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How Does Policy Conceptualise Citizen Science? A Qualitative 
Content Analysis of International Policy Documents
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Policy and science show great interest in citizen science as a means to public participation in research. 
To recognize how citizen science is perceived to foster joint working at the science-society-policy inter-
face, a mutual understanding of the term “citizen science” is required. Here, we assess the conceptuali-
sation and strategic use of the term “citizen science” in policy through a qualitative content analysis of 
43 international policy documents edited by governments and authorities. Our results show that most 
documents embrace the diversity of the research approach and emphasize the many benefits that citizen 
science may provide for science, society, and policy. These include boosting spatio-temporal data col-
lection through volunteers, tapping into distributed knowledge domains, increasing public interest and 
engagement in research, and enhancing societal relevance of the respective research. In addition, policy 
documents attribute educational benefits to citizen science by fostering scientific literacy, individual 
learning, and skill development, as well as by facilitating environmental stewardship. Through active 
participation, enhanced ownership of research results may improve policy decision-making processes and 
possibly democratise research as well as public policy processes, although the latter is mentioned only 
in a few European Union (EU) documents. Challenges of citizen science mentioned in the analysed policy 
documents relate mainly to data quality and management, to organisational and governance issues, and 
to difficulties of the uptake of citizen science results into actual policy implementation due to a lack of 
citizen science alignment with current policy structures and agendas. Interestingly, documents largely 
fail to address the benefits and challenges of citizen science as a tool for policy development, i.e., 
citizen science is mainly perceived as only a science tool. Overall, policy documents seem to be influenced 
strongly by the citizen science discourse in the science sector, which indicates a joint advocacy for 
citizen science.
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Introduction
In the last decade, citizen science (CS) has received 
increasing attention in policy circles, along with greater 
recognition among scientific institutions and the wider 
public. Framing the multifaceted concept of CS is the 
discourse about different views, values, expectations, and 
assumptions of different actors. While acknowledging the 
complex development of the CS field, a baseline of mutual 
understanding of what is meant by the term “citizen 
science” can enhance present and future CS development 
and boost collaboration among actors. 

Syntheses of scholarly discussion have shown the diver-
sity and evolution of CS as a research approach, e.g., in 
ecological and environmental science (Pocock et al. 2017). 
CS in practice also includes projects in the humani-
ties, social sciences, and arts or life sciences (Hecker et 
al. 2018b). A current scientometric meta-analysis of CS 
publications by Kullenberg and Kasperowski (2016) char-
acterised CS in the following rank order: First, as a data 
collection tool for biological, conservation, and ecological 
research; second, as a data collection tool for geospatial 
data; and third, as a research approach employed by the 
social sciences. Within epidemiology, Eitzel et al. (2017) 
investigated CS terminologies and found that the choice 
of terminology (e.g., what to call participants in a CS pro-
ject) influences the inclusion or exclusion of knowledge 
and the (self-) perception of participants, and therefore, 
the whole knowledge production process. Some in the CS 
community have called for a common usage of the term 
CS to show its impacts on a broad scale, create synergies, 
and allow for networking (Hecker et al. 2018a), while 
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acknowledging that there is not and cannot be one CS 
definition (Ceccaroni et al. 2017).

The development, acceptance, and implementation of 
CS relies not only on the public and scientific perception 
(Riesch and Potter 2014), but also is strongly impacted 
by policy development and its framing of CS. While the 
CS community may have a self-understanding of its use 
of CS, the policy community may have differences in the 
motivations, expectations, and specifications towards 
the outcomes and the process of CS. Note that in this 
paper, “policy” refers to the content-related dimensions of 
politics or a course of action. Policy thereby can be the 
basic principles by which a government is guided or the 
declared objectives that a government wants to achieve 
and preserve in the interest of a community (Business 
Dictionary 2018).

Importantly, CS data have been a cornerstone for 
natural resource management and nature conservation 
(e.g., McKinley et al. 2017, Hyder et al. 2015; Chandler 
et al. 2017; Kelly et al. 2019). CS offers the possibility for 
interaction not only with science, but also with policy, e.g., 
by “offering enhanced levels of participation in assessing 
(and determining) the success of EU environment poli-
cies” (European Commission 2013a, p.4). Understanding 
what policy means when using the term “citizen science” is 
therefore essential for researchers and policy advisors for 
communication and joint development of the approach. 

In this paper we restrict our research to the term “citizen 
science,” because it is becoming a legal term. For exam-
ple, CS is employed in the US Crowdsourcing and Citizen 
Science Act (US Congress 2017) and in high-level strategic 
documents such as the statement of the Group of Seven 
(G7) Science Academies towards their governments, enti-
tled “Citizen Science in the Internet Era,” which consid-
ers CS as one of the three most pressing current scientific 
issues (G7 Science Academies 2019). In addition, CS is 
used as a binding term in funding schemes for research 
and innovation. See, for example, the EU Horizon 2020 
programme “Science with and for Society” (SwafS) with its 
sub-programmes dedicated to CS, although no definition 
of “citizen science” is given, as well as the Austrian “Top 
Citizen Science” scheme, the 2016 German CS funding 
scheme, or the Australian “Citizen Science Grants.” As no 
single definition of “citizen science” is commonly accepted, 
we aim to provide a better understanding of how policy as 
a steering actor conceptualises the term. 

While funding of specific activities is an important 
policy outcome, in this paper we do not examine the use 
of the term within the documents that relate directly 
to funding scientific projects and the way that these 
framings influence the evolution of CS. The main reason 
to avoid this aspect of policy implementation is that it 
will obfuscate the high-level policy goals that are used 
to conceptualise CS. Funding is the result of pressures 
from multiple actors including scientists, politicians, civil 
servants, civil society organisations, and individuals. The 
specific outcome is not a result of a linear link to wider 
policy goals, but the outcome of complex social and politi-
cal negotiations. Moreover, CS is funded not only through 
research funding schemes, but also through subscription 

fees to charities and through activities of natural history 
museums. Therefore, looking at scientific public funding 
schemes for CS may obscure the wider justification given 
by policy to support and promote CS as a policy objective 
as provided in the policy documents.

The aim of this paper is, therefore, to clarify policy 
expectations through conceptualization of attributed 
benefits and challenges of CS and thus to distil policy’s 
understanding and strategic use of the term “citizen 
science” as an umbrella. We examine the understandings 
of CS within 43 international policy documents edited 
by governments and authorities from across the globe. 
Through a qualitative assessment, we investigate the 
following research questions:

(i) How does policy conceptualise and contextualise the 
term “citizen science”? 

(ii)  What potential or evidence-based benefits are de-
scribed regarding CS and for whom?

(iii)  What challenges are perceived for CS in the policy 
perspective?

We link our analysis to theory and existing concepts of CS 
and policy to place our results in current policy perspec-
tive contexts.

Theoretical Background: Public Participation in 
Policy and Science
Public participation has been discussed in both science 
and policy for several decades (Gregory and Miller 1998; 
Stilgoe et al. 2014), providing the background for current 
discussions of CS and its potential benefits and challenges.

In democracies, public participation is considered 
necessary for the acceptance of policy and to maintain the 
political democratic system. Public participation is alive 
through, for example, participation in elections or refer-
enda, public consultations and consensus conferences, 
citizen advisory committees, citizen focus groups (Rowe 
and Frewer 2000), or the engagement in and support of 
civil society organisations. As a majority of citizens would 
like to become more involved in political processes, the 
development of participation instruments has increased in 
recent years (Norris 2002; Cain, Dalton, and Scarrow 2006). 
At the same time, participation in policy has legal sources. 
For example, the United Nations Economic Commission 
for Europe (UNECE) Aarhus Convention of 1998 provides 
EU citizens with the right to participate in environmental 
decision making. Because most of the decisions in this area 
necessitate scientific information, public access and use of 
environmental (scientific) information is seen as a prereq-
uisite to meaningful participation. Subsequent directives 
and regulations provide possibilities for public participa-
tion; for example, the input of CS recording efforts towards 
EU statistics such as the European Common Bird Index 
or the European Grassland Butterfly Index (van Swaay 
et al. 2016) or the Marine Strategy Framework Directive 
(Nascimento et al. 2018). In another example, govern-
ments that are signatories to the Convention on Biological 
Diversity must report on biodiversity monitoring regularly; 
this opens up possibilities, but often also necessitates the 
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need to use and engage with CS (Danielsen et al. 2018) due 
to paucity of in situ data.

In addition to the attention to participation in the area 
of environmental policy, there is growing awareness of 
the need for deeper engagement of the public in science 
policy. As Stilgoe et al. (2014) noted, this can be seen in the 
growing attention to the concept of Responsible Research 
and Innovation (RRI), which calls for a more democratic 
approach to decisions about the directions in which scien-
tific developments should take (Peter et al. 2018; European 
Commission 2013b). Participation also is included as a key 
element in research agendas of Open Science and Open 
Innovation (Nascimento et al. 2018; Groom, Weatherdon, 
and Geijzendorffer 2016). Even though there are parallels, 
a central difference between political and scientific par-
ticipation should be noticed: The discussions on political 
participation usually concern the extent of participation, 
because participation is essential for a democracy (van Deth 
2009). In the field of participation in science, however, the 
fundamental questions still need to be asked as to whether, 
how much, and what kind of participation science needs.

Although those questions remain open, in the field of 
practical science communication newly developed com-
munication forms often aim to facilitate participation and 
dialogue in the sense of a Public Engagement with Science 
(Durant 1999; Irwin and Wynne 1996). The main aim 
of this model is to create an equal, open, and unbiased 
exchange between science and the public. It replaces 
the idea of the so-called “deficit model,” which assumes 
that the wider public has a deficit of knowledge, a lack 
of interest, and a cognitive deficit in scientific thinking 
in contrast to research experts (Brossard and Lewenstein 
2009; Bauer 2016). A few decades ago, as described in 
the Bodmer Report (Royal Society and Bodmer 1985), sci-
ence communication was seen as a means to overcome 
information and competence deficits and to educate the 
public to gain some kind of scientific literacy. One-sided 
dissemination of scientific knowledge was seen as a solu-
tion to raise the public’s acceptance and understand-
ing of science (Jones 2014; Miah 2017). From the 1990s 
onwards, this model has been criticized as too simplistic, 
being understood as one-to-one transfer that ignores the 
social processes and structural determinants of science 
communication and knowledge exchange (Schiele 2008). 
Other models have emerged in response to this critique 
(Brossard and Lewenstein 2009), such as the model of a 
Public Engagement with Science, that reflect the relation-
ship of science and the public on a more equal footing 
and as a two-way exchange. 

In parallel, sociological researchers began to question 
traditional ways of knowledge production. Gibbons et al. 
(1994) proclaimed that the old paradigm of knowledge 
production was replaced by a new “mode” of transdisci-
plinary, application-oriented, and socially distributed way 
of gaining knowledge. Around the same time, both Alan 
Irwin and Rick Bonney independently coined the term 
“citizen science,” laying the foundation for two different 
interpretations of the term. Irwin (1995) anchored the 
term in the social sciences where CS was described as a 
means for democratization of science, public engagement, 

equity, and justice in the discourse of science and in set-
ting the research agenda. Bonney (1996) linked the term 
to the natural sciences and public involvement in scientific 
research, with members of the public partnering with pro-
fessional scientists to collectively gather, submit, or ana-
lyse large quantities of data. These two strands can still be 
found within scientific discussions and research practice 
with a prevalence of CS more frequently employed and 
welcomed in the natural sciences (e.g. Hecker et al. 2018b; 
Cooper and Lewenstein 2016). The social sciences some-
times take a more critical approach (e.g., by elaborating 
on the various practices and genealogies that the uni-
formity of term CS might obscure (Strasser et al. 2018)). 
Nevertheless, both approaches are valued for their poten-
tial benefits.

Current inner-scientific discourse critically assesses CS 
and provides frameworks and conceptual work on CS and 
policy (e.g., Hyder et al. 2015; Hollow 2015; McKinley et 
al. 2017; Walters et al. 2000), whereas strategic policy 
papers, such as the European green and white papers 
(Serrano Sanz et al. 2014) mainly endorse CS, promote its 
implementation, and include recommendations for its 
development, which has informed concrete policy actions 
in the form of funding schemes, such as in Germany 
(BMBF 2017) or in Austria (e.g., Top Citizen Science fund-
ing schemes). The CS community actively advocates for 
the development of CS through tailored communication 
towards policymakers and their networks in the form of 
policy briefs, for example, the European Citizen Science 
Association (ECSA) advocated for the inclusion of CS as 
part of EU Policy Delivery (ECSA 2016) and endorsed the 
German Green Paper on Citizen Science (ECSA 2015), and 
the European project Doing It together Science (DITOS) 
advocated for synergies between CS and Open Science 
(DITOS 2017). The development of CS also is supported by 
global associations, national organisations, and capacity 
programmes (Göbel et al. 2017; Richter et al. 2018), and is 
promoted by conferences of at least three CS associations 
(i.e., the US Citizen Science Association, the European 
Citizen Science Association, and the Australian Citizen 
Science Association) as hubs for the development of the 
field (e.g., Hecker et al. 2018a). At the same time, critical 
voices that question CS in its current conceptualization 
have emerged (Mirowski 2018).

Both policy and science provide opportunities and 
call for public participation, which finds a melting point 
in the CS approach. This leads to the question whether 
science and policy have a different understanding of what 
CS is, what benefits they expect or perceive, and what 
challenges they see.

Methodological Approach: Qualitative Content 
Analysis
To explore policy’s understanding and use of the term 
“citizen science,” we carried out a qualitative content 
analysis (Mayring 2015) for 43 policy documents from the 
United States, Australia, New Zealand, Japan, the Euro-
pean Commission, Germany, Austria, the United Kingdom, 
and the inter-governmental Organization for Economic 
Cooperation on Development (OECD). We chose these 
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countries because CS has developed in these places to a 
considerable degree, including initiatives from govern-
ments and capacity building (e.g., through national and 
international associations such as the US Citizen Science 
Association (CSA), the US Federal Community of Practice 
on Crowdsourcing and Citizen Science, European Citizen 
Science Association (ECSA), Australian Citizen Science 
Association (ACSA), and CitizenScienceAsia.

Data collection and sample
To select relevant policy documents for content analysis, 
we followed a triangulation approach. First, we contacted 
the CS network associations in Europe, the United States, 
and Australasia who pointed us to representatives they 
considered most knowledgeable to advise us on policy doc-
uments for our sample. We asked them which documents 
they considered as having been influential and relevant 
for the development of CS. Second, we searched for pol-
icy documents cited in scientific and policy papers. Inclu-
sion criteria were that documents had to be published by 
governments and their ministries or government related 
authorities. Due to coding researchers’ language skills 
(Hecker, Wicke) the sample was restricted to documents in 
English or German. No other exclusion criteria were given, 
e.g., regarding policy area, publication date, or accessibility.

The final sample includes 43 policy documents 
(Appendix A, supplementary files) containing the term 
“citizen science.” The documents are mainly from two pol-
icy areas: Environmental policy (17 documents) and policy 
supporting science in general, including national science 
strategies (25 documents). An additional document is on 
urban policy. The 43 documents also can be clustered into 
the following categories: (a) reports on existing or past 
activities or descriptions of a current state of develop-
ments in science or meetings (14 documents); (b) strate-
gic documents pointing towards future possible and/or 
intended activities (14 documents); (c) policy frameworks 
and programmes (3 documents); (d) information and dis-
cussion papers, including policy briefs (7 documents); and 
(e) single uncategorised documents, such as two memo-
randums, one Act, one clearance, and one letter.

Not all documents name their authors, but examining 
the authorships for those that do, scientific input can 
be identified for several of the documents: One is writ-
ten by employees of the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO), a research 
institution of the Australian government [document 
number 2, see Appendix A], and four by employees of 
the Joint Research Council (JRC) [18]; [19]; [20]; [21], the 
research service of the European Commission. One docu-
ment is explicitly written by researchers [4], and two oth-
ers by the Science Communication Unit University of the 
West of England (UWE), Bristol [14]; [15]. Document 16 
is a meeting report thanking academic participants for 
their input to the document. Document 22 is written by 
the High Level Group on maximising the impact of EU 
Research & Innovation Programmes, a group of business 
and primarily science representatives, and Document 3 
states that it is “based on science” [3:5]. In addition, sev-
enteen documents refer to scientific literature in direct 
citations or a reference list.

Qualitative content analysis
We conducted a qualitative content analysis (Mayring 
2015) of policy documents, using a deductive as well 
as inductive approach to structure the content. For this 
purpose, we developed a category system to code the 
material based on aspects derived from the theoretical 
background (see Appendix B, supplementary files, with 
links to relevant scientific literature). Because no similar 
research papers on qualitative content analysis on other 
science approaches from a policy perspective could be used 
as an orientation, we developed further categories build-
ing on patterns discovered in the assessed documents. The 
category system was applied using the software MaxQDA 
(version 18) for the coding process.

We analysed those text passages that included the exact 
term “citizen science” within the documents and, where 
applicable, considered each text paragraph before and 
after the total 1,130 mentions of the term focusing on 
the conceptualization of CS or its benefits and challenges. 
We treat “citizen science” as a term of art and do not con-
sider other related terms such as “public participation 
in research,” “participatory research,” or “crowdsourced 
information.” 

For quality control of the coding process, we applied a 
consensual coding method (Kuckartz 2016) to determine 
whether coders agreed on the coding content while using 
the same coding scheme. Two researchers (Hecker, Wicke) 
each coded the text independently according to scientific 
standards (see Lombard et al. 2004). We first compared 
independent codings for 10% of the same data material 
for similarity in segment selection and codings. Here, we 
used the function “intercoder agreement” of the software 
MaxQDA to see the distribution of codes on a segment 
level. Results showed between 66% and 91% of intercoder 
agreement. Differences were discussed and a common 
understanding of the coding scheme was developed. Both 
researchers then coded half of the entire sample each.

Results
The policy documents mention the term “citizen science” 
between one and 184 times per document. CS was referred 
to either in a broad context of other topics (Appendix A, 
supplementary files), e.g., in Australia’s strategy for nature 
2018–2030 [12], or it was the main focus of attention of 
large parts or the whole document, such as in Environ-
mental Citizen Science [15]. Therefore, documents cover 
a variety of categories. While most documents provide 
information on the conceptualisation of CS, many cover 
benefits while fewer cover challenges.

Conceptualisation and contextualisation of citizen 
science in policy documents
Understanding of citizen science
Half of the documents mention CS as a tool for data 
collection and analysis mainly in the field of environmen-
tal research, some of which refer back to Bonney’s initial 
definition from 1996 (see Table 1 for main results on con-
ceptualization and contextualization). Only ten documents 
refer to Irwin’s definition of CS (1995), acknowledging the 
added value of societal development through CS [e.g., 
15:5; 19:6 – i.e., document 19, page 6, indicating the page 
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number of the PDF document. Please note that this might 
differ from the numbering within the policy document 
due to different numbering of sections]. More than half 
of the documents enlarge the understanding of CS going 
beyond these definitions. Some refer to CS as a tool for col-
laboration between the wider community and scientists 
working together in scientific projects, though without 
providing further explanation (e.g., “scientists collaborat-
ing in various forms with members of the public” [8:75]; 
see also [4:1; 26:1; 33:17]). Others define the forms of col-
laboration or different existing understandings (e.g., “from 
being better informed about science, to participating in 
the scientific process itself by observing, gathering or pro-
cessing data” [37:14]), which are based on the description 
of tasks or activities that citizens might accomplish in a CS 
project [e.g., 9:4; 21:48; 23:28; 27:66; 30:1]. In this way, 
the documents provide a more concrete understanding of 
the concept. Fourteen documents emphasise the variety 
of approaches, forms of collaboration, or aims [e.g. 11:1; 
23:28; 38:8], such as the “degrees of agency with regards to 
the research process, very different relationships with pro-
fessional scientists and very different degrees of influence 
on policy relevant scientific projects” [19:7]. The term CS 
also is understood to encompass projects that gather data 
without linkage to specific scientific processes: They “are 
about user-generated content, not necessarily addressing 
a scientific process or issues” [21:3], alongside CS projects 
that explicitly address scientific questions.

Policy documents also use a wide concept of CS regard-
ing the form of collaboration and level of engagement of 
citizens and embrace this collaboration between science 
and society: “The engagement of citizens in CS activities 
can take different forms, from crowdsourcing (citizens as 
sensors) to collaborative science and policy (full engage-
ment)—all forms can bring added value to EU policies” 
[15:5].

Policy documents rarely relate to the classification 
provided in Bonney et al. (2009) and Shirk et al. (2012), 
which is widely cited in scientific literature, although four 
documents do refer to “contributory,” “collaborative,” and 
“community-led” [15:7] or “co-created” CS projects [4]; 
[15]; [19]; [21]. The call for co-creation of CS projects is 
mentioned as a task for researchers [15:4] but is not men-
tioned as an added value for policy. The historical roots of 
CS [15:4–6; 30:1] and the interlinkage with lay, local, and 
traditional knowledge [11:1; 5:9] are mentioned rarely 
and are lacking in most documents. Linkages to other 

concepts are occasionally drawn, including the typologies 
of Wiggins and Crowston (2012) [15:8; 37:14], Haklay’s 
(2013) scheme of participatory levels of CS [15:8; 21:43], 
or definitions provided by the White Paper on Citizen 
Science in Europe (Serrano Sanz et al. 2014) [21:8].

Documents link CS to other science policy concepts, 
such as “Open Science” and its components of open 
data, open access, open source, and open innovation in 
almost half of the documents [7:34; 8:87; 11:3; 17:26; 
19:40; 19:51; 20:5; 21:7; 23:5; 27:17; 28:6; 32:35–36; 
42:7]. Crowdsourcing of data is described as being part 
of CS or defined as distinct from CS, as both concepts  
advance scientific knowledge production [7:34; 9:1–2; 
25:1; 28:6; 37:15; 41:4]. Single documents refer to CS 
alongside “Responsible Science and Innovation” [7:30; 
19:51] and “Citizen Cyberscience” [15:14], or they link 
CS to the overall topic of the document, such as “Do-it-
Yourself-science” [19; 32:56] or “Smart Cities” [21]. Policy 
areas for CS show a main focus on environmental policy 
areas (Table 2).

Furthermore, CS is noted as an inclusive approach to 
science in nine documents. They address who should be 
included—all parts of society, large numbers of people, 
everybody, or specifically disadvantaged communities—
but only three refer to reasons or aims for inclusiveness: 
Include “diverse sources of expertise” [17:8], “bring in new 
ideas and insights and contribute[s] to solutions” [25:6], 
and “help scientists and researchers deal with the flood of 
data that confronts them” [32:55]. 

Education as one aspect of CS projects is mentioned in 
eight documents, partly amongst other aims of CS pro-
jects [19:50; 20:25; 21:9; 21:34; 21:42; 18:46; 15:3]. Few 
present educational outcomes or aims as opposed to pro-
ducing scientific data [15:4]. Potential effects of education 
in CS projects are described as behavioural change [11:1] 
or empowerment of citizens [15:12]. Educational ben-
efits can be experienced in formal and informal settings 
[15:14; 19:14; 19:44; 21:34], and depend on adequate 
time and financial resources [15:15]; their outcomes 
might be hard to evaluate and quantify and depend on 
the level and quality of engagement of participants: 
“While some participants set up their own experiments 
and posed questions that helped scientists develop new 
studies, these outcomes were not captured in the evalu-
ation survey, demonstrating that the educational value 
of citizen science can sometimes be difficult to quantify” 
[15:14].

Table 1: Main results for conceptualization and contextualization identified in international policy documents.

CS is predominantly referred to as a data collection tool (Bonney et al 1996), while few policy documents relate to CS as an 
approach to democratise science (Irwin 1995)

Documents embrace the variety of CS approaches and different levels of engagement

Documents provide descriptive understandings of CS through describing tasks of participants in CS activities

Policy application areas are mainly biodiversity and environment related, e.g., with reference to environmental policies or 
health risk management 

CS is linked to Open Science and Crowdsourcing

CS is viewed as an inclusive approach to joint research bridging academia and societal actors and linked to education

Digital technologies are perceived as main driver for facilitating CS
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Although potential advances for innovation of CS 
regarding the relationship of science and the public 
are recently discussed in the field of science communi-
cation, policy documents mention this aspect only in 
three documents: As a function of CS projects, i.e., com-
municating science, education, or promoting scientific 
literacy through CS [19:11; 19:13; 21:9], and as a means to 
encourage participation in CS projects [43:2].

Drivers for citizen science
Modern development of (digital) technologies, including 
smartphone applications and the availability of the Inter-
net, are perceived as major drivers for CS, as mentioned 
by 50% of all documents: “Developments to communica-
tion technology, such as recent smartphone apps, coupled 
with widespread access, enable almost anyone to become 
a citizen scientist” [14:11]. They allow for recording and 

Table 2: Policy areas of CS in policy documents (for each document only one passage is mentioned regardless of the 
frequency of mentioning).

Policy area Total Source

Astronomy, e.g. asteroid detection 3 19:12, 25:10, 27:20

Biodiversity assessment, management 
and strategies

9 2:189, 4:3, 15:3, 19:50, 24:2, 
25:10, 26:21, 29:4, 34:21

Environmental monitoring and reporting 4 19:11, 21:8, 39:10, 40:15

wildlife monitoring and management 3 4:3, 15:3, 30:1

Environmental science and policies/poli-
cymaking

6 4:1, 11:2, 15:3, 20:5, 36:2, 
37:14

health-related 4 6:33, 13:1, 15:7, 19:8

natural resources management 1 29:4

biological conservation 2 15:6, 19:12

Environmental health risks management 1 9:1

pest and disease outbreaks 5 4:3, 10:57, 19:44, 25:6, 30:1

biosecurity, pest animals 2 2:156, 33:17

disaster mitigation/planning 1 25:8

hazard mapping, pollution breaches 1 19:50

littering 3 11:1, 16:10, 20:9

noise, air quality/pollution 5 11:3, 15:4, 20:36, 25:8, 30:1

discovery of new species 4 4:3, 10:11, 15:3, 36:4

invasive species 3 14:11, 15:16, 20:12

soil health 1 15:24

Medical research 2 5:49, 25:6

epidemiology 3 19:8, 25:8, 37:14

biomedicine 1 28:61

public health risks 1 9:1

Open Science, Open Data, Big data 3 20:5, 21:34, 18:46

Weather information 4 4:3, 5:49, 25:7, 30:1

Others  

 Cultural heritage digital social innovation, 
digital government 

1 20:37

urban life 1 20:9

consumer strategies 1 26:21

social sciences 1 37:14

 smart cities, incl. ICT, energy and transport 
infrastructures

1 21:3

 geographical information and mapping, 
e.g. school districts 

2 37:14, 25:9

environmental justice 1 15:17
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mediation of real-time, accurate GPS data [19:28], poten-
tially engaging large numbers of citizens, increasing the 
temporal and geographical extent of areas of CS [19:8], 
and enabling a diversity of CS projects [30:1]. Websites can 
provide information on CS projects and link to relevant 
sources [28:48] and are designed, for example, to develop 
synergies between CS and more community-based initia-
tives in New Zealand [35:31]. Social media are mentioned 
along with new technologies and the availability of the 
Internet [9:3; 18:46; 37:15], but are not singled out as 
drivers for networking, communication, or marketing par-
ticularly supporting CS. Gamification as an approach of CS 
is mentioned only twice [30:2; 15:4].

Five documents point to the importance of motivation 
of participants in CS when calling for an understanding 
of individual motivations [9:11; 15:21], which might be 
grounded in the “fun, educational, engaging” nature of 
CS projects [9:6], local environmental threats [15:26] that 
require large data sets potentially provided by CS [24:2], or 
other sources of motivation [19:15]. Factors for long-term 
participation need consideration [21:28], which includes 
finding motivated participants and engaged communities 
[21:14] as a success factor.

Our analyses showed no perceivable differences in 
CS approaches or understanding of CS among differ-
ent parts of the world in the assessed documents. In 
addition to the overall analyses, we searched for differ-
ences in conceptualization of the term “citizen science” 
by grouping documents into those from the United 
States, Australasia, and Europe for this specific question. 
Understandings of CS were predominantly consistent 
throughout the groups. For benefits and challenges, we 
highlight in our analysis where we found differences for 
regions.

Benefits of CS for science, society, and policy
Overall, policy documents portray CS as an influential and 
promising approach (Riesch and Potter 2014). Benefits 
identified in 36 documents refer to individual benefits for 
researchers, members of society, and policy-makers, and 
to science, society, and policy as parts of the social system 
(Table 3). 

Benefits for science
Benefits of CS for science are referred to at (a) the project 
level and (b) the science-society interface. 

Project level
The creation of large-scale data sets both in terms of 
geographical spread and over time and the increase of 
different data types are the two factors most cited as 
benefits of CS for science. This encompasses the possibili-
ties of data collection by volunteers over a larger spatial 
extent and temporal scale, reaching a wider geographic 
coverage as well as “new or greater access to resources, 
access to private lands and information” [4:2]. This 
increases not only the amount of available data, but also 
the type of data that would otherwise be very difficult 
to collect [4:2; 9:1; 20:21; 29:3; 40:15; 30:1], such as 
monitoring of alien species in private surroundings. 
Volunteers also can be helpful regarding the analyses, 
validation, and interpretation of data, such as validation 
of images submitted by other volunteers [20:25; 31:4]: 
“the human eye and brain allow volunteers to categorize 
millions of objects (like galaxies) or find solutions to com-
plex problems that computer algorithms may not be able 
to solve” [25:6]. 

The support of citizens also may improve data quality 
by helping “to gain more timely information or to cover 
a specific topic more deeply” [20:21]. This can be the case 
in emergency situations, when fast data are needed. These 
data can improve the understanding of and conversation 
about specific topics, such as biodiversity, and can be used 
to inform biodiversity and ecosystem management deci-
sions, for example [15:7; 29:5].

Some policy documents assume a cost-effectiveness of 
CS, underlining that data are provided at lower cost com-
pared with traditional research methods, and thus the 
financial cost of scientific studies is reduced, “potentially 
offering better value for public money” [11:1; 14:10, 14:18; 
29:3; 15:16; 30:3]; this argument is discussed in the litera-
ture but in some circumstances has been contradicted by 
CS project leaders (Blaney et al. 2016; Hecker et al. 2018b).

Science-society interface
In general, CS is attributed to increase public engagement 
and interest in research of citizens [1:19]. CS can provide a 
means for raising public awareness for scientific issues and 
research [4:4; 15:5]. Research agendas can be redirected 
towards issues of concern to citizens [32:56]. Documents 
assert added value to science through CS by providing 
volunteers’ perspectives, experience, or information that 
professional scientists may not have [25:6; 32:56]. The 

Table 3: Main benefits of CS for science, society, and policy analysed in international policy documents.

Science Members of Society Policy

Science Project level
•	 Increase in amount and scale of data
•	 Validation of data 
•	 Cost-effectiveness

Science – Society Interface
•	 Increase of public engagement, interest in 

research, and public awareness of science
•	 Inclusion of diverse sources of expertise, 

perspectives and experiences (broad 
knowledge domains)

Increase of 
•	 understanding of science, 

scientific principles, and 
scientific challenges 
(scientific literacy) 

•	 individual learning
•	 topical knowledge
•	 interest in a scientific 

career

Improvement of 
•	 policy decision-making processes
•	 implementation of policy 

Increase of 
•	 knowledge about policy issues (political 

literacy)
•	 societal relevance of policy
•	 interest in policy decision-making as well 

as the acceptance of policy measures
Support of (environmental) stewardship and 
activism (civic empowerment)
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skills, dedication, and ingenuity of citizens are described 
as “untapped resources” [25:6] that bring in new insights 
and contribute to solutions. New research methods can 
arise and new discoveries can be made possible, which 
lead to the production of new scientific knowledge [42:7]. 
CS is described as a form of distributed intelligence, which 
allows utilising citizens’ knowledge and monitoring capa-
bilities [14:7]—a benefit that is slightly more emphasized 
in European and US than in Australasian documents. 
Furthermore, documents underline the value of practi-
cal know-how as well as local and traditional, specialist 
knowledge, for example of particular species, habitats, 
and skills, particularly in relation to local environments 
[15:8; 20:9; 7:31]. Thus, CS can improve scientific research 
by the inclusion of diverse sources of expertise and knowl-
edge domains [17:8]. 

Benefits for members of society
Benefits for members of society are mainly formulated for 
individuals rather than for society as a whole. The policy 
documents take up the ascribed notion that CS promotes 
citizens’ scientific literacy (Durant 1993). They state that 
through this first-hand experience, scientific literacy can 
be built and improved, which in turn can boost participa-
tion in science projects [4:4]. Citizens learn to think scien-
tifically and develop critical abilities. Their ability to gener-
ate scientific questions (often about the environment) 
and their knowledge about science as well as scientific 
methods and processes rises [19:14; 25:10], an argument 
that also is discussed critically in the scientific literature 
(Bonney et al. 2009; Crall et al. 2013; Cronje et al. 2011). 

CS also is said to enhance individual learning. Educational 
benefits could be experiences in formal education, lead-
ing to new knowledge and skills, as well as in informal 
learning, leading to friendships and more active lifestyles 
[15:14; 4:2]. CS activities not only can increase knowledge 
about science but also about the topic, which can change 
attitudes and behaviour. The documents refer especially 
to the environmental understanding and engagement of 
individuals and communities [40:15]. A critical perspec-
tive is offered by only one document regarding learning 
effects: “If participants are only involved in simple activi-
ties, such as taking measurements or recording observa-
tions, they are likely to have few opportunities to learn” 
[15:15].

Two documents mention a growing interest in follow-
ing a scientific career due to participation in CS. Valuable 
skills can be gained and young people can be motivated 
to aspire to a career in science [25:11]. On an overarch-
ing level, policies often assert that participating in a CS 
project will foster the understanding of science, scientific 
principles, and scientific challenges in the public [4:2; 
15:14; 25:5]. 

Benefits for policy
CS is attributed to increase interest and benefits in policy 
in various ways. The approach is attributed to “help 
activating citizens, thrive democratic change, increase 
transparency and trust, and counter-play populism and 
post-truth politics” [11:1].

Fifteen policy documents state that CS improves policy 
decision-making processes. Policy makers may consult with 
the public and consider public contributions through CS 
[20:28]. CS also can serve to inform policy [4:2, 34:62]. 
Local and tacit knowledge provided through CS also 
may augment the creation of an evidence base to sup-
port regulatory implementation and compliance [15:16; 
20:9]. Citizens thereby can help to guide the agenda for 
research and policy debate [15:3], increasing the societal 
relevance of research and policy. Moreover, as one docu-
ment indicates, citizens’ interest in policy decision-making 
as well as the acceptance of policy measures could become 
greater, because they may trust the data more as the data 
are provided by themselves [20:25]. Another positive impli-
cation could be faster uptake of the evidence base and 
policy measures, i.e., the policy “may be better and faster 
implemented at local level because of the citizens’ interest” 
[20:31]. On the other hand, citizenship could be strength-
ened and members of society could become even more 
active if it is noted that those contributions count [20:30].

Policy can apply scientific data either directly, to support 
action planning, or indirectly, for example through 
highlighting impacts of environmental change [15:16]. 
Policy actors could get accurate pictures of current devel-
opments and conditions and thus identify need for action 
[30:2]. Moreover, the effectiveness of ongoing work may 
be assessed and future efforts directed [15:7].

Almost half of the documents are located in the con-
text of environmental policy, therefore, a lot of benefits 
refer to concrete aspects, i.e., CS “can support council and 
regional natural resource management biodiversity strat-
egies, local forest initiatives or assist in the delivery of 
wildlife management plans” [4:3]. 

Haklay (2013, 2015) emphasises the importance of 
geographical levels of projects for policy and introduces 
the category of “extreme citizen science” as a bottom-up 
approach addressing local needs and collaboratively find-
ing solutions. Policy documents point to the geographical 
level of CS projects from local to national to international 
[9:1; 15:6; 16:10; 19:11; 21:19; 23:28; 25:5; 30:1; 34:17] 
and on the geographical distribution of CS networks and 
their implementation [e.g. 4:4; 8:72; 20:12; 21:23; 39:11], 
yet without prevalence for a specific approach to a geo-
graphical level. When it comes to benefits, policy docu-
ments mainly focus on benefits for local areas, because 
projects often have “a ‘direct’ interest at stake” [32:56]. 
Nevertheless, CS contributes to solutions of global issues 
such as climate change or food security, as one document 
mentions [32:56].

In addition, the analysed policy documents point out 
that CS can support (environmental) stewardship (Ballard 
et al. 2017). Participating in CS can encourage environ-
mental activism, bring society closer to science and to 
nature, and create “a sense of ownership” [15:16]. This can 
have an impact on citizens’ appreciation of their natural 
environment and community [9:1]. This is an aspect that 
could be fostered, for example, through public–private 
partnerships and cross-sector collaborations [12:11]. 
Citizens should be empowered to be active stewards of 
nature [e.g. 3:107; 4:3; 12:11; 30:3]. 
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Moreover, CS may strengthen democracy [e.g. 11:1; 
15:12; 41:2]. It is seen in some policy documents as a par-
ticipatory form that can democratise research processes 
as well as public policy processes [15:12]. This benefit to 
fostering democracy is mentioned especially in European 
documents, but only in four out of 24 EU documents, and 
thus is not a frequent argument.

Challenges for CS in policy
Challenges for CS in policy can be categorised into three 
main areas: (a) Data quality and management issues;  
(b) operational, organisational, and governance issues; 
and, (c) policy implementation issues (Table 4).

Data issues
CS data issues, as described in the policy documents, 
mainly concern data quality assurance, data analysis, and 
data accessibility [15:13]; representativeness and ethi-
cal issues, such as privacy [9:4]; legal issues and related 
quality control [20:25] or ownership of data [15:12]; and 
interoperability with other data sets or policy reporting 
needs [18:46]. These are aspects that also are key topics in 
the scientific discourse about CS, which often suggest that 
the quality of scientific work and data may be less reli-
able than research and data collected by scientists who do 
not engage members of the public (e.g., Vantieghem et al. 
2016; Kamp et al. 2016) and discuss similar aspects, such 
as reliability, credibility, and quality assurance (Feldman 
et al. 2018; Freitag et al. 2016; Fowler et al. 2013; Kosmala 
2016; Wiggins 2011). Main points in the policy documents 
are the re-usability of solutions, such as data, tools, or apps 
[20:16; 21:3; 21:46; 21:50]; the interoperability of contents 
and platforms [20:36]; and the integration of CS data with 
traditional sources of information [11:2]. The standardisa-
tion of data and metadata is seen as a significant challenge 
[16:13; 21:46]. There is a call that information systems 
should be flexible and make the reuse of data possible 
[15:12] as well as provide possibilities for “long-term data 
archiving, curation, access, and re-use” [21:46]. Policy doc-
uments urge for collaboration on technical issues across 
networks [20:11] to create synergies while stating a lack 
of overview on existing tools [20:16] and fragmentation 
of data [21:46]. It is also mentioned that CS data should 
be open data [30:4], whereby an open data policy agenda 
needs further discussions in the CS community [21:47]. 
While single voices stress the fact that the use and value of 

CS data might be more a question of “perception of data 
quality, rather than the actual data quality” [15:14], oth-
ers question the reliability of data as participants might 
not deliver data at all or may not strictly apply or adhere 
to protocols [20:22]. The assumption that the work of 
“amateur” experts may be perceived within the scientific 
community as substandard, unreliable, or of doubtful 
quality is portrayed as one of the biggest challenges for 
CS [4:3; 30:1; 15:4; 15:16]. This may hinder a widespread 
use of CS. Therefore, CS needs to gain the acceptance and 
the recognition of the scientific community as well as of 
“potential end-users of volunteer-gathered data” [15:11]. 
In addition, Chapman and Hodges (2017) emphasise that 
CS data need to be suitable not only for policy decision-
making, but also available, fit-for-purpose, robust, and 
timely to be uptaken by policy. 

As described in the documents, citizens’ role changes 
from information consumer to producer, which calls for 
dialogue between the public and administration that 
should be underpinned “by interoperability arrangements 
between the data published by public administrations and 
that published by the public either as individuals or as part 
of organised citizen science initiatives” [21:47]. Although 
some authorities embrace collaboration with the public, 
they do not have answers to many questions, such as how 
to handle CS data and feed them into existing information 
flows, or how to reconcile CS data with data from other 
sources [21:44]. CS data are often not easily accessible, as 
they are embedded in project websites [21:45], and they 
are sometimes not submitted to peer review and critical 
scientific appraisal [19:15].

Thus, policy documents call for the incorporation of 
data-quality assurance standards, data management, and 
ongoing project evaluation into CS projects [25:2; 15:13; 
30:3]. Project leaders, according to some policy docu-
ments, should be equipped with the skills to manage large 
datasets and to use the data effectively [30:1; 30:4].

Operational, organizational, and governance issues
Operational, organisational, and governance issues are 
addressed twice as often as data or policy issues. They are 
mentioned for administration and CS projects. Overall, the 
need for knowledge exchange and interconnection of CS 
projects is expressed, for example, through information 
hubs and registers of projects [4:4] serving as connect-
ing service for practitioners and researchers; or through 

Table 4: Main challenges for CS in policy perspectives.

Data quality and management Organisation and governance Policy implementation

– Reliability and quality of CS data
– Re-usability of solutions
– Standardisation of data and 

meta-data

– Interconnection, knowledge exchange 
and synergies between CS projects 
and communities

– Access and interoperability of data
– Communication, motivation and 

volunteer collaboration
– Internal project standards and use of 

tools
– Exclusion through digital technology

– Recognition of CS by science and policy
– Evaluation of CS projects
– Uptake of CS data by policy
– Expectation management
– Participation bias
– Publication bias towards successful 

projects
– Temporal gaps between scientific 

process and policy needs
– Lag of management action on findings
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fora “to foster a regular dialogue between policy makers, 
mediators and practitioners” [11:2]. Such interconnected-
ness would advance interoperability [11:2] and knowledge 
sharing “between currently disconnected communities of 
practice” [20:37], for example, in the form of guidelines, 
best practices, and methodologies [20:9]. To achieve this, 
collaboration across CS networks is recommended [20:36] 
to foster synergies and “improve the joined understanding 
of the value of CS for policy” [20:18].

A range of challenges is addressed for CS projects 
concerning communication and collaboration with par-
ticipants on equal terms [19:25; 19:50], including timely 
and adequate feedback [21:3] and recognition of their 
engagement [20:22] to sustain participation [21:28] and 
to build and maintain trust [21:3]. Reasons that might 
prevent participation in CS are educational background 
or limited access to technology, such as digital devices as 
well as knowledge or affinity to use them or the inclusion 
of certain groups that excludes others, such as technically 
less-literate audiences [15:17]. Some policy documents 
state that project leaders should consider the overall suit-
ability of CS as an approach to the given issue of concern; 
ensure proper project design, planning, and development 
[4:4]; and consider the incentives and motivation for par-
ticipants [19:14] if they want to meet policy goals [29:4]. 
CS projects need flexibility to “accommodate the views 
and knowledge of citizens” [15:18]. Although the collec-
tion of data by citizens may reduce costs, features specific 
to CS projects may incur costs that might be escalating, 
such as attracting participants or the growth of a project 
in scale and number of volunteers [15:16]. Insufficient 
support and resources, for example for educators who 
want to encourage their students to participate, may pose 
threats for projects [15:14]. Policy documents call for train-
ing, guidance, and feedback for CS project participants in 
data acquisition methods [20:22], which need time and 
resources [15:14; 19:15], and which have to be provided 
in accessible formats for the targeted audience [20:22]. 
At the same time, when citizen science projects rely on 
voluntary contributions, there may be no guarantee that 
the data will be collected and delivered [20:22–23], and 
CS, therefore, may not always be reliable for supporting 
official reporting duties.

Concerns also relate to the aspect that the different 
existing and emerging communities, which deal with 
various thematic topics, apply specific internal standards, 
such as for data provision in specific formats [20:14]. 
Furthermore, the “high turnover of new apps” and “high 
development costs” [30:2] are mentioned critically. 
Moreover, there are concerns that due to Internet solu-
tions, direct interactions between participants, project 
leaders, and policymakers may be reduced and thus the 
opportunities for and the quality of joint discussions 
diminished [15:3]. Other aspects that should be consid-
ered, according to some policy documents, especially 
when projects take place across larger spatial scales, are 
language, culture, and history of the participants [15:12; 
20:22;]; for example, promotional material and training 
should be offered in a way that the target audience can 
understand [20:22].

Policy implementation
Central challenges can be characterised as reported con-
cerns about CS. These include the lack of recognition of 
the value of CS by scientific communities as well as by the 
policy communities [e.g., 15:11; 15:14; 15:18; 19:15]. This 
lack of recognition might result in the lack of willingness 
to incorporate CS project results into policy [15:12] and 
calls for a better understanding of the current use of 
CS data as evidence for policy [15:18]. Tracing the influ-
ence of CS projects on decision-making [15:17] could be 
challenging, however, because policy decision making 
is a complex process. In addition, documents state that 
more study is needed about how CS data are translated 
into the design of new policies and, respectively, the revi-
sion of existing policies [e.g. 20:32]. Another reason for 
why it may be hard to assess the impact of citizen science 
efforts [2:189] on public policy is the relative lack of for-
mal evaluations of CS projects. According to some policy 
documents, “evaluations of the monitoring of data quality 
and data collation are often not undertaken” [2:189]. 
The appropriateness of the CS approach for a specific 
research question should be undertaken [15:24]; changes 
in attitude of participants, such as “towards science and 
the environment, and environmental behaviours,” are 
“notoriously difficult to measure” [15:16]. Project evalua-
tion is therefore suggested, such as through participation 
surveys [9:5].

Justification is recommended concerning why a CS 
approach is chosen for data collection in addition to pro-
fessional data [40:4], and some call for a critical attitude 
towards results of CS “due to a lack of independent analy-
sis by social scientists and a probable bias towards pub-
lishing about successful—and not unsuccessful—projects” 
[15:13], which is common also for other scientific projects. 
Policy calls for involvement of citizen scientists and that 
CS should take care to represent and involve all sections 
of society in CS projects [15:12] to avoid current participa-
tion bias in CS [15:17]. 

One document mentions a lack of spontaneous col-
laboration between authorities and CS on local con-
cerns [15:26] and the need for sustainability not only of 
CS programmes and their outcomes but also in terms of 
“political and financial guarantees for action on findings” 
[15:12] of CS projects. 

Moreover, “policy requirements and Citizen Science 
offers do not always coincide, for example, in terms of tim-
ing” [20:28]. Therefore, practicability is another challenge 
of implementing CS [20:28]. There also are temporal gaps 
between citizens’ contributions and the policy actions 
these contributions inform, leading to a loss of connec-
tions to the citizens [20:30]. Participants may become 
frustrated and demotivated by the time required to 
cause and implement a change in management or policy 
based on CS results [20:31]. Therefore, another challeng-
ing aspect is maintaining the motivation of participants’ 
engagement [30:4]. 

CS exists within a set of norms that assumes that science 
is the most reliable source of knowledge [19:12], while for 
policy decision-making, scientific evidence contributes to 
some but not all of the decision-making process [20:28]. 
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Expectation management therefore may be needed when 
implementing CS, as both scientists and participants in 
CS projects may have high expectations about the policy 
impact of their engagement [11:2; 20:28]. 

General concerns are raised about whether CS is “open 
science” (i.e., shares data and results in a transparent way), 
or if it may be misused for raising funds without creat-
ing useful data and meaningful public participation [9:1; 
15:17]. In addition, when applying a CS approach, there 
may be a risk to focus policies only on obvious issues, 
while not tackling more complicated or intangible issues. 
CS is assumed to work best on hands-on problems where 
many volunteers can contribute directly, while less obvi-
ous issues might not attract people to participate [20:32]. 

The analysed policy documents provide suggestions for 
different challenges, for example to more consistently 
use the term “citizen science” to make CS projects trace-
able, create synergies, and avoid duplication of efforts 
[15:26; 16:11]. The missing alignment of CS with current 
structures, programmes, and policy agendas [11:2] as well 
as the lack of CS data feeding into the policy processes 
[20:27] could be addressed by a better integration of CS 
in the policy cycle with the provision of guidelines [20:19] 
and supporting frameworks [20:14]. Legal frameworks 
[11:2] could address issues such as data privacy and own-
ership. Overall, there is a call for the creation of more 
synergies [16:13], such as between CS projects and smart 
cities initiatives [21:3].

Discussion and Conclusion 
The analysis of the 43 policy documents addressed three 
interrelated questions that provided insight into how 
policy conceptualises and contextualises the term “citizen 
science” and its perceived benefits and challenges. As the 
policy texts range from factual assessment to advocative 
strategic documents, the text corpus is heterogeneous. 
While this heterogeneity is a methodological challenge 
to our research, these texts represent important and rel-
evant documents chosen by CS communities as relevant 
for their engagement at the science-society-policy inter-
face. The formats of the documents also differ in their 
aims. A report has the main objective to assess success 
and achievements; a strategy is pointing to the future; 
and a policy brief most often includes a short assessment 
and may be advocative to influence current discussions 
or practices. In general, however, we did not find strong 
differences in the conceptualisation of CS between the 
respective formats.

Overall, given the breadth of understandings, refer-
enced definitions, and interlinkages to other concepts, 
the assessed policy documents generally prove sound 
knowledge of existing scientific concepts of CS. They 
focus mostly on those definitions towards collaboration 
between the public and scientists, embracing the variety 
of CS, diverse understandings, and multiple aims. Instead 
of formally determining what CS is or classifying the 
level of collaboration (e.g., following Bonney et al. 2009; 
Haklay 2015; Shirk et al. 2012), they describe citizens’ 
diverse activities and thus provide a descriptive picture of 
CS collaboration. The documents reflect a variety of policy 

application areas. Given that 17 documents are related to 
environmental policy and that the CS landscape is domi-
nated by environment-related projects and research (see 
Hecker et al. 2018b; Kullenberg and Kasperowski 2016; 
Pocock et al. 2017; Heiss and Matthes 2017), it is not 
surprising that they refer positively to CS as predomi-
nantly a data collection tool. Documents also relate CS 
to other science policy concepts, especially open science, 
open data, and open innovation. The documents reflect 
a variety of policy application areas related to CS with a 
focus on environmental policies, encompassing CS pro-
jects on all geographical levels with benefits especially at 
the local level (see Haklay 2013). Digital technologies are 
emphasised as drivers of CS application (see Brenton et al. 
2018; Mazumdar et al. 2018).

The documents are quite enthusiastic about the benefits 
of CS. They promote CS as a tool to bring economic, social, 
scientific, and political added value to [EU] policies (Joint 
Research Centre 2017). CS is attributed to have great 
potential to shape and influence science and policy. It 
seems surprising though that only two documents men-
tion the potential of CS to increase the societal relevance 
of policy and to raise acceptance of policy measures. 
Also, the assessed policy documents fail to emphasise 
the opportunity for policy organisations to promote dia-
logue through CS with those people most interested in 
the policy topic under consideration of CS projects, as 
for example Hollow et al. (2015) and Nascimento et al. 
(2018) point out, e.g., with reference to environmental 
protection agencies. Rather, CS is framed as a tool for sci-
ence and as a means for collaboration between science 
and society, while the assessed policy documents do not 
perceive a clear function for policy to drive or participate 
in the CS processes itself. Documents point out different 
advantages of CS but often remain unclear about how 
exactly CS should be realized. Moreover, they seldom 
provide evidence for the diverse assumptions and do not 
relate to scientific findings.

The findings partially correspond to benefits that 
European researchers have stated towards Responsible 
Research and Innovation (RRI) (Smallman 2018), while 
emphasis differs between categories. Survey results 
reported by Peter et al. (2018) show that applying RRI 
brings enhanced visibility in the research community and 
supports the emergency of new research topics. The find-
ings furthermore indicate a positive effect of RRI on both 
the relevance and quality of their scientific outputs. Other 
perceived RRI benefits, such as faster diffusion of knowl-
edge and stimulation of innovation or empowerment of 
citizens, do not find equivalence in our sample of policy 
documents related to CS. Surprisingly, only cost-effective-
ness and an increasing interest in science are mentioned 
as benefits in both this study and the RRI report (Peter 
et al. 2018). 

Linking the findings of the present research to the 
reported CS benefits and challenges perceived by CS pro-
ject managers in a comprehensive European survey of the 
CS landscape (Hecker et al. 2018b) shows some congru-
encies. When asked about the added value of CS, project 
coordinators across Europe (n = 147) reported as main 
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benefits the provision of large datasets, additional exper-
tise, and the increasing relevance of research through CS. 
Main challenges were seen in insufficient funding, data 
quality concerns, and the missing integration of CS in edu-
cation. Alongside quality concerns, the lack of apprecia-
tion in science and policy is parallel to the findings in the 
present study, while it does not seem to be a concern in 
the RRI realm (Peter et al. 2018), which is valued for bring-
ing enhanced visibility. The aspect of enhanced visibility 
of science through CS approaches would be a worthwhile 
research subject for further investigation.

Policy documents point to challenges especially regard-
ing organisation and governance of CS projects along with 
technical issues and policy implementation challenges. In 
contrast to Mirowski (2017), however, they do not frame 
CS as a “threat” to the freedom of science, nor did they 
classify CS as a means of big business to render citizens 
more docile. Critical aspects, such as a possible misuse of 
human resources, their skills, and knowledge, were rarely 
mentioned and also were not reported in the European CS 
project manager survey (Hecker et al. 2018b). The policy 
documents did not explicitly address concerns regarding 
tensions between unpaid and paid labour of volunteers 
and scientists (Woodcock et al. 2017), or that CS could 
be inappropriately employed to deliver on obligatory 
governmental duties, such as on biodiversity monitoring 
and reporting. 

Overall, we could identify that all policy documents 
advocate for CS. It is noteworthy that, although expected, 
we could not detect clear differences when comparing 
the documents with a regional focus between the United 
States, Europe, and Australasia. The policy documents 
provide a comprehensive, knowledgeable, and descriptive 
approach to what CS is and address potential benefits and 
challenges that mostly resonates with scientific debates 
about CS. Through co-authorship and consultancy of 
some policy documents there is at least partial influence 
of the scientific community through direct or indirect 
input. This influence could explain the high congruence 
between the conceptualization of CS in the assessed policy 
documents and the discussions of the scientific commu-
nity. The boundaries between science and policy develop-
ment in the field of CS are not sharp. The overall results 
show that policy is part of the process where CS estab-
lishes itself both as a research approach and as a field. It 
could be argued that the policy documents are part of the 
agenda-setting process for CS, and that both the scientific 
and the policy community contribute towards the estab-
lishment of CS.

In the scientific realm, CS is mostly discussed in a critical 
but positive manner with publications advocating for the 
development of CS (e.g., Bonn et al 2016; Serrano Sanz 
et al. 2014), or providing insights into the evolving field 
of CS with different foci (e.g., Cavalier and Kennedy 2016, 
Ceccaroni and Piera 2017; Hecker et al. 2018a). Critical dis-
cussions most often do not question the CS approach per 
se but point to challenges that need to be addressed, such 
as data quality (e.g., Lukyanenko et al. 2016; Kosmala et 
al. 2016), the increase of public understanding of science 

or scientific literacy (e.g., Bonney et al. 2015; Crall et al. 
2013), or learning potential (e.g., Bela et al. 2016; National 
Academies 2018; Feldman et al. 2018). Policy documents 
in our analyses also are positive towards CS but mention 
fewer challenges than benefits. Neither scholarly articles 
nor policy documents reject CS as an approach to be 
further developed.

Outlook
Overall, policy documents all show a great interest and 
many expectations towards CS: “… the potential value of 
citizen science is high, but … this potential, particularly 
for citizens and policymakers, remains largely untapped” 
[15:3]. As CS is a relatively young field, in many cases, 
evidence for the impact of CS is only emerging. The CS 
community should therefore seek to evaluate their cur-
rent CS projects for their potential for policy-related 
gains and in this way provide the scientific basis for 
current assumptions. It also might be enlightening to 
see how these expectations are met by policy’s steer-
ing activities. Future research could look at how CS is 
intended to be implemented, e.g., in the framing of CS 
through governmental funding schemes, and how it is 
perceived in the media. Not least, framing might be dif-
ferent in other socio-cultural contexts, e.g., in Africa or 
Asia with divergent communication and participation 
traditions. 

To complement the present study on the conceptualisa-
tion of the term “citizen science” by policy, we recommend 
further analysis to look into how policy understands 
the concept of citizen science as part of a larger field of 
open science. Such a study might encompass the broad 
field of understandings and various related concepts, 
their similarities, overlaps, boundary points, and differen-
tiations. Consequently, this would include closely related 
search terms such as “volunteer monitoring,” “crowd-
sourced science,” “civic science,” or “public participation in 
scientific research,” and thereby further enrich the current 
understanding of citizen science.

Next steps on the policy side could be a deeper assess-
ment of CS challenges specific to policy and how to 
address them—both with respect to science and societal 
needs. A systematic analysis of the impacts of CS to pol-
icy and derived best practice could inform the improved 
integration of CS into the policy development cycle and 
enhanced usability of CS data for policy evaluation and 
implementation. A critical assessment of the effects of CS 
on policy design, delivery, and evaluation will enhance 
the development of CS as a field and its potential to offer 
policy support and development.
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