science.

https://www.fosteropenscience.eu/content/what-open-science-introduction
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European Conduct of Scientific Integrity

Open Science improves integrity, scientific method

ÅRecommend to follow the EU Code of Integrity

o https://allea.org/code-of-conduct/

ÅTo AVOIDhaving your papers RETRACTED

o https://retractionwatch.com/

https://allea.org/code-of-conduct/
https://retractionwatch.com/
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Further reading ςOpen Science

Many resources are available on Open Science, here are some used for this talk

ÅPhys.org

o Five questions about open science answered

o Data sharing can offer help in science's 
reproducibility crisis

ÅUNESCO

o Recommendation on Open Science

Å EU

o Progress on Open Science

https://phys.org/
https://phys.org/news/2017-05-science.html
https://phys.org/news/2017-05-science-crisis.html
https://data.europa.eu/doi/10.2777/00139
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