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1. Introduction
While policy instruments to support some aspects of open science are available—including open access
and open data—guidance on the emerging ‘social’ aspects of open science has lagged. The 2021
UNESCO Recommendation on Open Science’s identification of ‘Open engagement of societal actors’
as a pillar of open science has prompted increased focus on social aspects of open science, resulting in
the development of a specific guide in the UNESCO Open Science Toolkit, summarizing regional and
national policy recommendations to support the open engagement of societal actors. Here, the authors
of this guide on engagement of societal actors in open science report, expand and reflect upon the
scholarly underpinnings behind the guidance document’s recommendations. Our general aim is to
support the application of the guide by different stakeholder groups. The guide was addressed
to policy makers and policy professionals who are less familiar with the field, to benefit from
understanding the place of citizen science within the wider field of Open Science. Through this paper,
researchers and practitioners can access the additional details that clarify the underlying work that led
to the guide, with the view of informing their open science practice, and for the OS guidance
document to be built upon, critically evaluated, and improved over time. In 2019, the 193 UNESCO
Member States tasked the organization with the development of an international standard-setting
instrument on Open Science in the form of a UNESCO Recommendation.

The UNESCO Recommendation on Open Science was adopted by the General Conference of
UNESCO at its 41st session, in November 2021,
31309
‘Noting the transformative potential of open science for reducing the existing inequalities in STI [i.e. science,
technology & innovation; added] and accelerating progress towards the implementation of the 2030 Agenda
and the achievement of the Sustainable Development Goals (SDGs) and beyond’.

‘Considering that more open, transparent, collaborative and inclusive scientific practices, coupled with more
accessible and verifiable scientific knowledge subject to scrutiny and critique, is a more efficient enterprise that
improves the quality, reproducibility and impact of science, and thereby the reliability of the evidence needed
for robust decision-making and policy and increased trust in science’ [p.2].
‘Open Science’ is an umbrella concept, which includes a range of ‘open’ labels of research practices,
such as Open Source Software, Open Access to publications, Open Educational Resources, Open Data, as
well as opening the process of scientific knowledge production to other actors, or ‘citizen science’ in its
dual value of science produced by citizens—through the collection of data and involvement in other
steps of the scientific method—and science made for citizens, or scientific communication.

Open science emerged in the late 2000s, as a solution to address recognized issues in scientific
practices (such as the difficulties in accessing scientific papers) and by taking advantage of emerging
web technologies (see for example, [1,2]). Its original formation highlighted open scientific data as a
core principle, joined by open-access publication and open-source scientific software, as well as
openness to the public in terms of their engagement in scientific practice. In practice, most attention
was paid to the aspects that are at the core of the concerns of scientists such as Open Access and
Open Data. Since then, the concept evolved, with an adoption by the European Commission as a
central part of research policy [3], with eight areas of activity: rewards and incentives, indicators and
next-generation metrics, future of scholarship, European Open Science Cloud (EOSC), FAIR data,
research integrity, skills and education, and citizen science [4]. Eventually, global awareness, attention
and some form of consensus converged and materialized in the form of the UNESCO
Recommendation on Open Science. This Recommendation was motivated by the need to change
‘science as usual’ in order to achieve the Sustainable Development Goals (SDGs) and was adopted by
all Member States in November 2021.

UNESCO Recommendations are legal instruments emanating from the organization’s supreme
governing body, and hence, recommendations are set to shape and influence national laws and
practices [5]. With the UNESCO Recommendation now in place, recent discussions on science policy
practice are shifting to the implementation of open science via national and regional policy. Several
countries have already undertaken concrete steps to shaping their existing science, research and
innovation policies. As De Filippo & Sastrón-Toledo ([6], p.2) have reported, in Europe, Finland has
its Open Science and Research Initiative [7,8]; the Netherlands, the National Plan Open Science [9];
Portugal adopted an open scientific policy [10], France launched the French Plan for Open Science in
2018 [11], Greece kicked off the National Open Science Plan for Greece in 2020 [12]. Recently, the
National Plan for Open Science was developed in Italy [13], Austria approved its policy on Open
Science and the European Open Science Cloud in 2022 [14] and Spain introduced the National
Strategy for Open Science 2023–2027 [15].
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The efforts in these countries are characterized by an evolution of openness, with earlier open science
policy efforts focusing on open data, open access and open infrastructures, while more recent policy
efforts include citizen science and other participatory approaches. In some countries, open data
policies are a prior policy development that seems to evolve into open and participatory policies [6].
For example, in the case of Spain, its 2017–2020 State Plan on Scientific and Technical Research and
Innovation made it mandatory for results and research data obtained under public funding to be
open [16]. In 2022, the country’s new Act 17/2022 of 5 September on science goes a step further: ‘to
facilitate free access and management of data produced through research (open data), in accordance
with international FAIR principles (Findability, Accessibility, Interoperability and Reusability), to
develop open infrastructure and platforms, to foster the publication of scientific results in open access
and civil society’s open participation in scientific processes’ ([17], cited in [6]). At European Level, the
year-long Mutual Learning Exercise (MLE) on citizen science Initiatives by 11 countries that ended in
January 2023 has been a key forum for policy makers in the area of R&I policy and funding to learn
about citizen science and how to embed this into their policies. During the year, policy makers
exchanged information about their policy development, which was enhanced through site visits in
Austria, Germany, Slovenia, Belgium and Hungary. The MLE provided the space for online and face-
to-face long discussions guided by experts and information sharing. At a global level, from the
interactions in the UNESCO Open Science Working Groups, it is becoming increasingly clear that the
‘social’ pillars of the Recommendation are still lacking attention, i.e. the conditions for creating an
enabling environment for citizen science and other forms of open engagement.

From the beginnings of the development of the open science concept, the opening up of the scientific
process to actors who are not professional scientists was recognized. For example, Nielsen [1] recognized
that citizen science, mostly in the form of crowdsourcing activities such as Galaxy Zoo, a project in which
volunteers help astrophysicists to classify images from telescopes, is changing the relationships between
science and society. Boulton et al. [2] recognized that ‘The growth of the citizen science movement could
turn out to be a major shift in the social dynamics of science, in blurring the professional/amateur divide
and changing the nature of the public engagement with science. Free or affordable access to scientific
journals and data would provide important encouragement to the movement’ (p. 40). Yet, there is a
need to notice that citizen science has a different place within the family of practices and principles
that are part of open science. Many of the principles are about the way scientists do science, such as
opening datasets, using replicable open-source software, or publishing their papers in open-access
repositories. All these actions do not change the fundamental process of ‘doing science’ as a process
that happens among specialists—a dataset can be shared in a highly specialized format, and the open-
access publication can be written in a niche jargon. These principles also fit into what Mačiulienė [18]
terms the quality-control nature of open science. It is therefore unsurprising that this set of changes is
easier to implement within the current science system. Citizen science, on the other hand, is about
opening the relationships between science and society [18] and as a result, requires a change in the
role of scientists and the way they do science. As Golumbic et al. [19] and Riesch and Potter [20]
evidence, the acceptance of citizen science by scientists is challenging as it requires a change of
practices and epistemic approaches. This challenge is also noticeable in policy documents and the
academic literature, with a much bigger emphasis on open access, open data, and open source than
on societal engagement, a focus that is also reflected in funding allocation.

Furthermore, we need to be aware of the critiques of open science and citizen science and not present
them as panaceas. As Ross-Hellauer [21] pointed out, there are significant costs associated with
maintaining high-quality open science practices and these might increase inequality and the ability to
do and publish science. A much wider critique is provided by Mirowski [22] where he highlights the
potential for exploitation of people’s effort within a scientific process that is ultimately aimed at
generating profit-making products or services, highlighting the need to consider who benefits from
open science approaches. Mirowski [23] has also levelled a specific critique on citizen science and the
degradation of expertise that it can lead to, as well as a way to justify cutting funding and resources
from scientists. Issues around the diversity of citizen scientists have also been identified, as many
citizens lack the time, skills and/or confidence to take part in citizen science projects, raising calls for
more inclusivity [24].

The purpose of this paper is to detail and reflect upon the scholarly underpinnings of the guidance
document of the UNESCO Open Science Toolkit on ‘Engaging societal actors in Open Science’ in light of
this nuanced understanding of open science and citizen science. First, we provide further context on the
process of synthesizing diverse examples from the field of citizen science that were used to derive
building blocks for progressing the open engagement of societal actors into (open) science policies.
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Second, we discuss the key elements identified as building blocks of an enabling policy environment for
open engagement of societal actors. Finally, we offer new reflections on the potential cascading impacts
of opening science to society within the science policy community, considering our synthesis in light of
current literature to discuss future opportunities and challenges.
ietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231309
2. Background and method
Open engagement of societal actors constitutes a landscape of approaches and practices that involve,
or are initiated by, stakeholders across society. One of the most prominent forms is citizen
science. While this term is often understood to primarily involve the crowdsourcing of data collection
or data processing by volunteers, in practice it entails many forms of collaborating with members
of the public in knowledge co-creation and application. A recent study capturing the views of
333 citizen science practitioners highlighted the pluralities of citizen science and that context-
specific definitions are needed [25]. Common characteristics of different interpretations [26,27] are that
citizen science:

— Involves participants in one or more steps of the scientific research process;
— Is practised across all areas of research and knowledge production, from environmental to social or

health conditions monitoring;
— Is applicable across all scientific and scholarly disciplines, alongside a variety of disciplinary

traditions and research methods;
— Follows protocols and principles of the discipline within which the research is framed; and,
— Varies in terms of the roles, responsibilities, and leadership opportunities for scientists, their fellow

citizens, and other stakeholders.

The diverse societal engagement practices display a range of initiators as well—from science-driven ones,
to community-driven and those initiated by authorities and monitoring agencies—along with a range of
purposes (such as scientific investigation, conservation, local action and education) (see box 1).
All societal engagement approaches embody different notions of expert knowledge and are affected
by structures that influence science dynamics at work, including which questions are asked, which
methods are used, how data are shared and who can access and analyse any data collected. The
diversity of societal engagement approaches is indicative of the changing role of science in society and
the shifting interactions between science, society and policy, illustrating that universities no longer
have the monopoly over knowledge production. Societal engagement initiatives are embedded in and
responsive to a number of dynamics and aspects: thematic, geographical & temporal dimensions;
socio-political context; scientific discipline(s); technological dimension; and financial resources [39].

Attention to the governance of societal engagement processes is important to ensure more egalitarian
practice and knowledge co-production. Lack of awareness, acceptability and sustainability are well-
known barriers to the broader uptake of societal engagement approaches such as citizen science and
citizen observatories [32,40]. An enabling environment for the open engagement of societal actors and
dialogues with other knowledge systems promotes awareness of their potential, validation of their
contributions to science, acknowledgement of and willingness to address policy and societal
challenges, and sustainability for their activities. Open science policies are key for establishing this
environment and for leveraging the potential of societal engagement in science to address key societal
challenges, especially those encompassed in the SDGs. Existing research on enabling environments for
citizen observatories (CO) based on citizen science has demonstrated that an enabling environment
consists of ‘the sum of conditions that enable a CO to start, function and sustain its activities to
deliver value and impact across multiple stakeholders’ (p.21), featuring active and engaged networks
of stakeholders; skills, capacity building and training; suitable and reliable technology, infrastructures
and data policies; and flexible legal and policy frameworks to ensure impact and sustainability [32].
Our discussion builds on a collaborative effort of a global network of citizen science practitioners
carried out in autumn 2022 that captured existing insights and recommendations on what policy
makers can do to shape their (open) science policies in order to ensure the open engagement of
societal actors in science [41]. These insights were collated from relevant academic literature that
included concrete policy recommendations, policy briefs and other policy-oriented documents, as well
as project deliverables, conference papers, and funding agency guidelines. Targeted searches in the
academic and grey literature were carried out for policy recommendations on how to embed citizen



Box 1 . Different forms of open engagement of societal actors.

Citizen science: Participation, in whole or part, in the scientific life cycle by those who do not hold
credentials typically associated with that field of science [25,28].

Community-based participatory research: Collaboration with communities most affected by an
issue, enlisting them to conduct research, and devising solutions together, often in a health, public
health, or environmental context [29].

Community science: Science initiated by communities underserved by scientific institutions,
and elevating local expertise and issues above academic interests [30].

Community-based monitoring: Routine observations of environmental or social phenomena, or
both, that are led and undertaken by community members and civil society associations, and can
involve external collaboration and support of visiting researchers and government agencies [31].

Citizen observatories: Community-based environmental monitoring and information systems,
that invite individuals to share observations, typically via mobile phone or the web. Emphasises
two-way flow of information and citizens conducting environmental monitoring [32].

Crowdsourcing: Distributing a discrete set of tasks—such as data collection or processing—
among participants, often used to lower costs or increase the speed of research for those running
a project [33].

Listening at scale/ implicit sensing/ social media listening: Employing data science
methodology—including machine learning and natural language processing—to surface
consensus from differing opinions among a large population [34].

Participatory action research: Involving an affected community throughout research with a specific
problem to solve, often used in the social sciences and sometimes includes taking political action [35].

Science shops/Citizen science labs: Mechanism (typically of universities) for initiating challenge-
driven research defined by citizens and communities and undertaken with and by scientists [36].

LivingLabs: Innovation experiments with stakeholders of the quadruple helix (academic,
private sector, public sector, civil society) in their real-life setting [37]. The extent to which
LivingLabs serve to open up the scientific process varies greatly, however.

Source: based on Wehn et al. [38].

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231309
5

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

04
 J

un
e 

20
24

 

science and other forms of open engagement of societal actors in open science policy, complemented by
the authors’ own knowledge of existing materials, accompanied by a broad call for participation within
relevant professional communities, resulting in 52 documents for the detailed analysis. Following on
from an initial search for inputs, we identified thematic and geographical gaps and followed with a
snowballing approach to complement the dataset. This approach was effective as the authors are
experts working on open, participatory and citizen science topics. The resulting documents were
analysed with a view to extracting recommendations in the seven action areas that are mentioned in
the UNESCO Recommendation on Open Science, namely, a common understanding of open science;
an enabling policy environment for open science; investments in open science infrastructure and
services; investments in human resources, training, education, digital literacy and capacity building;
fostering a culture of open science and aligning incentives for open science; promoting innovative
approaches for open science at different stages of the scientific process; promoting international multi-
stakeholder cooperation for open science and reducing digital, technological and knowledge gaps [42].

This resulted in a structured data set which was cleaned to identify duplicates resulting in a data set
of 33 documents; the original documents were checked in cases when clarifications of the extracted
entries were needed. A thematic analysis was undertaken to synthesize these inputs into specific
policy recommendations in four specific areas related to opening science to society: i) open
understanding; ii) capacity building; iii) infrastructure and services; and iv) funding from which
policy recommendations for governments were derived.
3. Progressing citizen science via (open) science policy
Given limited existing guidance for progressing open engagement of societal actors via policy, this
section presents and contextualizes specific policy recommendations for embedding citizen science
and other forms of open engagement of societal actors in (open) science policy (table 1). Drawing on



Table 1. Summary of recommendation for opening science to society via open science policy. Source: Wehn et al. [43].

open understanding of

opening science to

society

empower and engage societal

actors through open

engagement

go beyond facilitating public participation in

scientific processes that are led top down

foster transparent communication & long-term

relationships with community partners

ensure free and open access to educational

content, enhance science and data literacy

ensure diversity, equity,

inclusion, & justice in opening

science to society

ensure engagement of and partnerships with

marginalised communities

support non-traditional venues for scientific

activities and accessible communication

ensure benefits of societal engagement reach all

involved stakeholders

capacity building on

opening science to society

national & policy-maker levels create enabling environment that cut across

governance levels

leverage existing resources

foster multi-level and multi-stakeholder policy

connections

institutional & individual level foster capacity building and academic

recognition within Higher Education

Institutions

foster societal engagement through (high)

schools and life-long learning programmes

support informal training initiatives

knowledge exchange

opportunities

prioritise impact at scales from local to global

support development of infrastructures for

practitioners of open societal engagement

ensure accessible resources

infrastructure & services

for opening science to

society

develop online infrastructure for societal engagement

incorporate Open Data sharing

encourage reusability and interoperability by developing standards that require input

from societal actors

support bottom-up development of infrastructure to allow societal actors to shape tools

for engaging with science

funding for opening

science to society

for what foster open societal engagement and dialogues

with other knowledge systems

mainstream societal engagement in all funding

for whom financial support for a wide range of actors

for how long funding models to focus on creating diverse,

long term relationships & community

building

by whom collaboration between public and private

funding agencies

fit-for-purpose instruments specifically address quality criteria of good

societal engagement & co-create fit-for-

purpose funding & evaluation instruments
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the knowledge and insights of the citizen science community, the presented policy instruments
related to the creation of an open understanding of the open engagement of societal actors, capacity
building at different levels, infrastructure and services for open engagement of societal actors, and
funding mechanisms.

3.1. A more open understanding of engagement in science with societal actors
Open engagement with societal actors offers great potential for communities to take a leading role in
scientific knowledge generation, interpretation, and implementation [44,45]. A supportive policy
environment can facilitate a move beyond top-down leadership of societal engagement in science and
towards empowerment of societal actors. For instance, policies can support long-term relationships
between societal actors and relevant scientific and government institutions and can establish
communication practices that centre transparency, openness and listening [45,46]. To take into account
the multiple interrelated values and priorities of societal actors often requires that regular
consultations with relevant communities, especially those that are typically under-reached, take place
iteratively throughout the definition, launch and implementation of project work, and requires
openness to reframing the goals or focus of the initiative to address community priorities [47]. This
is especially critical when multiple relevant communities have priorities that vary or may even be
at odds.

Striving to align scientific processes with community priorities by translating national- and global-
level targets to local contexts can make science policies more effective [48,49]. Trusted partners and
organizations can be engaged to serve as a bridge between national-level policies and local-scale
implementations; potential partners include natural resource managers, libraries, museums,
community centres, higher education institutions and tribal institutions [45,47,50–52]. To establish
these diverse partnerships, funding strategies need to encompass a wide range of facilitating
organizations and communication channels. Communication methods need to be broadly accessible,
adhering to principles of universal design [53]. Reciprocal engagement with societal actors further
necessitates open dialogue and engagement with other knowledge systems. Traditional Ecological
Knowledge (TEK) systems should be valued in their own right [52,54,55] and Indigenous guidance
should be followed regarding scientific knowledge exchange and data sovereignty [56].

Effective empowerment of societal actors is supported by continuous investment in science education
and data literacy [49,57]. Policies can support free and open access to high-quality educational content
and opportunities [42,58]. Such investments in public education can be implemented through public
institutions such as schools and libraries and can also be explicitly built into citizen science and other
forms of societal engagement [45,50]. Evidence from completed citizen science projects indicates that
such investments in public data literacy can further facilitate the emergence of community-led
participatory scientific activities [49,59].

Policies must be intentionally designed to seek to understand the needs, motivations, and effective
means of engagement with communities that have been disenfranchised. To date, Black and
Indigenous communities and other communities of colour have been largely marginalized, and are
under-represented in large-scale science engagement and citizen science efforts [24,46]. Policies that
support the engagement of marginalized communities should enact systems to monitor and ensure
that participating communities will receive reciprocal benefits from participation [46]. Globally, open
science can break down barriers that separate scientists from rich countries from those from poor
countries, and this outcome must be actively fostered in open science policies [47]. Access barriers that
may limit scientists from economically disadvantaged countries from fully participating in open
science, including limited technological and computational resources, disproportionate opportunity
costs and lack of career benefits, must be addressed [60,61]. Having inclusion or fairness as objectives
should start paving the way to achieving them, as with other project objectives, receiving personnel,
financial and monitoring resources. And in the cases in which they are not achieved, at least this will
highlight shortcoming and, being formalized as objectives, will facilitate dedicating the project
resources to identifying the reasons for not meeting them. The UNESCO Recommendation aims to
make these objectives visible and legitimate.

3.2. Capacity building on opening science to society
A culture of societal engagement can be fostered in many ways by embedding the concept within internal
and external training, outreach, and support at all policy levels. Awareness raising, education, training,



royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231309
8

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

04
 J

un
e 

20
24

 

knowledge exchange, and availability of resources are the foundations to build mutual trust between
policymaking institutions and the public, which is an enabling condition for societal engagement [32].
Long-term support for capacity building will better sustain ongoing leadership, coordination, and
legitimation for the ever-widening range of societal engagement methods available [62]. Key
stakeholders may be encouraged to support and implement capacity building activities, with training
in both formal and informal contexts adapted to a diverse range of stakeholders [63].

3.2.1. Coordinating capacity building across scales

Open engagement of societal actors and dialogues with other knowledge systems will look different
across various government institutions; therefore, national-level policy is a suitable lever to facilitate
the explicit integration of open engagement into all relevant institutions that directly implement
societal engagement. National policies can include measures to equip all relevant staff (such as local,
regional, and national government officials and scientist-regulators) with sufficient capabilities to carry
out effective open engagement and to encourage them to become proponents of societal engagement
approaches, become familiar with citizen potential in science, and share success stories [50,57]. Local
government officials, in particular, are the closest and generally the first contact that citizens have with
the government; thus, staff with training in communication, training and support, and interacting with
local organizations and citizens are a valuable asset [50,64]. Additionally, all relevant staff and
institutions can be integrated into a cross-cutting community of practice, which can be supported by one
or more dedicated positions that serve as a primary point of contact for open engagement [45].

National-level (open) science policy can produce cross-scale impacts by facilitating the sharing of
resources and best practices between the local actors responsible for much of the practical work of
open engagement. Furthermore, it can establish common frameworks, promote synthesis among
institutions, and help facilitate cross-cutting opportunities [45,65], generating a policy environment
that is responsive to emerging best practices.

3.2.2. Capacity building at the formal education, institutional and individual level

The adoption and institutionalization of open science and specifically the engagement of societal actors
and dialogues with other knowledge systems requires strategic support in higher education institutions
and other research-performing organizations, as well as schools, colleges, and life-long learning
organizations [52,66]. A mechanism to enable this process is the inclusion of open science topics such
as community-based participatory research, citizen science, and open access, in general research
education and training curricula, particularly in postgraduate courses [29,47].

Ministries of Education are in a good position to initiate this integration of citizen science into higher
education curricula and teacher training as a format for experience and research-based learning. This will
require the development of updated teaching and learning materials [57,63]. Additionally, a culture of
recognition, education and training can help overcome scepticism [57], alongside the adoption of new
performance metrics and criteria that reward open engagement [62]. At institutional levels, structures
and strategies can be adapted to provide services and guidance regarding societal engagement,
further developing a culture of engagement [57]. A range of other recognition instruments can also
be developed in collaborations between ministries, authorities, citizens, and research institutions
(e.g. citizen science awards and revised university rankings) [57]. Citizen science topics can be
incorporated into any level of education, and many examples exist of how it can be embedded in
educational programmes at early stages with children as a way of increasing scientific literacy and
incentivizing future citizen scientists [67–69].

As well as formal education institutions, evidence suggests that informal training providers and
initiatives, such as national associations, museums, Citizen Observatories, and individual citizen
science projects engaging with societal actors—especially trusted actors in local communities—often
run important and successful capacity-building initiatives [50]. Importantly, open education can
support more open access and utilization of open data. Capacity building among citizens and
interested communities is essential so that they can enjoy the benefits of the available data, e.g.
learning to interpret water quality data of their local river, air pollution or soil data [49,50,70].
Otherwise, only groups and companies with the right mix of skills can benefit from and capitalize on
open data. Open engagement initiatives that receive strategic and financial support to facilitate
training of diverse stakeholders, including local organizations, marginalized groups, and local
community members, can help the development of the required capacity building.
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All levels of informal and formal education and training institutions will benefit from cross-
institutional agreements with existing associations, groups, civil society organizations, and schools, as
they enable greater interaction with education, societal actors and the general public, e.g. through
Science Shops or collaboration with teachers and schools.

3.2.3. Knowledge exchange opportunities

Given the parallel development and evolution of (open) science policies at different levels (from local to
global), careful alignment is required to ensure that policies supporting open societal engagement at a
national level are coherent with international standards for open science. This will allow for
leveraging of resources, sharing of best practices, and synthesis of policy outcomes across national
boundaries. An example of how such alignment can be fostered are the interactions of various
national policy makers from Austria, Belgium, France, Germany, Hungary, Italy, Norway, Portugal,
Romania, Slovenia and Sweden in the recent MLE on Citizen Science [71]. At the same time, it is
crucial that such international alignment does not inadvertently introduce barriers to local
implementation, a risk which can be mitigated by involving local societal stakeholders early and
frequently in policy development. Inherently, such engagement would need to be inclusive and
accessible to all relevant stakeholders, providing accessibility in non-technical language and the offer
of technical assistance or specific training where relevant.

Sharing of experiences between stakeholders and projects and providing opportunities for synergies
and collaborations can be supported by the development of dedicated platforms, infrastructures, and fora
for practitioners of open societal engagement [45] and interactions with existing networks (e.g. C40
cities). This can help identify and propagate the benefits and impact of engaging societal actors [45].
The creation of networks and relationships with and between diverse groups requires material
support. One example of such support at a national level is the Sparkling Science program (www.
sparklingscience.at) of the Austrian Federal Ministry of Education, Science and Research, which funds
and sustains infrastructure for citizen science initiatives within Austria. Similarly, communities of
practice at national level, supported by dedicated points of contact, can promote engagement between
actors, while national-level monitoring of societal engagement efforts can serve to distill lessons and
best practices to help actors adapt and improve open engagement over time [45]. Partnerships for
open societal engagement, including between the Global North and the Global South, are useful
vehicles for sharing best practice and strengthening the capacity to implement citizen science practices
and can focus on concrete actions (e.g. to facilitate the implementation and advancement towards the
SDGs). In general, the management of platforms, infrastructures, and fora for knowledge exchange
should include ongoing assessment based on clearly defined evaluation metrics [57].

A wealth of resources, such as guidance, outreach materials, technology and data handling and
processing recommendations, as well as the state of the art in collaborative approaches (such as
participatory design methods) already exists. Dedicated repositories targeted at specific stakeholders
can help ensure their access and use. Similarly, open access (OA) and open data are mechanisms that
facilitate access to scientific materials and methodologies to a wide range of societal actors, hence
support for OA publications and open data sharing are needed [72–75]. Policymakers can further
consider the potential for partnership with the growing number of national and international
nonprofit organizations and professional associations whose purpose is to build community and
infrastructure around societal engagement in science (e.g. the European Citizen Science Association,
the Association for Advancing Participatory Sciences, the Global Citizen Science Partnership, the
Thriving Earth Exchange, the new Citizen Science Association Southern Africa).

3.3. Infrastructure and services for opening science to society
The development of online infrastructure (either at national or regional level, provided by government or
in a more bottom-up manner) for societal engagement is required to enable exchange between and across
initiatives, host interactive and step-by-step toolkits—such as the WeObserve Cookbook [32,76]—and can
operate as a screening system for purpose-specific search for projects in line with quality standards.
Platforms such as EU-Citizen.Science offer a template for how this can be done.

Open data sharing can also be incorporated into centralized infrastructures [66]. In order to allow for
citizens’ involvement in data analysis and visualization, accessible infrastructure is required to process
data generated by societal engagement initiatives (especially environmental, land use, urban structure,
socio-economic, Earth observation and other geodata) and transfer them to a common spatial data

http://www.sparklingscience.at
http://www.sparklingscience.at
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infrastructure or data catalogue [63]. This recommendation can be achieved at different levels.
An international example is the Global Biodiversity Information Facility, demonstrating a current
approach to international open data infrastructure in the context of biodiversity data [77]. A national
example is offered by the ‘Italian Competence Centre on Open Science, FAIR, and EOSC’. The
Competence Centre ICDI-CC is an initiative born within the Italian Computing and Data
Infrastructure (ICDI), a forum created by representatives of major Italian Research Infrastructures and
e-Infrastructures, with the aim of promoting synergies at the national level, and optimizing the Italian
participation to European and global challenges in this field, including EOSC, the European Data
Infrastructure (EDI) and HPC [78]. Substantial progress can also be achieved at the local level, e.g.
Aarhus Municipality has developed a lot of experience running participatory science projects and
championing open data, including inspirational cases, and outlining very practical guidelines for
implementing CS projects [79].

At a project level, an example of data integration and participatory science was provided by the
WeObserve projects, which further developed innovative Earth observation technologies and
applications that enabled citizens to effectively participate in environmental stewardship and express
the policy priorities of their community [32]. To achieve this at a global level, the Global South
requires better Internet access and shared, community-governed and not-for-profit digital
infrastructure for their citizens, as well as researchers and universities.

Reusability and interoperability can be encouraged by developing standards that require input from
societal actors on the reuse, repair and further development of existing technologies [32]. Promoting
open-source software and hardware, shared code bases, and sustainable hardware is central to
including societal actors in science and supports initiatives through the availability of a richer set of
features and functionalities that can be applied and adapted to other contexts. At the university level,
administrative infrastructure and resources, such as the support of Data Stewards and Data
Competence Centres, can provide key support for community-university research partnerships that
empower people of all abilities to make and use accessible, open-source technologies.

Bottom-up development of infrastructure can allow citizens and societal actors to shape the tools that
they will use when engaging with science. This can be done with the use of (digital) ‘living labs’, Digital
Innovation Hub Networks and sandboxes to allow for collaboration and experimentation [80].
Additionally, the available infrastructures can then also be used to give access to small research
groups, technology centres and companies.

3.4. Funding for opening science to society
Citizen science and other forms of open engagement of societal actors require careful consideration of
how funding is made available, placing new demands and opportunities on funding instruments,
including what activities and who should be funded, the length of time projects need to be funded
for, where funding could or should come from, and how evaluation processes need to be shaped.

By their very nature, citizen science initiatives and projects are characterized by the involvement of
citizens, communities and other stakeholders. Regardless of who takes the leading role (e.g. science-
led, community-led), these projects incur relatively high start-up costs to identify and engage relevant
stakeholders to be involved, to keep them motivated, and for their needs to be identified via co-
design processes, as well as identifying and measuring baseline indicators that will help in
conjunction with evaluation efforts at the end of the project to ascertain the impacts achieved
[45,81,82]. Citizen science practitioners have highlighted the need for innovative funding instruments
that welcome project proposals that provide flexibility for including scoping phases and the co-design
of research agendas which can result in ‘yet to be defined’ outcomes based on such societal
engagement; and for accepting changes to project execution [81].

In order to mainstream societal engagement in all research, it has been argued that the full range of
research grant programs available needs to be adapted to reward participatory methods [45],
encouraging various forms of societal engagement in science [59]. Strategic and financial support is
necessary for research collaborations between communities and universities (as exemplified by
Canada’s many programmes on partnership research) [47,66], citizen science networks, capacity-
building activities and initiatives [66], dedicated coordination and support actions across projects
implementing open engagement of societal actors to foster peer-learning [32], as well as to changes in
research organizations [66].

The open engagement of societal actors implies that a wide range of actors requires funding
support, including small, local initiatives that can help engage local communities, grassroots and
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community-based organizations in science [59], with funding made available to community-
based organizations, community-based partners (civil society organizations as well as citizens) as
the direct recipient of grant awards [29]. Allowing community-based organizations, small businesses
and other non-academic research organizations to serve as principal investigators for citizen
and participatory science projects requires streamlining the procurement process to make it easier
for them to submit proposals as well as providing guidelines, templates and tutorials for
procurement of necessary services, tools and resources to support citizen science and crowdsourcing
projects [52].

The longer term nature, ambitions and ethical responsibilities of many forms of open engagement of
societal actors mean that operational and maintenance costs can extend beyond the end of defined project
funding, especially when an engaged community of participants wishes to continue to monitor a local
issue of importance to them [81]. This places demands on funding models to recognize the focus on
creating relationships with diverse stakeholders and on community building [29], the longer time
periods over which these forms of societal engagement are typically created and operate [81],
allocating appropriate long-term funding to support sustainability [82].

Given that, in the short run, the costs of open engagement of societal actors are often higher than
‘traditional’ approaches, this places additional demands on research funding budgets. The co-ordination
of alternative sources of funding with more traditional ones, with public-private co-financing and
philanthropy collaborating to develop and implement co-sponsored grant initiatives that foster societal
engagement in science, is reliant on a regulatory environment (laws of patronage, crowdfunding,
venture capital with attractive taxation) that facilitates and stimulates private investment in research and
innovation that embraces the open engagement of societal actors [80], provides innovative funding
schemes and funding support functions [32], as well as guidance on how to obtain direct funding as well
as other funding [59].

The review criteria for judging applications and final evaluations of projects practising the open
engagement of societal actors need to recognize a wide range of success criteria, including but not
limited to traditional measures of scientific quality [63]. To ensure that funding instruments and
evaluation processes and criteria are fit for purpose, it has been argued that they could be best
accomplished by co-creating them together with the stakeholder groups that they aim to serve, who
have experience with the unique needs and considerations of societal engagement initiatives in those
contexts [63]. The persons involved in the review process should be consistent with societal
engagement principles themselves, making sure that the input of community participants in the
review process is heard and incorporated into the final decision.
4. Opportunities and challenges ahead for opening science to society
Aside from changes in the content of open science policy itself, the multilevel and multi-actor changes
required for open engagement of societal actors represent a transformation in the manner the scientific
and policy communities ideate, shape and monitor (open) science policies. These changes will have
cascading impacts, introducing new skill sets, new ways of approaching Knowledge Transfer (KT),
and new knowledge systems and impact evaluation. These changes present cross-cutting
opportunities and challenges, which we reflect upon in this section.

4.1. New skills and infrastructure to strengthen engagement of communities with science
Open engagement of societal actors calls for the development of new skills across many societal
sectors, as discussed in the capacity building section above. These skills expand upon those
highlighted in current discussions on open science, which currently centre on skills and capacity for
open data. This finding directly links and is in line with the research from the EU Working Group
on Skills for Open Science, which has identified four categories of open science skills and expertise:
(1) skills for Open Access publishing (e.g. selecting a publishing venue and appropriate licensing;
(2) data sharing and reuse skills, including standards for the formatting and curation of data and
metadata; (3) disciplinary and research ethics skills that preserve research integrity and abide with
the law (e.g. aligning openness with the data protection legislation); and (4) skills needed to engage
the general public in research planning and activities (citizen science skills) [83]. The Group has
highlighted how these skills can constitute an incentive for researchers interested in open science
and can contribute to career visibility and progression. Some studies suggest that citizen science
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approaches even open demand for a new set of professionals who specialize in facilitating citizen
participation in scientific processes [84].

In terms of infrastructure, evidence suggests that research infrastructure for social sciences research
often lags behind that of natural sciences [80], and societal engagement projects such as citizen science
experience the same fate. Funding for inclusive maker spaces, fab laboratories, citizen science training
hubs, policy laboratories and other social infrastructure [85] can support the correct implementation of
the UNESCO Recommendation.

In addition, societal engagement in science opens opportunities for dialogue between communities
and other actors in the scientific process. Community science and community-based monitoring are
considered to have the most explicit ‘bottom up’ approaches. However, through appropriate design,
top-down projects might also generate bottom-up activities and impacts [49]. Societal engagement
approaches present diverse opportunities for dialogues with other knowledge systems, e.g. by
including and elevating local, traditional and Indigenous Knowledge. The extent to which this is
achieved, and in what ways, is subject to evolving best practices and requires careful and sustained
attention. Other forms of civic participation exist that may include practising open science, but might
not be labelled by their initiators or others to be citizen science or participatory science—these should
also be considered when describing societal engagement with science.

4.2. Risk for the valorization of science and participants’ efforts
One of the key concerns about the effects of public participation in science is that funding for professional
experts will be removed or reduced, with vested interests using calls for citizen participation as an excuse to
shift responsibility for monitoring and data collection and analysis from the state onto civil society [23,86].

A comprehensive understanding of opening science to society should acknowledge that citizen
participation is not a zero-sum game that will necessarily save research costs; in fact, the potential of
citizen science to reduce labour costs depends on how projects are designed and are set up and for
what purpose [87]. For example, while the co-design of citizen science may result in relatively high
costs per observation [87], linking citizen science and citizen observatories with hydrological
modelling to raise awareness of flood hazards and to facilitate two-way communication between
citizens and local authorities has the potential not only to reduce flood risk but also to reduce
avoided damage of 45% compared to a business as usual scenario [88].

National (open) science policies present an opportunity to mitigate this misconception by explicitly
framing the value of open societal engagement in science alongside robust support for professional
science practices. Further, such framing will enhance the scientific value of citizen science engagement;
in many fields, citizen science is demonstrated to have the greatest impact when it complements,
rather than replaces, professional scientific activity (e.g. [87,88]).

Vohland et al. [86] and Mirowsky [23] have highlighted the risk of how the skills, time and
commitment of citizen scientists can also be exploited to save costs. Additionally, box-ticking exercises
on public participation in research projects can also be instrumentalized to help with compliance with
the requirements of funders to achieve social impact targets and international agreements benchmarks.
Policies can play a critical role in supporting the emergence of public participation while establishing
standards and indicators to minimize the risks of exploitation.

For this reason, it is essential that the discussion on the need to focus on the research process, not just
on outcomes, continues. Responsible Research and Innovation principles are important for guiding the
development of evaluation indicators that avoid the instrumentalization of citizen engagement in
science [89]. Stakeholders and funders must always consider who will benefit from open engagement
and need to acknowledge and accommodate, where possible, that invited communities’ own priorities
are taken into account and receive reciprocal benefit from participation.

4.3. Diversity, equity and inclusion in open engagement
A parallel challenge that cannot be ignored is how the UNESCO Recommendation on Open Science can
be implemented in an inclusive way, so that active citizen scientists reflect the diversity of society [24,90].
Currently, various biases are prevalent in citizen science participation, including age, gender, ethnicity
and socioeconomic status [91]. Particular emphasis and funding must therefore be directed at
increasing participation from groups of society that for lack of education, confidence, time or financial
opportunities might otherwise not engage in scientific processes, even if open. This is particularly
important in the increasing digitalization of society, as existing socio-economic challenges are in some
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cases aggravated by the digital divide. At a global level, access barriers that may limit scientists from
economically disadvantaged countries from fully participating in open science, including limited
technological and computational resources, disproportionate opportunity costs and lack of career
benefit, must be recognized and addressed.

4.4. Impact and evaluation of open engagement of societal actors
Open societal engagement impact must be documented and disseminated to evidence its value and
support the case for its adoption [92,93]. Relevant scientific data and actionable insights will reach
their highest impact when they are open, accessible and easy to understand for all actors. Best practice
and key case studies help highlight best practice within and across relevant agencies. For example,
consolidation projects such as WeObserve enabled the analysis, documentation and dissemination of
best practice of four European Commission-funded Citizen Observatory projects, encapsulated in the
WeObserve Roadmap and Cookbook, which now serve to further the state of the art [40].

In terms of wider impacts, changing interactions between science and society have long been
conceptualized and analysed from a variety of perspectives, none of which is uncontested [94]. They
point to particular approaches for conducting, organizing and evaluating knowledge production that
is focused on interactions between scientific disciplines, on societal relevance and on interactive
relationships between science, industry, and the public sector (e.g. Mode 2 of knowledge production
[95]; post-academic science [96]; Triple Helix [97,98]) and even with civil society (quadruple helix
[99,100]). In promoting the open engagement of societal actors in science, the UNESCO
Recommendation, embeds and at the same time stretches these conceptualizations further: with an
integral role for citizens and communities in science as knowledge holders and co-producers; with
potential changes in leadership (i.e. scientific activities are no longer necessarily led by researchers);
and with interactions along any step of the scientific method, i.e. from the beginning of knowledge
production (to identify new research problems, collect new data and create new knowledge),
rather than just at the end. Open engagement of societal actors requires us to rethink the impacts of
science on society and helps transform impact assessment of such joint knowledge production,
moving from a linear model into a more connected and interwoven cycle of knowledge co-production
with diverse actors.

Open science approaches—such as citizen science, the development of open-code software and free
hardware projects, and incipient experiments in the open evaluation of research work—involve many
invisible and less visible practices that cannot be as easily grasped through traditional metrics and
quantitative indicators that focus on the evaluation of research results rather than the research process.
There is a need to move to a wider set of evaluation indicators that focus on the research process, not
just the outcomes at the end of it [6,92,93]. The current effort to identify alternative indicators for
excellence and impacts has established that the impact of research must go beyond commercialization
and industrial impact [101], and this broader understanding of impact must be integrated into all
aspects of the research process [102], critically reflecting on whether alternative metrics (altmetrics
data such as social media counts) reflect public interest and discussion of research rather than societal
impact [103] and the extent to which they can foster open engagement of societal actors Research on
the best process for generating indicators for the overall monitoring framework of the UNESCO
Recommendation on Open Science may be best done in the spirit of open science, using a co-design
approach with relevant stakeholder groups. A useful example of how agreed principles for
governments to design and implement effective, efficient, and inclusive policies can be accompanied
by indicator-based monitoring is constituted by the indicator framework [104] for the OECD Water
Governance Principles [105].

Appropriate methods to measure the impact of societal engagement are emerging. H2020 projects in
Europe such as Making Sense, GROWObservatory, Ground Truth 2.0 and MICS, have started to develop
metrics and instruments to capture and evaluate citizen science impacts [49,51,92,93,106]. These metrics
can be adapted to other open engagement policies and projects. Citizen science can facilitate new
narratives on how open and participatory science as a policy tool can empower policymakers to
generate more societal impact by engaging with citizens and science in a systematic way. Citizen
science can also contribute to monitoring progress towards the SDGs beyond quantitative data
contributions for indicator monitoring, as participatory approaches can help translate the SDG global
framework and message to local realities [49,106].

All the aspects discussed in this opportunities and challenges section highlight the extent of the
cultural transition and attitude change required from different stakeholder groups (funders,
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academics, policy makers, policy evaluators, etc). Apart from being multi-stakeholder, the change must
also be multilevel, taking into account the entire policy process, from the policy formulation stage, to its
evaluation. As a first step, adequate (open) science policies can set the conditions for this change to
happen at the national level, and trigger the enabling conditions at the regional and local levels.
ietypublishing.org/journal/rsos
R.Soc.Open

Sci.11:231309
5. Conclusion
This work has identified the need for new ways of enabling and monitoring open engagement of societal
actors in science. We have discussed what the results mean for monitoring and evaluating the open
engagement of societal actors via national and regional (open) science policies. Thus, challenging and
exciting work lies ahead for several actors. An essential next step concerns the practical process at
national level that evolves existing science policy into proactive open science policies. Key insights
and approaches for how to manage such processes effectively are emerging, including from the EU
Mutual Learning Exercise. The recommendations from the latter offer a complementary tool to the
building blocks presented in this paper, jointly creating a pathway for an enabling environment for
the open engagement of societal actors via. With the lead of UNESCO, the development of theoretical
and methodological contributions will support countries to expand their science policy to include and
champion not only open data but open engagement principles.
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