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Scientific output: Challenge 1 N
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A search for the Standard Model Higgs boson in proton-proton collisions. References & Citations
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5.9 standard deviations, corresponding to a background fluctuation
probability of 1.7x104-9, is compatible with the production and decay of the
Standard Model Higgs boson.
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Scientific Foundation

Repeatability

O The closeness of agreement between independent results obtained with the
same method on identical test material, under the same conditions (same
operator, same apparatus, same laboratory and after short intervals of time)

0 Affected by random errors

Reproducibility

O The closeness of agreement between independent results obtained with the
same method on identical test material but under different conditions (different
operators, different apparatus, different laboratories and/or after different
intervals of time)

0 Affected by systematic errors
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SPECIAL

Challenge 2: Scientific Reproducibility

Home | News & Comment | Research | Careers & Jobs | Currentlssue |

chive Specials & supplements archive Challenges in irreproducible research

Take part in Nature Publishing Group's annual reader survey here for the chance to win a Macbook Air.

CHALLENGES IN IRREPRODUCIBLE RESEARCH

No research paper can ever be considered to be the final word, and the replication and
corroboration of research results is key to the scientific process. In studying complex entities,
especially animals and human beings, the complexity of the system and of the techniques
can all too easily lead to results that seem robust in the |ab, and valid to editors and referees
of journals, but which do not stand the test of further studies. Nature has published a series
of articles about the worrying extent to which research results have been found wanting in this
respect. The editors of Nature and the Nature life sciences research journals have also taken
substantive steps to put our own houses in order, in improving the transparency and
robustness of what we publish. Journals, research laboratories and institutions and funders
all have an interest in tackling issues of irreproducibility. We hope that the articles contained
in this collection will help.

Free full access

v Editorial v News and analysis

v Perspectives and reviews

* See all specii

NI OS

National Initiatives for Open Science in Europe

Go

» Advanced seal

| Audio & Video | For Authors

Findoutmore v X

EDITORIAL

Journals unite for reproducibility
Consensus on reporting principles aims to improve biomedical research.
Nature 515, 7 ( 8 November 2014 )

Code share

Papers in Nature journals should make computer code accessible where possible.

er proteins
Nature 514, 536 ( 29 October 2014 ) 3

Reducing our irreproducibility
Nature 496, 398 ( 25 April 2012 )

Further confirmation needed

Anew mechanism forindependently replicating research findings is one of several changes required
to improve the quality of the biomedical literature.

Nature Biot 30, 806 ( 10 2012)

Error prone
Biologists must realize the pitfalls of work on massive amounts of data.
Nature 487, 406 ( 26 July 2012)

Must try harder

Too many sloppy mistakes are creeping into scientific papers. Lab heads must look more rigorously
atthe data— and atthemselves.

Nature 483, 509 ( 29 March 2012 )
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Challenge 2: Scientific Reproducibility N, os

National Initiatives for Open Science in Europe

Out of 18 microarray papers, results

o from 10 could not be reproduced
Can reproduce in principle

Can reproduce with some
discrepancies

Can reproduce
from processed data
with some discrepancies

Can reproduce partially with some
discrepancies

loannidis et al., 2009. Repeatability of published microarray gene expression analyses. Nature Genetics 41: 14
Science publishing: The trouble with retractions http://www.nature.com/news/2011/111005/full/478026a.htm|
Bjorn Brembs: Open Access and the looming crisis in science https://theconversation.com/open-access-and-the-looming-crisis-

in-science-14950

Rl
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https://www.nature.com/news/the-top-100-papers-1.16224
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https://elifesciences.org/articles/27725

Challenge 3: Scientific Communication

Lifecycle of Scholarly Communication

Data Collection, Authoring Peer Review Rights Publication PiuaAccEss Discovery

Research & Management Model T
AnalySls Scholars

Author controlled Open Access Web
Copyrights Society Journals Repositories
Non-profit Datab
Creative Commons . 5 atabases
Subject Experts Licenses University Presses Cloud Computing

Articles Journal Editors

Data Books Reviewers

Scholarly Journals Gray Literature

(technicalreports, preprints,
working papers) (Not all scholarly materials Tyt

Experiments

are subject to peer review)

Publisher Exclusive
Rights Agreements

Submission to
publishers

Simulations
Commercial Journals " Research

Field Work Organizations

‘ Collaboration and Discoverabilig '
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Challenge 3: Scientific Communication
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Operating Profits of Scientific, Technical
& Medical division of Reed-Elsevier
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Source: Lariviére, V., Haustein, S.,, Mongeon,
P. (June, 2015). "The Oligopoly of Academic
Publishers in the Digital Era," PLOS.

What does this mean for small universities with no significant funding?
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OPEN SCIENCE INTRO
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Open Science

Open Science is the movement to make scientific research
(publications, software, data) and its dissemination accessible to
all levels of society. Open Science is transparent and accessible
knowledge that is shared and developed through collaborative
networks.

Open

Open Data
Source

Open
Notebooks

Scientific
social
networks

Open Peer
Review

Open
educational
resources

https://www.fosteropenscience.eu/node/1420
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Data Repos.

Data Infrastructures
Open Access Doc. Repos.
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https://www.ukdataservice.ac.uk/manage-data/lifecycle

14
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Open science approach example

National Initiatives for Open Science in Europe

Our favorite recipe for a reproducible analysis

GitHub

®

Code is on GitHub

CaS

OPEN SCIENCE

Data is publicly

Hod available somewhere
Environment is in a ’
Dockerfile

docker

v | Interactive plot &

Jupyter ; g

“wo” | analysis in Jupyter

®

https://slides.com/agahkarakuzu/gmrlabjni
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More possibilities?

adding alternative evaluation, e.g. with altmetrics o X i To
communicating through social media, e.g. Twitter L
&

sharing posters & presentations, e.g. at FigShare -
using open licenses, e.g. CCO or CC-BY ®
publishing open access, ‘green’ or ‘gold” 3 amDOAJ
using open peer review, e.g. at journals or PubPeer | O
sharing preprints, e.g. at OSF, arXiv or bioRxiv < EERER) viorxv
using actionable formats, e.g. with Jupyter or CoCalc — @
open XML-drafting, e.g. at Overleaf or Authorea & A
sharing protocols & workfl., e.g. at Protocols.io [~}
sharing notebooks, e.g. at OpenNotebookScience ®
sharing code, e.g. at GitHub with GNU/MIT license 9
sharing data, e.g. at Dryad, Zenodo or Dataverse s oo B
pre-registering, e.g. at OSF or AsPredicted o
commenting openly, e.g. with Hypothes.is
using shared reference libraries, e.g. with Zotero r
sharing (grant) proposals, e.g. at RIO

Bbanta Kromer & Jevoen Bosman hitps //101innovations wordpress com DOI: 105281 /2en0de 1147025
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FAIR data principles

Edable Accessible nteroperable
SRVE-C

https://en.wikipedia.org/wiki/FAIR data#/media/File:FAIR _data principles.ipg

eusable

.
e
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FAIR data principles

dFindable — Easy to find by both humans and computer
systems and based on mandatory description of the
metadata that allow the discovery of interesting datasets;

QAccessible — Stored for long term such that they can be
easily accessed and/or downloaded with well-defined license
and access conditions (Open Access when possible), whether
at the level of metadata, or at the level of the actual data
content;

Qlnteroperable — Ready to be combined with other datasets
by humans as well as computer systems;

dRe-usable — Ready to be used for future research and to be
processed further using computational methods

http://www.nature.com/articles/sdata201618
www.forcell.org/group/fairgroup/fairprinciples

SCIENTIFIC DATAS

et The FAR Gudeg
Vi pt N Ut et

NI140S-Europe Dissemination Event
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FAIR data principles: What need to be done?

To be Findable:
- assigned a globally unique and eternally persistent identifier

« described with rich metadata
* registered or indexed in a searchable resource

- metadata specify the data identifier

To be Accessible:

e retrievable by an identifier in a standardized communications protocol
e protocol is open, free, and universally implementable
* protocol allows for an authentication and authorization procedure

* metadata are accessible, even when the data are no longer available

NI140S-Europe Dissemination Event 19



FAIR data principles: What need to be done?

To be Interoperable:
- formal, accessible, shared, broadly applicable language for knowledge

representation
« use vocabularies that follow FAIR principles

« include qualified references to other (meta)data

To be Re-usable:

e plurality of accurate and relevant attributes
* released with a clear and accessible data usage license
* associated with their provenance

* meet domain-relevant community standards

NI140S-Europe Dissemination Event 20



FAIR data costs NI oS

National Initiatives for Open Science in Europe

Likely cost of not having FAIR research data

Minimum true cost of not

having FAIR research data

~ €16.9bn |

Indicator #5
0.24%

Indicator #4

0.04%
Indicator #1: Time spent = Indicator #2: Cost of storage
m Indicator #3: Licence costs m Indicator #4: Research retraction
m Indicator #5: Research duplication Impact on innovation

https://publications.europa.eu/en/publication-detail/-/publication/d375368c-1a0a-11e9-8d04-01aa75ed71al/language-en
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Why it is needed?

|
|
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
]
]
]
]
]
1
|
|

@ Virtual Research
Communities

@ e-Infrastructure (NI140S)

® Applications
® Data
@ Instruments/sensors
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NI OS

National Initiatives for Open Science in Europe

NEXT STEPS
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Initiatives concerning FAIR

FAIRSFAIR (Fostering FAIR data practices) - www.fairsfair.eu

(aims to supply practical solutions for the use of the FAIR data principles throughout
the research data life cycle)

GO FAIR initiative - www.go-fair.org

(aims to implement the FAIR data principles)

Detailed description of FAIR principles https://www.go-fair.org/fair-principles/
FAIR resources https://www.go-fair.org/resources/

FAIRsharing - fairsharing.org

(A curated , informative and educational resource on data and metadata standards
inter-related to databases and data policies)

NI140S-Europe/EOSC info session 24
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FOSTER: e-learning platform on Open Science NI OS

National Iitatives for Open Science in Europe

< - C & fosteropenscience.eu Q % ¢

»*
| FO ST E R About Resources Events Courses News Search for... n

The future of science is Open

START YOUR RESEARCH

'»

USE FOSTER TO:
b -~
g <0’ (:‘-ﬂo 8o ‘\i
Access Courses Earn Badges Participate Promote Open Science
Put Open Science into practice withour ~ Get recognised for taking our courses and  Join our community of trainers and access  Use the Open Science training handbook.
Open Science training toolkit. Our courses follow our learning paths to our Trainers' Corner. In a variety of formats and languages.
are authored by experts and experienced specialisations.
educators.
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FAIR services for existing data (After research)

FAIR data assessment services:

E S O ¥ in

ABOUTUS SERVICES COLLABORATIONS NEWS & EVENTS RESOURCES CONTACTUS SEARCH O,

=

\\

FAIR self-assess

https://ardc.edu.au/resources/working-with-data/fair-data/fair-self-assessment-tool/
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FAIR services in ongoing research

Training on data platforms and repositories

Choosing the right platform / repository very much determines
the FAIRness of the stored data!

Exercises / training around re3data.org are often clarifying the
issues that require attention (metadata, certification, etc.) but
not readily available...

https://www.re3data.org re3d ata .0rg

REGISTRY OF RESEARCH DATA REPOSITORIES

NI140S-Europe/EOSC info session 27


https://www.re3data.org/

Thanks!

cor (P
CéE/V/
e (g O M2

Vladimir Trajkovikj (trvlado@finki.ukim.mk) o @NI40S eu o @NI40S
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