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Computer hosts a virtual roundtable with six

Can Open Science
Change the World?

Anastasia Anagnostou and Simon J.E. Taylor, Brunel University London

experts to discuss the potential and effects

of open science.

pen science is changing the way we approach
science. Will this have any impact? Can it
help us make global responses to global
crises?

Open science involves efforts that endeavor to make
the scientific process and research outputs more widely
accessible toall. There is no formal definition of open sci-
ence. However, arecent “Dear Colleague Letter” from the
U.S. National Science Foundation captures much of what
could be considered a definition.! Another frequently
cited definition is provided by the FOSTER portal.? This
might include scientific papers, data, software applica-
tions, and, potentially, scientific infrastructure. Open
science is being promoted not only by funding agencies
but also by communities of researchers, and there are
many international movements that advocate open sci-
ence practices. There are claims that by this opening up
science to the world, there will be widespread benefits.3
This may be vital when attempting to form a global re-
sponse to global issues, such as climate change, pandem-
ics, Sustainable Development Goals, and so on.
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However, open science comes
with costs—making scientific arti-
facts openly available requires extra
effort, support, or reallocation of re-

sources. Along with this comes ethical issues—is it right
to share everything without protection? How do scientists
trust that their works are used ethically and not misused
or exploited? To explore the impact of open science, we
posed six questions to a panel of six experts: Margaret
Loper (Georgia Tech Research Institute), Adelinde Uhr-
macher (University of Rostock), Roberto Barbera (Catania
University), Paolo Budroni (Technical University of Wien),
Kathleen Shearer (Confederation of Open Access Reposito-
ries), and Omo Oaiya (West and Central African Research
and Education Network). (See “Roundtable Panelists” for
more information about the panel.) Their responses and
insights are presented here.

COMPUTER: What is open science?

MARGARET LOPER: I came across a book chapter pub-
lished in 2014 that I think puts a great framework around
it.4It talks about five schools of thought related to open sci-
ence. The measurement school is aligned with impact fac-
tor, peer review, and citations of publications. It's geared
around scientific contributions and their impact and how
you measure that. The democratic school is the idea that
the access to knowledge is unequally distributed. So, how
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do you make that knowledge more
freely available? It talks about things
like open access, intellectual property
rights, open data, open code, and so on.

The public school is the idea that
science needs to be accessible to ev-
erybody. So, if government is funding
people to do research, that research
actually belongs to the people who
funded it, not just to the person who
conducted it. The kinds oftopicsin this
area include citizen science, science
blogging, and so on. The pragmatic
school talks about how scientists work
together, more openly and more col-
laboratively. How do you create those
motivations, environments, and rela-
tionships to collaborate? Areas within
this include the wisdom of the crowd,
network effects, and, again, open data
and open code.

The last one is the infrastructure
school. These are the platforms and
frameworks that enable all types of col-
laborations and open science to occur.
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Adelinde Uhrmacher is a professor at the University of
Rostock and former editor-in-chief of ACM Transactions on
Modeling and Computer Simulation. Uhrmacher received a

Ph.D. degree. Contact her at lin@informatik.uni-rostock.de.

They talk about things like open tools
and collaboration platforms—inter-
faces that allow the openness to happen.

ROBERTO BARBERA: People are start-
ing to separate science and open sci-
ence. I think that this is completely
misleading. Open science is good sci-
ence, science that scientists (should)
normally pursue. In the last 20 years
or so, more scientists are obliged by re-
search evaluations and career systems
to go for publications and to compete.
Science has become different from the
original meaning of collaborating to
solve problemsand understanding how
nature works and can be explained.
Open science is what science should
be. We have been talking about open
science for seven or eight years already.
I'think that, in a few years from now, we
should just start talking about science
and carry on scientific endeavors and
different investigations under the open
science principles. So open science is,

in a way, what our science should be.
We need to let researchers follow open
science without losing opportunities to
compete and progress in their careers
while they share data, publications, and
their other research outputs.

PAOLO BUDRONI: When we modern
people talk about open science, to say
that something is open, it means that
other things are not open. So, open sci-
ence is what has happened for centu-
ries and centuries and is nothing new.
The knowledge of how to cultivate
grapes and produce wine, for exam-
ple, is a model our culture has had for
centuries—the ways to produce wine
and oil and salt were things that were
shared and were open.

If we take a look at the medicine used
in Egypt, Anatolia, Greece, and Rome,
for example, these cultures combined
knowledge and various techniques us-
ing different tools, methodologies, and
ingredients. Like Galileo did later, for
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example, they practiced their science
recorded from discoveries in the ancient
world, and this knowledge was spread
all over the world. Having permanent
access to this knowledge—this is the
characteristic of open science. If we
think of today's situations, for example,
COVID-19 data, humanity needs access
to these data, not only because we follow
some utilitarian logic but because we
should also follow sets of ethical values.
We all need these—a common knowl-
edge and a common sense of having
knowledge shared.

KATHLEEN SHEARER: I guess, at its
essence, open science is about shar-
ing and collaboration—sharing all
valuable types of research output,
making the assessment of research
more open, open infrastructures and
tools, and working in a collaborative
way. I agree with Roberto in the sense
that it kind of represents a change in
the mindset of where we have gone in
the past few years, a kind of paradigm
shift away from science that has been
incentivized through competition
between and across scientists and sci-
entific teams.

It's kind of a recognition that,
maybe, the most effective way to ad-
vance science and research is actually
to do it collectively by working together
and sharing widely research outcomes
across communities. And I think this
competition has been exacerbated by
the commercial industry that's been
built on top of shared publication re-
search outputs. It’s a move back to
where science was initially many, many
years ago, as Roberto and Paolo said,
that science was really built on scien-
tific collaboration, not competition.

OMO OAIYA: This new movement is
attracting global attention. And from
where we sit in national research ed-
ucation networks, it seeks to make
scientific processes more transparent
and accessible, and it involves mak-
ing everything—the research mate-
rials, the data, lab procedures, and
the eventual research papers—freely

available online. I suppose that sort
of lends to the collaboration that pre-
vious speakers have mentioned. This
creates opportunities for scientists to
evaluate and analyze what's there and
to speed up, which is particularly im-
portant from our context in Africa—
speeding up scientific discoveries

collect data, we analyze, and we com-
pare experiments with theories. Open
science and open science paradigms
inform scientists how to share their
research outputs and to actively col-
laborate, for example, the FAIR princi-
ples. (FAIRis a set of guiding principles
to make data findable, accessible, in-

In education and training, there is a knowledge
gap between open scientists and scientists in
terms of the tools needed for open science.

minimizes the redundancy in exper-
iments and provides a mechanism for
innovation and economic growth.

ADELINDE UHRMACHER: From
a modeling and simulation (M&S)
point of view, beyond open access
publications, the central question
to further open science in this area
is how the main processes and prod-
ucts of M&S can be made more trans-
parent and easier to access. M&S
research includes methodological
developments as well as simulation
studies in diverse application fields.
Thus, answers to this question need
to take the characteristics of the di-
verse products and processes into ac-
count. To simply publish simulation
models or data is not sufficient; the
annotation with suitable meta-in-
formation is the crucial step for not
only accessing but assessing (and,
thus, reusing) the products of M&S.
(M&S has several documentation
standards to support reuse that
might inform other fields—see “Ad-
ditional Reading.”)

COMPUTER: How does one become an
open scientist?

BARBERA: Scientists try to follow and
apply an atomistic procedure that, for
centuries, we have called the scientific
method. Iteratively, we observe natural
phenomena, we run experiments, we
make conjectures and hypotheses, we

teroperable, and reusable; it was first
published by Wilkinson et al.’) The
problem is that to have open scientists,
the environments where scientists
carry out their work should let them be
open scientists.

In education and training, there is
a knowledge gap between open scien-
tists and scientists in terms of the tools
needed for open science. Also, in many
countries, a mechanism is missing to
incentivize researchers to be open sci-
entists. Careers are based on very com-
petitive science, and (arguably) people
are forced to publish papers without
paying so much attention to quality.
There is also a problem in the process
of research evaluations. All countries
carry on periodic research evalua-
tions and assessments. In many cases,
this is done with quantitative param-
etersrelating to publications and does
not really account for how science can
be evaluated.

To be an open scientist, scientists need
to close the gap and be acquainted with
new tools to share their research. Govern-
ments and funding agencies should try to
make an assessment on how science can
really be evaluated. Without a change in
this, it will be difficult to have open sci-
entists, as they may be considered (or,
worse, they may consider themselves)
second-class scientists. This must be
avoided at all costs.

BUDRONI: I'd like to be provocative.
To be an open scientist depends on the
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he following are examples of modeling and simulation metainformation

documentation.

» T.Monks, C.S. M. Currie, B. S. Onggo, S. Robinson, M. Kunc, S. ). E. Taylor, et
al., “Strengthening the reporting of empirical simulation studies: Introduc-
ing the STRESS guidelines,” J. Simulation, vol. 13,no. 1, pp. 55-67, 2019.
doi: 10.1080/17477778.2018.1442155.

» H.Rahmandad and ). D. Sterman, “Reporting guidelines for simula-
tion-based research in social sciences,” Syst. Dynam. Rev., vol. 28, no. &,
pp. 396-411,2012.doi: 10.1002/sdr.1481.

» V. Grimm, U. Berger, D. L. DeAngelis, ). G. Polhill, J. Giske, and S. F. Railsback,
“"The ODD protocol: A review and first update,” Ecol. Modell., vol. 221, no.
23,pp. 2760-2768,2010. doi: 10.1016/j.ecolmodel.2010.08.019.

» D.Husereau, M. Drummond, S. Petrou, C. Carswell, D. Moher, D. Green-
berg, et al., “Consolidated health economic evaluation reporting standards
(CHEERS) statement,” BMJ, vol. 346, p. f1049, 2013. doi: 10.1136/bmj.

f1049.

» D.Waltemath, R. Adams, D. A. Beard, F. T. Bergmann, U. S. Bhalla, R. Britten,
and N. Le Noveére, “Minimum information about a simulation experiment
(MIASE),” PLoS Comput. Biol., vol. 7,no. 4, p.e1001122, 2011. doi:

10.1371/journal.pcbi.1001122.

mindset. Entering a building of the
university where I studied, a univer-
sity with eight Nobel prizes, there was
an inscription: “Science and its teach-
ingare free.” This comes from the Aus-
trian Constitution, Article 17a, which
says artistic creation and the teaching
of art are free.

So, what does it mean? This is a
mindset thing. Try to understand how
society should work. Many European
constitutional systems expressly rec-
ognize the freedom of research and
teaching in arts and science. They all
say, in art and science, research and
teaching are free, or freedom of sci-
entific research is an endeavor that
shall be guaranteed. There are also
three levels of protection given to the
freedom of science that can be recog-
nized. The first is scientific freedom
(and thought and expression) with
the same protection that is given to
all fundamental rights. The second is
specific and complete constitutional
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recognition for such a fundamental
freedom. Finally, the state is engaged
in promoting scientific research.

So, open science is a mindset, and
open scientists are a product of this.
Open science means that we need peo-
ple who are able to think.

SHEARER: Toreturn to a kind of prag-
matic level, open science means the
willingness to collaborate, but it also
requires researchers to learn some
new practices. There have been a cou-
ple of surveys over the past few years
of researchers, and one of the major
barriers they found for researchers, in
terms of data sharing and practicing
open science, is that they just simply
didn't know what to do to share their
data in an appropriate manner and
what the best practices are. So, [ think
there’s a real need, as Roberto said,
for training and education with the
research community in terms of what
those best practices are. We need to

move away from this kind of ad hoc
sharing that we are doing at the mo-
ment to develop and adopt standards
and ensure that scientists and re-
searchers know what is required and
how they can become more open in
their scientific practices.

OAIYA: My understanding and the ap-
proach that we are taking is more on
the pragmatic side that Kathleen men-
tioned. When we want to think about
openscientists, especiallyinan African
context, we're thinking of researchers
who publish openly in open access re-
positories employing reusability prac-
tices. It's looking at how their data and
works use digital object identifiers
(DOIs) [a DOI is a persistent identifier,
certified by the International Organi-
zation for Standardization, that is used
to identify objects uniquely, typically
resolved to access the digital object via
metadata bound to the object (such as
a URL)], research identifiers [a simi-
lar concept to DOIs that are persistent
identifiers for researchers (for exam-
ple, ORCIDs)], and so on, and how these
can be linked together to improve their
visibility. Also, it's how they can use
the right licenses for their outputs to
share and make collaboration a whole
lot easier. (More information about
how licenses can be used to define shar-
ing rules can be found at https://www
.creativecommons.org.) That’s typi-
cally not what we think when we think
about open science. It's what we're try-
ingto setup to support and advocate for
open science.

LOPER: Start with small steps toward
open science. For example, are there
datalcansharethat maybebeneficial
to someone? If so, where should I put
them? I agree with Kathleen in terms
of having more training and best
practices, adopting standards. When
Ithink about the type of organization
that I work for, I think we have gone
down this path. Of course, it's just
in small areas, like collaborating by
sharing software and data. A lot of
it has to do with building trust with
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the people whom you're working with
and whom you're going to collaborate
with. Thisinvolves building trust that
you're both in this for the greater ben-
efit of what you're trying to accom-
plish and not the personal benefit of
what you will get. For example, will I
get more visibility, more notoriety, or
more money? These might be natural
reasons for people to think about not
sharing because they want to focus on
their own advancement.

The mindset should be about the
greater scientific impact and what you
can do together collectively. Also, how
does it impact practice? The corona-
virus is a perfect example. Where the
work you're doing involves the world
coming together to look at epidemi-
ology, modeling, and so on, it's about
how to band together. It's not about
any one person’s notoriety, it's about
trusting those that youre working
with and having organizational poli-
ciesin place that enable you to contrib-
ute to these open science projects that
will have a greater impact on the world
and not just on your career or your
organization.

UHRMACHER: One possibility to be-
come an open scientist is possibly as
a response to frustration. Frustration
at being unable to replicate a simula-
tion study of another group or failing
to understand the theory behind a
simulator someone else designed. An-
other possibility is by an intrinsic de-
sire to think things through. Having
a product is one thing, but to make it
accessible requires looking at it from
a different angle. You must figure out
how to describe it, how to facilitate
deployment for someone who has not
worked with the software. Although
this requires some extra work, with
the right mindset, it can be an amaz-
ingly rewarding task.

COMPUTER: What services and infra-
structure are needed for open science?

BARBERA: Research data are big. You
cannot expect human beings to search

and find what they're looking for, espe-
cially if they're looking for something
that is completely hidden in correla-
tions among different kinds of research
outputs. Research outputs, in general,
should be easily accessible by computer
programs, and humans should be able
to search easily in a human language
way. FAIR data and infrastructure
should be able to support both.

There is also the need for trust. I
could use a search tool like Google. If I
asked myself, “What are the most effec-
tive drugs against COVID-19?" I could
find the thousands or even more than

come together and see how this could
be effectively and sustainably funded.

BUDRONI: Well, Roberto said the
most important and crucial things. I
would like to add just a few thoughts.
Machine-actionable tools and services
are accompanying everything; they
are needed for consensus and should
be available. Then, there is the human
factor behind it. For humans, trans-
lation services are really important.
Most are based in English. Maybe we
should rethink how we can translate
services offered to all populations in

Open science is a mindset, and open scientists
are a product of this. Open science means that
we need people who are able to think.

thousands of results. And, maybe, in
some cases, they are fake. OrImight say,
“How should I manage personal protec-
tion equipment?” Again, a huge number
of results, but no trusted results. Reus-
ability and reproducibility play a role in
trust. Should reusability and reproduc-
ibility be part of the data itself, and how
should a FAIR infrastructure facili-
tate this?

Of course, this doesn’t come for
free. There are costs for infrastructure
and also for the training and education
of scientists, programmers, engineers,
and computer scientists to create
this intersection.

There is the saying: “If you think
education is expensive, try ignorance.”
The same applies to data. If you think
that open data are useless or expen-
sive, try closed data. The European
Commission coordinated a study to
evaluate the cost of not having FAIR
data,® and the estimated direct costs
are on the order of 10 billion € per year,
increasing to 16 billion € per year if
indirect costs are also included. The
cost of open science infrastructure is
nonnegligible, but the cost of not hav-
ing it is even more. Government and
international organizations need to

all regions of the world according to
the way they talk or understand. The
third thought concerns the (open sci-
ence) repositories—easy access to re-
positories not only to access the results
of science but also to have easy access
to deposit data. This will enable open
science. Of course, it costs, but it is bet-
ter to pay for this.

SHEARER: In terms of infrastructure,
I think we need to achieve a kind of
careful and complex balance to sup-
port international collaboration and
information sharing but also the dif-
ferent functionalities that might be
required by different domains. Infra-
structure may support different lan-
guages, as Paolo said, but also research
priorities. I'm concerned about having
infrastructure that is too centralized
because those types of infrastructures
tend not to support local priorities
and local languages; yet we also really
want to have distributed infrastruc-
tures that are interoperable.

We need to keep in mind that there
are inherent biases in infrastructure
development, especially in research
communities. Leslie Chan and his re-
search group have written a lot about
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this. Most infrastructures are devel-
opedintheglobalnorthand, therefore,
contain the inherent biases and prior-
ities of the global north. I think that's
why what Omo is doing, for example,
in Western and Central Africa is so im-
portant—developing and adopting in-
frastructure for their own local needs.
Roberto spoke about FAIR and the
importance of FAIR data, but I think
we also need to keep in mind sustain-
ability, preservation, and trust as part
of our perspective and our principles
around developing infrastructure.

So, who owns and manages the in-
frastructure? Is it based at long-lived
organizations? Is there a commitment
for long-term preservation and access
to the content that's being managed
there? All of this costs money—how
will this be funded and maintained
over time? We need to start thinking
about scholarly communication in-
frastructure like we think about any
other type of research infrastructure
and fund it accordingly. There's al-
ready some money in the system. If
you think about the billions of dollars
every year spent on purchasing schol-
arly journals, could this be repurposed
for open infrastructure? We need a
kind of path forward to be able to tran-
sition those funds from where they are
now into infrastructures that can sup-
port open science.

OAIYA: From the African perspec-
tive, there needs to be a facility to
have services that are contextual in
each region. That involves interaction
with other stakeholders not directly
related to the education and research
community. These are additional hid-
den costs as they require time and ef-
fort to surmount the challenges in get-
ting those people on board with these
ideas. Paolo mentioned constitutions
with statements about science and
research. In most African countries,
the same applies, but there's a mindset
that is more focused on everyday is-
sues—you know, bread before science:
amIgoingtobuild anewroad orinvest
in national infrastructure to support
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open science? One of the costs, then,
is investing in getting these decision
makers and policy makers to appreci-
ate the benefits of open science.

LOPER: While the type of work my or-
ganization does is not always consid-
ered open science, there's definitely
a recognition among the customers
we serve that a more open science
approach is beneficial to them. For
example, their ability to share costs,
increase the usability of infrastruc-
ture and platforms, and increase the
utility benefit of the infrastructure—
they think about infrastructure not
justas platforms and data but models,
algorithms, policies, interfaces, and
process metrics from a broad perspec-
tive. They are finally understanding
that they can either build these in-
frastructures over and over again as
proprietary environments and spend
huge amounts of money and time to
do that, or they can take an open sci-
ence approach to how they develop
these platforms. They recognize that
giving up proprietary ownership will
give them a greater benefit in the
long run of lower development costs,
because the cost is shared. There are
good examples of this from a U.S. na-
tional perspective, where people are
starting to see this benefit. There's
always hidden costs, but data interop-
erability is important. We see a lot
of growth in that space. How do we
leverage those good national and in-
ternational examples?

UHRMACHER: Publishers are cur-
rently enhancing their platforms
and processes to accommodate the
products, such as data and software,
that may accompany the open access
publications. If we do not want to
rely on publishers for platforms and
services, the costs for maintaining
such platforms and services need to be
covered elsewhere, as Kathleen has
already stated.

COMPUTER: What about ethics and
open science?

BUDRONI: It's a complex question.
Nowadays, when we talk about eth-
ics, we refer to the ancient Greeks. We
refer to concepts that were discussed
more than 2,000 years ago. In that
time, scientists like Archimedes used
their senses to produce science and the
actions they would like to undertake.
This was the way they interacted di-
rectly with the world.

This mechanism is very similar to
what we donow. Scientists observe. We
have, for example, machines equipped
with sensors that have some special-
ized function or mechanism, such as
machine-actionable sight or digital
hearing. Testing, smelling, touch-
ing—all digital. A machine receives
and responds to external or internal
impulses. Two thousand years ago,
the scientist could cover all of these
processes alone. Now, although the
mechanism is very similar, we cannot
do this for the simple reason that, be-
tween a scientist and the world, there
is a huge layer of data, and software is
needed to filter these data. There are
many people involved in the creation
of data, software, and so on and many
people affected by the decisions made
by scientists.

We need clear and understandable
rules that are recognized and accepted
by everybody. We define these as a le-
gal framework, butlaws without ethics
arelike anintermittent way of talking.
Science must walk quickly toits target.
We need legal frameworks with ethical
guidelines—moral principles that gov-
ern a scientist’s behavior as well as the
conduct, tools, supporting services,
and community infrastructure used in
scientific activity.

SHEARER: Basically, I agree that an
ethical framework is important. I'm
particularly concerned with the social
discussion about fake news and that
creeping into the scientific realm. We
could lose the legitimacy or perceived
legitimacy of science. We really need
to think about how we can create the
mechanisms to ensure that there's
public trust in science. This has always
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traditionally been done through the
peer review processes, and I think those
will continue to be important. We have
to balance that with some of the objec-
tives of open science, which is to try to
speed up the rate at which we can share
information. So, can we develop some
assessment mechanisms for other types
of shared research outputs, a broader
range of content, than are available
through our open infrastructures?

I have a kind of another slightly dif-
ferenttakeontheethicalaspect, which
is one of my concerns and the concerns
of my organization. It is the impact of
the way open science rolls out in devel-
oping countries, in particular, when
it comes to open access. Are we going
to end up with a pay-to-publish model
for publishing articles, and what will
be the impact on researchers and de-
veloping countries or less-resourced
researchers around the world? If they
have to pay to have their articles pub-
lished, that will be a huge barrier. I
think there's this whole ethical frame-
work of our principles around open
science that needs to look beyond just
openness. We need to think about how
we createatrustedlandscape, atrusted
ecosystem, that also is inclusive and
sustainable and supports diverse pri-
orities and needs. A consultation that
was recently launched by UNESCO
will, hopefully, bring out some of these
other important underlying principles
for a truly global ecosystem related to
open science.

OAIYA: Aside from the pay-to-publish
concerns, which just basically disad-
vantages developed countries, there is
the increased issue of trust, especially
if open science becomes freer—is what
you access the right quality? There’s
also been an increase in bogus jour-
nals that publish articles that cannot
be certified. Another challenge in Af-
rican institutions is where research-
ers publish. Within their institution,
there’'s a mandated requirement to
publish as well as a link to promotion.
From that point of view, if there were
an open science framework, then the

decision makers would be able to con-
nect to that and make it a little easier
for the researchers.

LOPER: Yes, I think there should be an
ethical framework. Obviously, there
are sets of criteria for reviewing papers
and making the reviews open so that
people who read the papers also see
the reviews. How can you extend that
across the other dimensions of intel-
lectual property and science, and how
do you make that understandable in

share is trusted and consolidated and
that we minimize the fakeness of the
contents to share. This brings us to the
need of open science policies, which is
another big topic in the open science
landscape. Very few countries in the
world have an open science policy with
an ethical framework.

More technically, I think that an
ethical framework is also connected to
the authentication and authorization
infrastructure used to access data in
terms of the A of FAIR. In this respect,

We need clear and understandable rules that are
recognized and accepted by everybody.

a way that people can trust? We know
there are people and organizations
that try to create science to address
their belief or position and try to influ-
ence political decisions.

We're seeing that with the corona-
virus. They do this to create dissent,
disinformation, and so on. This hap-
pens in countries, in companies, and
in industries—they try to sway public
opinion through citizen science and
blogging. There’s a whole area around
ethics and trust. How do you trust
whatthat scienceis saying, and how do
you communicate it to people in a way
that they can trust?

For example, with the coronavirus,
we get all of these results out of differ-
entmodelsthatsaydifferentthings. As
scientists, we understand why differ-
ent models give us different answers,
but people who are not scientists don't
necessarily understand that, so they
have this misbelief in what they're
hearing. People can use these differ-
ences to influence people in political
directions for their advantage.

BARBERA: Yes, there is a need for
an ethical framework. If we are con-
cerned, for example, with data con-
cepts of privacy, provenance, curation,
and anonymization, then one should
be in place to ensure whatever we

the international research community
has made gigantic steps in federated
authentication. There is the eduGAIN
infrastructure (eduGAIN gives single
sign-on access for educational ser-
vices at https://www.edugain.org),
and there are identity federations in
(almost) all countries, which are man-
aged by national research and edu-
cation networks. However, little has
been done on homogenizing these.
This is important, as it has an impact
on how we access research outputs.

UHRMACHER: To ensure the quality
of these open products, or the reusabil-
ity, R, in FAIR, is a big challenge and
closely related to the ethical values of
scientists providing and reusing these
products. The question is how miscon-
duct will be penalized or prevented
from the outset, for example, by estab-
lishing reviewing, curation, or autho-
rization processes.

COMPUTER: How is open science be-
ing adopted?

SHEARER: I think open science, right
now, is kind of a top-down movement
rather than bottom up. Policies have
become important levers for advanc-
ing open science. Many countries and
regions have adopted open science
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policies, but they are not necessarily
harmonized across different jurisdic-
tions. I think many of the differences
between the policies internationally
are related to the availability of re-
sources of different countries. Most
importantly, open science policies are
really still in conflict with the incen-
tive systems in place at universities
and with governments and funders.

what Kathleen Shearer mentioned as
the southern approach, as we're in a
situation where there's very little re-
search coming out of Africa because
of the way the landscape islaid. We are
trying to lay out open science infra-
structure and advocating policies that
are aligned with those infrastructures
aswellastrying to make the argument
about why we need to see if we can ac-

Very few countries in the world have an open
science policy with an ethical framework.

While open science policies are try-
ing to incentivize open practices and
the sharing of information, incentive
systems are still prioritizing publish-
ing and prestige journals, patents, and
commercialization.

I'd like to give you an example of
where policies are different across dif-
ferent regions. Open access policies (one
part of open science) require articles to
be made openly available. There’s kind
of a northern approach to policy devel-
opment and a southern approach. The
northern approach has really been to
continue to rely on commercial publish-
ing companies and kind of flips from
subscription to open access. The south-
ern approach has been to develop its
own local infrastructure to support open
access. We see this in Latin America and,
increasingly, in Africa. These two differ-
ent approaches are fine, except that it's
usually the northern approach that wins
out and has an impact on policy require-
ments in the north. This, then, has an
impact on researchers in the south. We
have to be very careful and ensure that
the policies we're adopting in the north
are sensitive to the needs and require-
ments of southern countries as well.

OAIYA: We're in the very early stages
of promoting the adoption of open sci-
ence policies. Apart from a few exam-
plesin Africa where there'sa concerted
effort, we're still at the stage where
we're working with templates trying
to make the arguments. We work with
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tually establish an open access iden-
tity that is more contextual (to Africa).

LOPER: We do a lot of work for the U.S.
Department of Defense. We've seen
their policies change to be more open.
They have found that having one con-
tractor or a set of contractors develop
things for long periods of time has not
always led to the kind of agile response,
innovative thinking, or robust output
that they want. This can lead them to
being locked in to a particular solution.
Now, they are adopting more open sci-
ence practices, and they have definitely
seen great benefits. They can fund a
diverse set of organizations to do dif-
ferent work on their open platforms. It
has helped them to realize the benefits
of emerging techniques, processes, and
development practices that they didn't
have before. They've also been able to
better incorporate small businesses
and individual contributors versus big,
large-industry organizations.

They're also starting to really un-
derstand the benefit of owning their
data—this means that they (the gov-
ernment) can give it away freely to who
they want versus having a contract with
somebody who owns data and has some
restriction on its use. In one particular
area with the U.S. Department of De-
fense, we've seen willingness to adopt
open science approaches to common
infrastructures, common models, open
data, and well-understood interfaces
leading to better approaches to the

interoperability of existing systems. It's
beneficial to them and to researchers
who want to contribute, as the old sys-
tem created barriers to entry.

UHRMACHER: In Germany, the major
funding agencies, such as the Deutsche
Forschungs Gemeinschaft, encourage
scientists to publish open access and
make other products of their research
available to the community. The Winter
Simulation Conference (https:/www
.wintersim.org) has been publishing its
proceedings as open access tradition-
ally. Papers of all but the first conference
in 1967 can be accessed easily, which is
quite amazing. Meanwhile, journals and
conferences in computer science and
also in simulation have started to offer
authors the opportunity to have the re-
sults of their papers replicated, and their
artifacts (such as software or methods)
evaluated, whether being functional, re-
usable, and accessible. If successful, the
author’s paper receives specific badges,
and as an incentive for the reviewers and
to make the reviewing process transpar-
ent, details of the replication and eval-
uation process are published as short
reports within the journals and pro-
ceedings. The later initiatives are often
started by individuals, editors-in-chief,
or program chairs. So, it seems a mix-
ture between bottom up and top down—
maybe, simply, middle out.

BARBERA: The uptake of open science
is almost exclusively bottom up. There
is a growing number of researchers
and groups, even large groups, quickly
adopting the open science paradigm,
especially with the emergence of
COVID-19. In very few cases, this bot-
tom-up approach is backed by a top-
down approach. Very few countries
have open science policies officially
endorsed by national governments.
There are some strong initiatives
that are forcing change. Staying with
open access, Plan S is quickly evolv-
ing, and there are already a few tens
of national funders that have signed
the Plan S agreement. for example,
U.K. Research and Innovation, the
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Italian National Institute of Nuclear
Physics, and so on. (Plan S is an initia-
tive launched by a group of national
research funders supported by the Eu-
ropean Research Council and the Eu-
ropean Commission that aims to make
full open access a reality.) I think
Plan S will change something, and
it will come into force from 1 January
2021 with the aim of quick open access
publishing without any embargo.

One approach Plan S suggests is the
so-called green way that uses open ac-
cess repositories. This will be a good
opportunity to improve open access re-
positories and the e-infrastructures we
discussed earlier. I agree with Kath-
leen, and I reinforce the suggestion that
open science is very difficult without
changing the way we evaluate research
and the way we reward and incentivize
the researchers. It is changing. Organi-
zations are signing up to the San Fran-
cisco Declaration on Research Assess-
ment (https://www.sfdora.org), which
focuses on alternatives to research qual-
ity assessment, not just metrics.

I'll end with a success story. A cou-
ple of years ago, we were asked by the
Ethiopian Government to set up a na-
tional academic digital repository” for
publications first and then for data.
We worked for two years to make this
happen. The repository is now in place
and used to store theses, publications,
and so on. In 2019, this triggered the
decision by the Ethiopian government
to adopt a national policy on open ac-
cess.8 Ethiopia is one of the few coun-
tries in Africa that has such a policy,
and all Ethiopian universities are com-
mitted to it. There are good signs that
decision makers are moving toward
embracing open science.

BUDRONI: Since I'm based in Europe, I
would like to treat this argument from a
local perspective. There is an increased
awareness of the need for open science
policies. In my opinion, here in Europe,
this is mainly due to three factors: the
Budapest Declaration on Open Access,?
the upcoming European Open Science
Cloud (EOSC),!10 and the European

Union legislations concerning open
data, General Data Protection Regu-
lation, and Public Sector Information
Directive. These three factors shape the
development of open science, and the
EOSC is one of the most relevant out-
comes of this process. We see more ini-
tiatives coming in Europe and beyond—
OpenAIRE, 1 LEARN,!2 and so on.

A principle is a fundamental truth
or proposition that serves as a founda-
tion for a system of belief or behavior in
achain ofreasoning. IfIsaid you should
not delete scientific data, the principles
that are derived from this are that open
science data are to be kept FAIR—find-
able, accessible, interoperable, and re-
usable. Similarly, another principle is
that open science infrastructure should
be maintained to provide the necessary
support. I have then to conceive the
rules—the rules that offer regulations
to these principles. This is better if it is
generated bottom up because this then
results from the action of individuals.
We can also see policies, which are gen-
erated from the top as an action of an
executive. Either way, we need to un-
derstand the differences between prin-
ciples, policies, rules, and regulations.

COMPUTER: So, should all science be
open?

OAIYA: I think science should be as
open as possible and closed when it
needs to be. There should be some con-
trol by the producers and their admin-
istrative bodies. On a broader basis,
good research data practices should be
mandated, for example, such as in re-
search data management plans. There
should also be mandatory equitable-
ness in partnerships so that weaker
partners are not disadvantaged. It is
essential for global innovation.

For example, with COVID-19, the
speed at which innovations are occur-
ring is being driven by available data
and scientific output. Also, recently,
as part of the AfricaConnect project,3
which is connecting research organiza-
tions in Africa, we have been talking to
RUFORUM—a network of agricultural

institutions and research organizations
across Africa. The conversation is cen-
tered around leveraging this network
to establish a knowledge hub that col-
lates all information and data to pro-
duce a collaboration platform. We see
that, with the right policies, we would
leverage agriculture in ways that don't
currently exist to address Sustainable
Development Goals. Again, this comes
from the basic concept of openness.

LOPER: I agree that open science should
be as open as possible. I don't think
that unfunded mandates work. So, just
coming in with a heavy hammer and
saying it is all open science will meet
with great resistance. With some of
the customers that we serve, for exam-
ple, in defense, it doesn’'t make sense.
It makes sense for them to be open
within their set of problem spaces that
they can control and protect.

Moving toward open science has
to be more of a gradual process. Can it
help with global issues? Absolutely. We
are seeing in the work that we're do-
ing related to the coronavirus that an
open science approach is helping to be
more responsive and agile to address-
ing needs with the platforms, environ-
ments, and frameworks that we have
created for problem solving. I defi-
nitely think open science can be used
to solve greater world problems, like
pandemics and sustainability. We have
to have some ethical or trust frame-
work, as open science could be vulner-
able to someone with malicious intent.
We also need incentives and case stud-
ies of what has been successful to help
people understand why open science is
beneficial to them and society at large.

UHRMACHER: It has been stressed
already that making artifacts acces-
sible is not sufficient for research and
its products to be interpretable and
reusable. This requires additional
efforts and time. As Margaret has
already stated, not all research must
adopt open science. Still, I would like
to see somejustification in these cases.
Open science should become the norm
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rather than the exception, as it would
make M&S research more sustainable
and facilitate scientific progress.

BARBERA: The uptake of open science
should come from bottom up, from the
researchers. This is happening. The
long-term sustainability of open sci-
ence practices should be regulated by
the government through incentives for
researchers and changes in the process
of research and innovation. This needs
regulation; otherwise, open science
will be perceived as not the main way
of doing research that will bring you to
the highest level of your career.

Open science is very important for
tackling multidisciplinary problems.
The COVID-19 emergency is demon-
strating this. Open science is the way
to tackle the United Nations’ 2030 Sus-
tainable Development Goals. From the
technical point of view, if we are ad-
dressing multidisciplinary problems,
then you have the big problem of ho-
mogenizing metadata. There are work-
ing groups that are discussing how to
do this. If you can, then you can really
have a semantic web layer that could
enable multidisciplinary, cross-disci-
plinary searches and analyses.

BUDRONI: Two comments. The first—
let us open science using “open” as a
verb—science should be opened. The
second—starting again from the point
of view of ethics, ethics is not only im-
portant in open science, but it should
be the source of innovative activities.
Open science does not need unethical
tools. My recommendation would be
to focus on ethics, especially as there
is a new branch of ethics concerned
with the responsible use of data and
algorithms in corresponding prac-
tices that serve open science (such as
the discussions that are taking place
in artificial intelligence).

SHEARER: I agree with the others that
much of science can and should be
made open. Everything that is already
being published should be open. It’s al-
ready out there, and it should be open.
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Of course, there will be exceptions for
thingslike personal and sensitive data.
Indigenous knowledge is very much on
our minds here in Canada and respect-
ingthe ownership ofindigenous knowl-
edge. I think we need to build this ethi-
cal framework that we discussed earlier
around the whole ecosystem of open
content. There's an issue of resources
related to making things open. There is
a pragmatic challenge around describ-
ing data and the efforts that it makes
that are needed to make data FAIR. In
some jurisdictions, in some cases, we
may need to think about what our pri-
orities are in terms of data sharing and
focus on those priorities.

In general, I think open science is
very important for addressing some
of the most important challenges we
have, including climate change and
the pandemic we're in right now. I
think open science contributes to
every one of the Sustainable Devel-
opment Goals, and so, as much as we
possibly can, we should try to make to
make our scientific outcomes open.
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