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Executive Summary

Around the world, researchers are increasingly aware of the value and importance of open science. As scientific research
becomes highly data-driven and dependent on computing, scientists are conscious of the growing need to share data,
software and infrastructure to reduce wasteful duplication and increase economies of scale. In an ideal world, every step of
the research process would be public and transparent – the full methodology and all the tools used, as well as the data,
would be accessible to the public and all groups without restriction, enabling reproducibility and refinement by other
scientists.
 
Given the growing body of evidence that collaboration between scientists across the world can achieve breakthroughs far
quicker than individual research teams, there should be strong momentum behind fully open science.   But, in reality,
progress is patchy. Worryingly, one online survey [1] in the autumn of 2018 found that only 11% of researchers shared data
from their last project with people they don't know personally, down from 14% in 2016.
 
With some notable exceptions, the sharing of research data and tools occurs on a piecemeal basis, facilitate by trusted
bilateral relationships, rather than through fully open platforms. Moreover, openness is not yet fully designed and
embedded into the scientific process. Too often, research tools and data are opened up as an afterthought through a time-
consuming retrofit. Another major obstacle is the need to support the long-term preservation of research data and the
software code, tools and operating environments required to make sense of the data. Depending on the discipline,
important datasets can still yield scientific breakthroughs decades after they were first generated.
 
The European Open Science Cloud (EOSC) is seeking to make it much easier for researchers to pursue fully open science by
federating the myriad of research infrastructures, tools and datasets being employed by the 1.7 million researchers across
the EU. If it can pool Europe’s research resources far better than today, the EOSC could make the long-term storage and
exploitation of scientific data and tools both practical and economic. Moreover, research funders are increasingly making
open data mandatory, while requiring data management is built into project budgets.
 
But solving the financial, technical and interoperability issues won’t be enough: The EOSC also needs to reduce the
uncertainty around the regulatory and legal frameworks relating to open science. Today, researchers face many
sovereignty and legal issues, encompassing questions about international access to nationally funded research
infrastructures, copyright and ownership and whether they will receive appropriate recognition for their work. To fully
realise the benefits of open science, the EOSC will need to bring much greater coherence to the incentive, legal and
regulatory frameworks governing research data and tools. Today, researchers need to navigate a variety of EU directives,
regulations and national laws and policies, as well as multinational initiatives, such as the Research Data Allowance and
Plan S. By playing a coordinating role, the EOSC could help researchers cut through this complexity, so they can
systematically pursue open science, safe in the knowledge that they are furthering their careers and enhancing their
reputations.
 
 
 
 
 
 
 
 
 
 
 
 
[1] Source: "Open data : The researcher perspective" by Elsevier and the Centre for Science and Technology Studies.
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About This Report

This report explores the case for open science, illustrated by use cases and case studies, spanning academia,
start-ups and enterprises. It seeks to explain why public sector and private sector researchers should support
open science by highlighting concrete examples of disciplinary breakthroughs  that have been fuelled by the
sharing of research data, tools and infrastructure.
 
The report draws on discussions and input from an independent consultation group representing research,
industry and policy, which is coordinated by Science|Business. It begins by considering how to define open
science, before then exploring the progress being made to date and the various obstacles standing in the way
of more openness. The next section considers the work of the European Commission and the role of the
European Open Science Cloud (EOSC) in making it easier for scientists to share their data, their tools and their
methodologies. Finally, the paper outlines some examples of how open science has driven significant steps
forward in various fields of research from astrophysics to the development of drugs.
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Defining Open Science

How open does scientific research need to be? Some
stakeholders focus on the importance of “open data” - the
sharing of the full results of each experiment with the
broader scientific community. This concept is
encapsulated in the widely supported FAIR principles
(Findability, Accessibility, Interoperability, and Reusability)
of data stewardship.
 
“Successful implementation of open science will be
characterized by researchers freely sharing data, publishing
by default in open access journals and avoiding the use of
restrictive IPRs.” – Open Letter on Defining Success in Open
Science [2]
 
But there is a compelling case for fully open science in
which every step of the research process is public and
transparent – the full methodology and all the tools used,
as well as the data, would be accessible to the public and
all groups without restriction. Some experts argue that
open science also needs to encompass open
infrastructure to ensure that all researchers can access
the computing resources they need to further their work.
 
“Open science is about extending the principles of openness
to the whole research cycle  fostering sharing and
collaboration as early as possible thus entailing a systemic
change to the way science and research is done” - Foster
Open Science’s Introduction to Open Science [3]
 
As science becomes increasingly data-driven, researchers
are developing highly specialist algorithms and software
to enable them to process and analyse the data
generated by their research and experiments. In a fully
open scientific ecosystem, these computational tools
need to be readily available along with the underlying
data to enable other researchers to reproduce and extend
the original research.
 
Although scientists’ growing reliance on data has thrown a
spotlight on open science, the underlying concept has
been around for decades: some research organisations
have made openness their modus operandi by insisting
that researchers publish the full methodology of their
project, as well as the results. For example, the Structural
Genomic Consortium (SGC), a worldwide partnership
between universities and pharmaceutical companies,
founded in 2004 requires scientists to share data and
support reproducibility (e.g., by using electronic lab
notebooks) in return for predictable funding.[4]
 
[2]https://mniopenresearch.org/articles/2-2
[3]https://www.fosteropenscience.eu/content/what-open-
science-introduction
[4]https://www.frontiersin.org/articles/10.3389/fnins.2018.00
047/full#B16

Moreover, the formal agreement to encourage the free
distribution of research data, technology and resources
that underpins the Human Genome Project has had a
major positive impact on research across the life sciences.
Similarly, the Allen Institute founded in 2003, has become
a valuable resource for brain scientists worldwide by freely
sharing gene-expression maps for human and mouse
brains. [5]

Figure 1: Promoting openness at different stages of the research process

Source: Open Science and Research Initiative, 2014

Experts note that in many scientific disciplines (DNA
sequencing being a good example), the development of
standardised software tools and algorithms is critical to
progress – researchers need to be able to easily access a
reference implementation without worrying about
intellectual property. Collaborative software development
hosting services, such as GitHub (owned by Microsoft), are
increasingly being employed by researchers for this
purpose.
 
 
 
 
 
 
 
 
 
[5]https://www.fosteropenscience.eu/content/what-open-
science-introduction
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Why Do We Need Open Science?

From a big picture perspective, the arguments in favour of
fully open science are persuasive. For society as a whole,
open science offers numerous benefits: In general,
openness and transparency allow new ideas to spread
faster, avoid wasteful duplication, increase trust, and
make it easier for experts to find each other and co-
operate.
 
For researchers, open science is also becoming
compelling. Sourcing and analysing the vast datasets that
can be required to conduct cutting-edge research is an
expensive and time-consuming exercise. It is far more
efficient to reuse other scientists’ data and software tools
than to build them from scratch for each research project.
In other words, open science is fast becoming an
economic and practical necessity for the vast majority of
researchers working on tight budgets.
 
Indeed, their need for data is driving a cultural and
attitudinal shift among researchers. They are increasingly
looking to partner with their peers in other institutions,
while scientists in academia look to work with businesses
that have the data sets they need for their research. As
the importance of data and software tools rises, scientists
that openly share their work should increasingly be
rewarded through recognition and more opportunities for
collaboration.

Indeed, individual researchers say they share their data
primarily to open up more possibilities for collaboration, to
help ensure reproducibility of research and to encourage
other researchers to share their data. Global surveys
suggest that support for open science is growing as
researchers become increasingly aware of these benefits
(see Figure 2).
 
In fact, stakeholders from across the scientific ecosystem
are now calling for open science. For example, a diverse
group of participants[6] at the Open Science Leadership
Forum in the Washington DC offices of the Bill and Melinda
Gates Foundation in October 2017, highlighted the
potential for open science to:
 

Generate more, and more diverse, high-quality
datasets, together with the meta-data necessary to use
them (including descriptions of methods, reagents,
protocols and workflows, the instruments or platforms
used in their generation, how and why data were
collected).
Curb waste within R&D, lowering otherwise rising costs
and providing a better return on investment. Increased
reuse of data, as fewer datasets are discarded or
rendered inaccessible.

 

Figure 2: Researchers see multiple benefits to sharing their data

Sources: A survey of 1,200 researchers for the 2017 report "Open
data : The researcher perspective" by Elsevier and the Centre for
Science and Technology Studies (CWTS), part of Leiden University,
and a follow-up online survey carried out between
October/November 2018.

[6]Delegates from developed and developing nations,
national governments, science agencies and funding
bodies, philanthropy, researchers, patient organisations
and the biotechnology, pharma and artificial
intelligence (AI) industries.
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The Pathogen Box has been credited with the
identification of Candida albicans biofilm inhibitor[7].
Pave the way for increased scientific capacity in lower
income, marginalized and developing communities.

Source: Google Trends

Figure 3: Scientists struggle to reproduce their own work

Source: Dr Tibor Šimko, who leads several open science and reproducible research data projects at CERN

Figure 4: Interest in open science appears to be rising over time

Improve reproducibility, thereby increasing trust in
scientific research and reducing the need for lengthy
validations. A survey of researchers by Nature found
that half of the respondents can not reproduce their
own experimental results (see Figure 3).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Build open detailed knowledge of scientific
fundamentals, such as the basic biology and
biochemistry of drug targets and pathways. In the
pharmaceutical industry, for example, this would speed
up the identification of the most promising drug
targets.
Give rise to a greater diversity of research, penetrating
research ‘white space’ and seeding novel research
domains, including new interdisciplinary fields. For
example, the “Pathogen Box” – an open-access
collection comprised of 400 compounds with
demonstrated biological activity against specific
pathogenic organisms that cause tropical and
neglected diseases – has helped progress the discovery
of drugs to combat neglected diseases. 

 

[7] Source: Vila and Lopez-Ribot, 2017.

Lead innovation actors to concentrate their efforts
where they can excel, reducing the redundancy of
roles and activities.
Decrease barriers to students moving between
academia and industry, by increasing collaboration
and knowledge flow between the two settings.
Prompt the private sector and venture capital to
invest in research, where otherwise they would not.

 
Other indicators also suggest that there is growing
interest in open science in the wider world: Data from
Google Trends (which tracks search queries on the
Google search engine) show a gradual rise in the
number of searches using the phrase “open science”
over the past decade (see Figure 4).
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Patchy Progress towards Open Science

Despite the compelling arguments in favour of open
science and the growing interest in the concept, adoption
amongst researchers is patchy.   In fact, surveys of
researchers suggest that open science has yet to really
take root. Most researchers tend to only share their
research data (never mind their whole scientific process)
with people they know personally (see Figure 5).

Figure 5: Most researchers are only sharing their research data
with people they know

Sources: A survey of 1,200 researchers for the 2017 report "Open data : The researcher perspective" by Elsevier and the Centre for Science and
Technology Studies (CWTS), part of Leiden University, and a follow-up online survey carried out between October/November 2018.

One of the biggest barriers holding back more data sharing
by researchers is the additional work required. Some 27%
of respondents in a 2018 global survey of researchers said
making their data reusable by others requires a lot of
effort, while a further 57% said it requires some effort (see
Figure 6). Those findings will partly reflect the fact that
researchers want to be sure they are sharing quality data
to protect their reputation.
 
But a bigger issue may be the fact that a systematic
approach to data management is not yet regarded as a
fundamental part of the scientific research process –
scientists have yet to get into the habit of properly
managing data. Only 40% of the respondents in the 2018
survey said they routinely take steps to manage their
research data and archive it for potential use by others
(see Figure 6). n some cases, specialized software tools and
algorithms also need to be recompiled, reconfigured or
even revamped before they can be made available for
public use, adding to the burden of supporting open
science.
 
Although there are frequent calls for Europe to train more
data scientists, experts say that won’t be a panacea:

To really make data reusable, the research team will
typically need to apply both data science skills and
domain knowledge. If they don’t understand the
field of research, data scientists may be unable to
distinguish the valuable groundbreaking data from
all the noise that accompanies it. In practice,
relatively few research teams combine an in-depth
knowledge of their own specialist field with
sufficient expertise in data science.

Figure 6: Making research data is regarded by some
researchers as a time-consuming chore

0% 25% 50% 75% 100%

2018 (n=893) 

2016 (n=1070) 

Making research data available: Effort required to make
research data re-usable by others, % of researchers per
amount of effort
 
Resource dates: 2016 and 2018

A lot of effort

Some effort

Little effort

No effort

27% 57% 12% 4%

25% 59% 13% 4%
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Other studies also suggest that public data sharing is still
very patchy. Indeed, some figures indicate the trend is
moving in the wrong direction. In a survey conducted for
the State of Open Data 2018 report[8], less than half (48%)
of respondents said they had reused open data in their
research in 2018, compared with 50% in 2017, and 57% in
2016.
 
Other findings also suggest some cynicism: there was
marked drop in researchers valuing a data citation as on a
par with an article citation. Of the more than 1,800
respondents, 55% ranked a data citation on a par with an
article citation in 2018, down from 67% and 68% in 2017
and 2016 respectively.  Still, this research found that 64%
of the respondents had made data openly available in
2018 - up 4 percentage points on 2017 and 7 points on
2016. Some 63% of respondents were in support of
national mandates for open data.
 
Other recent surveys also highlight researchers’
reservations about data sharing. Approximately half the
researchers in Japan have concerns about the misuse of
data and 42% harbour copyright and licensing concerns,
according to a whitepaper "Challenges and Opportunities
for Data Sharing in Japan" published by Springer Nature
early in 2019[9]. That survey of 1,393 active researchers
found that 56% have once or more created a data
management plan (DMP): a document that outlines how
research data will be collected, stored and shared.
 
 
 
 
 
 
[8]https://www.digital-science.com/resources/portfolio-
reports/state-open-data-2018/
[9]https://figshare.com/articles/Challenges_and_Opportunities
_for_Data_Sharing_in_Japan/7999451

Sources: A survey of 1,200 researchers for the 2017 report "Open data
: The researcher perspective" by Elsevier and the Centre for Science
and Technology Studies (CWTS), part of Leiden University, and a follow-
up online survey carried out between October/November 2018.

0% 25% 50% 75% 100% 125%

2018 (n=973) 

2016 (n=1162) 

Management of research data: % of researchers that take
steps to manage their research data and/or archive it for
potential re-use by themselves and/or others
 
Resource dates: 2016 and 2018

Yes Sometimes Never

40% 49%

8%44% 49%

11%

Although they tend to support open science in principle,
experts in academia say that a number of issues,
related to uncertainty about ownership, copyright,
privacy and the implications of informed consent, have
made universities very hesitant to share their data.
Academics are also wrestling with how to manage
embargo and retention periods and how to ensure that
private companies can’t simply siphon off academic
data, enrich it and then re-sell it back to
universities.Moreover, universities that regard
themselves as a world-leading centre of excellence may
be reluctant to share data that will allow others to
catch-up. In fact, policymakers may want to ensure that
the leading research clusters in their countries that
don’t share data for strategic reasons – they may regard
the research as a source of competitive advantage over
other countries and regions.   As a result, some
universities still make their research data closed by
default, rather than open by default. 
 
Some institutions, such as the University of Amsterdam,
are exploring potential solutions to some of these
challenges. One approach would be to ensure that the
data remains within the university, but enable other
researchers to analyse the data without actually
extracting it – the external researcher would get the
results of the analysis, but not the data itself.
Meanwhile, Amsterdam Data Exchange (Amdex)[10] is
building legal and technical safeguards to address the
problems around sovereignty and privacy and
ownership and copyright. For example, with respect to
data sovereignty, Amdex seeks to enable researchers to
decide which research data they share, with whom,
under what conditions, and possibly even how the data
can be used.
 
As it pursues open data, the University of Eastern
Finland, is also exploring legal issues, the development
and management of metadata and how its research
relates to the surrounding society. But   some of its
researchers believe the potential benefits outweigh the
risks. For example, Associate Prof. Tomi H. Kinnunen,
an expert in speech and language recognition, has used
open data and open publishing to reach a larger global
audience and improve their research with the aid of the
global researcher community.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[10] https://towardsamdex.org/
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Making Open Data Mandatory

Some experts liken the research community to a “herd of
cats”, remarking that the most effective way to change
behaviour is to “move the food bowl.” Indeed, some
research funding agencies are pushing to overcome the
inertia in the scientific community by making data
management plans and public sharing of results
mandatory. Sherpa-Juliet, which primarily tracks the
policies of UK funders, found that 27% of research
funders have made open data mandatory (see Figure 7).

Researchers are also making increasing use of online
hosting services, such as GitHub and the Zenodo portal
(backed by CERN), to automatically preserve scientific
code. Moreover, there is growing momentum around the
practice of scientific software peer review and publishing
through dedicated journals, designed to increase the
impact of software with high reuse potential on scientific
research across almost all domains. Meanwhile, the
Software Sustainability Institute and the Software Source
Code Interest Group of the Research Data Alliance are
working to help ensure research software tools are
curated properly and are available for reuse.
 
In many scientific fields, researchers continue to analyse
data sets that are decades old.  Although the Hubble Space
Telescope was launched in 1990, the 150 terabytes of data
it has captured continues to be a rich source of scientific
publications (see Figure 8, following page).
 
In a similar vein, CERN (the European Organization for
Nuclear Research) has taken on the storage of the data
generated by Babar, an international collaboration of more
than 500 physicists and engineers located at the SLAC
National Accelerator Laboratory, which is operated by
Stanford University for the Department of Energy in
California. Set up in 1999 to understand the disparity
between matter and antimatter in the universe, the BaBar
detector ceased operation in April 2008. The resulting data
was in danger of being lost, so CERN stepped into make
the necessary storage capacity available.

Figure 7: Approximately one quarter of funding agencies require
researchers to make their data open

Source: Sherpa-Juliet, which primarily tracks UK agencies:
https://v2.sherpa.ac.uk/

However, even when funders make the sharing of data
mandatory and supply a budget for that purpose, most
projects are only funded for a limited amount of time,
raising the question of how the long-term management
and storage of the resulting data and related software
tools will be financed.   There is a clear danger that the
outputs of the research project effectively become
orphaned once the research team and the funding agency
switches their attention to other projects.
 
As storage techniques, protocols and formats change over
time, legacy research data will need to be migrated to new
databases, requiring additional effort. And it can be more
difficult to maintain the software tools, than the underlying
data, as they generally require a certain version of the
code, which will be superseded by new versions over time.
In many cases, changes in the operating environment can
also render the original software obsolete. For example,
programs running on MS-DOS may be very difficult to
execute today. This problem can be partially mitigated by
writing sustainable portable code, but this is essentially a
task for software-engineering experts.

No policy: 
57.5%

Requires: 
27.4%

Encourages: 
14.4%

Missing: 
0.7%

Number of open data policies, by type of mandate
Source: Sherpa-Juliet - Reference date: March 26th 2019
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The Progress of Plan S

Attempts to reduce the cost of accessing published
scientific papers are also seeing mixed results. The
introduction of a scheme by some science funding
agencies to pull down journal pay walls, known as Plan
S, has been delayed by a year: the initiative is now
pursuing immediate open access to scientific literature
from 2021. That will provide, “more time for
researchers, institutions, publishers, and repositories
to adjust to the required changes and for funders’
policies to develop and take effect,” according to the
revised guidelines. Although the new guidelines
reaffirm that publishing charges will in future be paid
by funders or universities, rather than authors, an
earlier proposal to standardise and cap these charges
has been dropped.

Under the new timetable, from January 2021, 13 of
Europe’s national funding agencies and two major
research foundations, the Wellcome Trust and the Bill &
Melinda Gates Foundation, will require any scientist
receiving one of their grants to make the resulting
papers free to read immediately on publication, with a
liberal publishing licence allowing others to download,
translate or otherwise reuse the work.
 
The latest revisions to Plan S prompted a mixed
response from the League of European Research
Universities (LERU), which warned that a failure to make
“persistent identifiers” for authors obligatory is “a lost
opportunity”. Although authors in LERU member
institutions are generally supportive of open access “as
a destination”, the League says the mechanisms used
by Plan S to deliver that goal “still represent a very
significant change”.

Figure 8: Decades-old data from the Hubble Space Telescope is still driving research

Sources: Michael Wise, EUDAT Conference, January 2018, and data published by the Space Telescope Science Institute, which
is updated annually at: https://archive.stsci.edu/hst/bibliography/pubstat.html

Some experts warn that Plan S will continue to meet
resistance as long as “the career of a scientist is
determined by where he or she publishes, and not
what is published.” Publishing in high impact journals
such as Nature, Science and The Lancet has long been
regarded as a key indicator of the quality of research.
 
Sceptics also note that Plan S has not made a
concrete commitment to supporting alternative non-
profit open access platforms (commonly referred to
as constituting the diamond open access route),
which they argue could prove to be the only effective
way to create a more affordable system of scholarly
communication.
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The European Commission’s Open Science Agenda

For the European Commission, open science is a high
priority. DG Research is pushing hard to ensure the
results of research funded by the EU are openly available
and, approximately 70% of the data generated by EU-
funded research programmes is now accessible to the
public, according to the Commission.   DG Research is
seeking to make FAIR data sharing a default requirement
for the scientific research it funds through its next major
framework programme – Horizon Europe (see Figure 8).
Although applicants for funds will be able to request
exceptions, that could heighten the risk that their
application will be rejected in a highly competitive
process.

Whether that proves to be the case in practice will depend
on how effectively personal data can be anonymised, while
still being meaningful for research purposes. Either to
comply with GDPR or for other reasons, such a security
considerations, Member States will be allowed to request
that specific datasets remain closed. But the Commission
has the right to review these exceptions and raise
questions to ensure all the restrictions are justified and
proportionate.
 
The European Commission’s goal is that research data
should be as “open as possible and as closed as
necessary”. It hopes the emerging EU regulatory
framework will maximise usage of public sector funded
data, while providing greater legal clarity for researchers
pursuing open science.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Indeed, legal interoperability could prove to be as big as
obstacle as technical interoperability. Some experts believe
that businesses will step in and handle both aspects
ensuring that researchers can access data and tools from
both a technical standpoint (through the provision of APIs
and other interfaces) and from a legal standpoint (by
ensuring all governance and compliance requirements are
met). In return for handling the technical and legal
complexity, researchers would pay these companies an
appropriate fee.

Figure 9: The evolution of the EU funding programmes for
research and innovation

Source: the European Commission

The European Commission is also making progress on
other fronts. The revision of the Recommendation on
Scientific Information now stipulates that data
management plans should be part of scientific practice
from the beginning, while the scope of the new Public
Sector Information Directive has been widened to include
research data. That means EU Member States have two
years to implement national policies and actions in order
to make publicly funded research data, along with other
public sector data, open by default in line with FAIR data
principles.
 
At the same time, Member States also need to comply with
the new General Data Protection Regulation (GDPR), which
seeks to protect personal data from being used without
the individual’s consent – some experts believe that the
GDPR could heavily restrict the amount of research data
that is made open.
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The Role of the European Open Science Cloud

The new European Open Science Cloud is being designed
to enable all researchers in the EU to easily deposit,
access and analyse European scientific data and tools –
one of the primary goals of this far-reaching initiative is to
reduce the work required for researchers to open up their
science.  The EOSC is intended to be a trusted and open
virtual environment providing researchers with seamless
access to services addressing the whole research data life
cycle. In theory at least, as the EOSC evolves, researchers
will be able to use the EOSC to access and reuse data,
combine services from different providers, and access
other resources that can help them get better scientific
results in less time.  The idea is that research in the EU will
become more collaborative, open and cost-efficient.
Although the EOSC is widely associated with the FAIR
principles, it is designed to support open science, not just
open data.
 
But one of the obstacles facing the EOSC is how to engage
Europe’s disparate and diverse research community. It is
not yet clear whether the EU’s Horizon Europe
programme will oblige the researchers it funds to use the
EOSC. Experts believe that the European Commission will
reach a compromise on this point, so that individual work
programmes may require researchers to use the EOSC,
but there won't be a blanket obligation right across
Horizon Europe. The Commission plans to draw on the
ongoing work of the Research Data Alliance (RDA) in
defining FAIR data to help shape the grant agreements for
Horizon Europe.
 
In any case, the EOSC could introduce incentives to
encourage researchers to make their scientific data and
tools available through the EOSC. To that end, it will be
crucial to make it easy for researchers to source robust
metrics, which they can use to show to what extent their
data and tools are being reused by other scientists. Such
metrics could help researchers win further funding and
progress their career. To that end, the EOSC will need to
support a fully transparent and respected system of
citations for both research data and software tools. The
Commission says it is exploring potential alternative
metrics, to complement conventional indicators for
research quality and impact, that would ensure open
science activities are properly recognised.
 
Rewards and incentives for researchers and institutions
are central to promoting the uptake of the EOSC by the
academic community. Experts say careful consideration
should be given to designing responsible rewards and
incentives that would promote use of the EOSC as an
integral part of research in Europe, while avoiding
obligations that risk turning it into just a compliance issue
in the eyes of researchers and institutions. 

In this regard, the ongoing discussion on university
research assessment could offer valuable lessons. [11] A
growing number of universities have taken concrete steps
to move away from an exclusively quantitative approach
(i.e. metrics) to reward and incentivise researchers: they
are progressively developing approaches that allow
greater freedom and responsibility for individual
researchers and research units.
 
The EOSC could also become a vehicle through which to
share the public data (not just research data) that will be
opened up by the Public Sector Information Directive. For
example, existing EU and national data portals could
interoperate with the EOSC framework. Several DGs within
the Commission could also become significant users of
EOSC services, as they seek to harness data and software
to help combat climate change, address rising inequality,
improve infrastructure and support other areas of policy.
 
As well as enabling collaboration between scientists and
researchers, the EOSC could ultimately further open up
scientific research so that it can be better understood and
harnessed by both public sector operations and private
sector companies.   If it achieves that objective, the EOSC
could help Europe win its longstanding struggle to convert
world-leading scientific research into world-leading
businesses.
 
The Executive Board of the EOSC has established a FAIR
working group to provide recommendations on the
implementation of  open and FAIR practices within the
EOSC. One of the group’s goals is to bring about a cultural
shift towards open science, supported by appropriate
incentives and coherent, easy-to-use data services. In
particular, the working group will provide
recommendations on:
 

An EOSC Interoperability Framework that overarches
disciplinary approaches and encourages research
infrastructures to be interoperable-by-design.
A persistent identifier (PID) policy for the EOSC (to be
defined by Q4 2019).
Frameworks to assess FAIR data and certify services that
enable FAIR, including the collation of results e.g.
catalogues of certified repositories (outline approach by
Q4 2019).
The international dimension of FAIR principles,
converging towards globally-accepted frameworks.

 
The Executive Board has also established a working group
to develop the rules of participation for the EOSC, which
will need to address the aforementioned legal and
sovereignty issues surrounding open data and open tools.
 
[11]More on this discussion:
https://eua.eu/resources/publications/825:reflections-on-
university-research-assessment-key-concepts,-issues-and-
actors.html.
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Open Science in Action

Enabling new research in particle physics
Running the largest particle physics laboratory in the
world, CERN makes some of the data (approximately two
petabytes) generated by its experiments openly available
through the CERN open data portal. External independent
scientists use that open data to conduct fresh research,
some of which has now been published in peer-reviewed
journals. In some cases, they are analysing data that is
decades old, underlining the importance of long-term
data retention. CERN says the data from the JADE
experiment at DESY in Germany (generated in 1979–
1986), for example, is still unique today.
 
Each of the four LHC experiments at CERN has created
their own data policies governing how they release their
data.   They typically have an embargo period of more
than five years, partly for competition reasons and partly
to allow for the effort required to make the data
understandable by people outside the experiment.
 
CERN has to go through a number of steps to make its
data available (see Figure 10). It has to filter the enormous
amount of data being generated by its experiments to
extract a subset that could be of value. It then needs to
process that data offline, before publishing the curated
data, along with the information required to make sense
of it, online through its open data portal. Although these
steps require considerable effort, CERN believes it is
warranted by the use external researchers are making of
its data, which helps to justify its funding.
 
To streamline this process, CERN is trying to get its
researchers to think about the openness, the preservation
and the sharing of the data earlier in the cycle.  Although
artificial intelligence systems can help to filter the data,
CERN says that it still needs the input of researchers
working on the experiments to get the data in a state
where external people can use it. In some cases, CERN
personnel need to respond to emails from external
researchers to help them clarify what the data means.
 
CERN has also launched REANA, a reusable and
reproducible research data analysis platform, which is
designed to enable the re-use and reinterpretation of
data analysis long after the original publication, thereby
facilitating reproducibility of scientific results. REANA
helps scientists to structure their input data, their analysis
code, containerised environments, and computational
workflows so the analysis can be run on remote compute
clouds.

Breakthroughs via bilateral collaboration
The bilateral exchange of data between two leading
astronomy projects was fundamental to one of the major
scientific discoveries in the past few years – the discovery
of gravitational waves, which were predicted by Einstein’s
Theory of Relativity. Recognised by a Nobel Prize, the
waves were discovered by the LIGO Scientific Collaboration
and the Virgo Collaboration, which combined data on the
collision of two black holes. LIGO has detectors located in
Hanford and Livingston in the U.S., while Virgo has a
detector located at the European Gravitational
Observatory (EGO) in Cascina in Italy, providing different
simultaneous observations from different places on the
earth.
 
Funded by the National Science Foundation in the U.S. and
14 other countries, the 1,000 scientists working on LIGO
and the 250 physicists and engineers involved in Virgo
shared the data collected by their detectors and cross-
correlated and validated their observation results. Using
different algorithms and processes, the two organisations
conducted joint analysis of shared data and the resulting
scientific breakthroughs.

Figure 10: How CERN filters through the data produced by its Large
Hadron Collider

Source: Dr Tibor Šimko, who  leads several open science and
reproducible research data projects at CERN
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Pooling computing infrastructures to combat cancer
In the field of structural biology applied to cancer
research and other applied research domains, the
WeNMR international community of practice has made
the highly-specialised modelling tools and software
developed by participating scientists open to everyone.
Researchers use 3D models to study how protein and
biomolecules interact in a complex network and the
glitches that can cause cancer and other diseases. This
structural information is key to understanding the origins
of disease and the development of new drugs.
 
As these tools are computationally very demanding, many
researchers, particularly those in the so-called long tail,
wouldn’t have enough computing capacity to use them
without external support. To make available the
necessary compute resources available for extended
periods of time, the EGI Federation (in the EU) and the
Open Science Grid (in the US) are sharing and federating
compute and storage capacity (110,000 CPU cores and
250 terabytes of storage) worldwide to create a global
resource platform for hosting WeNMR applications,
computing and data. The platform is being used by more
than 13,500 researchers, which now have access to the
specialised modelling tools and the necessary
computational power to run them.
 
A new ecosystem around earth observation data
Copernicus, the EU’s earth observation programme, is one
of the largest generators of open data in the world.
Experts say the massive streams of high-resolution Earth
Observation (EO) data derived from the EU Copernicus
Sentinel sensors, have established Europe as the
predominant spatial data provider for environmental
monitoring applications. This data is available under open
license.
 
The European Commission says the Copernicus satellites
are producing over 16 terabytes of open earth
observation data every day. In 2018, the Commission
launched Copernicus DIAS, the new Data and Information
Access Services: these cloud-based data platforms are
designed to make it much easier for small companies and
start-ups to exploit Copernicus data and develop
innovative applications. “The market uptake of Copernicus
has been a great success, beyond any initial expectations,”
Pierre Delsaux, Deputy Director-General at the European
Commission’s directorate for the Internal Market,
Industry, Entrepreneurship and SMEs   (DG GROW) told
EURACTIV in December. He pointed to an array of start-
ups using the Copernicus data to monitor environmental
conditions, such as air pollution and water quality, and to
optimise a wide range of operations from vine cultivation
to shipping routes. He claimed that Copernicus will
generate €67 billion to €131 billion in benefits to the
European society between 2017 and 2035. That would be
10 to 20 times the cost of the programme.

Indeed, the Copernicus programme has spawned an
ecosystem of specialist start-ups, such as Warsaw-based
CloudFerro, which is providing data processing services
through a consortium with Creotech Instruments. The
consortium’s CREODIAS platform integrates data storage
with online Copernicus earth observation data, cloud
processing, dedicated servers and batch processing.
Providing indexing, search and discovery tools that make it
easier for end-users to find the Copernicus data they need
and manage version control issues, the cloud-based
service is designed to be simpler and more cost-effective
than using an in-house IT department to access the earth
observation data.   The platform’s pay-as-you-go fees for
IaaS (infrastructure-as-a-service) services provide a source
of revenues to sustain the effort required to keep the
Copernicus data available and in good condition.
CloudFerro says it is seeing strong demand from public
institutions and growing interest from big IT players.
 
However, for some applications, the open Copernicus data
is not enough – the resolution isn’t sufficient for some
agricultural applications, for example. CloudFerro says
more detailed data is available from commercial providers,
but only to buyers that meet certain legal criteria, raising
questions about whether detailed satellite data is
sufficiently open.
 
Indeed, the high-resolution images being collected by
Copernicus could provide a very detailed picture of how
Europe’s environment is changing over time, which could
serve as an early warning system for ecosystem stress,
land degradation, fresh water shortages and other
environmental challenges.
 
Fully exploiting this data requires massive computing
capacity to store and process large numbers of high-
resolution images. To fully tap its world-class expertise in
earth observation analytics, experts say the region needs
easily accessible European computing environments that
allow scaling and sharing of Sentinel data among a large
community of users. Ideally, there would be a European
platform, similar to the Google Earth Engine, making large-
scale storage accessible through sophisticated indexing
and caching solutions supported by application
programming interfaces (APIs). To that end, the EOSC
could make it easy for educators and researchers to access
Copernicus DIAS data and IaaS and PaaS resources, while
potentially adding higher level tools to those already
present on the DIAS platforms. In such a model, the EOSC
would provide governance and funding for user services
executed on DIASes, as well as access. As a result, the
EOSC could help bring about a viable European alternative
to the Google Earth Engine, further opening up the data,
platform-as-a-service tools and processing now available
from the Data and Information Access Services (DIASes).
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However, as satellite imagery becomes available in ever-
higher resolutions, there will also be a need for
transparent governance and technical mechanisms that
can ensure the security of sensitive or confidential
personal data while facilitating legitimate uses.
 
Opening up sub-surface data on energy resources
For both economic and ecological reasons, European
countries are increasingly opening up their national data
repositories, in which regulators compile data on their
sub-surface assets. For example, the UK Oil and Gas
Authority is now making its data open to the public, so it
can be used by artificial intelligence and other advanced
cloud-based analytical systems to create new insights.
 
In some respects the UK is following in the footsteps of
Norway, which is making data available publicly on its
sub-surface hydrocarbon resources through cloud-based
platforms, such as the ‘Data Liberation Front’. Some
operators have opened access to almost all of the data of
a particular asset, such as the Volve Field. “It opens up
new opportunities for what you can do with the data,”
says Matthias Hartung of Target Energy Solutions,  an
executive advisor on data management  and digital
transformation working for Target Energy Solutions. “Even
start-ups and NGOs can analyse the data, while
enterprises can learn from it. And the asset holder will not
lose anything, as openly sharing data will not have any
downsides nor threats to them. If anything, the
companies that put up their data are in a stronger
position because it improves their reputation with the
public at large and with the regulator. It also allows third
parties to point out any mistakes, offer alternative
solutions, test digital technologies on that data and
ultimately improve the economics of their assets. The
intent shines through – it shows you want to be a good
citizen: transparency leads to trust which leads to an
improved reputation.”
 
Similarly, the Dutch scientific branch of the regulator TNO
is making data open for sharing, for liability and risk
mitigation, as well as business opportunities in oil, gas,
mining, geothermal and other sectors. “Holland is very
sensitive to climate change and the water level,” notes
Hartung. “If you put all the sub surface data in a big pool,
you can get many insights. The data is owned by the
government, but is available to the public at large. And
with digital technologies developing fast, new insights can
be gained which were impossible years ago and creativity
leads to opportunities never considered before. “
 
Hartung expects the oil and gas industry to open up more
data as the pressure builds on the sector to improve its
financial returns and protect the environment.   “In our
sector, about 5% to 10% of the data needs to be
proprietary for competitive bids, but 85% to 90% can be
opened up,” he estimates. “Data can be used in a new
context, as long as you know its provenance.

If you find errors in the data, you can look to the original
author. Science can get to a different level of quality when
the peer reviews can check the data itself. Today, a lot of
studies can’t be replicated because there are flaws in the
data. Although data sharing should be based on incentives,
if the public has funded the research, the public owns it
and needs to have easy access to it to multiply its value.”
 
Open source cancer research
After discovering the impact the molecule JQ1 can have on
specific cancer cells, the James Bradner laboratory at
Brigham and Women's Hospital released all the
information on JQ1 and distributed samples of JQ1 to
academic and industrial laboratories worldwide, as
outlined in an article published by Frontiers in
Neuroscience[12]. This release considerably accelerated
drug discovery for this class of compound, not only in the
field of cancer, but also for other diseases, including
neurodegenerative diseases, according to studies
published since.
 
The open release of JQ1 led to an increase in research
activity in this field and more than 100 filed patents for
other molecules guided by the use of JQ1 as a research
tool. The James Bradner laboratory shared the JQ1
molecule with 40 laboratories in the United States and 30
more in Europe --  many of them pharmaceutical
companies. “The science that's coming back from all of
these laboratories  about the use of this molecule  has
provided us insights we might not have had on our own,”
researcher Jay Bradner noted in a TED talk in
2011. “Leukemia cells treated with this compound turn into
normal white blood cells. Mice with multiple myeloma, an
incurable malignancy of the bone marrow,  respond
dramatically to the treatment with this drug,”
 
 
This example suggests that using an open science model
for the initial stages of drug development could allow the
inherently high risks at this stage of the process to be
shared among different stakeholders, while still allowing
for downstream patenting that would enable inventors to
benefit financially.
 
4TU.ResearchData
Established in 2008, by the universities of Eindhoven, Delft
and Twente, 4TU.ResearchData provides an archive for
long-term preservation, curation and access of research
datasets. The archive went live in 2010 and since then has
been managed as a service for researchers (from
universities around the world) to deposit and share their
data, and for other researchers to download and use data
in their research.
 
The 4TU.ResearchData archive is hosted and managed by
the TU Delft Library, locally stored on TU Delft servers and
governed by the legal statements of its host institution, the
TU Delft. Located at the TU Delft Library,
4TU.ResearchData staff manage and maintain the data
archive, including its preservation policy to ensure long-
term usability and comprehension of its archive’s data.
 
[12]Source:
https://www.frontiersin.org/articles/10.3389/fnins.2018.00047
/full
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Conclusions

The case for fully open science is compelling - it allows new ideas to spread faster, avoids wasteful duplication,
increases reproducibility and trust, and makes it easier for experts to find each other and collaborate.  Furthermore,
in this era of data-driven science, the sharing of resources may be the only practical and economic way for
researchers to progress their work at an acceptable pace.
 
Indeed, there is a growing body of evidence that collaboration between scientists across the world can achieve major
breakthroughs far quicker than individual research teams. This evidence should amplify the calls for fully open
science in which every step of the research process is public and transparent – the full methodology and all the tools
used, as well as the data, would be accessible to the public and all groups without restriction. Experts largely agree
that open data is not enough – code, environments, runnable recipes and analysis workflows also need to be open
and widely available across the research community.
 
However, today, open science remains half-baked. With some notable exceptions, the sharing of data, tools and
infrastructure occurs through bilateral relationships between researchers and organisations that know and trust
each other, rather than through fully open platforms. Moreover, relatively few researchers go to the effort required
to make their work open from the beginning – they still tend to regard open data as an afterthought.
 
To fully realise the benefits of open science, the EU will need to address the many practical and legal issues faced by
researchers, ranging from uncertainty over copyright and ownership to appropriate recognition and the availability
of the computational power and connectivity required to make use of the most advanced scientific tools and
substantial datasets. As well as addressing the interoperability and federation of existing assets and infrastructure,
the EOSC could play a coordinating role, bringing much greater coherence to the legal and regulatory landscape
around research data and tools. Today, there is too much uncertainty, resulting in excessive caution and even inertia.
 
The widespread adoption of the principle “as open as possible, as closed as necessary” by research funding agencies
is an important step for the advancement of knowledge. However, it won’t be sufficient. This is a battle that needs to
be fought on multiple fronts: A broad set of measures will be necessary to embed a culture of openness among the
hundreds of thousands of scientists working across the public and private sectors.
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