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Open Science and reproducibility



OPEN

Knowledge is open if anyone is free to access, use, 
modify, and share it 

Open Definition, Open Knowledge Foundation, https://okfn.org 
Open Science, European Commission, 2017, doi: 10.2777/75255

A WORLD WHERE KNOWLEDGE CREATES 
POWER FOR THE MANY, NOT THE FEW.

THIS IS THE WORLD WE CHOOSE.

https://opendefinition.org/od/2.1/en/
https://okfn.org
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A WORLD WHERE KNOWLEDGE CREATES 
POWER FOR THE MANY, NOT THE FEW.

THIS IS THE WORLD WE CHOOSE.

Open Science represents an approach to research 
that is collaborative, transparent and accessible
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THE NORMATIVE SYSTEM OF SCIENCE

Communality 
Open Sharing 
Universalism 
Evaluate research on own merit 
Disinterestedness   
Motivated by knowledge & discovery 
Organized skepticism 
Consider all new evidence, even 
against one’s prior work

Secrecy 
Closed 
Particularism 
Evaluate research on reputation 
Self-interestedness 
Treat science as a competition 
Organized dogmatism 
Invest career promoting one’s 
own theories, findings  

credit: @pcmasuzzo
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QUANTITYQUALITY

CompeteCollaborate



“If our values don’t drive our metrics, 
our metrics will distort our values”

Christopher P. Long, MSU

HuMetricsHSS is an initiative for rethinking humane indicators of excellence in academia, 
focused particularly on the humanities and social sciences (HSS).

• COLLEGIALITY: professional practices of kindness, generosity, and empathy toward other 
scholars and oneself;

• QUALITY: a value that demonstrates one’s originality, willingness to push boundaries, 
methodological soundness, and the advancement of knowledge both within one’s own 
discipline and among other disciplines and with the general public;

• EQUITY: willingness to undertake study with social justice, equitable access to research, 
and the public good in mind;

• OPENNESS, which includes a researcher’s transparency, candor, and accountability, in 
addition to the practice of making one’s research OPEN ACCESS at all stages; and

• COMMUNITY: the value of being engaged in one’s community of practice and with the 
public at large and also in practicing principled leadership.

RESEARCH ASSESSMENT

http://humetricshss.org/blog/the-excellences-of-scholarship-collegiality/
http://humetricshss.org/blog/on-quality/
http://humetricshss.org/blog/equity-as-a-core-value/
http://humetricshss.org/blog/on-openness/
http://humetricshss.org/blog/the-value-of-openness/
http://humetricshss.org/blog/community-as-a-humanistic-value/
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RESEARCH ASSESSMENT

doi: 10.2777/75255 

Research output
• Research activity
• Publications
• Datasets and research results
• Open source
• Funding
Research process
• Stakeholder engagement /citizen 

science
• Collaboration and 

interdisciplinarity
• Research integrity
• Risk management
Service & leadership
• Leadership
• Academic standing
• Peer review
• Networking

Research impact
• Communication and 

dissemination
• IP (patents, licenses)
• Societal impact
• Knowledge exchange
Teaching and supervision
• Teaching
• Mentoring
• Supervision
Professional experience
• Continuing professional 

development
• Project management
• Personal qualities

@tetrarquis

Open Science Career Assessment Matrix
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Not just citation of articles, various 
forms of social media shares, web-
downloads, any other measure of the 
Q and impact of research outcomes

March 2017

April 2018

Community driven 

• DORA declaration
• Metric Tide
• Leiden Manifesto
• etc

RESEARCH ASSESSMENT

Thematic Reports: 
Types
Use in the context of Open Science
Incentives and Rewards
Strategies, Experiences and Models
Final Report



Indicators for funding bodies of recent research (a large number of 

downloads, views, plays...):  

how open and accessible scientists are making their research  

Strongly recommend altmetrics be considered not as a replacement but 
as a supplement for careful expert evaluation:
to highlight research products that might otherwise go unnoticed

 Alternative metrics are thought to free researchers 
from conventional measures of prestige

 STEPHEN PINCOCK, 2013. NATURE, 495, 539

Bulletin of the American Society for Information 
Science and Technology 39, 4 (2013)

ALTMETRICS



RESEARCH ASSESSMENT

doi: 10.2777/75255 

•A study was carried out on all 1,944 articles published in Nature 
in 2012 and 2013. 

•Cites in 2014. 
•280 (14.4%) do account for half of the total citations 
•214 (11%) get 0 or 1 citation 



COALITION  S



Plan S: Built on strong principles

•No publication should be locked behind a paywall

•OA must be immediate, i.e. no embargo periods
•No copyright transfer; publication under a CC BY license by default
•Transparency about pricing and contracts
•Funders commit to support publication fees at a reasonable level
•Multiple routes to OA compliance
•Commitment to assess research outputs based on their intrinsic merit and 
NOT venue of publication

Credit: Neil Jacobs, Making full and 
immediate Open access a reality. 
2019

COALITION  S
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Alignment of Open Access policies

•No publication should be locked behind a paywall

•OA must be immediate, i.e. no embargo periods
•No copyright transfer; publication under a CC BY license by default
•Transparency about pricing and contracts
•Funders commit to support publication fees at a reasonable level
•Multiple routes to OA compliance
•Commitment to assess research outputs based on their intrinsic merit 
and NOT venue of publication

COALITION  S



OPEN ACCESS PUBLICATIONS

Source: Open science monitor@tetrarquis



ATTITUDE TOWARDS DATA SHARING

Source: Open science monitor

% of researchers that share data



ATTITUDE TOWARDS DATA SHARING

Source: Open science monitor

Sharing with …?



ATTITUDE TOWARDS DATA SHARING

Source: Open science monitor

Benefits of sharing research data

% of researchers per benefit



ATTITUDE TOWARDS DATA SHARING
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ATTITUDE TOWARDS DATA SHARING

Source: Open science monitor

Effort required to make research data available and re-usable by others

% of researchers per about of effort



OPEN ACCESS (PRE-PRINTS)



OPEN ACCESS



Publication types 

•Subscription-based journals: institutions pay to give access to articles 
•Hybrid journals: subscription-based, with option for golden OA per 

article 
•Golden OA: journals provide OA to their articles, either by charging 

the author-institution for refereeing/publishing outgoing articles, or by 
making their online edition free for all 

•Green OA: self-archiving, authors provide OA to their own published 
articles, by depositing them into an OA repository. 

Looking for a OA Journal? 

•Analyse policies, versions and embargoes, processing charges. 
•https://doaj.org

Based on: Correia & Principe, 2019

OPEN ACCESS

@tetrarquis

https://doaj.org


OPEN ACCESS

Check if your publisher allows self archiving

• Check the journal policy on the publisher’s website

Based on: Correia 
& Principe, 2019



OPEN ACCESS 



OPEN ACCESS 



LICENCES

https://www.dontwasteyourtime.co.uk/elearning/creative-commons-infographic-licenses-explained/

Creative Commons



OPEN SCIENCE - TRAINING

Fostering Improved Training Tools For Responsible 
Research & Innovation

•FIT4RRI maintains a collection of RRI and Open Science 
training materials on the FOSTER portal.

•

https://www.fosteropenscience.eu



@OpenScienceMOOC 

info@opensciencemooc.eu 

https://github.com/OpenScienceMOOC 

Education, training, 
support. 

Empowerment and 
leadership. 

Shifting power dynamics. 
Building a global 

community. 
Massive-scale 
engagement.

Massive Open Online Course (and Community!) 
https://opensciencemooc.eu/

credit: @pcmasuzzo

OPEN SCIENCE - TRAINING

https://opensciencemooc.eu/


The Turing Way: 
A handbook for reproducible data science

github.com/alan-turing-institute/the-turing-way     

The Turing Way is a handbook to support students, 
their supervisors, funders and journal editors in 
ensuring that: 
● Reproducible data science is too easy not to 

do!
● Stakeholders know which parts of the 

"responsibility of reproducibility" they can affect.
● Scientific work can be trusted.

 
Credit:  Dr. Rachael Ainsworth

OPEN SCIENCE - TRAINING

The Open Science Training Handbook

• Open knowledge and educational resource oriented to practical teaching
• instruct and inspire trainers how to create high quality and engaging trainings.
https://book.fosteropenscience.eu/en/

https://book.fosteropenscience.eu/en/


OPEN SCIENCE, ALWAYS?

GDPR and Anonymized Data

• Data describing personal information is the basis for 
scientific research in various fields. 

• Collecting and processing personal data has been 
recently regulated by the General Data Protection 
Regulation for all EU citizens. 

• The data management community has proposed data 
anonymization techniques to allow Open Science.

https://amnesia.openaire.eu 

Ethics and limitations

• As Open as possible and as close as necessary
• Protect results for commercial and industrial exploitation
•  …



SKA Regional Centres

SKA Organization



SRCS AT THE END OF THE SKA DATA JOURNEY

SKA Fact sheets. August 2018.  skatelescope.org

SKA1 observatory will deliver:

• A set of standard data products, 
appropriate for the range of anticipated 
science investigations

The Science Data Processor architecture 
includes:

•The pipelines that generate these products 
(Observatory Data Products, ODPs)

•A Long-Term Preservation (LTP) 
component to store these products (not a 
science archive!)

•A Delivery component for making ODPs 
available to the outside world.

SKA1 Observatory



AENEAS	Kick	off	meeting	|	Den	Haag	|	28	Feb	2017

Simplified	description	but	highlights	important	factors	

• a	collaborative	network	

• transparent	and	location	agnostic	interface	to	SRCs	for	users	

- no	SKA	user	should	care	where	their	data	products	are	

- all	SKA	users	should	be	able	to	access	their	data	products,	irrespective	of	whether	their	

country	or	region	hosts	a	regional	centre

Model for collaborative network of  SRCs

13
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Observatory

SRC	1

SRC	2

SRC	n

SRC	3

U
s
e
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SRC	Portal

Data products 

not ready for 

science analysis

Direct delivery 

to end users 

unfeasible

SKA community 

globally distributed

Access to data products, tools and processing power to generate and analyse 

Advanced Data Products (ADPs)

The core of 
SKA science

THE SKA REGIONAL CENTRE NETWORK

@tetrarquis
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Open Science** implementation will facilitate sharing data, resources 

and tools across the SKA community through the SRCs. The methods 
can be verified, reused, repurposed, so accelerating discovery and 
transfer of knowledge

THE SRCS AS OPEN SCIENCE HUBS

Bottom-up

Users = scientists = we want to follow the Scientific method

** Open Science is transparent and accessible knowledge that is shared and developed 
through collaborative networks. Its implementation at the SRCs will facilitate sharing data, 
methods, resources and tools across the community, enabling verification, reusability and 
repurpose.



•2-year project funded by CSIC i-Link program

•PI: L. Verdes-Montenegro (IAA-CSIC)

• Overall aim: 

Set of best practices that assist the SKA community to 
successfully exploit SKA data in a FAIR way, with an emphasis 
on the use of technologies that facilitate the reproducibility

• Barriers and ways to overcome them

• Inventory of technologies/technical strategies

• Incentives/Metrics

http://amiga.iaa.es/p/330-SKA-Link.html

SKA-Link: combining knowledge to pioneer Big-Data 
solutions for SKA Regional Centres



PERSPECTIVES
Implementation of Open, reproducible science is challenging, even 

more in this new framework:

     NEW ROLES           NEW PERSPECTIVES

Individual users

KSP teams Service 
providers

Publishers

Evaluators/
Funding agencies



Individual users

KSP teams Service 
providers

Publishers

Evaluators/
Funding agencies

Implementation of Open, reproducible science is challenging, even 

more in this new framework:

     NEW ROLES           NEW PERSPECTIVES

SKA SWG

SKA SRCCG 
& SRCSC

MY PERSPECTIVE



A proto-SRC at IAA

SKA Organization



Centre of Excellence “Severo Ochoa”(S.O.) accreditation from the Spanish 
Ministry of Science that acknowledges the Spanish centres that carry out 
cutting-edge research.

• A prototype of SKA SRC included in the IAA S. O. scientific programme.

SRC PROTOTYPE AT IAA-CSIC

Objectives:
• Support IAA members participation in 

• SKA precursors /pathfinders
• SKA Data Challenges

• Embrace Open Science Principles: Data-Intensive and Reproducible Research 
for the SKA Regional Centres

• Partnership with national HPC facilities / experts in computational science
• Collaborate with other SRC initiatives
• Innovation in analysis techniques, new algorithms

@tetrarquis



SRC PROTOTYPE AT IAA-CSIC

Science Analysis Platform
• Identify technical specifications from the use case requirements
• Set-up of the associated IAA computing/storage resources
• Partnership with national computing facilities
• Collaborations with e-Infrastructures and other SRCs prototype initiatives
• Provide a Science Gateway

Federated Services 

Compute Orchestration Data Management

Web Portal APIAPI
Sc

ie
nc

e 
G

at
ew

ay

IAA - CSIC Facility BFacility A

Application Delivery

Proto 
SRC

Global 
Network



Open Science in a real scientific 
experiment

http://littlepandabears.blogspot.com/2018/09/galaxies.html
https://searchengineland.com/figz/wp-content/seloads/2014/08/lab-test-experiment-ss-1920.jpg



• HCG 16 is complex compact group with starburst galaxies, AGN, tidal tails, etc. The 
main goal of this project is to is to study the HI content of the group and to 
determine which on-going processes are causing it to change.

• Collaborators: L. Verdes-Montenegro, A. Damas, S. Borthakur, M. Yun, A. del Olmo,  J. 
Perea, B. Williams, D. Lopez Gutierrez, F. Vogt, S. Luna, J. Román, J. Garrido,        S. 
Sanchez, J. Cannon & P. Ramírez

SPECIFIC EXAMPLE: HI IN HCG 16



FAIR (www.go-fair.org) is a multi-disciplinary bottom-up initiative to make scientific data 
reusable. The FAIR principles state that scientific data should be:

• Findable: Data have sufficient metadata and unique, persistent identifiers in a 
searchable database.

• Accessible: Data is stored in trusted/standard repository. Metadata and data can be 
understood by machines/people.

• Interoperable: Metadata use a standard language, external connections to other 
data/resources are qualified.

• Reusable: Data have sufficient provenance information and clear licenses.

BEING FAIR

@tetrarquis



Common astronomy examples of un-FAIR practices:

• The raw data are in an archive but the final, reduced data and images are only 
publicly available in the paper PDF.

• The final data are “available”, but you need to request them by email.

• There are some scripts for processing the data on a server somewhere, but no one 
remembers how to run them.

• The code is on github, but good luck trying to install/execute it.

I’m not pointing fingers here, we are all guilty of these things, myself included. We need to 
improve as a community.

BEING UN-FAIR



OUR WORKFLOW

• FAIR focuses on the data, we want to go beyond 
this and include also the methods.

• It is executed entirely within Docker containers 
and Conda environments. So it can be run on any 
platform with Docker and Conda, using a single 
bash script.

• The code and data are publicly available in github 
and EUDAT.

• The workflow can also be executed in EOSC

Scripts, raw data & containers

HI cube

3D source mask

Separation of 
features

Not yet 
included



The raw data are hosted on a the EUDAT service, which provides:
• Cloud storage
• Persistent identifiers (DOI)
• Access (can download with wget)
• Basic metadata and search functionality

OUR WORKFLOW



• All the code for the all of the workflow from raw data to final plots is stored in 
github and is openly accessible.

OUR WORKFLOW

https://github.com/AMIGA-IAA/hcg-16



OUR WORKFLOW

• run.sh will do automatically the following steps:
• download and install conda
• download and install cgatcore, a workflow 

management system
• construct a conda python environment with 

which to run the code
• download the source code
• download the input data
• run the pipeline

Scripts, raw data & containers

HI cube

3D source mask

Separation of 
features



REPRODUCIBLE FIGURES

Figure 2. HCG 16 HI moment zero map and overlay

https://mybinder.org/v2/gh/AMIGA-IAA/hcg-16/master

https://mybinder.org/v2/gh/AMIGA-IAA/hcg-16/master


EGI NOTEBOOKS 

@tetrarquis

• A demo video showcasing how EGI Notebooks and DataHub services can interact 
together to perform open data analyses that get reproduced with binder

• https://www.youtube.com/watch?v=ODv592Uzja4

https://www.youtube.com/watch?v=ODv592Uzja4


TAKE AWAY

@tetrarquis

• Define Conda environments or containers and your co-authors will be able to run your 
code (but not only them). 

• Release vs publish: 
• Code: GitHub, bitbucket
• Papers, Documentation, data, …
• Zenodo (DOIs,)

• Publish:
• Papers: pre-prints in arxiv, open repositories and journals
• Code: GitHub, bitbucket
• Data:  Astronomy archives (e.g. CDS) vs open Repositories 

• CV and career assessment: 
• Your CV can be something more than a list of papers.
• Altmetrics as supplement (not a replacement) to highlight research products that 

might otherwise go unnoticed



CONCLUSIONS

• SKA will be a game changer in the way we do science
• Large international teams
• Limited data movement
• New methods to share computational resources
• Sharing the tools (reinventing not affordable), doing reproducible science

• Reproducibility in the Big Data era: Data providers moving to service providers
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 Will we forget about reproducibility since we need to 
“efficiently” exploit large datasets? 



@tetrarquis

• You may find this talk at:

• https://zenodo.org/record/3466662

• DOI:  
• Latest version: 10.5281/zenodo.3466661

pngimg.com

https://zenodo.org/record/3466662



