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Open Science & Singapore

Subodh MHAISALKAR

Executive Director for Academic Research, National Research Foundation (NRF)



Singapore’s RIE Journey: 7 Masterplans over 3 Decades

» Singapore's R&D journey started in 1991, with
the first five-year National Technology Plan.
These plans are refreshed every five years.

$28B*

In 2010, we expanded our R&D strategy to span
Research, Innovation and Enterprise (RIE). Since National Research

then, our RIE plans include a strong focus on Foundation

translation, commercialisation and innovation established in Current Tranche
strategies and outcomes. 2006 Research,

$16B Research, Innovation  |Mnovation and

and Enterprise 2020  Enterprise 2025
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Research, Innovation
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Science & - . )
‘ Technology 2010 Singapore believes that steady and sustained

(2006-2010) investment in RIE is critical, and has committed

National Technology ~ $4B Science & to investing ~1% of our GDP in RIE.

Plan 1995 Technology 2005

(19917-1995) O (2007-2005) « RIE2025 was allocated S$25B at the start of FY2021.
$2B Science & A S$3B top-up was subsequently announced in Feb
Technology 2000 2024, to sustain this ~1% GDP commitment.
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Singapore has continued to strengthen and grow our R&D capabilities ...

FWCI

Overall research quality continues to rise

* Singapore’s Field-Weighted Citation Impact (FWCI), a

measure of research impact, grew from 1.29 in 2010
(29% above world average) to 1.59 in 2023 (59% above
world average).
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International collaborations continue to grow

Singapore’s proportion of

research publications

involving international collaborations grew from
48.1% in 2010 to 71.5% in 2023 (50.7% above world

average).
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Growing Peaks of Excellence

* NRF catalyses build-up of expertise and develops specific areas of strengths, that contribute to building new
peaks of excellence, such as Quantum Technologies, Microelectronics, Cancer Research, Climate Science.

/ Quantum Technologies\

* Gained international
recognition and rising talents
in the field, established
quantum technology
research communities and
the Centre for Quantum
Technologies (CQT).

* Competitive research
outputs, well-placed among
small advanced economies.

o /

Advanced research and
development capabilities for
new technologies and
solutions across the
microelectronics supply
chain.

Anchored by Singapore
Hybrid-Integrated Next-
generation Microelectronics

(SHINE) Centre.

/ Cancer Research \

* Significant breakthroughs and
advances in fundamental
understanding of cancer cells
from Cancer Science Institute
(CSI)

* Positive and vibrant research
outputs, seen by growth in the
volume of publications since
2016, with a corresponding
increase in Singapore’s FWCI

(88% higher than world’s
!verage in 2022). /
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/ Climate Science

* Developed underpinning
climate sciences useful for
policy-relevant climate
advice and climate
adaptation efforts.

e Critical scientific talent and
research capabilities in the
Earth Observatory Singapore
(EOS), in addition to
programmes administered

through the Climate Science

KResearch Programme Officy
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Singapore’s BERD growth supports our transformation into an innovation-led economy

Singapore’s economy is growing in R&D intensity, and we are
developing a vibrant Innovation & Enterprise (I&E) ecosystem.

©)

BERD as percentage of GDP (%)

Business Expenditure on R&D (BERD) increased from S$3.8B in 2010 to

S$7.1Bin 2021.

6.0

5.0

4.0

3.0

2.0

1.0

0.0

BERD as percentage of GDP (%)

- 5.1
] 3.9
1 2.7
— “‘, = 2.6
R 2 et — 25
d//
=_ _— 2.1
p— __
1.2
0.6
1991 1996 2001 2006 2011 2016 2021
——United Kingdom ——United States —Japan —South Korea
—Finland —Sweden —Israel —Singapore

BERD as % of GDP in 2021’

Israel

Korea

us

Japan
Belgium
Sweden
Switzerland
Austria
Germany
UK

Finland
China
Denmark
Netherlands
France
Singapore
Norway
Canada
Australia
Ireland

Italy

New Zealand
Spain

N 5.1%
| 3.9%

| 2.7%
| 2.6%
I 2.6%
I 2.5%
I 2.3%
I 2.2%

| 2.1%

| 2.1%
I 2.1%
_  119%
I 1.7%
I 1.5%
— 115%
I 1.2%

BN 1.0%

_ 109%
—10.9%

B 0.9%
—109%

BN 0.9%
_108%

" International data on BERD as a percentage of
GDP are based on latest available data from
OECD (2021) except: Australia (2019).



Accelerating the Impact of Open Research

Open ACCESS Open Research
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The Global Landscape

White House Office of Science and Technology Policy (OSTP)

launched a Year of Open Science in 2023 STOA ACADEMIC (e
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European Parliament

PANEL FOR THE FUTURE OF SCIENCE AND TECHNOLOGY
Wednesday, 21.02.2024 — 15:00 - 18:00

EUROPEAN PARLIAMENT, SPAAK 7€50 AND WEBSTREAMED

Research integrity
in Open Science

Suggests openness and security should not
be seen exclusively as trade-offs

BILLEMELINDA = 1.4
G ATES foundation G7 MINISTERS' MEETING

ON SCIENCE AND TECHNOLOGY
US’ biggest charitable foundation, with focus on global health, BOLOGNA AND FORLI, 9-T1 JULY 2024

abandons APCs in favour of preprint repositories

Open and public access to publicly funded scholarly
publications and FAIR data



Publishing Models Re-examined
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Resea rCh)’S TH READED PU BLICATION mOdE| European Commission: Directorate-General for Research and

Innovation, Open research Europe — Towards a collective
open access publishing service — Scoping report, Publications
Office of the European Union, 2024,
https://data.europa.eu/doi/10.2777/204155

Screenshot from NIHRtv YouTube: https://www.youtube.com/watch?v=fjlb3CINYFs



Open Access

Publishing Models

Gold Open Access

(Full Open Access Journals)

Authors pay premium Article Processing Charges (APCs) for an article to be made freely
available online for readers, immediately upon publication, usually with an open license for
sharing, reuse.

(Partial Open Access Journals)

Authors pay premium APCs for an article to be made freely available online for readers. But the
rest of the journal is not open access. Institutions are charged with subscription fees for
access.

Green Open Access

(Self-Archival in Repositories)

Authors allowed to self-archive preprint or postprint versions of articles in online repositories,
but usually with an embargo period ranging 6 to 24 months.

(Selective Open Access Journals)

Journal publishers can choose to make certain articles free to access online, in order to
promote a certain topic or theme in a journal issue, typically with no open license for sharing,
reuse.

Diamond Open Access

(Dominant model in Latin America, now being considered by Plan S/ EU)

Journals do not charge APCs for authors or subscription fees for readers. Publishing are
covered by academic institutions, libraries, research organizations, or government agencigs




Singapore’s Open Access Taskforce

 Formed in June 2019, in response to global developments in OA.
« Chaired by NRF and involved representatives and librarians from the AUs, A*STAR, and MOE.

Obijectives:

» To establish a national position on Open Access,
» To establish common guiding principles,
* Review the cost-effectiveness of current publication/subscription models.

Guiding Principles established:

» Preserve timely and full access to publicly funded research,
* Preserve access at a manageable cost to the research community,
» Preserve the freedom of researchers to publish in appropriate journals / venues of their choice.

10



Recommendations of the Taskforce

« Plan S continues to evolve. There is no urgency for Singapore to be subject to Plan S
restrictions on Open Access publishing routes.

« Publications in high impact journals continue to be the benchmark for quality research and
remains important for the promotion and tenure process of academic faculty.

« At the same time, it would be important for Singapore to keep up with developments and best
practices by the international community.

* An intermediate approach to Open Access is through the Green route (archival of publications In
Institutional repositories), where the enabling infrastructure is already in place. To achieve high
rates of archival, there is a need for Institutions’ management to enforce compliance with
funders’ policy.

« To better manage the overall cost of publications, there is a need for the Institutions to have
better sight and tracking mechanisms on APCs made to OA journals.
11



Funders’ Publication Policy

* Funders’ policy since 2016: The Institutions shall ensure that all publications arising from
publicly funded Research are made openly available no later than twelve (12) months after the
official date of publication.

 NRF’s implementation since 2020: At the very least, the author-accepted manuscript (AAM)
of the publication shall be deposited in the Institution’s publicly accessible repository, which is
to be listed on the NRF website.

* The respective Offices of Research will be expected to check for compliance, including checks
for proper acknowledgement, before endorsing the submission of progress reports.

12



Institutional Repositories Linked on NRF Website

NATIONAL RESEARCH FOUNDATION

ﬁ Singapore Government
Integrity Service  Excellence

PRIME MINISTER'S OFFICE

SINGAPORE

About NRF RIEZ020 Plan

CONTACT 'S . FEEDBACK . FAD _ SITEMAP

B A A Search | Within NRF ¥ | | Search a
Fimding & Grants Programmes I"E':mgﬁgaﬂ Features Mews Events

Haome | Funding & Grants | Repasitones of Ressarch Publications

Integrated Grant
Management System

HRF Fellowship

MRF Fellowship for Arificial

Intelligence

MRF Investigatorship

Compefitive Research

Programme

Early Stage Venture Fund

Central Gap Fund

Science of Research,
Innovation and Enterprise

Programme

Repositories of Research Publications

The National Research Foundation Singapore (MRF Singapore) requires all publications arising from its
funded research to be made publicly available, no later than twelve months after the official date of
publication.

EBelow is a listing of weblinks to the respective institutional repositories of insiitutions that host research
funded by the Mational Research Foundation.

Mational University of Singapore
NUS Scholarbank - hitps:fscholarbank.nus.edu.sg

Nanyang Technological University
NTU Digital Repository - hitps:fdr.niu.edu.sg/
Mational Institute of Education Digital Repository - hitps://repository.nie.edu.sgf

Singapore Management University
Institutional Knowledge (InkK) @ SMU - hitps:fink_ library smu_edu_=sq

Agency for Science, Technology and Research [A*STAR)
A*STAR Open Access Repository - hitps:/foar.a-star.edu.sg/fjspui

13



Facilitating the Open Research Impact in Singapore

Initiatives

Singapore Statement on
Research Integrity

2010:
“Researchers should share data and findings openly and promptly, as soon as they have
had an opportunity to establish priority and ownership claims.”

National Medical
Research Council
(NMRC)

Research Data Governance and Sharing Framework (from 2024):
 Data Sharing Plan
*  Final research data to be shared via NMRC’s Research Data Repository

Social Science Research
Council

Social Science and Humanities Research Thematic Grant:
“Data should be made available to user communities at the earliest feasible opportunity

V4

Institute for Adult
Learning (IAL)

“All anonymised data generated from the Research will be made available to user
communities ... no later than 12 months after the end of the Term or official date of
publication, whichever is earlier.”

Autonomous
Universities

* Institutional repositories to support open access to publications and data sharing
* Research data policies, guidelines and training 14




Singapore’s AUs have led in Open Science Initiatives

« Between 2005-2021, Singapore’s AUs (and A*STAR) have led the establishment of Open
Access repositories for publications and datasets. These repositories provide public access to
research publications.

 The repositories have adopted the use of persistent identifiers such as DOI, ORCID, and
standardised metadata schemes to promote findability, accessibility and interoperability.

 They have established data management policies and guidelines for reusability of research
data, and promoted the use of open licenses, such as Creative Commons open licenses, to
clarify the terms of reuse for search outputs.

* AUs have also established the Singapore Alliance of University Librarians (SAUL) in March
2019, to serve as the point of engagement with journal publishers for favorable agreements on
Open Access publishing, journal subscriptions, and use of electronic resources.

15



Landscape of Open Science Policies and Infrastructure
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Impact of Open Science

« Some notable examples where Open Science has made impact:

« COVID-19 Pandemic Response - Early sharing of the SARS-CoV-2 genome sequence enabled rapid vaccine
development. Open access to research papers and data (e.g. GISAID - Global Initiative on Sharing Avian
Influenza Data) facilitated global collaboration during the pandemic. Singapore has contributed to sharing of viral
sequences, clinical/epidemiological data and monitoring of viral variants.

« AlphaFold & Protein Structure Database — Open Access to Al protein structure prediction models and
databases have dramatically accelerated research in structural biology and drug development. AlphaFold has
computationally predicted structures of 98% of human proteome and been accessed by more than half a million
researchers worldwide. It has made a significant impact on biomedical research.

 Development of Al and its real-world impact — Open Source was important for the rapid development of
generative Al and remains highly favored by Al researchers around the world, including those behind Google
DeepMind, Meta, and Singapore’s SEA-LION LLM, who seek to accelerate the development, validation and
adoption of Al models for real-world impact.




Who contributes to Open Research Impact?

WHAT & WHO IS INVOLVED IN O[P[g[\] [(RES[EL(NCH 7
PLAN CONDUCT COMMUNICATE

ACTIVITIES
Data Sharing i Open Codes Open Peer Review
Planning Methods Open Data Open Access
Preregistration Open Software  Publication
Citizen Science  Puyblicity
Preprints Monitoring
WHO
Collaborators Project Team Members Publishers
Funders Policymakers Engineers Peer Researchers
Grant Managers Technicians Reviewers  Stydents
Ethics review Data Managers Citizen Government
committees Infrastructure Providers Scientists Industry
FAIR data management 7 Cc?rﬁ?%ﬁ%ﬁ%r%eﬂr{%m Science journalists
planr:'rE ........... ler‘:;rlansi Open repositories Educators
Predatory journals "y Mentors

Impact metrics
GOH, S. N. (2024). What & Who is involved in Open Research? 18



Recognising Open Research

&SINGAPORE
%? OPEN RESEARCH

AWARDS 2024

Singapore Open Research Awards 2024
https://libguides.ntu.edu.s enresearch rd



Let us make Open Research Fabulous, Fruitful and Fulfilling (F3)!
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