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Open Science: Observations for
Universities as Agents of Paradigm Change

Abstract

Universities are fundamental niches for research and
knowledge generation. Ensuring that the results of
research are freely accessible, and promoting a more
collaborative and participatory science, is essential
to improving the effectiveness of R+l systems, and to
opening up Universities’ knowledge to the society that
sustains them. Open Science implies a new paradigm
promoted by the European Commission and embraced
in November 2021 by all UNESCO countries, the aim of
which is to move from ‘publish as quickly as possible’ to
‘share as soon as possible’.This document characterises
Open Science and includes fundamental reflections for
its implementation by Universities, taking into account
the key role of higher education institutions (HEI) in the
effective shift to a new research paradigm, providing
examples, initiatives and pointing out the main problems
that researchers face in putting Open Science into prac-
tice. However, also reflected here is the commitment
of many universities and university alliances to Open
Science, particularly in Europe, through the creation of
the new European Research Area (ERA), in which OS is a
structural element.

1. Introduction.
Collaboration, equity and
sustainability for a global
Open Science (0OS)

Research and Innovation (R&l) play a fundamental
role in Higher Education Institutions (HEls), and their
results are a vital asset for creating a better society.
Research is becoming increasingly complex, digital,
interdisciplinary, data-driven, dependent on large-scale
computing capabilities and highly competitive. Digital

dge immediately, transparently, collaboratively, openly
and globally. The Web, and the openness of research
and innovation processes and collaboration, provide
an opportunity to envisage a promising transforma-
tion of the way we do science. Despite this, the way we
conduct, publish, fund and evaluate research has not
changed since the 20th century (Méndez, 2021).

In universities, we have been talking about open science
for many years now, but not always as a serious concept.
OS policies and mandates, until quite recently, focused
solely on Open Access (OA) to scientific publications,
and often conflicted with national policies and with uni-
versities’ other underlying interests such as rankings,
which dominate policies and behaviours, pushing
researchers towards the traditional “publish or perish”
and subjecting them to the tyranny of 20th-century
metrics and the business of scientific publishers.

HEIs are key institutions in the 2030 Agenda. One
of the biggest challenges facing universities in the
21st century is how to effectively manage their efforts
to solve societal problems, such as those tackled
through the Sustainable Development Goals (SDGs),
in an increasingly complex, competitive and changing
global environment (Pdunescu et al., 2022). OS is also
an essential enabler of the 2030 Agenda?, and can
be seen as a concrete way to reduce inequalities (SDG
10) and leave no one behind. It must also be adapted
to universities in less developed countries where they
do not have the funding needed for research. Invest-
ments should create a virtuous circle in which changes
in research outcomes generate more funding in the
long term (Onie, 2020). “Failure to address structural
inequalities directly means that those who are already
privileged will see their advantages increase, especially
because they have greater influence over the way Open
Science is implemented” (Ross-Hellauer, 2022).

Knowledge Democracy. BRILL/SENSE. 1. See: Global University Network for Innovation (GUNI). Rethinking HEls
for Sustainable and Inclusive Societies: https://www.guninetwork.org/
distributed collaborative research behaviour (David et files/concept_note_guni_2021_new_visions_for_he_2030_def.pdf

2. See: Towards Global Open Science: Core Enabler of the UN 2030

Agenda: https://research.un.org/conferences/OpenScienceUN

technologies, in particular the World Wide Web, enable

al., 2008) and the possibility to communicate knowle-
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2. The concept of Open
Science, and challenges
for universities

2.1 Open Science: a new global paradigm
for research and innovation

OS is a new way of conceiving research through colla-
borative work, openness and transparency in all stages
of research, and bringing science closer to society more
effectively. It requires a radical transformation in the way
research is conducted, and requires the current model
to undergo a paradigm shift (Anglada & Abadal, 2018).

OS emerged in the fields of economic history and the
sociology of science, which focus on the economic
dimension of knowledge and intellectual capitalism in
the late 17th century. In the sociology of science, the
principle of openness is seen as inherent to academic
activity and can be traced back to the original precepts
underpinning the conduct of researchers (Merton, 1974).
The race to be the first to claim credit in science has tra-
ditionally provided a strong incentive for scientists to
make their knowledge public. The sharing of scientific
knowledge created with public money, however, poses
a social and political problem.

Most theories and definitions characterise OS as a
“movement”; however, as well as the activism side, OS
has a political discourse and a set of traits and modes
of behaviour that shape the nature of research as a
system, and which transcend the basic discussion of
“open vs. closed” science. Because of this, we prefer
to speak of a new paradigm and a new attitude for and
towards research (Méndez, 2021).

Although the European Commission’s policies, actions,
recommendations and funding programmes have
helped to legitimise OS as a term and “brand”, it was
not until the recommendations of UNESCO, in Novem-
ber 2021, that a consensus definition was reached and
the name “Open Science” was chosen over other possi-
ble names (Open Scholarship, Open Research or Open
Knowledge). Thus, Open Science is defined as:

“an inclusive construct that combines various
movements and practices aiming to make mul-
tilingual scientific knowledge openly available,

tion for the benefits of science and society, and to
open the processes of scientific knowledge crea-
tion, evaluation and communication to societal
actors beyond the traditional scientific commu-
nity. It comprises all scientific disciplines and
aspects of scholarly practices, including basic and
applied sciences, natural and social sciences and
the humanities, and it builds on the following key
pillars: open scientific knowledge, open science
infrastructures, science communication, open
engagement of societal actors and open dialogue
with other knowledge systems.” (UNESCO, 2021).

Yeratziotis et al. (2022) highlight the impact of research
on society, which should be a natural consequence of OS,
as it encompasses all disciplines, for different groups and
societal actors, and multiple levels of analysis, methods
and complex interdependencies between Academia,
Business, Government, Society and Environment. The
quintuple helix model recognises the distinct roles that
these main actors have in the innovation system, highli-
ghting the importance of actively integrating citizens
into research, development and innovation. Ignat & Ayris,
(2020) emphasise that OS enables knowledge sharing
between the scientific community, society and busi-
ness, making it possible to increase the recognition and
the social and economic impact of science. OS is more
than just open access to data and publications; it is the
opening up of the scientific process as a whole, stren-
gthening the concept of scientific social responsibility.
The practical implementation of OS creates multiple
opportunities for innovation, and enables new products,
services, businesses and companies to be developed.

In addition to the three main public statements of Budapest
(2001), Berlin (2003) and Bethesda (2003) (known as the
three Bs), which focused on open access to publications,
the last 20 years have seen recommendations, manifes-
tos and all kinds of documents supporting OS or aspects
of it.®® The European Commission (EC) has boosted the
analysis, feasibility and motivation of OS, creating spe-
cific working groups, documents and observations that
mark various milestones in its development (e.g. EC, 2016;
Hessels et al., 2021; OSPP-REC, 2018, O'Carroll et al., 2017,
2017b, etc.). However, many of these reports show that we
are still in a transitional process, as indicated by the inclusion
of “Towards” in the title of many of them (EC, 2021; CSES,
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2020; Méndez et al., 2020). Nevertheless, universities and
other research institutions have always been considered the
main stakeholders in this complex and necessary scenario.

The EC has been the driving force behind OS policies,
which have been taken up by the 27 Member States and
other European countries outside the EU. Several states
have thus launched specific national policies to promote
and implement OS. The Scholarly Publishing and Acade-
mic Resources Coalition (SPARC Europe) and the Digital
Curation Centre (DDC), publish an annual report on the
current situation regarding OS policies in Europe. The
latest of these reports (Sveinsdottir et al., 2021) recogni-
ses that 12 of the 27 EU Member States have an OS policy,
with varying strategies: centralised policy at government
level (such as France) or through participatory methodolo-
gies (such as Finland). Switzerland’s policy is worth noting
for the fact that universities are the ones leading the tran-
sition to OS. Regardless of the level of leadership they
have in the corresponding national strategies, European
universities are fundamental actors, to a greater or lesser
extent, and their evolution is properly monitored through
the annual survey of the European University Association
(EUA) on OS (Morais et al., 2021).

The EC’s latest prospective study by the Rathenau
Institute looks at the effects of global variations in OS
practices on the European research system. It makes a
geographical comparison between China, the United
States and the EU to analyse the geopolitical develo-
pments and coordination mechanisms used by the EU
and these two vast and disparate countries. In 2019,
China presented 32% of its scientific publications in OA,
compared to 43% in the US and 45% in the EU (Hessels
et al., 2021, based on information taken from the Web
of Science). The EU is making a coordinated effort to
create a global infrastructure - the European Open
Science Cloud (EOSC) - where several interested univer-
sities have signed up to be members or observers of the

Figure 1. Main OS challenges related to research results and to the
stakeholders involved.

FAIR Data

Next Generation
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EQOSC association. In other parts of the world, the same
approach is being taken, but at different speeds and with
varying levels of commitment. In some countries, HEls
have other priorities and require OS to be redesigned to
suit their needs (Onie, 2020) or to ensure that their needs
are met through OS. However, creating national infras-
tructures for research data and the promotion of Open
Science is already a fairly common initiative (e.g. the
African Open Science Platform; the CSTCloud in China;
the Malaysian Open Science Platform (MOSP); the National
Research Data Infrastructure (NFDI) in Germany; and the
Australian Research Data Commons, (ARDC).) Since 2019,
there has been talk of creating a Global Open Science
Cloud infrastructure that helps to address complex pro-
blems and scientific challenges through interdisciplinary
research data. OS is a global effort that requires the whole
world to play an active role. UNESCO not only defines OS
as a global public good, but also includes the need for
international cooperation between different actors in all
countries and in key areas.

2.2. The challenges of Open Science and
how universities can address them

OS cannot be delayed any longer, and HElIs are playing
a key role in its implementation. In the latest HEIW7
report, Ayris & Labastida (2019) highlight the eight
fundamental challenges or pillars identified by the EC
and emphasise the need for universities to undergo a
change of culture in order to face these challenges,
as described in the League of European Research Uni-
versities (LERU) report. If we remove the specificity of
the European EOSC, and summarise it as the need for
Findable, Accessible, Interoperable and Reusable (FAIR)
research data infrastructures, then these challenges or
pillars can be extrapolated to any HEI, not just in Europe,
and can be categorised into challenges either related to
research results, or to the stakeholders involved (Fig. 1)

— Career Assessment Matrix

— OS training (ECRs)

New Research Integrity
and Ethical Concerns

accessible and reusable for everyone, to increase 3. See: Charters and Principles in Scholarly Communication: http:// L Citizen Science

scientific collaborations and sharing of informa- tinyurl.com/scholcomme-charters. To date (March 2022), this living

document includes over 120 declarations, manifestos, etc. Source: adapted from (Méndez, 2021)
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In addition to these more or less universally accepted
challenges, we must include another: equity, which
also derives from UNESCO (2021) and is crucial to
ensure that OS is not the norm solely in the most pros-
perous or developed countries and institutions, but
that all HEIs have the resources they need to transition
to OS. Universities must embrace a culture that pro-
motes diversity and equal opportunities, articulating
shared values that create a shared research and inno-
vation system, and establishing the necessary legal and
social framework to implement it.

As we have highlighted on numerous occasions
(Méndez, 2021; Méndez et al., 2020), OS does not only
need policies, statements and recommendations; it
also needs Practical Commitments for Implementa-
tion (PCls) from all stakeholders involved. PCls are
measures that put into practice the principles and
values of OS; they are realistic and include a concrete
action plan. In Spain, the Digital Agenda 2025 (Govern-
ment of Spain, 2020) defines the country’s priorities in
the current context, and the challenges and develop-
ments foreseen for the coming years, and includes the
actions that the EUA will take to support them. It highli-
ghts three priorities: universal and permanent OA to all
research results; FAIR research data; and institutional
accountability in research evaluation, which is undenia-
bly the game changer (cf. 3.1).

3. Keys to implementing
Open Science in

HEls: transforming

and collaborating

3.1. The Gordian Knot: The change needed
in the research evaluation system

The current research system works under the irrational
and anachronistic imperative to “publish or perish”, and
the success of an academic career is measured by the
papers a researcher publishes - not in just any scienti-
fic journal, but in those considered “good” according to
metrics that, much like the journal impact factor (JIF),
cannot measure the quality of a paper but only the
popularity of the journal in which it is published. The JIF
was originally intended to help libraries decide which
journals to purchase for their collections, but it has
since become the basic trusted metric used to evalua-

te research articles (McKiernan et al., 2019) and, worse
still, for determining promotion in research careers.

This type of evaluation based on quantitative indicators
and exclusively on publications is the biggest barrier
to OS, and is recognised as such by everyone involved
in the science system. Since 2021, the EC has facilita-
ted efforts to reform the research evaluation system.
In December 2020 it published a Scoping Report (EC,
2021) to boost the process of reviewing and building
a consensus with stakeholders with the aim of establi-
shing responsible evaluation. This evaluation reform
is part of the policy agenda of the European Research
Area (ERA). For that purpose, the Commission has
brought together a coalition of organisations (led by
the EUA and ScienceEurope) to implement the reform.
These organisations include other university networks,
which have stated their position (e.g. the Young Euro-
pean Research Universities Network (YERUN) and the
League of European Research Universities (LERU), and
agree on the need for greater multidimensionality in
the evaluation process. Evaluating researchers solely
based on the number of highly cited articles they have
published in journals with a high JIF underestimates
the value of other contributions, limits reproducibility
and discourages researchers from collaborating. The
need for multidimensional evaluation is highlighted in
the career assessment matrix (CAM) (O’Carroll et al.,
2017b) and is also reflected in the Dutch position paper
Room for Everyone’s Talent.

Universities usually highlight their autonomy when
describing their evaluation and promotion systems,
but 75% of HEls acknowledge the prevalence of the
JIF as an indicator in individual evaluations. However,
some countries are taking a different approach to
research evaluation, such as the Netherlands, where
universities have created a Strategy Evaluation Pro-
tocol (SEP 2021-2027), and individual institutions
have established systems of incentives not based on
qualitative indicators.

3.2. Science is yours: participatory research
structures within universities

Engaging society and societal actors has been a priority
for the EU over the last five years (EC, 2017; Lamy et al.,
2017). However, there is still a lack of mechanisms to

4. See: https://www.nwo.nl/sites/nwo/files/media-files/2019-
Recognition-Rewards-Position-Paper_EN.pdf
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systematise the involvement of citizens in HEI research.
Several studies have shown that society can play a
meaningful role in debates on science and technology,
and that this win-win interaction can help to streng-
then democracies and decision-making (Marzuki, 2015;
Renn et al., 1993). In this regard, at a time of heighte-
ned concern over citizens' lack of faith in science, it
is more important than ever to establish institutiona-
lised mechanisms that include citizens in the conduct
and governance of science and innovation in HEls
(Mejlgaard et al., 2018). To engage society in research,
OS creates a framework where there is a need to shift
from seeing science as a product to seeing science as
a process, and to foster competition between resear-
chers for collaboration that goes beyond universities
and boosts innovation.

Although many projects include participatory
methodologies for this key OS challenge, citizens’
contributions need to be more meaningful at nume-
rous stages of the entire research process. For that
purpose, universities need to provide infrastructures
and programmes to develop such practices. The way
universities choose to establish this type of practice
varies, from makerspaces (hackerspaces or Famelab)
(Niaros et al., 2017), to science shops (Leydesdorff &
Ward, 2005) and living labs (Schuurman et al., 2011)
(also recently called Open Labs). Living labs are spaces
for testing, validation, development and co-creation at
all stages of a design and commercialisation process
(Leminen et al., 2017) and have been implemented by
both companies (Merz et al., 2007) and universities
(Nesterova & Quak, 2016).

Committed and innovative universities must put citi-
zens at the heart of OS, in line with the principles of
Responsible Research and Innovation (RRI). There has
been significant progress in recent years, but there
is still a long way to go before this is a widespread
approach in universities.

3.3. Research quality: scientific integrity
and reproducibility

Another aspect that universities need to pay attention
to is quality of research, which can be compromised
by initiatives and behaviour falsely presented as OS.
OS sometimes breeds opportunistic behaviour, such as
editorial practices that have resulted in fraudulent jour-
nals, and others that - while not considered outright
fraud - have encouraged predatory behaviour. A new

n

ethical code of good practice is needed to guarantee
the reproducibility of science and a new integrity in the
universities of today to guarantee a proper transition to
the OS paradigm.

The new ethics required by OS and data-driven science
presents a fundamental challenge and still lacks a
shared or global vision that goes beyond pre-establi-
shed codes of ethics (e.g. ALLEA, 2017). Reproducibility
is a continuum based on three main research proces-
ses: reproduction (re-creation of a study by a third
party, using the original setting, data and analysis
methodology), replication (more general re-creation of
results, using the same analytical method but on diffe-
rent datasets) and re-use (more flexible re-use of results
beyond the original research context (transdisciplinari-
ty) (Lusoli, 2020).

HEIs must establish ethical and technical protocols
for data sharing that guarantee broad reproducibility/
replicability and reuse, including the publication of
negative results, which are currently discriminated
against in scientific output. From a technical point of
view, making data FAIR is no small matter. It requires
investment and monitoring by universities, which are
not always prepared to go any further than funders’
requirements to create a data management plan
(DMP). Publishing all the data that underpins a piece
of research can save resources and avoid repeating
failed experiments. We cannot estimate how much it
costs HEIs to make their data compliant with FAIR prin-
ciples, but we do know how costly it is if they are not
(PwC EU Services., 2018).

3.4. Strength in numbers: university
networks and alliances for implementing
Open Science.

From a supra-institutional point of view, university
networks in Europe (EUA, YERUN, LERU, CESAER, etc.)
and internationally (GUNI, IUA, ACA, etc.) have played
- and continue to play - a very important role. Euro-
pean university alliances have also joined them through
EC-funded projects in the EU. This initiative presents
an opportunity to work together, to reflect and to
deepen university collaboration in a multilateral envi-
ronment. University alliances can serve as role models
or test-beds for new approaches (Claeys-Kulik, 2021),
particularly to bring about the real, cross-institutional
implementation of OS through solid PCls. To maximi-
se synergies in research and innovation policies, the
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EC complemented the funding of the Erasmus+ Euro-
pean Universities Initiative through a specific call for
proposals for the Horizon 2020 Science with and for
Society (SwafS) programme. All partnerships therefore
have a project in which “mainstreaming Open Science
practices” was one of the transformation modules
highlighted in the call. OS is an essential part of all the
projects funded in this call, and thus also in the part-
nerships and institutions involved in them: for example,
YUFERING (YUFE alliance, Fig.3) and RIS4CIVIS (CIVIS
alliance), which have a specific OS work package (WP);
and ENHANCERIA (ENHANCE alliance), where OS is a
cross-cutting theme throughout the project.

Final observations:

Knowledge+Open =
Universities 2030

Sometimes it can feel like the ideals, values and recom-
mendations of OS remain the same, and the only thing
that changes is the target year for bringing about the
change. The EC initially set 2020 as its target year
for making all publications open; we are now in 2022
and still a long way from meeting that target. The

Figure 2. The 2022 Open Science calendar of the YUFE alliance,
YUFERING project. DIY-OS Calendar (YUFERING), January
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Source: adapted from (Méndez, 2022)

target year for universities is now 2030, as well as for
OS and the SDGs. Universities are trying to establish
OS policies, but these are increasingly being referred
to as “open-washing”, which is when action plans are
undermined by the pressure of the anachronistic and
absurd publication system, or by the purely binary
method of monitoring compliance with requirements
(e.g. research data is listed as either open or not open,
while the level of compliance with FAIR principles
is not assessed).

Looking towards 2030, the EUA® is presenting
Universities 2030 as institutions that are open, trans-
formative and transnational; sustainable, diverse and
engaged; strong, autonomous and accountable. The
EC-commissioned report Towards a 2030 Vision on
the Future of Universities in Europe identified several
transformation modules. One of these was “knowled-
ge-driven universities in the context of digital changes:
the transition to open science (through FAIR and open
data) and Open Access”. The report also highlighted
the need for greater citizen trust in the knowledge pro-
duced by universities through collaboration (citizen
science) (CSES, 2020). With the same 2030 target,
the final report of the Open Science Policy Platform
(OSPP) (Méndez et al., 2020) proposed the five attribu-

5. See: Universities without walls: A vision for 2030 https://eua.eu/
downloads/publications/universities%20without%20walls%20%20a%20
vision%20for%202030.pdf

If science is not open... it is
not going to help us

Open Science and Open Knowledge
accelerate research and advance to face

social challenges (COVID pandemic, SDGs).

The European Commission and many other
political and scientific institutions, as well as
research funding agencies, promote the
urgent implementation of Open Science.
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tes that a shared knowledge-based research system
should fulfil by 2030: an academic career structure
that rewards diverse outcomes, practices and beha-
viours; a research system that is trustworthy and
transparent; a research system that enables innovation;
a research culture that facilitates diversity and equal
opportunities; and a research system that is built on
evidence-based policies.

Although universities have made an effort to incorporate
knowledge and OS into their systems since the begin-
ning of the 21st century, they are still a long way from
becoming Open Knowledge Institutions. This concept
- which was also highlighted in the GUNI Higher Edu-
cation in the World 7 report (Benneworth et al., 2019)
- defines universities in 2030 as Open Knowledge Insti-
tutions, collaborating at various levels (country, region),
with different partners (multi-stakeholders) and from a
transdisciplinary perspective.

Aside from all the definitions and references given
in this article, OS means giving science back to the
researchers who carry it out, and to the society that
funds it. Science is like a parachute: if it is not open,
it cannot help us. Universities have a fundamental role
to play in creating an ecosystem of innovation and
research that allows knowledge to become open and of
value for society.
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