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Evolutions de la science




Emergence of a Fourth Research Paradigm

1. Thousand years ago — Experimental Science
- Description of natural phenomena
2. Last few hundred years — Theoretical Science
= Newton’s Laws, Maxwell’s Equations...
3. Last few decades — Computational Science
—  Simulation of complex phenomena
4. Today - Data-Intensive Science
—  Scientists overwhelmed with data sets
from many different sources

. Data captured by instruments
. Data generated by simulations
. Data generated by sensor networks

» eScience is the set of tools and technologies
to support data federation and collaboration

. For analysis and data mining
. For data visualization and exploration
. For scholarly communication and dissemination

(With thanks to Jim Gray)




Evolution des pratiques de science

% Science du 21°™e siecle : plus... 3epsgarch
* Numeérique
* Collaborative -
Science 2.0

* |nterdisciplinaire
e Reéactive

. Citoyel?ne eScience
* Partagee OPEN SCIENCE

Tendances : accroissement de la production scientifique, du nombre
de chercheurs, nouvelle facon de faire de la science, guidée par les
données massives, importance des défis sociétaux



5 programmes d’action de la SNRI

DU LABORATOIRE AU PATIENT

Associer recherche en laboratoire, recherche clinique
et innovation privée pour le bénéfice des patients

BIOLOGIE DES SYSTEMES SYSTEME TERRE :
ET APPLICATIONS OBSERVATION, PREVISION,

Soutenir 'émergence de concepts nouveaux ADAPTATION

| “h . d : t ot dével Organiser l'acquisition et I'exploitation des
pouria comprenension duvivant €L developper  4,nnees d'observation de la Terre pour anticiper

les applications medicales et industrielles les conséquences du changement climatique
HOMME ET CULTURES
BIG DATA Apprehender les phénomenes humains

Un gisement exceptionnelde  45ns leurs réalités individuelles et sociales
connaissances et de croissance



Il y a données et données....
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OPEIrNICUS

Copernicus Sentinel Data Policy @esa

( Sentinel Data Policy = |
FREE and OPEN access J

-

» Joint COM/ESA Sentinel Data Policy Principles have been prepared in 2009 -
adopted by ESAMSs in Sep 2009

= EU Delegated Act on Copernicus Drata and Information Policy has been
adopted in 2013 (C(2013)4311, final)

= ES& got approval of updated Sentinel Data Policy from its Member Statesin
Iﬁ

Sep 2013. Main principles of Sentinel data policy:
* Openaccessto Sentinel data by anybody and for any use
> Free of charge data licenzes

> Restrictions possible due to technical limitations or security constraints

Jne organisation, une série d’instruments, une
politique de données



Les données de santé

Intégration des données pour une

Meédecine translationnelle, prédictive et
e » P Marc CUGGIA (MD,PhD)
personnalisee Health Big Data team (LTSI) -
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data infrastructure: '; Il est grand temps

bridging islands A — de s’organiser...
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Basic science driving
technology innovation
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Applied
sciences

Humanities Citizen science
Lead users... Scientific communities ...long tail




Bottom-up governance

Federation
Legacy and sustainability Govemance
Leverage of MS investment laver
— Trust

IPR and privacy protection
Big data analytics

Data fusion across disciplines .
. Data and service

High performance computing layer

Data access and re-use

Data manipulation and export

Data discovery and catalogue

Physics
"",l

High-speed connectivity

Life sciences

Scale of scientificactivity (data-driven science)

Applied - engineering

| ead scientificusers...

__long tail of science



Vous avez dit Open Science ?




Un discours politique centré sur les

Evolution des outils
et processus

More efficient
science:

shared
resources,
dynamic
coilaborations,
democratization
of research

Politique de coopération

technologies

Mew science:
Mew disciplines, new research topics

Citizen .
mgageme_n_t in
e-infrastructures, ;?f:;:; éﬁ;ﬂm

big data soentific debate

Mew research
methods,

ICT=enabled transformation of
science

Open access
to research results
(publications &

Open research
collaborations

{ﬂp::; s:::en_r:e]; data) and
crowdsourcing processes

Better science:
Transparent and replicabie research

Intégration du citoyen

Higher
impact
science:
relevance,
accessibility
and impact
to society
and industry

Changement de modele
de diffusion



De multiples vues de I'Open science

Open Ecion Open Science aims at transforming science
essources
through ICT tools, networks and media, to

make research more open, global,

collaborative, creative and closer to society.

https://ec.europa.eu/digital-agenda/en/open-science
Open Methodology

Open science is the movement to make

scientific research, data and dissemination
accessible to all levels of an inquiring society,
amateur or professional

Open Science

https://en.wikipedia.org/wiki/Open_science

https://commons.wikimedia.org/wiki/File:Open_Science - Prinzipien.png



Science 2.0

European
Commission

2. What is going on? .

\ —

gatherlng [ Publication ]

Conceptuallsatlon J

e <
Sl

Research and

Innovation

http://ec.europa.eu/research/consultations/science-2.0/background.pdf



European

It - Il Commission An emerging
s 1s reat: Sci- "ecosystem "of

starter.com .
Runmycode.org ] services and
standards

Figshare.com

Myexperiment.org ArXiv

Analy5|s L
N Roar.eprints.org
- [ Publicatio } ]
gatherin
n
Datadryad.org C“":‘:I%;”al's] [ Review ] I ot
mpact Story

[ Openannotation.org

Altmetric.com

[ Researchgate.com

Academia.edu ] Mendeley.com

Research and

Innovation




Conseils de lecture...

https://www.innovationpolicyplatform.org/content/open-science

I

MAKING OPEN SCIENCE
A REALITY

Validation of the results of
the public consultation on
Science 2.0: Science in
Transition

Sclence as an
open enterpris

June 2012

™
ROYAL
SOCIETY

eaveht o
Innoviation

O ECD

http://ec.europa.eu/digital-agenda/en/news/final-report-science-20-public-consultation
https://royalsociety.org/topics-policy/projects/science-publicenterprise/report/



https://royalsociety.org/topics-policy/projects/science-publicenterprise/report/

Developing a European Open Science
Agenda: The Roadmap

Autumn 2015: Stakeholder Discussion on the European Open
Science Agenda

Autumn 2015\Spring 2016: Concretization of Open Science
actions under the DSM strategy

4-5 April 2016: Conference on Open Science during the
Dutch Presidency

May 2016: Presentation of the European Open Science
Agenda to the Competitiveness Council




Open Science a I'échelle européenne

O Quitter une situation de blocage
= changer les processus d’évaluation
= Modifier les regles de PI
= Faciliter le TDM

= Changer les modeles économiques de la diffusion

Amsterdam Call for Action de la science
on Open Science

L Promouvoir des politiques de science ouverte
= Adopter ( et adapter !) des principes d’acces libre
= Stimuler les pratiques de recherche et
d’innovation basées sur les données
L Développer des infrastructures de recherche
= Basées sur des principes de partage
=  Mutualisées
O Impliquer les acteurs de la recherche
= Chercheurs, personnels de soutien, société
= Former, former, former...

http://www.eu2016.nl/documenten/rapporten/2016/04/04/amsterdam-call-for-action-on-open-science
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European
Commission

DIRECTORATE-GENERAL FOR RESEARCH AND INNOVATION (RTD)

New policy initiative: The establishment of an Open Science Policy Platform

http://ec.europa.eu/research/openscience/pdf/ospp_nominated _members.pdf#tview=fit&pagemode=none

Steering Group of the Policy Platform
(20 Members, co-chaired by the Commission, meets bi-annually)
Mandate: Develop the Open Science Policy Agenda; Promote uptake of agreed best

policy practices
Woﬂmng Wmhng Working Working Working Working : Workang
Group Group Group Group Group Group
Rewa:rds Alt Research Changing < Fair Open Open
Metrics Integrity Citizen Open Business N Data Science
Science Education Models Cloud
and skills

FAIR : Findable, Accessible, Interoperable, Reusable




Une infrastructure européenne de données
estimée a 6,7 Md €
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Conseil de lecture...

ERA n’est pas tombé du ciel bruxellois...

Key European stakeholders for research policies

The European ALLEA: the federation of All European Academies was founded in 1994 and currently brings
together 56 academies in more than 40 countries from the Council of Europe region.

European Parliament

ResearCh Area Business Europe: is an @ssociation founded in 1958 of 40 national business federations from
34 countries representing the interests of enterprises.

CESAER: the Conference of European Schools for Advanced Engineering Education and
Research — is a non-profit international association of 50 European universities of technology
and engineering schools/faculties from 24 countries, founded in 1990.

Evolving concept,
implementation challenges

EARTO: the European Association of Research and Technology Organisations is an association
of 91 members representing more than 350 research and technology organisations across the
European Union and countries associated with the framework programme founded in 2000.

EIROForum: this forum of eight European Intergovernmental Research Organisations was
established in November 2002 by the signature of a Charter.

ESF: the European Science Foundation was established in 1974 to act as a coordinating body for
Europe's main research funding and research performing organisations. Its mandate was
progressively modified by the creation of Science Europe and terminated in 2016.

EUA: the European University Association founded in 2001 represents 850 universities from
47 countries.

Eurodocs: the European Council of Doctoral Candidates and Junior Researchers is a federation
of 35 national association representing early stage researchers founded in 2002.

Euroscience: is the non-profit grassroots researchers’ association in Europe founded in 1997.

LERU: the League of European Research Universities is an association of 21 research-intansive
universities from 10 countries founded in 2002.

Mordforsk: MordForsk was established in 2005 by the Mordic Council of Ministers and
represents the actors of the research systems of the Nordic countries.

Science Europe: is an association of 47 European Research Funding Organisations and Research

IN-DEPTH ANALYSIS Performing Organisations from 27 countries, founded in October 2011, It included EUROHORCs,

EPRS | European Parliamentary Research Service the European Heads of Research Councils association established in 1992 to represent the
Bllsnvcieaianiosionll national research founding organisations (national research councils).
March 2016 — PE 579,097 EN

http://www.europarl.europa.eu/RegData/etudes/IDAN/2016/579097/EPRS IDA%282016%2
9579097 EN.pdf



http://www.europarl.europa.eu/RegData/etudes/IDAN/2016/579097/EPRS_IDA(2016)579097_EN.pdf

Carlos Moedas : une stratégie élargie

CWES

@ben Innovation

Lien recherche >>> Innovation
Partenariats Public Privé
Ouverture vers la société — a vision for Europe

Libre circulation des connaissances

https://ec.europa.eu/digital-single-market/en/news/open-innovation-open-science-open-world-vision-europe



Classification des données




Ou sont quelles données ?

The Data Publication Pyramid

r v (1) Datz
Publications S p—

with explained within
data the article

(2) Further data
explanationsin
any kind of Processed Data anc
supplementary (3) Data
filesto articles Data referencedfrom
Representations the articleand

held in data
centersand

pu E'I'll:ata::rﬁ repositories
describing

zvailable datasets

(5)Datain
drawersand on
disksat the
institute

The ODE Data Publication Pyramid at
http://www.alliancepermanentaccess.org/wp-
content/uploads/downloads/2011/11/ODE-
ReportOnintegrationOfDataAndPublications-1_1.pdf



http://www.alliancepermanentaccess.org/wp-content/uploads/downloads/2011/11/ODE-ReportOnIntegrationOfDataAndPublications-1_1.pdf

Horizon 2020
Open Access guidelines

Research data refers to information, in
articular facts or numbers, collected to
e examined and considered and as a

basis for reasoning, discussion, or

calculation. In a research context,
examples of data include statistics,
results of experiments, measurements,
observations resulting from fieldwork,
survey results, interview recordings and
images. The focus is on research data
that is available in digital form

m

http://ec.europa.eu/research/participants/data/ref/h2020/grants manual/hi/oa pilot/h2020-hi-oa-
pilot-guide en.pdf



http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/hi/oa_pilot/h2020-hi-oa-pilot-guide_en.pdf

Classification canonique des données de la recherche
d’apres le rapport de R. Gaillard, 2014, p18, citant la NSF et le
RIN (Research Information Network)

Données d’observation, collectées a un instant, nécessitant un apparat descriptif
conséquent (conditions, méthodologie, équipement, ...). Indissociables d’un contexte donné
et uniques et impossibles a reproduire. A conserver de facon pérenne : neuroimagerie,
concentration de phytoplanctons, cliché astronomique, données climatologiques, données
d’enquéte, séquence de génes, ....

Donnees experlmentales, obtenues a partir d’équipements suivant une
méthodologie bien définie. Potentiellement reproductible, mais a des colts parfois
prohibitifs. La conservation dépend des investissements engagés dans leur production et de
leur possible reproductibilité : chromatogrammes, cinétique chimique, ....

Données computationnelles ou de simulation, issues de simulations a
partir de modeles informatiques. Potentiellement reproductibles si le modele
informatique est correctement documenté : modeles de simulation sismique, modeles
météorologiques, modele économique, ...

Données dérivées ou compilées, issues du traitement, de la combinaison
ou de la réorganisation de données brutes, pour les rendre plus lisibles ou les
présenter sous une forme canonique : imagerie IRM, fouille de texte, bases de
données compilées

couperln

ortium Unifi d Ebl ents Universitaires et
dﬂh h Fhul [uunues
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La gestion des données ? Le truc dont les chercheurs
ne veulent pas entendre parler...

Data centric view of research
th her act ‘I‘ Virt-ual Research
through ingest and access Environment
Archival
iCreation ACCEss i_

Services

/ Curation \ Inf )
the researcher shouldn’t have to ntormation
) L letwork
worry about the information infrastructure Infrastructure
. - e | Compute /\

\‘-_
Thanks to Juan Bicarregui, STFC UK




Qualité des données




..... i Corporation for National
e Research Initiatives

PID

Metadata (intrinsic)

‘provenance’ (user defined)

Data (elements)

A simplified diagram of a Digital (data) Object irrespective of technological choices and naming



Data as increasingly FAIR Digital Objects

Totally UNFAIR
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Ou se niche la qualité des
meétadonnées ?

* Richesse des métadonnées lisibles en machine
* |dentifiants

* Variéeté et disponibilité de formats

* Regles d’interopérabilité documentées

* Licences publiées

 Métrigues de qualité affichées

* Mises a jour des métadonnées

* Regles de citations



Trust, Trust, Trust |

% Banal aujourd’hui :

* Certifications des publications et des données
— Peer reviewed journals and data journals
— Les archives institutionnelles : preprints/postprints
— Open peer reviewing
— Le couplage publication/données

Moins habituel :

* Certifications des réservoirs de données : workflow, format,
procédures qualité,...
/LR /
/o nestor o ol
'\". ‘ Iso SE@] of Approval
L ICSU NS 2013

WORLD DATA SYSTEM

-~



Données ouvertes : caractéristiques attendues
Qualité des données et des métadonnées

Which attributes do you think are most important to open data?

romaa—il [ -
data
Well defined license terms 38% _ 57%
Potential value for research 40% _ 52%
Ability to reslrictaccessl 1?%- 44% _38%
0 25 50 75 100
Percentage

Response .Not Important Intermediate Important .Very Important
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Culture du partage de la donnée




Culture du partage de la donnée

&

* Mes données sont a moi et ... tes données sont a moi également !

* Des initiatives : ScienceEurope, Knowledge Exchange, LERU, LIBER,
DCC, Nactem, RDA

* Des pratiques de communautés : astrophysique, génomique,...
* Des politiques d’organismes : Inra, Irstea,...

* Des politiques d’infrastructures
e Des politiques de financeurs : ANR, CE:H2020

 De nombreux niveaux d’intervention, besoins
de pragmatisme et de dialogues entre les
acteurs >>>> Research Data Alliance




RDA lancé en 2012 .
@

RESEARCH DATA ALLIANCE

Research Data Sharing
without barriers

Vision:

Researchers openly sharing data Guiding Principles
across technologies, disciplines, and * Openness
countries » Consensus
Mission: - Balance

Building the social and technical bridges

Harmonization
Community-driven
Non-profit




Participation a RDA

700
600
500
400 AU
300 mEU
200 7 mUS
100 -
M Japan
0 Oth
[ | er
N7 S & & o S o
> o 3 o5 Q
Q’(\O ~<‘§§' Q'So -:e}bfb Q¥ %?‘b ‘(\6@\ m Total
& X - S o N o
SR AR S G
v ) T "
I I G AK CUS  A
o N
] Qv ™
 Academia/Research * about 4000 registered members
m Government/Public Services . . . .
m IT Consuftancy/Development about 43 supportlng organlsatlons
= Large Enterprise  funders: EC, NSF/NIST, AU

H Other

°* more to come soon

M Press & Media

m Small and Medium Enterprise

m Policy/Funding Agency




RDA Europe Adoption Projects

EURO-ARGO
(Oceanography) e Dynamic Data Citation & the Argo data set

Adopting: Dynamic Data Citation

Wheat Interoperability k Creation of a Query interface for phenotyping data
\ (Agricultu re) Adopting: Wheat Data Interoperability (WDI)

Data Management Integration of the RDA Metadata Standards Directory into DMPonline
(Generic) { Adopting: Metadata Standards Directory
CLARIN-Perseus " Analysis of the OpenPhilology/Perseus and the CLARIN data repositories
(Humanities) ERIC Adopting: Data Foundation and Terminology

VAMDC Implementation of a Query Store for the VAMDC infrastructure
(Physi CS) Adopting: Data Citation

OpenAlRE

(Libraries)

Armenian & Introduction of PIDs to the Armenian Life Sciences

Infrastructure _— Adopting: PID Information Types



Working Group examples

Data Infrastructure

1.

O NOU A WN

Data Foundation and
Terminology

PID Information Types
Data Type Registries
Practical Policy WG
Metadata Standards Directory
Brokering Governance
Dynamic Data Citation
Repository Platforms for
Research Data*

Data Description Registry
Interoperability

Data Publishing

1.

2.

RDA/WDS Publishing Data
Bibliometrics

RDA/WDS Publishing Data
Services

3. RDA/WDS Publishing Data
Workflows

Education, Certification
1. RDA/CODATA Summer Schools in
Data Science and Cloud
Computing in the Developing
World
2. Repository Audit and Certification
DSA-WDS Partnership

Domain Specific WGs
1. The BioSharing Registry
2. Wheat Data Interoperability

PARTICIPEZ !
https://rd-alliance.org/



Et [a suite ?




The Pyramid’s likely short term reality:

(1) Top of the

Pubs pyramid is
stable but small

(2) Risk that

supplements to
articles turn into
Data Dumping SuPps (3) Too many
places disciplines lack
Data Archives a community
endorsed data
archive

(4) Estimates
are that at least

=W Data on Disks Un (grand) pas a franchir...

never made

openly avaiable ” a n d | n D ra We rS

The Ideal Pyramid

(1) More
integration of text
and data, viewers

D ata and seamless
. links to interactive
* Data journals A | datasets
(2) Only if data n
T e N
* Infrastructures disciplinaires nogratod Publications —
* Articles numériques : meilleure sl Aricle StpEs (i irectonal)
intégration texte/données - Tt
ata, interactive

viewers within the
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Set up

Une vision futuriste ?

Thanks to Natalia Manola, Univ of Athens
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Quelques points de discussion ?

&

* La plupart des enjeux de I'Open Science ne sont pas
technigues mais sociaux

e Au-dela du volume, apprendre a gérer la complexité
et I’'hétérogénéité des productions scientifiques

* La coopération entre les métiers est essentielle :
apprendre le langage de 'autre |

e Les professionnels IST ont un rble a jouer dans le
développement des pratiques de confiance

* Lavaleur d’'une production scientifique ne se limite
pas a son utilisation premiere
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