ence in the SKA era?

Why Open Sc

Credits: UNESCO

Lourdes Verdes-Montenegro

Susana Sanchez, Julian Garrido
IAA-CSIC

Swiss SKA Days — 6-8th Sept 2023
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I\/Iotiation

Environment and galaxies . : Large sample

Can’t reproduce!

Sharing Research

. Reinvent?."

Efficient search of data

»
. . et Different wavelengths

- What do excellent science and C\+ mear.i?

What should we publish? " 4 Analysis tools

NGC 5216: Keenan's System by Winder/Hager




Motivation
ERC Scientific Seminar Series

Prof. Lourdes Verdes-Montenegro "!%

Instituto Astrofisica Andalucia, Grananda, Spain
ERC Panel Chair

Love for science 12 April2013 . .. .
or ‘academic prostitution’? | 11:001012.30  cuowmeescemsemnco




Motivation

SKA

Science Digital @ UNGA 75

SAUARE KILOMETRE ARRAY ES

The SKAO: A gllebal Research Infrastructure

Open
for the 21st Century and beyend

Science

Open Science for sustainability and inclusiveness:
the SKA role model

SDGs

Lourdes Verdes-Montenegro, Susana Sanchez

IAA Severo Ochoa Centre of Excellence (CSIC) Y SUSTAINABLE é"; ALS
,/\J’ DEVELOPMENT “an®

GOODHEALTH QUALITY
AND WELL-BEING EDUCATION

Tuesday 29th September 2020 18

5EWAUTY

DECENT WORK AND 1 0 REDUCED
ECDNUHC GROWTH INEQUALITIES

16 PEACE, JUSTICE PARINERSHIPS

CLIMATE 4 5
ACTION BELOW WATER AND STRONG FDR THE GOALS {Q ;
INS"TUTIUNS o
SUSTAINABLE
z DEVELOPMENT
S,

Credits: UNESCO




Advertisement

2 OPEN POSITIONS
IAA-CSIC, GRANADA, SPAIN

Center of Excellence Award

Candidates: (a) early/mid career postdoc & (b) advanced postdoc
* Expertise in detailed studies of galaxies with HI interferometry (precursors/
pathfinders), environment, kinematics

AMIGA team: |8 members

H‘;D‘w “““ HM$
g e

o“‘e’(\

\ LA

6\1\‘

Galaxy evolution in

x X-treme
[Gender balanced | ’ environments [Diversity as a value]
Coordination of the Development of a
Spanish participation SKA Regional
in the SKA Centre

.

Contact: lourdes@iaa.es
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Open Science: a new concept?

* Too many adjectives for science: AN -

ﬁ. == =M
v =y

excellent, high quality, trustable, ... Open

+ Let’s go back 1000 years in time... =

Scientific Reproducibility is a fundamental
principle of the Scientific Method, a
process pioneered by lbn al-Haytham.

In the XIth century, he proposed that a

hypothesis must be supported by
experiments based on confirmable
procedures or mathematical evidence. Ibn al-Haytham (965 — 1040)
Made special emphasis on reproducibility

of results.




Open Science: a new concept?

* Too many adjectives for science:

excellent, high quality, trustable, ... Open

 Orlet’s go back 383 years in
time...

DISCOURS

DE LA METHODE

RENE DESCARTES

e Science = Scientific Method = Reproducible = Open!
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excellent, high quality, trustable, ... Open

 Orlet’s go back 383 years in
time...

e Science = Scientific Method = Reproducible = Open!




Open Science: but then we already follow it, right?

We are scientists! We (want to) follow the Scientific Method!




Open Science: but then we already follow it, right?

 We are scientists! We (want to) follow the Scientific Method!

Questionnaire on reproducibility (1500
scientists)
* 70% of researchers have tried and failed to
reproduce another scientist's experiments
* >50% have failed to reproduce their own ones!
* Chemistry: 90% (60%)
e Biology: 80% (60%)
* Physics and engineering: 70% (50%)
 Medicine: 70% (60%)
e Earth and environmental science: 60% (40%)

CHALLENGES IN IRREPRODUCIBLE RESEARCH

Science moves forward by comoboration — when researchers verify others’ results. Science




Open Science: but then we already follow it, right?

 We are scientists! We (want to) follow the Scientific Method!

SPE(‘IAL » See all spe

Aha!
So you don’t
empathise?

CHALLENGES IN IRREPRODUCIBLE RESEARCH

Science moves forward by corroboration ~ when researchers verify others' results. Science

Questionnaire on reproducibility (1500
scientists)
e 70% of researchers have tried and failed to
reproduce another scientist's experiments
* >50% have failed to reproduce their own ones!

Chemistry: 90% (60%)

Biology: 80% (60%)

Physics and engineering: 70% (50%)
Medicine: 70% (60%)

Earth and environmental science: 60% (40%)




Open Science: but then we already follow it, right?

 We are scientists! We (want to) follow the Scientific Method!

Questionnaire on reproducibility (1500
scientists)

e 70% of researchers have tried and failed to

reproduce another scientist's experiments

* >50% have failed to reproduce their own ones!
* Chemistry: 90% (60%)
e Biology: 80% (60%)
So you don’t * Physics and engineering: 70% (50%)

@ WY - Medicine: 70% (60%)
empathlse- * Earth and environmental science: 60% (40%)

CHALLENGES IN IRREPRODUCIBLE RESEARCH

SPECIAL » See all spes

Sc oves forward by comroboration ~ when researchers verify others' results. Science

lence m
-
-
i

- Overly Honest Method W+

b OverlyHonestly Maybe with this?

You can download our code from the URL supplied. Good luck downloading the
only postdoc that can get it to run, though #OverlyHonestMethods



Open Science: then what happened sice 16377

* Moving beyond the PDF

40% Knowledge Burying in paper publication =

Rest In Paper

(S. Bechhofer 2011, Research Objects: Towards Exchange and Reuse of
Digital Knowledge)

/suedip-du/wod pijedipmmm//:diy




Open Science: then what happened since 16377

* Moving beyond the PDF

40% Knowledge Burying in paper publication =

Rest In Paper

(S. Bechhofer 2011, Research Objects: Towards Exchange and Reuse of

Inspection
Digital Knowledge)

at

Define Find for
problem Design re-purpose

/
In practice )= / = &

Moving from narratives (last 300 yrs) to the

actual output of research is not so easy Preserve
Publish




Big Data
preservation
& transfer

Standarized
catalogues

Findable
code
Repositories

Software
environment
preservation

...Indeed Is not so easy

Primary (raw) data can not be
accessed in an automatic way

Processed data and images are only
publicly available in the paper PDF

There are some scripts for processing
the data on a server somewhere, but
no one remembers where

The code is in a public repository, but
good luck trying to install/execute it.




Big Data
preservation
& transfer

Standarized
catalogues

Findable
code
Repositories

Software
environment
preservation

...Indeed Is not so easy

Primary (raw) data can not be
accessed in an automatic way

FAIR:
Processed data and images are only .
publicly available in the paper PDF Findable
Accesible
There are some scripts for processing |nteroperab|e
the data on a server somewhere, but
no one remembers where Reusable

The code is in a public repository, but
good luck trying to install/execute it.

\ 4

* FAIR (www.go-fair.org) is a multi-disciplinary bottom-up initiative
to make scientific data reusable.



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

Big Data
preservation
& transfer

Standarized
catalogues

Findable
code
Repositories

Software
environment
preservation

...Indeed Is not so easy

Primary (raw) data can not be
accessed in an automatic way

FAIR:
Processed data and images are only .
publicly available in the paper PDF Findable
Accesible
There are some scripts for processing |nteroperab|e
the data on a server somewhere, but
no one remembers where Reusable

The code is in a public repository, but
good luck trying to install/execute it.

L 4

e Effort is not always rewarded
* Requires new advanced tools to support scientists to fulfill FAIR




s “Big Data science”
possible without Open
Science?




The Challenge: extraction of Scientific Knowledge

Huge and complex data volumes

Large teams distributed globally l

A shared challenge for data-intensive research

Computing / storage / network / human resources will be needed:

» Efficient exploitation of Distributed Computing Infrastructures
e Large international alliances of scientists

* Tools to enhance scientific collaboration

& e-Science

* Platforms to share data, methods and knowledge

Open Science

Open Science is the Aim and also the [Viean




The Square Kilometre Array “case”

Large-area Correlated / Dat
response data conditioned p g at
streams e==a signals foguces

~700 PB/yr

1 1
4 CSP H
8.9Tb/s g 7-8Tb/s
---- (4
R Perth SKA
Regional
Beamformed data streams Cape Town Centres

(focused on sky patch)

|
H CSP
|}

20 Tb/s

Credits: AENEAS
project

SKA Regional Centres (SRCs)

Ihe SKA Regional Centres, the core of the SKA Science




The Square Kilometre Array “case”

Large-area Correlated /

2 Data
response data conditioned
streams e signa's Products
~700 PB/yr

8.9 Tb/s 7.8 Tb/s

| |

& Perth
Regional

Beamformed data streams Centreg
(focused on sky patch)

20 Tb/s

Credits: AENEAS
project

SKA Regional Centres (SRCs)

The SKA Regional Centres, the core of the SKA Science




Key ingredients of the SRCs to support Open Science

access to project data

place for software
analysis, visualisation

Location agnostic platform

Science
Gateway

Standards for data

Workflows and interoperability

provenance Collaborative Science (IVOA)

Reproducible
Notebooks Citizen Science

User support and training




The challenge from different perspectives

Implementation of Open, reproducible é

science is challenging, even more in this ) E’ {

new framework:
new roles # new perspectives

. T Evaluators/Funding
Individual users 4\4@ — agencies
= ——
= S
_ i Publishers

Large teams

Service providers




Data to the desktop: “individual scientist’

B i

* | have the best code, which | know how to use and can do special things

| do not trust any pipeline that you made
e partly because | know better how to do it
e partly because | read the news and there is a reproducibility crisis

e well, and | can hardly reproduce the results of my own papers some years later...

* |In general | want full control of the software and of the computational
environment




Computation to data, providers perspective: Data Centres

il

 We need to install your software in our platform. Can we trust it?

Can we run it? Environment, dependencies, etc

* Hey, we are offering services to the community, computation +
tools. We would be grateful if you allow us to share it with other
users (with proper credit)

e Mmmm, sharing is great, but, putting the software in the platform
is not enough: you need to provide the context for people to be

able to rerun the software on the same or other data




Large alliances of scientists

il

 We have tools to generate Advanced Data Products, and we will put
them there where the storage and computation is (Data Centres)

e But... we put effort on it, what would we gain if we make the
*additional effort™ to make it reusable? If we make it, then we will
pave the way to competitors

 Well, maybe we will share in 4 yrs time (PhD typical time)




Publishers

=il

Will we need different profiles of referees to evaluate the
scientific discussion together with the data quality and the
methods (aka. Reproducibility)?

If the data and the methods (tools) will be in Data Centres, will

our referees need to become a “user” of the Data Centres to be
able to validate a paper?

Will we be able to engage so many referees as may be needed?

Will we need to validate the data, the tools, and the scientific

analysis separately?




Policy makers / funding agencies

|

* How to measure reproducibility?

 How to weight it and/or aggregate with other indicators?




Infrastructures/facilities

|

e For scientific facilities, adoption of Open Science is both a need

and a duty.




The SKA and Open Science

Adoption of Open Science values

3.3.2 pen SCience

SKA Phase 1
CONSTRUCTION PROPOSAL

Cosmic Dawn

Q : Qmstars and Galaxies)
57
ing General Relativity "

(Strong Regime, Gravitational Waves)
I Galaxy Evolution
L (Normal Galaxies t"2-3)
Cradle of Life ’

(Plangts, Molecules, SET)) "
»
Cosmology o
r, Large Scale Strul )

Cosmi¢ Magnetism w ke

(Origin, Evolution)

Exploration of the Unknown

“Open Science, based on the precept of making scientific
research collaborative, transparent and accessible to all, is
rooted in SKA’s foundational principles. So is the related
concept of scientific reproducibility, a fundamental aspect of
the modern Scientific Method since the 17th century allowing
independent teams to have access to methodology and tools
to be able to confirm experiments and validate results.”

ENDORSED by the Council: Construction
Proposal (CP) and Observatory
Establishment and Delivery Plan (OEDP)

Lg. ’mpact of the SK’W
0]

=

SKA-BD-34-07¢
Paper for Endorsement

SIKA

!:mzmm

SKAO ESTABLISHMENT & DELIVERY PLAN

ment Type

Reproducibility as a metric of success

“Reproducibility of SKA science data products. This
metric will measure how complete the workflow
description is that is linked to each SKA data product.
[...] must reflect completeness of the provenance
information for each data product and accessibility of
the software used. This is related to how well SKA
science data products adhere to the FAIR principles .”




Revised research assessments




Remember: Open Science started bottom-up
with manifestos authored by large sections of the scientific community
(Altmetrics-2010, DORA-2012, Metric Tide - 2015, Leiden Manifesto-2015,
Hong-Kong Principles — 2020)
(Astronomy = IVOA — 2002)

" The Metrlc Tide

Report of the Independent Review
of the Role of Metrics in Research
Assessment and Management

—u

July 2015

The Leiden Manifesto
for research metrics

Use these ten principles to guide research evaluation, urge Diana Hicks,
Paul Wouters and colleagues.

23 APRIL 2015 | VOL 520 NATURE | 429

Wilsdon, J., et al. (2015). The Metric Tide: Report of the Independent Review of the Role of
Metrics in Research Assessment and Management. DOI: 10.13140/RG.2.1.4929.1363




Almetrics

alimetrics

Altmetrics is the creation and study of new metrics based on the

Social Web for analyzing, and informing scholarship.

http://altmetrics.org/about/

figshare / D ,t e A D
L

altmetrics
T —
u/ FACULTYof1000

/N
3 VYoulube AR MENDELEY
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The Declaration Signers Project TARA News and Resources - v

San Francisco Declaration on Res

Assessment = V

There is a pressing need to improve the ways in which the output of scientific research is evaluated by funding
agencies, academic institutions, and other parties.To address this issue, a group of editors and publishers of
scholarly journals met during the Annual Meeting of The American Society for Cell Biology (ASCB) in San
Francisco, CA, on December 16, 2012. The group developed a set of recommendations, referred to as the San
Francisco Declaration on Research Assessment. We invite interested parties across all scientific disciplines to

indicate their support by adding their names to this Declaration.

Bahasa Indd
X

Catala
Cestina

Cnnecku




Evaluations Revisited

2018

European

Commission

Mutual Learning Exercise
Open Science:

Next-generation metrics:

Responsible metrics and evaluation for open -
science Altmetrics and

Report of the European Commission Expert Group on Altmetrics Rewa rd S

Not just citation of articles, various forms e e

of social media shares, web-downloads, Thematic Reports: Types, use in the

any other measure of the Q and impact of  context of Open Science, Incentives and

research outcomes Rewards, Strategies, Experiences and
Models, Final Report - Altmetrics and
Rewards

European
Commission

Progress on Open Science:
Towards a Shared Research
Knowledge System

April 2020

Final Report of the Open Science Policy Platform




Evaluations Revisited

Principles for assessment criteria

November 2021

* Focusing research assessment criteria
on quality

doi: 10.2777/707440

— Openness of research, and results that

are verifiable and reproducible where

applicable, strongly contribute to Towards a reform of the
i research assessment system
quality

Scoping Report

* Recognise the diversity of research and reward early sharing and open
collaboration
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ESSAY
The Hong Kong Principles for assessing
researchers: Fostering research integrity

David Moher®'2*, Lex Bouter®>*, Sabine Kleinert®, Paul Glasziou®®, Mai Har Sham®’,
Virginia Barbour®, Anne-Marie Coriat°, Nicole Foeger'?, Ulrich Dirnagl® !

1 Centre for Journalology, Clinical Epidemiology Program, Ottawa Hospital Research Institute, Ottawa,
Canada, 2 School of Epidemiology and Public Health, University of Ottawa, Ottawa, Canada, 3 Department
of Epidemiology and Biostatistics, Amsterdam University Medical Centers, location VUmc, Amsterdam, the
Netherlands, 4 Department of Philosophy, Faculty of Humanities, Vrije Universiteit, Amsterdam, the
Netherlands, 5 The Lancet, London Wall Office, London, United Kingdom, 6 Institute for Evidence-Based
Healthcare, Bond University, Gold Coast, Queensland, Australia, 7 School of Biomedical Sciences, LKS
Faculty of Medicine, The University of Hong Kong, Pokfulam, Hong Kong SAR, China, 8 Queensland
University of Technology (QUT), Brisbane, Australia, 9 Wellcome Trust, London, United Kingdom,

10 Austrian Agency for Research Integrity, Vienna, Austria, 11 Berlin Institute of Health, QUEST Center for
Transforming Biomedical Research, Berlin, Germany

* dmoher@ohri.ca

Abstract

For knowledge to benefit research and society, it must be trustworthy. Trustworthy research
is robust, rigorous, and transparent at all stages of design, execution, and reporting. Assess-
ment of researchers still rarely includes considerations related to trustworthiness, rigor, and
transparency. We have developed the Hong Kong Principles (HKPs) as part of the 6th
World Conference on Research Integrity with a specific focus on the need to drive research
improvement through ensuring that researchers are explicitly recognized and rewarded for
behaviors that strengthen research integrity. We present five principles: responsible
research practices; transparent reporting; open science (open research); valuing a diversity

of types of research; and recognizing all contributions to research and scholarly activity. For

each principle, we provide a rationale for its inclusion and provide examples where these
principles are already being adopted.
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Open Science for sustainability and inclusiveness

Open Science represents an approach to research that is collaborative,

transparent and accessible
Open Science definition, European Commission, 2017, doi: 10.2777/75255

“Open Science embodies the need to transform, open and

democratize the entire knowledge generation to ensure that every

scientific challenge is faced and really drives and allows the

achievement of the United Nations Sustainable Development Goals”
UNESCO and Open Science (2020) [1]




Open Science for sustainability and inclusiveness

SODHEAH Acceleration of knowledge transfer to Society, pandemics,

sanitary crisis
—’\/\/

* Speed up building of skills

QUALITY
EDUCATION

 Teaching, e.g. how to access public archives,

M' fostering collaborative practices

e C(Citizen science

Science hidden behind paywall barriers

1 7 PARTNERSHIPS

FORTHE GOALS . Q Free access to research sources to the whole scientific

community = limitations to science progress

e (S = Data and results more accessible and reliable

* 0OS =Promotion of scholarly exchange of ideas

 OS = Avoid duplication




Open Science for sustainability and inclusiveness

1 0 REDUCED
INEQUALITIES

A

Promote equity, diversity and inclusion
(=)
M  All previous items +

 Atool enabling an objective evaluation of work

GENDER . . . . .
EQUALITY * Barriers are even more empha5|zed to scientist women In

g places where their contribution tend to be ignored or

anonymized.




Open Science

@ sustainable Development

Acceleration of
knowledge
transfer to society,

Reliable

Increase Sclence

scientific

production avoid reinventing the

wheel

Re-usability

Data & Methods more

Findable & Accessible Data and Methods

open to deep scrutiny

Prompt return of
investments in big
research
infrastructures

Effective
collaboration

Data & Methods
more
understandable

Multi-disciplinar
collaborations

‘ Science Democratization
/ Inclusiveness

. Trust in Science

Speed up
skill building

Increase trust
in science

Prevent
pseudosciences

New Ways for
Science evaluation

’ Education




Conclusions

* “Instead of playing the game it is time to change the rules”

Chambers et al 2014, AIMS Neuroscience 1,4, 2014

* Astronomy is in a privileged situation as pioneer
* Open reproducible science is: a duty and a need

 We made a lot of progress in the last few years in all areas!
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Conclusions

* “Instead of playing the game it is time to change the rules”

Chambers et al 2014, AIMS Neuroscience 1,4, 2014

* Astronomy is in a privileged situation as pioneer

* Open reproducible science is: a duty and a need

 We made a lot of progress in the last few years in all areas!

Infrastructures are key for implementing O.S.
(aka SKAO & SRCs)

In the end there should not be "good" science,
but only Science




With financial support from

= GOBIERNO MINISTERIO A Junta de Andalucia
=% DE ESPANA DE CIENCIA Consejeria de Transformacién Econémica,
\ E INNOVACION Industria, Conocimiento y Universidades

UNION EUROPEA

Fondo Europeo de Desarrollo Regional




