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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: 

ÅPart 1

o What is Open Science?

o Why make Science Open?

ÅPart 2

o What is FAIR Data ?

o Why make Data FAIR ?

ÅWhat is your role in all of this ?



Andy Götzςa bit about me

Kilobytes
to

Petabytes
in

40 years

1. Started as radio astronomer (1984 ς1987)
2. Joined ESRFin 1988, worked on accelerator controls, 

beamline controls, data management, open science 
(1988 ςnow)

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)

6. Coordinator of the Photon and Neutron Open Science 
Cloud Node of the EOSC Federation (2025 ςnow)

https://panosc.eu/
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Open Science
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Why a talk about Open Science  
+ FAIR data?
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Open Science in the News
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Open Science is a Paradigm Shift in Science
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Open Science is a Culture Change
https://openscientist.pubpub.org
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Open Science is a Culture Change
https://opensciencemooc.eu/
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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

άPublication is not finished until you publish the dataέ 

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

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

https://youtu.be/jLJ7ZO3wOW4

https://youtu.be/jLJ7ZO3wOW4
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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 Science is about sharing

ÅPublications ςresults need to be shared through text-based publications; 
publications need to be made accessible by everyone (Open Access)

ÅPeer review ςthe reviewing process should be transparent (Open Peer Review)

ÅData ςdata must be made available to verify results and to allow others to derive 
new results from the data (Open Data)

ÅSoftware ςmaking software used to derive the results available ensures traceability

ÅUnderstanding ςscience is based on consensus of the scientific community; 
ƛǘ ŘƻŜǎƴΩǘ άǿƻǊƪέ ƛŦ ȅƻǳ ƪŜŜǇ ȅƻǳǊ ǊŜǎǳƭǘǎ Ҍ Řŀǘŀ ǘƻ ȅƻǳǊǎŜƭŦΤ                                

ÅSharing results allows + encourages citizens to understand and be involved in 
science (often called Citizen Science)
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The Tradition before Open Science

ÅLimited Access to Publications: 
Å Paywalled journals restrict access to scientific knowledge, preventing many individuals, especially those 

in less privileged circumstances, from benefiting from the latest discoveries. This delays the application 
of new knowledge in the real world.

ÅLack of Transparency: 
Å The closed nature of traditional science can foster a lack of transparency, making it difficult to verify and 

replicate results, a cornerstone of the scientific method.

ÅData Hoarding: 
Å Researchers often hoard their data, fearing that sharing it will jeopardize their competitive edge or 

opportunities for future funding.

ÅSoftware: 
Å Software used to produce results are not open source 

making it difficult to reproduce the plots and results in publications

https://opusproject.eu/openscience-news/science-for-everyone-why-not-open-science/

https://opusproject.eu/openscience-news/science-for-everyone-why-not-open-science/
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Benefits of Open Science

Democratization of Knowledge: Open Science breaks down barriers, making scientific 
knowledge accessible to a wider audience, including students, educators, policymakers, 
and the general public.

Faster Innovation: By sharing data and findings openly, researchers can build upon each 
ƻǘƘŜǊΩǎ ǿƻǊƪ ƳƻǊŜ ǊŀǇƛŘƭȅΣ ŀŎŎŜƭŜǊŀǘƛƴƎ ǘƘŜ ǇŀŎŜ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǇǊƻōƭŜƳ-solving.

Greater Transparency: Open Science promotes transparency and accountability, reducing the 
likelihood of scientific misconduct and enhancing the credibility of research.

Increased Collaboration: Collaborative efforts fostered by Open Science can lead to 
breakthroughs and solutions to complex challenges that may have been beyond the reach 
of individual researchers or institutions.

Engaging the Public: Open Science allows citizens to participate more actively in the scientific 
process, fostering a sense of ownership and trust in scientific endeavors.

https://opusproject.eu/openscience-news/science-for-everyone-why-not-open-science/

https://opusproject.eu/openscience-news/science-for-everyone-why-not-open-science/


Many questions https://www.ouvrirlascience.fr/join-the-debate/

https://www.ouvrirlascience.fr/join-the-debate/


Adoption of good data practices are still poor

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

PLoS ONE 15 (3), March 11 2020: e0229003. https://doi.org/10.1371/journal.pone.0229003



/ƛǘƛƴƎ ƻŦ 5ŀǘŀ 5hLǎ ƛǎ ƛƴŎǊŜŀǎƛƴƎ Χ

hǳǊ Ǝƻŀƭ ƛǎ млл҈ Ŏƛǘŀǘƛƻƴ ƻŦ 5ŀǘŀ 5hLǎ Χ
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Examples of Open Science from photon and neutron science

Protein Data Bank + AlphaFold: Open data
since 1971; the 200k+ protein structures
have been used to train an AI alphofold
to predict 3 million+ protein structures

Paleontology Database :

Of 399 articles published:

Ą 342 publications from users

Ą 57 linked to open data by non-users

Human Organ Atlas : 

Ą 28 publications from experimental teams 

Ą 8 publications from open data

https://paleo.esrf.fr

https://paleo.esrf.fr/


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/
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There is more to Scientific Publications than meets the eye!
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There is much more to Scientific 
Publications than meets the eye!
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B. M. Murphy, A. Götz, C. Gutt, C. McGuinness, H. M. Rønnow, A. Schneidewind, S. Deledda and U. Pietsch, 
FAIR data ςthe photon and neutron communities move together towards open science, in IUCrJ, 2024 
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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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Open Access publications ςGreenvs. Gold

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

Your role: make sure your publications is in Open Access either in a journal or an archive e.g. national archive
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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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New study shows Open Science  leads to more citations

https://arxiv.org/abs/2508.20747

https://frenchopensciencemonitor.esr.gouv.fr
(https://barometredelascienceouverte.esr.gouv.fr/about/opendata)

65% of French publications are in Open Access

Ą 46.8% substantial increase in citations if OSI adopted 

Ą 19%more citationsif pre-print posting

Ą 14.3% more citations if data shared

Ą 13.5% more citations if software shared

https://arxiv.org/abs/2508.20747
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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 197th) of the 453,495 
tracked articles of a similar age in all journals and the 98th

percentile (ranked 1st) of the 79 tracked articles of a similar age in 
Nature Methods
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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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Examples of data retraction

This paper 

https://hxstem.substack.com/p/this-has-got-to-be-bullshit-personal

https://www.pubpeer.com/publications/F342DD2D2E72E5E2F
D507089562B94

https://www.pubpeer.com/publications/F342DD2D2E72E5E2FD507089562B94
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Further reading on Open 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

o GO-FAIR

https://phys.org/
https://phys.org/news/2017-05-science.html
https://phys.org/news/2017-05-science-crisis.html
https://www.unesco.org/en/open-science/about
https://data.europa.eu/doi/10.2777/00139
https://www.go-fair.org/
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Further reading on Open Science

https://www.ouvrirlascience.fr/category/resources/

https://www.ouvrirlascience.fr/category/resources/
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The Twelve Laborsof Hercules Ą 12 Laborsof FAIR 

Citations

Open Access

Metadata

Provenance

FAIR and reproducible data

Unmanaged Č (eventually becomes) Unusable data

Page 35
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12 Labors of FAIR Data for Scientists

1. FAIR principles ςunderstand the principles
2. Data availability ςcite the data DOIs the right way 
3. Data Policy ςunderstand the data policy before agreeing
4. Data Outputs ςwhich your experiment will produce
5. Metadataςall metadata to enable data to be reused
6. Data formats ςuse open community standards 
7. E-logbooksςwrite up your experiment as you go
8. Software - prefer open source software  possible
9. Software environment ςuse open source tools if possible
10.Data Management Plans ςgenerate and update
11.Data repositories ςfacility/domain one or open one
12.Data storage ςwhat data should be kept
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https://data.europa.eu/doi/10.2777/1524

https://www.go-fair.org/

The publication that started the FAIR movement

1
 ye

a
r

https://data.europa.eu/doi/10.2777/1524
https://www.go-fair.org/
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The cost of not having FAIR data = estimated ϵмлΦнōƴ κ ȅŜŀǊ 

ά/ƻǎǘ-ōŜƴŜŦƛǘ ŀƴŀƭȅǎƛǎ ŦƻǊ C!Lw ǊŜǎŜŀǊŎƘ Řŀǘŀ ά όhttps://op.europa.eu/s/pevt)

https://op.europa.eu/s/pevt
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Findable Accessible Interoperable Reusable

https://www.go-fair.org/fair-principles/

1st Labor

https://www.go-fair.org/fair-principles/
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Open Research Europe recommendations for data

https://open-research-europe.ec.europa.eu/for-authors/data-guidelines/

https://open-research-europe.ec.europa.eu/for-authors/data-guidelines/
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Data availability

Data available on reasonable request to the authors.

Data availability ςthe wrong + right way2nd Labor
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Data availability statement
in publications

https://barometredelascienceouverte.esr.gouv.fr/
donnees-de-la-recherche/general

Å We analyzed 3416 articles published by BioMed Central 
that contained a data availability statement (DAS); the 
most frequent DAS category (42%) indicated that the 
data sets are available on reasonable request.

Å Of 1792 manuscripts in which the DAS indicated that 
authors are willing to share their data, only 123 (6.8%) 
provided the requested data.

https://doi.org/10.1016/j.jclinepi.2022.05.019

https://barometredelascienceouverte.esr.gouv.fr/donnees-de-la-recherche/general
https://doi.org/10.1016/j.jclinepi.2022.05.019
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Digital Object Identifier (DOI)

A DOI or Digital Object Identifier, is a string of numbers, letters and symbols used 
to permanently identify any object and link it to the web.

DOIs were originally used for publications and are now used for many things 
including movies, samples, instruments and scientific DATA.

ÅA DOI is one implementation of a PID (Persistent Identifier)

ÅA web address (url) is not a PID because it is not guaranteed

ÅMake sure the data you want to cite has a DOI

ÅCite the instrument, samples etc. you used

2nd Labor
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Example of article correctly citing data

https://doi.org/10.1038/s41593-020-0704-9

https://data.esrf.fr/doi/10.15151/ESRF-DC-217728238

https://doi.org/10.1038/s41593-020-0704-9
https://data.esrf.fr/doi/10.15151/ESRF-DC-217728238
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Data policies

1. Check the research-data requirements of your funding agency and field of 
research.

A Data policy defines the rules of access and usage to the data produced. 
Research Institutes like the EIROforumones all have data policies in place now.

ÅYou are required to accept the data policy when requesting access 

ÅData is not considered as property but has a usage licence

ÅData are under embargo(varying from 1 yr, 3 yr, 5 yr) for use by the original 
creators for a limited amount of time before being made open.

3rd Labor
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Research Facilities Data Policies

ÅESAςopen data policy for most data (since 2010)

Å ILLςopen data policy (since 2012)

ÅESRFςopen data policy (since 2015)

ÅEMBLςopen access policy (since 2015)

ÅESOςopen data policy (updated in 2016)

ÅEuXFELςopen data policy (since 2017)

ÅEUROfusionςproposal for open data policy (in progress since 2018)

ÅCERNςopen data policy for LHC (since 2020)

ÅCERIC-ERICςopen data policy (since 2021)

ÅSESAMEςopen data policy (since 2023)

ÅPSI, SOLEIL, ELETTRA, HZB, MAXIVΣ Χ
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https://www.esrf.fr/datapolicy

https://www.esrf.fr/datapolicy
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Data and research outputs

3. List the various types of data and research outputs that you expect to produce.

ÅOutput from your research is everything you produced to come up with your 
findings including :

o Raw data

o Metadata

o Processed data 

o Analysis workflows

o Logbooks

o Software

o Etc.

4th Labor
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Metadata and Why it is important

8. Provide metadata that allows others to understand, cite and reuse your data 
files.

Documentation or information about a data set. 

ÅMetadata is all additional data needed to understand your data

ÅExamples range from file name, time, to experiment condition, energy, sample 
ƳŜǘŀŘŀǘŀΣ ǎŀƳǇƭŜ ǇŀǊŀƳŜǘŜǊǎΣ Χ

ÅUse the standard vocabularies defined for your domain e.g. Nexus, FITSΣ Χ

https://data.research.cornell.edu/content/writing-metadata

5th Labor

https://nexusformat.org/
https://fits.gsfc.nasa.gov/
https://data.research.cornell.edu/content/writing-metadata
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Metadata vocabularies

Many standard vocabularies exist for processed data. There are fewer 
vocabularies for raw data but they do exist. Check the existing standards for your 
domain.

Å5ƻƴΩǘ ƛƴǾŜƴǘ ŀ ƴŜǿ ǾƻŎŀōǳƭŀǊȅ ǳƴǘƛƭ ȅƻǳ ŀǊŜ ǎǳǊŜ ƴƻƴŜ ŜȄƛǎǘǎ

ÅDatabases of standard vocabularies:

o https://fairsharing.org/- FAIRsharingas a community approach to standards, 
repositories and policies

o https://www.dcc.ac.uk/guidance/standards/metadata/list- list of Metadata 
standards

https://fairsharing.org/
https://www.dcc.ac.uk/guidance/standards/metadata/list
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Metadata ςTake away messages

Metadata have a tendency to get treated as 2nd class data.

Whatever you do TAKE YOUR METADATA SERIOUSLY ! 
The quality of your data depends on it!

ÅRECORDthem DIGITALLY

ÅSTOREthem with your DATA

ÅFOLLOWthe STANDARD(s)

ÅENSUREothers can UNDERSTANDyour (meta)data
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Example vocabulary ςNexus for photon and neutron sources

https://www.nexusformat.org/

Nexus provides a standard vocabulary for:

https://www.nexusformat.org/
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Example vocabulary ςNexus for photon and neutron sources

Example of structure of data file from ESRF: 
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Data formats

5. Define appropriate data file formats (see https://fairsharing.org/ for formats).

7. Check what data format and structure the chosen archive might request.

Data formats refer to how the bytes in a file are interpreted. Not the data vocabularies. Data 
formats must be readable  over the long term (for archiving). Data formats must be efficient

Å Example data formats:

o CSV (Comma Separated Values)

o TIFF for images

o HDF5 as container

ÅUSEthe STANDARD(s) for your community

Further reading: ETD Guidance Brief File Formats

6th Labor

https://fairsharing.org/
https://guides.library.oregonstate.edu/ld.php?content_id=26410655
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Nexus/HDF5 - Plotting data + metadata online in the browser

Page 55

Å Ąhttps://myhdf5.hdfgroup.org/view?url=https%3A%2F%2Fzenodo.org%2Frecord%2F6497438%

2Ffiles%2Fxrr_dataset.h5%3Fdownload%3D1

https://myhdf5.hdfgroup.org/view?url=https%3A%2F%2Fzenodo.org%2Frecord%2F6497438%2Ffiles%2Fxrr_dataset.h5%3Fdownload%3D1
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E-logbooks

Provide metadata that allows others to understand your experiment.

Logbooks are an essential part of the scientific method. All scientists should keep a 
logbook. E-logbooks replace paper logbooks. 

ÅE-logbook advantages 

o Shared editing online

o Powerful search facilities

o Access rules during embargo period

o Allows others to understand what you did during the experiment

ÅE-logbook is metadataand will be part of the open data

Further reading: https://guides.library.oregonstate.edu/research-data-services/data-
management-lab-notebooks

7th Labor

https://guides.library.oregonstate.edu/research-data-services/data-management-lab-notebooks
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ESRF e-logbook example ςID21 / EV-280 
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Open Source Software

Software is an essential part of a scientists toolset. Many scientists have learned 
to program so they can analysetheir data. The resulting software is part of the 
outcomes of the research.

ÅWherever possible use Open Source software

ÅWhen writing software :

o Follow best practices for software

o Publish it under an Open Source license

o Store it in an open (Git) repository with version control

ÅCite your software in your publications

Gitlab.com

Github.com

8th Labor

https://git-scm.com/
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Software environment + tools

Many specific and generic tools exist. One common tool which is being adopted 
widely is JupyterLaband the Python language.  

ÅPythonhas become the de facto programming language in science

ÅJupyternotebooks enable
reproducible publications 
https://jupyter.org

ÅBinderservice can preserve
and run the software for an
analysis - https://mybinder.org/

9th Labor

https://jupyter.org/
https://mybinder.org/
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Data Management Plans (DMP)

2. Go online for help in developing a data-management plan. A useful guide 
outlining UK funder expectations can be found at go.nature.com/2tnohIa.

12.Revisit your plan frequently and update it if necessary.

ÅDMP document the data management steps in a more formal manner

ÅFunders are requiring DMPs to ensure RDM is planned

ÅFacilities will require DMPs more and more to be sure Users can deal with the 
research data

ÅDMPs are living documents which need to be updated throughout the project

ÅExamples of DMPs can be found on DMPonline

10th Labor

http://go.nature.com/2tnohIa
https://dmponline.dcc.ac.uk/
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Twelve tips for writing a 
data-management plan

https://study.sagepub.com/corti2e

Data Management Made Simple, Quirin
Shiermeier, Nature555, 403-405 (2018),  
doi: https://doi.org/10.1038/d41586-
018-03071-1

https://study.sagepub.com/corti2e
https://doi.org/10.1038/d41586-018-03071-1
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Data repositories

6. Look for data repositories used by your research community or your host institution 
(see www.re3data.orgfor examples).

A data repository stores data for citing, accessing and archiving data over the long 
term. Repositories can be provided by facilities or community based. Choose the right 
repository with the service you expect

ÅFacilities offer repositories for raw and (sometimes) processed data e.g. 
https://data.esrf.fr , https://human-organ-atlas, https://paleo.esrf.frΣ Χ

ÅChoose repository which is certified e.g. http://go.nature.com/2eLHBFP

ÅUse an institute or community archive which is sustainable
ŜΦƎΦ t5.Σ /h5Σ ΧΣ https://www.re3data.org/

11th Labor

http://www.re3data.org/
https://data.esrf.fr/
https://human-organ-atlas/
https://paleo.esrf.fr/
http://go.nature.com/2eLHBFP
https://www.re3data.org/
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Data archiving

9. Make clear how and when your data can be shared with scientists outside your 
group.

10. If your research involves sensitive data, explain any legal and ethical restrictions 
on data access and reuse.

11.Assign responsibility for long-term data curation to a suitable office.

ÅData need to be archived for long term future use

Å¸ƻǳ ŘƻƴΩǘ ƪƴƻǿ ǿƘŜƴ ŀƴŘ Ƙƻǿ ȅƻǳǊ Řŀǘŀ ŎƻǳƭŘ ǘǳǊƴ ƻǳǘ ǘƻ ōŜ ǳǎŜŦǳƭ 

ÅThe meaning of long term depends on the data e.g. is 10 years enough?
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Macromolecular https://proteindiffraction.org 9648

Macromolecular https://data.sbgrid.org/ 811

Macromolecular https://mxrdr.icm.edu.pl/ 410

General
Macromolecular 
Crystallography  community

https://zenodo.org/ 238

Coherent imaging/XFEL https://cxidb.org/ 218

Macromolecular linked to 
PDBj

https://xrda.pdbjbk1.pdbj.org 100

# datasetsNon-facility repositories
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Linking raw data to the PDB

https://doi.org/10.1107/S2052252517013690


