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Citizen science encompasses partnerships between professional scientists and socie-
ty, opening opportunities for more active citizen engagement in co-creation of social
change. Members of the scientific community and citizens are starting to experiment
with digital and offline resources to collaborate with each other to solve societal prob-
lems. This article aims to discuss the possible role of citizen science in co-creating
social change in society or local community settings. The article is based on systematic
literature analysis. The findings’ show that co-created research might have a particular-
ly strong impact on the wealth of society and wider outcomes in the local or regional
settings. However, such cases are not very common yet. Although academic research
on co-creative approaches to citizen science and stakeholder engagement is growing at
a steady rate, it remains a relatively emergent domain.
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INTRODUCTION
In the most basic sense, science is a way of knowing about the world. It enables different
actors to not only engage in the construction of new knowledge but also use acquired infor-
mation to achieve desired outcomes. Research from a variety of perspectives (e.g. open in-
novation, open government, crowdsourcing, collective intelligence) argues that innovation
and new knowledge no longer originates in a single organization (e.g. university, research
centre) but rather is distributed in a network of multiple stakeholders. One of the key prac-
tices that opens up scientific processes and makes use of networked knowledge is the prac-
tice of citizen science (CS).

Most CS projects occur within problem-focused natural science (Crain et al. 2014) and
are not firmly established in social sciences (Heiss, Matthes 2017). The survey conducted by
Hecker et al. (2018) revealed that 80% of CS projects take place in life and natural sciences and
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only 11% dig into the questions in social sciences and humanities. Social science research is
yet to benefit from public engagement since the contributions of citizens have become more
feasible because of the Internet-based technologies. This asymmetry exists ‘despite the huge
potential of collecting innovative, large-scale data, which may solve important scientific and
social questions’ such as ‘health issues, the effectiveness of social institutions and social equi-
ty’ (Heiss, Matthes 2017: 23).

What is lacking is a thorough assessment of the role of CS in co-creating social change.
The theoretical, conceptual and empirical contributions still have areas of opportunities to
explore. Thus, this article is dedicated to contribute to structuring the understanding of how
co-creation is used in CS by discussing the main research question of what are the aims,
approach, the context and stakeholders of co-creation in CS projects.

The aim of this article: To address these above mentioned shortcomings in current re-
search and practice of CS, we set out an aim to explore the dynamics between co-creation
and CS, highlighting the potential of CS to solve social problems and move towards welfare
society.

Methods used: A systematic review and analysis of literature allowed us to identify and
structure the aims of co-creation through CS, context and different types of stakeholder en-
gagement.

CITIZEN SCIENCE AND THE ROLE OF CITIZENS IN CO-CREATING SOCIAL CHANGE

Current societal challenges demand new ways of thinking, creativity and knowledge including
tacit knowledge, and specifically local knowledge. Local knowledge involves on-the-ground
knowledge of communities, statistical data tracking trends in a community and tapping into
this is essential for implementing social change in a meaningful way. In addition, Nowot-
ny et al. (2001: 2) suggest that science currently is much more uncertain: ‘its composition
more heterogeneous, its values more contested, its methods more diverse and its boundaries
more ragged. Social phenomena are much more nonlinear and unpredictable (Rushmer et al.
2019).

CS encompasses partnerships between professional scientists and members of the public
in authentic scientific research (Tiago 2017). In the context of welfare society, CS provides
a mechanism for citizens and local communities to build social welfare. Expected outcomes
of CS projects include increased knowledge in the field of study by members of the society
(Jordan et al. 2011), participatory innovations (Hecker et al. 2018), promotion of positive
attitudes towards nature (Evans et al. 2005), boosted science literacy (Crall et al. 2012) and
responsive education (Bonney et al. 2016). Because of such ambitious intentions, CS is high-
lighted on the European Union agenda on science policy making as a mechanism fostering
the public engagement into scientific processes, research and innovation.

Close relations between the citizens and scientific community might not only allow ac-
cess to large scale and ‘hidden’ data but also tie research questions more closely to real existing
social problems. The members of the public (i.e. citizens, educators, funders, civil servants,
industry) are capable of finding ways to make science useful for themselves, their communi-
ties, working environments and the society. Stakeholder engagement democratises science
and increases the responsibility of researchers towards society (Purdam 2014).

Academic literature is full of evidence suggesting that civic activity is positively correlat-
ed with social and economic welfare indicators (e.g. Lewicka 2008). If we focus on CS specif-
ically, several studies have noted the potential of CS to stimulate broader civic participation
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and to achieve broader individual, social and community-level outcomes (e.g. Ottinger 2016).
The next section will discuss the measures and dimensions of CS when applied to solving
social problems and promote social change.

WHAT CONSTITUTES CO-CREATION: LEVELS OF ENGAGEMENT IN CITIZEN SCIENCE
The concept of co-creation originated in the business world where it has been argued that
value can only be created through cooperation between businesses and users (Prahalad,
Ramaswamy 2004). Central to such thinking is the engagement of external and internal stake-
holders through platforms fostering engagement and environments of interaction. Co-crea-
tion entails connections and collaboration in generation of the added value for all involved
actors (Loénn, Uppstrom 2015). Information and communication technologies play a vital
role in this process since they can be used to remove institutional and geographical barriers
linked with information flows. In the science world, co-creation focuses on new knowledge
developed together with and not for members of the public. This has been reflected in the ac-
ademic literature ‘with a paradigm shift from the deficit model - in which the general public
is defined negatively due to its lack of knowledge - to the participative model - in which
the general public is invited to form part of the scientific endeavour’ (Lopez-Pérez, Olvera
Lobo 2018: 1).

Not all stakeholder participation is the same. Scholars have taken different approaches
to stakeholder engagement in the CS-based research process. For example, King et al. (2016)
define 3 broad categories of CS: by the people, for the people and with the people. The third
type represents the most contributory and collaborative of the approaches, where community
members help frame the research questions, collect data and articulate findings. Similarly,
Bonney et al. (2009) identified similar modes of cooperation: contributive, collaborative and
co-created. At the highest level of engagement, the collaboration entails the characteristics of
co-creation and social innovation. Cooper and Lewenstein (2016) classify CS into 2 broad
strands: (1) democratic CS focusing on the responsibility of science to society and (2) partici-
patory CS focusing on individual contributions to the scientific enterprise. The breadth of en-
gagement methods reveals important changes in the relationship between science and society.
The knowledge is no longer generated in scientific institutions exclusively but in transdiscipli-
nary collaborations. After analysis of different engagement models, a conceptual continuum
of stakeholder engagement in the research process was developed (see the Figure).

B

Influence on
the process

Involvement in the process

Figure. Conceptual continuum of stakeholder engagement in the research process (developed by the authors, 2021)
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On the left, there are more traditional relationships between the scientists and stakehold-
ers where the latter are treated as passive participants. Such engagement methods are based on
the concept of knowledge translation which assumes that research knowledge is created by sci-
entists and research institutions and then is processed to be more accessible to non-academics
(Rushmer et al. 2019). The involvement of citizens is minimal and they are passive recipients of
scientific knowledge. Going to the right, engagement of stakeholders increases, as they move
towards becoming active research partners. Opening up of the processes promotes collective
knowledge and challenges traditional power dynamics — there are many actors, many experts
and an evolving collaboration. This means that the power is shared among partners in all parts
of the research process — defining research questions, collecting and analysing data, drawing
conclusions. In most cases, the stakeholders and scientists are jointly involved in the process
because they share the same concern - the wellbeing of the community, environment or other
wide-ranging issues. According to Greenhalgh et al. (2016), key success factors in co-created
research include systems perspective, framing of research as a creative enterprise and an em-
phasis on process. Co-creative approach means that each stakeholder (scientists included) con-
tributes with resources (e.g. scientific models and methods), knowledge (e.g. local knowledge,
practical experience) and collaborative actions in order to find solutions to mutual challenges.

However, citizens’ contributions in most CS projects remain of low-complexity and with
limited decision rights (Suess-Reyes et al. 2020). The study by Heinich (2017) proves this
notion and shows that in the sample of 1,691 CS projects (listed in various academic and
practice-based directories), approximately 99% projects are contributory in nature. The low
number of activities aimed at higher levels of knowledge creation might have several culprits.
Research projects including a diverse set of stakeholders are often disrupted by asymmet-
ric power structures, unequal partnerships (differences in socio-economic status, knowl-
edge, value, etc.), inherent knowledge barriers, divergent interests, multiplicity of roles and
pragmatics of immersion (Wang et al. 2016). Also, research institutions face difficulties in
showcasing the added value of citizen engagement projects when addressing complex social
problems (Northmore, Hart 2011). Higher levels of knowledge creation based on collective
intelligence or participatory actions, hence, are rarely discussed. The research discussed in
the following sections is set out to fill in this gap.

METHODOLOGY

Aiming to understand the trends of co-creation use in CS projects, we used systematic litera-
ture analysis. A keyword search was conducted on the Web of Science Core Collection using
the keywords ‘co-creation + citizen science’. The search resulted in 48 documents, including
34 research articles, 7 proceedings papers, 6 reviews, and 2 other materials (see Table 1).

Table 1. Documents for systematic literature analysis

Documents found

Total Articles Proceedings papers Reviews Materials

48 34 7 6 2

Documents selected

22 15 2 5 0
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A selection of publications for further analysis was performed by reviewing the titles, key-
words and abstracts. Overall, the following criteria were used to select the documents for
further analysis: 1) the publication has both keywords (‘co-creation + citizen science’) either
in the title, keywords or abstract; 2) the publication is listed on the Web of Science database;
3) the publication is in English. Using these criteria, 22 publications were selected for con-
tent analysis, including 15 research articles, 2 proceedings papers and 5 reviews. The pub-
lications that represent our sample are marked with an asterisk (*) in the list of references.

This article is focussed on the analysis of documents published during the period of
2015-2020: 2015 (1), 2016 (0), 2017 (3), 2018 (5), 2019 (8) and 2020 (5). The biggest number
of publications represent a year of 2019.

The analysis included 4 main criteria: (1) the approach, (2) the aim, (3) the context, and
(4) the stakeholders of co-creation in CS projects.

Limitations of the study. Due to limitations of the sample size, analysis of publications
does not include quantitative aspects, and entirely is focused on qualitative analysis, mainly
a traditional narrative review, presented in the next section.

RESULTS AND DISCUSSION

The analysis of empirical results has been focussed on several aspects: (1) the approach to
co-creation of welfare in CS projects; (2) the aims of co-creation in CS; (3) the context of
co-creation in CS projects; (4) the stakeholders involved in the process of co-creation in CS
projects.

The approach to co-creation of social change in CS projects. As our research has
shown, the co-creation of value can be understood vastly differently by academics (see Ta-
ble 2 below). When considering the general features of analysed studies, hitherto, there are
two main streams:

- Co-creation of social change as an output. While some authors refer to co-creation as
an output and generation of higher level knowledge such as discovery of community prior-
ities (Asingizwe et al. 2019; Kim et al. 2020), developing solutions that are culturally accept-
able (Kim et al. 2020), provoking reflection (Rogers, Rock 2017) and changes in community
knowledge, attitudes and behaviours (Pecl et al. 2019).

- Co-creation of social change as a process. The second group looks at co-creation as
a process and focuses on the changing power dynamics between different stakeholders. For
example, Torras-Goémez, Guo and Ramis (2019) focuses on inclusion of all voices in social
transformations through CS. Cieslik et al. (2018) focuses on increased levels of connectivity
in the process of knowledge creation and connective action. Onencan, Meesters and Van de
Walle (2018) focuses on crowdsourced approach in community decision-making.

Table 2. The approach to co-creation of social change in CS projects

Co-creation of social change as an output Co-creation of social change as a process

- Identification/discovery of community priorities
through CS projects

Developing solutions for problem solving

— Changes in community knowledge, attitudes and
behaviours

— Changing power dynamics between different
stakeholders

Inclusion of all voices through CS projects

- Crowdsourcing in community decision-making

Source: developed by the authors (2021).
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The aims of co-creation in CS. All articles deliberate CS projects aiming to reach sever-
al/multiple goals. For example, Asingizwe et al. (2019) focuses on community surveillance but
also discusses how CS activities can raise awareness on health-related issues. Complex goals
are also identified in research by Mahajan et al. (2020), Asingizwe et al. (2019) and Pecl et al.
(2019). Such divergent views lead to a conclusion that value co-creation design varies from
situation to situation and there are no pre-set rules or guaranteed strategies for the process.

The context of co-creation in CS projects. CS engages non-professionals in authentic
scientific research, ranging from healthcare to ecology. This sample is no exception. Publica-
tion content analysis was conducted to identify the context and problem areas where co-cre-
ative methods were applied. We were able to identify six: air pollution (Mahajan et al. 2020),
museum exhibitions (Rogers, Rock 2017), climate action (Groulx et al. 2019), biodiversity
(Schroter et al. 2017; Pescott et al. 2019), disaster risk reduction (Onencan et al. 2018) and
health research (Kim et al. 2020; Asingizwe et al. 2019). Despite the differences in the context,
the members of the public are the foundation of CS projects.

Another pattern noticed in the literature review was that the existing resources on
co-creation rely to a great extent on single case studies. In order to understand the complexi-
ties of knowledge co-creation through CS new research approaches are required. Comparison
between initiatives from different countries and multiple case studies can pinpoint to what
extent contextual, national and regional specifics are influential. Some studies move towards
this direction. Pant (2019) develops a conceptual matrix model of university, government,
industry and civil society collaboration. Macq, Tancoigne and Strasse (2020) reviews EU pol-
icies related to citizen engagement into science and the role and value of public participation
in science, technology and innovation. Craglia and Shanley (2015) discusses technology-led
developments and opportunities they have created for the increased participation of the pub-
lic in generating scientific information. Others evaluate recent trends, risks and opportunities
of using CS in co-creation of value. For example, Schréter et al. (2017) looks into research
focused on utilization of CS in ecosystem service studies. Njue et al. (2019) provides a com-
prehensive review on CS within a context of hydrology. Knapp et al. (2019) offers insights into
the interaction between science and practice. Finally, Fulgenzi et al. (2020) explores the ra-
tionale for knowledge co-production.

The stakeholders involved in the process of co-creation in CS projects. Co-creation of
knowledge requires academics to work alongside other stakeholders. Hence, we also looked
into the stakeholders involved in co-creative activities. In most cases, the focus was on citizens
(e.g. Mahajan et al. 2020; Rogers, Rock 2017; Groulx et al. 2019) and their individual experi-
ence in CS processes. Others (e.g. Kim et al. 2020; Onencan et al. 2018; Pecl et al. 2019) centred
their focus on communities. For example, Onencan et al. (2018) describes GIS-based CS ac-
tivities allowing the community to decide whether to avoid, mitigate, transfer or accept differ-
ent risks related to mining. Other stakeholder groups were mentioned less frequently — public
institutions like museums (Rogers, Rock 2017), governmental bodies (Onencan et al. 2018)
and regional organizations (Pecl et al. 2019). This points to a clear need to increase the par-
ticipation and awareness of all stakeholders. Strategies and methods for engaging different
stakeholders more deeply in co-creation are needed to address social issues. Involvement of
stakeholder groups enables ideas for new solutions to be derived from diverse and unexpected
sources. Working in partnership with diverse stakeholder groups, drawing on and developing
their assets and capabilities help support society’s resilience and capacity to act.
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IMPLICATIONS FOR THEORY AND PRACTICE

The collection of articles that tied together co-creation and CS is not large. This may be be-
cause different researchers use different terminology to describe the same processes. CS is not
the only term used to describe engagement of stakeholders in the scientific process. Other re-
search avenues include community science (Wandersman 2003), issue-driven research (Rob-
inson, 2008), participatory research (Haberli, Grossenbacher-Mansuy 1998; Defila, Di Giulio
1999) and transdisciplinary collaboration (Pohl, Hirsch-Hadorn 2007). These concepts differ
in nature, but research surrounding them could be useful in developing CS practice further.
For example, community science is led by the community (Bonney et al. 2016). Hence, en-
gagement practices analysed in literature on community science could be used by practition-
ers in CS. The variety of approaches shows that there are ways to design scientific processes
with citizens, communities and stakeholders taking an active role. Communities know their
welfare priorities best. However, lack of one central theoretical foundation makes the field
of CS fragmented. Thus, this study is contributing to a clearer understanding of the relation
between CS and co-creation.

CONCLUSIONS

There is a huge potential for CS to be a force in co-creation of social change. It is hence impor-
tant that more and more research would document the methods of engagement and manage-
ment in CS projects focused towards social change. Knowledge creation through CS activities
enables solution oriented research through interdisciplinarity (involving experts from dif-
ferent research domains) and transdisciplinarity (involving practitioners from governments,
industries, non-profit organizations and civil members). However, CS is not a panacea for
effecting change in science and the society.

Although academic research on co-creative approaches to CS and stakeholder engage-
ment is growing at a steady rate, it remains a relatively emergent domain. As the systematic
literature has shown, the co-creation of value can be understood in a variety of ways by differ-
ent researchers but two main streams are prevalent: co-creation of social change as an output
and as a process. The aims of co-creation of CS is also mostly undefined and seeks to address
complex goals at once. However, one element unites the CS projects — despite the context,
members of the public are the foundation of CS projects. However, the citizen engagement
strategies improving participation and awareness still need more research attention.

Additional work is needed to formulate measures and indicators of successful co-creation
initiatives in CS. Co-created research might have a particularly strong impact on the wealth
of society and wider outcomes in the local or regional settings. However, a lot more research
is needed to pinpoint the conditions that allow for exchange of knowledge between scientists
and stakeholders. Toward this end, we need more CS projects employing co-creative tech-
niques in order to gain empirical facts.
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MONIKA MACIULIENE, EGLE BUTKEVICIENE, EGLE VAIDELYTE, BALINT BALAZS
Socialiniy pokyc¢iy visuomenéje bendrakuara
pasitelkiant pilieciy moksla: sisteminé literatiiros

analizé

Santrauka

Mokslininky ir visuomenés nariy bendrakira kuriant socialinius poky¢ius ir spren-
dziant socialines problemas vyksta visame pasaulyje. Mokslo bendruomenés nariai ir
pilieciai pradeda eksperimentuoti naudodami skaitmeninius ir neskaitmeninius i$te-
klius. Visuomenés nariai, jsitraukdami j pilie¢iy moksla, sugeba rasti budy, kaip pa-
daryti moksla naudinga sau, savo bendruomenéms, darbo aplinkai ir visuomenei.
Suinteresuoty $aliy dalyvavimas demokratizuoja moksla ir padidina tyréjy atsakomybe
prie$ visuomeng. Siame straipsnyje siekiama aptarti galimg pilie¢iy mokslo vaidmenj
kuriant socialinius poky¢ius visuomenéje ar vietos bendruomenéje. Straipsnis pagrijstas
sistemine literatiiros analize. ISvados rodo, kad pilieciy ir mokslininky bendrakara pasi-
telkiant pilie¢iy moksla gali ypac stipriai paveikti visuomenés gerove ir vietos ar regiono
bendruomene. Tadiau tokie atvejai dar néra labai dazni. Nors tyrimai, susij¢ su pilie¢iy
mobkslu ir suinteresuotyjy $aliy jsitraukimu j bendrakaros procesus, nuolat auga, jie vis
dar islieka gana nauja sritimi.

RaktaZzodziai: pilie¢iy mokslas, socialiniai poky¢iai, bendrakira, sisteminé literatiiros
apzvalga



