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In most cases, what is the very first step of a PhD 
research ?



In most cases, what is the very first step of a PhD 
research ?

You are constantly reusing research results or data



Reproducibility is the possibility for a research paper to be
verified, re-used and continued. It applies to both data and 
methods. 

Your thesis is meant to continue living after its end 
and be re-used as much as possible. 

It is what makes your research alive, useful and 
trustworthy

Reproducible research

Reproducibility



Experimental 
results

Polls, forms Simulation results

Lab notes, field 
work notes

Audio files

Documents, tables, 
maps

DNA sequences

Images, 
videos

Physical samples
Papers, 

publications

What is research data?



Data are at the core of your research:
-> They enable the process of answering your research question
-> They provide validation or nuance to your working hypotheses
-> They usually contribute to the choice/design of your methodology
-> They may have an impact on the quality of your results
-> They sometimes carry an economical value

They ought to be well-understood, treated with care and go through high-quality 
processes

-> Reasearch Data Management (RDM)

What is the use of research data? 



Set of practices around research data, 
including but not limited to:

-> collecting (first / second hand)
-> storage, curation 
-> documentation
-> formatting 
-> filtering, sampling
-> analysis
-> publishing, sharing

Responsible RDM:
-> Adopting good habits for each of these 
tasks, so that research data get easier to use, 
to share, and to re-use

Data Life Cycle

What is the use of research data? 



Reproducibility is the possibility for a research paper to be
verified, re-used and continued. It applies to both data and 
methods. 

Your thesis is meant to continue living after its end 
and be re-used as much as possible. 

It is what makes your research alive, useful and 
trustworthy

Caring about data sustainability automatically makes your data:
- Better organised, protected and compliant
- Easier to use and to understand for yourself...
- ... but also for your (future) peers
- Easier to re-use and maybe even to share
- To sum up, it makes your research reproducible

Reproducible research

Reproducibility

Good RDM habits



Why is it so difficult? Nature 533, 452–454 (26 May 2016) doi:10.1038/533452a



Why is it so important?

Reproducibility crisis
• Most scientific results are difficult, even impossible, to reproduce and/or replicate [*]

• This issue stems from a general context that does not favour scientific integrity but 
can push research towards cutting corners, selective reporting or even fraud



Why is it so important?

Reproducibility crisis
• Most scientific results are difficult, even impossible, to reproduce and/or replicate [*]

• This issue stems from a general context that does not favour scientific integrity but 
can push research towards cutting corners, selective reporting or even fraud

• This is not a decrease in researchers skills but a cultural phenomenon, because of the 
paradoxical system that rules research culture (publish or perish)

• More and more stakeholders are initiating a cultural change towards more 
reproducibility

You can be this change



Sharing

Re-
useability

Good RDM 
habits

Preser-
vation

Trace-
ability

Why is it so important?

Reproducibility

Good 
RDM 

habits



We have the « why » pretty much covered, let us get to the « how » 

Reproducible research

Data FAIRness
Data storage
Data security
Data documentation
Metadata

Data sharing 
Regulations
Data repositories
Licenses
Data protection



Many questions of data 
management, specifically 
access, storage, protection 
and sharing, have roots in 
applicable rules and 
regulations 
-> awareness is 
a good start !

Data planning: rules and regulations



Most European funding agencies encourage sharing scientific results, methods and data.
They refer to the  « as open as possible, as closed as necessary » principle. 

The aim is therefore to practice as much open data as possible.

The data FAIRness spectrum



Most European funding agencies encourage sharing scientific results, methods and data.
They refer to the  « as open as possible, as closed as necessary » principle. 

Selection 
criterion for some 
funding programs 

(or awards)

Increases 
visibility, impact 

and improves 
reputation

Optimises return 
on investment 
from funders

Facilitates 
collaborations

Ensures data
sustainability, 
even after staff 

rotation for 
example

Facilitates 
scientific 

reproducibility

The data FAIRness spectrum

Victoria Hatch, EMBL-EBI News, Oct 19, 2020

https://www.ebi.ac.uk/people/person/victoria-hatch


Most European funding agencies encourage sharing scientific results, methods and data.
They refer to the  « as open as possible, as closed as necessary » principle. 

The aim is therefore to practice as much open data as possible.

However, open data is not always possible or not always the best way to go, or even not the only 
recommendation that should be observed (why?)

The data FAIRness spectrum



Most European funding agencies encourage sharing scientific results, methods and data.
They refer to the  « as open as possible, as closed as necessary » principle. 

The aim is therefore to practice as much open data as possible.

However, open data is not always possible or not always the best way to go, or even not the only 
recommendation that should be observed (why?)

Data that cannot be 
shared

For legal reasons (GDPR, 
NDA, copyright...)
For ethical reasons (risks)
For strategic reasons 
(patents -> embargo)

Note : good RDM habits are 
also for oneself ☺

Open data 

Not always a token of quality

Not always re-usable straight 
away (it is not just about 
posting online)

Should be the direction if 
not the destination 

The data FAIRness spectrum



Most European funding agencies encourage sharing scientific results, methods and data.
They refer to the  « as open as possible, as closed as necessary » principle. 

The aim is therefore to practice as much open data as possible.

However, open data is not always possible or not always the best way to go, or even not the only 
recommendation that should be observed (why?)

Data that cannot be 
shared

Open data 

FAIR data

The data FAIRness spectrum



Findable Accessible

Interoperable Reusable

The data FAIRness spectrum

FAIR data



Findable

Data are discoverable and easy to find, by both
humans and computers.
- Metadata
- Digital Object Identifier
- Other standard identifier

Accessible

Interoperable Reusable

The data FAIRness spectrum

FAIR data



The data FAIRness spectrum

Paper 
metadata



The data FAIRness spectrum

Dataset 
metadata



Findable

Data are discoverable and easy to find, by both
humans and computers.
- Metadata
- Digital Object Identifier
- Other standard identifier
In most cases, at least the metadata can be shared

Accessible

Interoperable Reusable

The data FAIRness spectrum

FAIR data



The data FAIRness spectrum

Findable

Data are discoverable and easy to find, by both
humans and computers.
- Metadata
- Digital Object Identifier
- Other standard identifier
In most cases, at least the metadata can be shared

Accessible

Data are made available in a sustainable way, even

after the project is over:

- The (meta)data are retrievable with a flexible
protocol in an open directory (harvesting)

- If the data cannot be shared, it has to be justified
Using a data repository usually checks most boxes

Interoperable Reusable

FAIR data



Findable

Data are discoverable and easy to find, by both
humans and computers.
- Metadata
- Digital Object Identifier
- Other standard identifier
In most cases, at least the metadata can be shared

Accessible

Data are made available in a sustainable way, even

after the project is over:

- The (meta)data are retrievable with a flexible
protocol in an open directory (harvesting)

- If the data cannot be shared, it has to be justified
Using a data repository usually checks most boxes

Interoperable

Data are able to be operated / exchanged / compared

between a variety of institutions, workflows, software,

applications, systems, ...

- The (meta)data use a broadly compatible format

(not proprietary if possible)

- The documentation is in English

Reusable

The data FAIRness spectrum

FAIR data



Findable

Data are discoverable and easy to find, by both
humans and computers.
- Metadata
- Digital Object Identifier
- Other standard identifier
In most cases, at least the metadata can be shared

Accessible

Data are made available in a sustainable way, even

after the project is over:

- The (meta)data are retrievable with a flexible
protocol in an open directory (harvesting)

- If the data cannot be shared, it has to be justified
Using a data repository usually checks most boxes

Interoperable

Data are able to be operated / exchanged / compared

between a variety of institutions, workflows, software,

applications, systems, ...

- The (meta)data use a broadly compatible format

(not proprietary if possible)

- The documentation is in English

Reusable

The data are sufficiently described and can be shared

with as few restrictions as possible, as the ultimate

goal is to optimise data reuse.

- The licenses are as open as possible.

- The format is as universal as possible

- The data is well documented

The data FAIRness spectrum

FAIR data



As a scientist who wants to publish data:

Two possibilities: 
• Deposit data and metadata in an online 

data repository
• Publish data as annex files to a paper

Should be anticipated as early as possible!

Attention points:
- IPR regulations and law
- Patenting regulations and laws
- GDPR
- Contracts with third parties
- Using a license

FAIR data sharing



A license defines how to reuse the content:

Rights to reuse, to modification, to 
commercial use, obligation to mention the 
attribution and to share alike

Sometimes, choosing a license can be 
restricted:
• The license may come with the use of a 

repository
• The license may come with the publication 

through an editor (journal)

Who can help me?
• Interface ULiège 
• Libraries

FAIR data sharing



To sum up : 
FAIR data is a bridge between individual good 
RDM habits and open data. 

Making data FAIR is not only about the sharing 
step of the project, it starts at data creation:
- Storage 
- Documentation
- Protection
- Traceability
- ...

FAIR data sharing



What practical habits can you take up early on 
to facilitate FAIR data sharing at the end of your 
PhD? 

FAIR data sharing



Clouds
Data 

repositories

External
storage

(laptops, hard 
drives...)

Institution 
servers

There are four main families of storage solutions:

Data storage



How do I choose? 

SécuritéDocumentation PréservationOrganisation Security Sustainability

Data storage



How do I choose? 

Documentation

• How / Why / By 
whom was the data 
created ? 

• The difference b/w 
data dredging and 
reproducibility is 
telling what you did

• Keep track as much 
as possible between 
raw data and results, 
even inconclusive

• Never erase anything 

Data storage

Documentation makes it possible for an independent user to re-use the data, it makes it 
meaningful and supports reproducibility. It provides the context of the data acquisition, 
its (pre-)processing, its history. 
The idea “what would a future user of the data need to know ?”

It is diverse : notes, codebooks, … 
It can be as simple as describing what each column of an Excel file contains

But there is one standardized way of documenting data and that is metadata
Metadata is machine and human readable
There are standards applicable to scientific communities and types of data 

RDA standards catalog : https://rdamsc.bath.ac.uk/
Examples such as DDI for human and med sciences, FITS for astrophysics, ISO 19115 for 
geography, … 
The standards AND the metadata generation usually comes with the chosen directory as an 
XML file (or other computing language) and looks something like this  
Controlled vocabulary, i.e. agreeing on terms, spelling, formats, … help visibility (e.g. keywords 
such as “galaxies” instead of “galaxy”, “Galaxy”, “Galactic objects”, … )

Note: data papers

https://rdamsc.bath.ac.uk/
https://ddialliance.org/controlled-vocabularies
https://fits.gsfc.nasa.gov/fits_standard.html
https://www.iso.org/standard/53798.html
https://www.dublincore.org/schemas/xmls/qdc/2006/01/06/dc.xsd


How do I choose? 

SecurityDocumentation Organisation

• Knowing that, how 
much volume do I 
need? 

• Tree structure?
• Explicit filenames
• Important for 

traceability, for 
yourself as much as 
for the next user

Data storage

Sustainability

• How / Why / By 
whom was the data 
created ? 

• The difference b/w 
data dredging and 
reproducibility is 
telling what you did

• Keep track as much 
as possible between 
raw data and results, 
even inconclusive

• Never erase anything 



Project TIER

Data storage



How do I choose? 

SecurityDocumentation Organisation

• Knowing that, how 
much volume do I 
need? 

• Tree structure?
• Explicit filenames
• Important for 

traceability, for 
yourself as much as 
for the next user

• Some risks associated with storage : hardware 
failure, theft, unauthorized access, natural disasters

• This can be consequential to your research further 
research, or your subjects 

• Backup ? 3 copies, 2 different storage solutions, 1
off-site

• Keep your data as in-house as possible
• Encryption or passwords are always a good idea

Data storage

Sustainability

• How / Why / By 
whom was the data 
created ? 

• The difference b/w 
data dredging and 
reproducibility is 
telling what you did

• Keep track as much 
as possible between 
raw data and results, 
even inconclusive

• Never erase anything 

Content : D. Green - DCC



How do I choose? 

SecurityDocumentation Organisation

• Knowing that, how 
much volume do I 
need? 

• Tree structure?
• Explicit filenames
• Important for 

traceability, for 
yourself as much as 
for the next user

• Risks & consequences
• Backup ? 3 copies, 2

different storage 
solutions, 1 off-site

• Keep your data as in-
house as possible

• Encryption or 
passwords are always 
a good idea

• Could someone 
reuse this easily in 
ten years? 
• Availability, 

location
• Documentation, 

metadata
• Format

• A guide to decide 
what to archive

Rule of thumb: anything 
that underpins an article 
must be kept unless 
regulations force you to 
erase

Data storage

Sustainability

• How / Why / By 
whom was the data 
created ? 

• The difference b/w 
data dredging and 
reproducibility is 
telling what you did

• Keep track as much 
as possible between 
raw data and results, 
even inconclusive

• Never erase anything 

https://www.dcc.ac.uk/guidance/how-guides/five-steps-decide-what-data-keep


How do I select a data repository? 

Data storage

A good repository: 

▪ Is recognized by your peers 
▪ Provides a persistent identifier 

such as a DOI or handle 
▪ Comes with a few possibilities 

for licenses
▪ Has high documentation 

metadata standards with 
controlled vocabularies 
(therefore discipline-specific is 
usually better)

▪ Lets you keep all your rights
▪ Has a certification such as 

CoreTrustSeal

General Discipline-
specific

Zenodo
OSF
Figshare
Dataverse

Institutional
repositories (« data 
ORBi ») 

Some examples : 
The QDR (HSS), CDS 
(astro), NCBI
(genomics), .. 

Catalogs of 
directories : 
Re3data,  
FAIRsharing

Ask your peers and 
supervisor

https://qdr.syr.edu/
http://simbad.u-strasbg.fr/simbad/sim-basicIdent=m33&submit=SIMBAD+search
https://www.ncbi.nlm.nih.gov/genome/gdv/
https://www.re3data.org/
https://fairsharing.org/search
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Data management and ethics 

Research lives in a paradoxical context that 
may push us, even unconsciously, towards 
questionable practice

Between plain fraud to best practice, there are 
grey areas in which we must make the best 
choices possible to ensure reproducibility 

Irreproducible science can be suspicious 

Fraud = falsification, fabrication, plagiarism -> 
no tolerance Numerous famous cases: 

2020  Retraction of a paper that held claims on 
hydroxychloroquine based on fabricated data. This 
had consequence on COVID-19 gov policies: 
LancetGate

https://retractionwatch.com/

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)31324-6/fulltext
https://theconversation.com/lancet-gate-in-the-covid-19-pandemic-era-is-it-alright-for-science-to-be-wrong-140715
https://retractionwatch.com/


Data management and ethics 

What is data dredging, why does it happen, and what are its consequences?

• Pressure to publish with tenure and funding on the line 
• Pressure to find results that seem new and striking 
• Numerous ways to tweak your study, consciously
or not, until you get a result that counts as
statistically significant even though it is 
probably meaningless: 

→ Altering how long it lasts 
→ Play with the sample size
→ P-hacking (collecting lots of variables and playing with data until finding counts as statistically significant)
• As a result: many studies that get media coverage seem to contradict each other, impeding the trust of society 

in (good) science
Rule of thumb : it is okay to play around with your data, but the difference b/w data dredging and exploring a 
dataset is telling about it in your publications



P-hacking

Chopping up, testing, arranging, filtering, 
tweaking and/or tuning your dataset to 
obtain a statistically significant result

Even if it is random 

Data management and ethics 



I am testing a hypothesis H

ex: these diet pills do work

ex: this dice is loaded

I collect relevant data

ex: weight of a group of people 
before and after taking diet pills for 
a month

ex : number of times each face 
comes up after 50 dice rolls

I compute the probability to obtain this
same data even if my hypothesis H is 
wrong

ex: if these pills do not work, what is the probability 
that these people would have lost weight anyway? 

ex: if the dice is not loaded, what is the probability 
that face 6 only comes up 5 times out of 50?  

Data management and ethics 
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I am testing a hypothesis H

ex: these diet pills do work

ex: this dice is loaded

I collect relevant data

ex: weight of a group of people 
before and after taking diet pills for 
a month

ex : number of times each face 
comes up after 50 dice rolls

I compute the probability to obtain this
same data even if my hypothesis H is 
wrong

ex: if these pills do not work, what is the probability 
that these people would have lost weight anyway? 

ex: if the dice is not loaded, what is the probability 
that face 6 only comes up 5 times out of 50?  

The data drives the conclusion, not the opposite 
Playing around with the p-value is fine, but boiling down a complex scientific result to only one p-value is 
not.
A small p-value is a good indicator that your hypothesis is correct, but is not enough:

→ It does not prove H is true (it only proves the opposite of H is improbable given this particular 
dataset)

→ It does not prove that the dataset is suitable for the test, or that the model is suitable for the 
hypothesis.

→ It does not prove the quality of the dataset (completeness, sample size, accuracy, ...)

Data management and ethics 



No panic:
- It is absolutely okay to « play around » with

datasets
- The difference with misconduct is traceability

and transparency in publication

Making raw data, protocols, methodologies... 
- As open as possible, as closed as necessary
- At least traceable

Your doctoral school, your supervisor, your lab, 
your stats teacher...
Training sessions in catalog:
- Probabilités et statistiques de base (A2-7)
- Statistique multivariée (A2-8)

Data management and ethics 

https://www.recherche.uliege.be/books/formations-transversales/23/#zoom=z


Open 
Science

FAIR data

Research data 
management

Ethics

• Keeping track of every step of your
data analysis and being transparent 
about it prevents any suspicion of 
data dredging

• Good habits in data storage enables
this traceability and accountability

• It also ensures compliance to rules
and regulations

RDM is first and foremost a set of best practices that support scientific reproducibility

Good RDM habits facilitate FAIR data sharing, with open science being the cherry on top 
of the cake

The bigger picture



1

2

3

!

The bigger picture



Talk to your supervisor
Research office:
Judith Biernaux jbiernaux@uliege.be + Jérome Eeckhout : jeeckhout@uliege.be
GDPR: Pierre-François Pirlet pfpirlet@uliege.be
Ethics & scientific integrity: https://www.recherche.uliege.be/cms/c_9022717/en/ethics-and-scientific-integrity

ULiège Ethics Board: ceis@uliege.be
Legal Affairs: +32 (0)4 366 52 38 – Via Pages Web 
Dual use: https://www.recherche.uliege.be/cms/c_11374378/fr/dual-use
Interface: Pages Web (patenting, licences, ...) 

Data Management Plan (DMP) -> http://dmponline.be + online tutorial 
Checklist Grey et al 2020
6 directories for sharing your data
Data Storage and Organization tips from Macalester College MN
Suggestions: Doc Fetcher, Obsidian, Jupyter or Gitlab

Charte Européenne du Chercheur 
Ethics in research and international cooperation (EU)
Ethical aspects of new ICT technologies (EU)
Guidelines on Enhancing the QUAlity and Transparency Of health Research (EQUATOR)

Find help and resources 

mailto:jbiernaux@uliege.be
mailto:jeeckhout@uliege.be
mailto:pfpirlet@uliege.be
https://www.recherche.uliege.be/cms/c_9022717/en/ethics-and-scientific-integrity
mailto:ceis@uliege.be
tel:+3243665238
https://www.uliege.be/cms/c_9113381/fr/service-des-affaires-juridiques-equipe
https://www.recherche.uliege.be/cms/c_11374378/fr/dual-use
https://www.recherche.uliege.be/cms/c_9329551/fr/innovation-equipe
http://dmponline.be/
https://onderzoektips.ugent.be/en/tips/00001281/
https://www.nature.com/articles/d41586-019-03959-6?proof=trueIn
https://www.teamscopeapp.com/blog/6-repositories-to-share-your-research-data
https://libguides.macalester.edu/data1
http://docfetcher.sourceforge.net/fr/index.html
https://obsidian.md/
https://jupyter.org/
https://about.gitlab.com/fr-fr/
http://www.recherchescientifique.be/index.php?id=626
https://ec.europa.eu/research/participants/data/ref/fp7/89817/international-cooperation_en.pdf
https://ec.europa.eu/jrc/en/research-topic/ethical-aspects-new-ict-technologies
https://www.equator-network.org/


[*]
J. Ioannidis, 2005, Contradicted and Initially Stronger Effects in Highly Cited Clinical Research, JAMA. 

2005;294(2):218-228. doi:10.1001/jama.294.2.218

Mark Otto Baerlocher et al., 2010, Data integrity, reliability and fraud in medical research, Elsevier European Journal of 
Internal Medicine 21 (2010) 40–45

Monya Baker, 1,500 scientists lift the lid on reproducibility, Nature 533, 452–454 (26 May 2016) 
doi:10.1038/533452a

Sources



“Three Camps, One Destination: The Intersections of Research Data Management, FAIR and Open”. 
Higman, Rosie, Daniel Bangert, and Sarah Jones. 2019. Insights 32 (1): 18. 

DOI: http://doi.org/10.1629/uksg.468

Formations courtes en ligne sur la gestion responsable des données, Macalester College, Minnesota, consulté le 18/09/20
https://libguides.macalester.edu/c.php?g=527786&p=3608657

What Is Data Quality and Why Is It Important? Aaron Moss, PhD, consulté le 18/09/20
https://www.cloudresearch.com/resources/guides/ultimate-guide-to-survey-data-quality/guide-data-quality-what-is-data-quality-why-important/

Research data management explained, University of Leeds, consulté le 13/09/20
https://library.leeds.ac.uk/info/14062/research_data_management/61/research_data_management_explained

Fostering the practical implementation of Open Science in Horizon 2020 and beyond, consulté le 14/08/20
https://www.fosteropenscience.eu/node/1420

Ice Cream Sales Lead to Higher Homicide Rates: How Correlation Doesn’t Always Equal Causation, consulté le 18/09/20
https://www.egenerationmarketing.com/blog/causation-and-correlation-for-a-law-firm

How researchers dupe the public with a sneaky practice called "outcome switching“, consulté le 17/09/20
https://www.vox.com/2015/12/29/10654056/ben-goldacre-compare-trials

Quick Data Lessons: Data Dredging, consulté le 03/09/20
https://www.geckoboard.com/blog/quick-data-lessons-data-dredging/

Sources

http://doi.org/10.1629/uksg.468
https://libguides.macalester.edu/c.php?g=527786&p=3608657
https://www.cloudresearch.com/resources/guides/ultimate-guide-to-survey-data-quality/guide-data-quality-what-is-data-quality-why-important/
https://library.leeds.ac.uk/info/14062/research_data_management/61/research_data_management_explained
https://www.fosteropenscience.eu/node/1420
https://www.egenerationmarketing.com/blog/causation-and-correlation-for-a-law-firm
https://www.vox.com/2015/12/29/10654056/ben-goldacre-compare-trials
https://www.geckoboard.com/blog/quick-data-lessons-data-dredging/


You Can’t Trust What You Read About Nutrition , consulté le 16/09/20 
https://fivethirtyeight.com/features/you-cant-trust-what-you-read-about-nutrition/

Science Isn’t Broken, consulté le 16/09/20
https://fivethirtyeight.com/features/science-isnt-broken/#part1

Page « PACE trial » on me-pedia, consulté le 16/09/20
https://me-pedia.org/wiki/PACE_trial

For my next trick... Consulté le 17/09/20
https://www.economist.com/science-and-technology/2016/03/26/for-my-next-trick

Simmons, Nelson & Simonsohn, 2011 
https://journals.sagepub.com/doi/pdf/10.1177/0956797611417632

American Statistical Association (ASA) Statement on Statistical Significance and P-Values, 2010
https://amstat.tandfonline.com/doi/full/10.1080/00031305.2016.1154108

Baerlocher et al., 2010
https://www.sciencedirect.com/science/article/pii/S0953620509002337

Sources

https://fivethirtyeight.com/features/you-cant-trust-what-you-read-about-nutrition/
https://fivethirtyeight.com/features/science-isnt-broken/#part1
https://me-pedia.org/wiki/PACE_trial
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