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Abstract
Citizen science (CS) can foster transformative impact for science, citizen empowerment and socio-political processes. To 
unleash this impact, a clearer understanding of its current status and challenges for its development is needed. Using quantita-
tive indicators developed in a collaborative stakeholder process, our study provides a comprehensive overview of the current 
status of CS in Germany, Austria and Switzerland. Our online survey with 340 responses focused on CS impact through (1) 
scientific practices, (2) participant learning and empowerment, and (3) socio-political processes. With regard to scientific 
impact, we found that data quality control is an established component of CS practice, while publication of CS data and 
results has not yet been achieved by all project coordinators (55%). Key benefits for citizen scientists were the experience of 
collective impact (“making a difference together with others”) as well as gaining new knowledge. For the citizen scientists’ 
learning outcomes, different forms of social learning, such as systematic feedback or personal mentoring, were essential. 
While the majority of respondents attributed an important value to CS for decision-making, only few were confident that CS 
data were indeed utilized as evidence by decision-makers. Based on these results, we recommend (1) that project coordinators 
and researchers strengthen scientific impact by fostering data management and publications, (2) that project coordinators 
and citizen scientists enhance participant impact by promoting social learning opportunities and (3) that project initiators 
and CS networks foster socio-political impact through early engagement with decision-makers and alignment with ongoing 
policy processes. In this way, CS can evolve its transformative impact.

Keywords Participatory research · Research data management · Data quality · Social learning · Political uptake · 
Recognition

1 Introduction

Today, society is facing complex socio-ecological challenges 
such as the climate crisis, biodiversity loss and global health 
issues. Finding solutions to these complex problems requires 
creating sound scientific evidence while enhancing societal 
ownership and embracing different knowledge domains. 

Here, citizen science (CS) can act as a transformative change 
agent by fostering participatory, societally relevant knowl-
edge generation (Bela et al. 2016, p. 997). CS projects can 
prepare and legitimize decision-making by mobilizing dif-
ferent stakeholders to participate in research design, data 
collection and interpretation (Dillon et al. 2016, p. 451; 
Singletary et al. 2022, pp. 235–236). The development of 
CS has been guided by visions of transformative impact 
in three central dimensions: (1) scientific impact through 
large-scale data generation and new scientific understand-
ing (Hecker et al. 2018a, p. 41; Strasser et al. 2018, p. 54);  
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(2) participant impact through enhanced action-based learn-
ing and collective engagement (Harlin et al. 2018, p. 411; 
Peltola and Arpin 2018, p. 379); and (3) socio-political 
impact through jointly created evidence for decision-mak-
ing processes (Lepenies and Zakari 2021, p. 18; Owen and 
Parker 2018, p. 284). These CS impact potentials are framed 
in international policy documents (Socientize 2015, p. 10) 
and CS strategies for several European countries (Man-
zoni et al. 2019, p. 7; Bonn et al. 2022, p. 11). CS has been 
framed explicitly as an important participation and research 
avenue in the German coalition contract (2021, p. 24) and as 
“offering enhanced levels of participation in assessing (and 
determining) the success of EU environment policies” by the 
European Commission (2013, p. 4).

In this study, we define citizen science (also termed com-
munity science, see Cooper et al. 2021) as “participation of 
individuals in scientific research activities who are not insti-
tutionally bound in that field of science. Participation can 
mean anything from short-term data collection to intensive 
use of free time and a high level of expertise” (Bonn et al. 
2022, p. 11). The most compelling motivations for citizens 
to participate in CS projects are the desire to contribute to 
scientific discoveries or to environmental protection, to learn 
something new, and to have fun while being outdoors or 
meeting other people (Richter et al. 2021, p. 5; West et al. 
2021, p. 8).

While CS has evolved rapidly over the last 2 decades, 
visions for CS impact have not always been fully realized 
(Theobald et al. 2015, p. 243; Turbé et al. 2019, p. 10). 
Arguably, CS is still an emerging research approach and it 
is therefore time to take stock and to assess the realization 
of these visions. Comprehensive evidence on the scientific, 
participant and socio-political impact of CS is required to 
inform CS practice and to improve CS infrastructures and 
support mechanisms. Since CS is a very heterogeneous field, 
when studying its impacts, it is important to consider dif-
ferent objectives (i.e., science-, policy- or transition-driven 
CS, Dillon et al. 2016, pp. 450–451) and forms of participa-
tion (i.e., contributory, collaborative or co-creative projects, 
Shirk et al. 2012, p. 6).

To review and discuss recent CS achievements and chal-
lenges, we build on the visions and recommendations from 
the Green Paper Citizen Science Strategy 2020 for Germany 
(Bonn et al. 2016, pp. 21–31), which were developed over a 
2-year multi-stakeholder dialogue process. For developing 
the White Paper Citizen Science Strategy 2030 for Germany 
(Bonn et al. 2022), we reviewed the current status of CS with 
about 120 members of the German, Austrian and Swiss CS 
communities during two online CS dialogue forums. As an 
outcome of the discussions, the team of authors (consisting 
of over 40 CS researchers and practitioners from various 
organizations such as research institutes, NGOs, private 
associations, museums, governmental agencies and archives) 

developed a framework of quantitative indicators to evalu-
ate the present status of CS in its (1) scientific, (2) partici-
pant and (3) socio-political dimensions (Fig. 1 and Table 1). 
These three indicator dimensions, which we describe in the 
following sections, align well with the outcome dimensions 
of CS developed by Shirk et al. (2012, p. 8) and with the CS 
evaluation dimensions proposed by Kieslinger et al. (2018, 
p. 86). Thus, the framework resulting from our collabora-
tive stakeholder process supports the call from previous 
studies for more standardized evaluation in these central CS 
dimensions.

1.1  Citizen science impacts on science

CS can create new scientific knowledge and understanding 
by engaging both scientific and civil society actors and inte-
grating diverse knowledge domains (Dickinson et al. 2012, 
p. 291; Hecker et al. 2018a, p. 42). Science-driven CS pro-
jects often encourage the development of spatio-temporally 
large-scale datasets (Dillon et al. 2016, p. 450) and can make 
important contributions to the monitoring and implemen-
tation of the Sustainable Development Goals (Fraisl et al. 
2020, p. 1747; Fritz et al. 2019, p. 925). High-quality data 
and publications in peer-reviewed journals (and other media 
such as online data repositories) are key requirements for 
reaching scientific targets (Bowser et al. 2020, p. 12; Kos-
mala et al. 2016, p. 551). Data management plans can be 
used to systematically plan and document the whole research 
data life cycle, from data collection to archiving. The selec-
tion of data quality metrics depends on research goals and 
context. There are a multitude of mechanisms to ensure CS 
data quality. These include quality assurance before and dur-
ing data collection, e.g., by training citizen scientists and by 
using standardized protocols, as well as data quality con-
trol after data collection, e.g., by comparing CS data with 
expert data or by using automatic data filtering tools (Wig-
gins et al. 2011, p. 6). Nonetheless, CS is frequently viewed 
with skepticism with regard to data quality (Burgess et al. 
2017, p. 6; Lukyanenko et al. 2016, pp. 447–448; Theobald 
et al. 2015, p. 242). It remains unclear to what extent dif-
ferent approaches for data quality assurance and control are 
currently implemented in CS projects and evidence of data 
management practices in CS projects is scarce (Bowser et al. 
2020, p. 2; Hansen et al. 2021, p. 2).

1.2  Citizen science impacts on participants

CS can create meaningful opportunities for participants to 
gain and share new knowledge as well as scientific skills 
(Kloetzer et al. 2021, p. 294; Peter et al. 2021a, p. 1). The 
process of learning about the study subject and about how 
science works is an integral part of CS. According to Phil-
lips et al. (2018, p. 4), 92% of CS projects on SciStarter aim 
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to achieve learning outcomes for their participants. Many 
CS projects encourage participants to engage in scientific 
inquiry and propose their own unique research questions 
(Dillon et al. 2016, p. 452; Jordan et al. 2012, p. 308). CS 
can thus increase trust and improve attitudes toward science 
(Bruckermann et al. 2021, pp. 1192–1193). In addition to 
promoting scientific literacy (Ballard et al. 2017, p. 10; Bon-
ney et al. 2009, p. 977), CS can also foster pro-sustainable 
and pro-environmental behavioral changes (Haywood 2016, 
p. 16; Jørgensen and Jørgensen 2021, p. 1345; Lewandowski 
and Oberhauser 2017, p. 106). Research has shown that 
policy- or transition-driven CS projects (Dillon et al. 2016, 
p. 450) that encourage rigorous data collection and offer 
interactive, place-based forms of learning for participants 
(Haywood et al. 2016, p. 476), can develop the participants’ 
belief of making a personal and collective impact in the 
field of their CS project (Jordan et al. 2016, p. 493; Phillips 
et al. 2018, p. 6). Opportunities for social interaction and 
community building have been shown to motivate citizen 
scientists to remain committed to CS projects and to engage 
in environmental protection (Chase and Levine 2018, p. 8; 
Agnello et al. 2022, p. 7; Asah and Blahna 2013, p. 872). 
Nonetheless, evidence on collective action outcomes or 
empowerment through CS outside the biodiversity research 
area remains scarce (Groulx et al. 2017, p. 45).

1.3  Citizen science impacts on socio‑political 
processes

CS projects can enhance the societal relevance and accept-
ance of research and political decision-making by mobiliz-
ing diverse actors to collaborate in research projects (Conrad 
and Hilchey 2011, p. 277; Kelly et al. 2019, p. 7). CS pro-
jects that generate sound evidence and good quality, often 
large-scale data, can provide important information for 
policy development and evidence-based land management 
strategies (Danielsen et al. 2010, p. 1166; Schade et al. 2021, 
p. 351; Turbé et al. 2019, p. 6). For example, CS can provide 
an essential source of information in biodiversity and water 
quality monitoring (Chandler et al. 2017a, p. 280; von Gön-
ner et al. 2023, p. 10). Politically, the seminal CS study on 
insect biomass trends in Germany (Hallmann et al. 2017) has 
triggered the adoption of the new German Insect Protection 
Law (BMUV 2019). Evidence is lacking, however, on how 
the CS community evaluates the overall societal and political 
impact of their projects. Information on networking activi-
ties within the CS community and on ongoing cooperation 
with high schools and universities is equally scarce.

Fig. 1  Indicators for transformative citizen science in the scientific, participant and socio-political dimensions. The gray box shows important 
support mechanisms for citizen science
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1.4  Citizen science support mechanisms

We determined three essential support mechanisms for 
CS (gray box, Fig. 1). First, formal recognition for CS 
engagement in the science community and acknowledge-
ment within the CS community are essential to motivate 
continued participation in CS projects (Capdevila et al. 
2020, p. 5; Wehn and Almomani 2019, p. 345). Second, 
adequate CS funding is needed for CS projects to establish 
contact and earn trust of relevant stakeholders in project 
scoping phases, conduct research activities and evaluate 
data (quality) in establishment phases. Third, systematic 
CS project evaluation is needed to determine if project 
specific CS goals are reached (Schaefer et al. 2021, p. 
496). At the same time, supporting, cross-project research 
on CS is important to produce generalizable findings on 
CS project implementation and impacts (Altmann et al. 
2022, p. 126).

Based on these indicators (Fig. 1), we explore how the 
German-speaking CS community in three countries assesses 
the current status of CS with regard to (1) scientific prac-
tices and outcomes, (2) participant outcomes and learning 
support tools and (3) socio-political processes. In addition, 
we analyze the extent to which the identified CS support 
mechanisms are currently established and how CS stake-
holder groups differ in their assessment of CS.

2  Methods

2.1  Study design, target groups and data collection

The study was based on a cross-sectional online survey 
among the CS community in Germany, Austria and Switzer-
land. The three dimensions of CS, the support mechanisms 
and their respective indicators identified during collaborative 
writing sessions at our online CS dialogue forum (see Fig. 1, 

Table 1  Indicators to evaluate CS impacts in the dimensions of science, participants, socio-political processes and support mechanisms. For 
detailed survey questions based on the presented indicators, see SI6

CS dimension Definition of indicators References

Science Percentage of overall CS community reporting system-
atic data quality assurance and control; publication of 
data and results in scientific journals

Wiggins et al. (2011, p. 4) and Theobald et al. (2015, p. 
237)

Percentage of CS data managers reporting use of meta-
data standards; data stored in scientific archives

Wilkinson et al. (2016, p. 5)

Participants Percentage of citizen scientists reporting increased 
content knowledge; scientific skills; interest in science; 
motivation for long-term participation in CS; experi-
ence of making a personal and collective impact in CS 
project field, behavioral intentions to actively engage 
beyond CS project activity; changes in attitudes toward 
science

Kieslinger et al. (2018, p.86), Phillips et al. (2018, p.7) and 
Brossard et al. (2005, p. 1100)

Percentage of citizen scientists and CS project coordina-
tors reporting use of learning support tools (such as 
on-site training or mentoring)

Kieslinger et al. (2018, p.86), Peltola and Arpin (2018, p. 
369)

Socio-political processes Percentage of CS project coordinators and school teach-
ers reporting practice of CS in high schools; percentage 
of researchers reporting practice of CS in universities

Schuttler et al. (2019, p. 1), Wyler and Haklay (2018, p. 
168)

Percentage of researchers reporting increase in visibility, 
societal relevance and acceptance of research through 
CS

Hecker et al. (2018a, p. 7)

Percentage of researchers reporting CS contributions to 
the development of management strategies; more effec-
tive implementation of research results through CS

Fritz et al. (2019, p. 924) and Turbé et al. (2019, p. 5)

Percentage of overall CS community reporting that CS 
data are used as evidence for societal and political 
decision-making

Fritz et al. (2019, p.928) and Turbé et al. (2019, p. 12)

Support mechanisms Percentage of overall CS community reporting recogni-
tion of CS engagement in science and society; adequate 
CS funding programs (including start-up, follow-up 
and low-threshold formats)

Kieslinger et al. (2018, p.86) and Land-Zandstra et al. 
(2021, p. 253)

Percentage of CS project coordinators reporting system-
atic internal or external CS project evaluation

Kieslinger et al. (2018, p. 86)
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Table 1) served as a framework to develop the online sur-
vey questions. We define indicators as quantitative measures 
based on verifiable data, which reduce complexity and can 
be used to communicate condensed information, to monitor 
changes in status quo and to inform decisions (Haase et al. 
2014, p. 419).

The survey was anonymous and consisted of two sec-
tions (see Supplementary Information SI6). The first section 
contained group-specific questions for each of the follow-
ing CS stakeholder groups: CS project coordinators, citizen 
scientists, researchers interested or actively involved in CS, 
members of NGOs and the extracurricular education sec-
tor, school teachers and members of CS funding organiza-
tions. To reflect the reality of multiple actors and roles in the 
field of CS, respondents could select up to three stakeholder 
groups.

The second survey section targeted all respondents and 
contained questions on generic aspects of CS and sociode-
mographic items. The survey featured a collection of closed-
ended questions (i.e., single-, multiple-choice and Likert-
type) to generate quantifiable data as well as open-ended 
questions to supplement the results with qualitative data (see 
SI6, SI7). We revised certain questions after receiving feed-
back on the pretest version of the survey by a panel of 73 CS 
practitioners from Germany, Austria and Switzerland and 
two experts of the Leibniz Institute for the Social Sciences 
(GESIS). The survey was implemented using SoSciSurvey 
software (version 3.2.44, SoSci Survey GmbH, Munich, 
Germany). Members of the German, Austrian and Swiss 
CS networks and large NGOs were invited to participate 
in the online survey through an open call. A snowball sam-
pling technique was used to distribute the survey within the 
wider CS community via direct emails, social media chan-
nels, newsletters and webpages of numerous research insti-
tutes and universities, NGOs and foundations, and the three 
national CS platforms. The survey was open for 5 weeks 
(28.09.2020 to 30.10.2020).

2.2  Sample description

We collected 421 survey responses and took into account 
all responses that completed the first survey section contain-
ing the stakeholder group-specific questions (i.e., 50% of all 
questions, n = 340). The distribution of valid responses was 
fairly even among important CS stakeholder groups (n = 113 
citizen scientists, 92 members of NGOs and the extracurricu-
lar education sector—hereafter referred to as “NGO mem-
bers”—, 79 CS project coordinators and 75 researchers active 
or interested in CS, for demographic details see Table SI1.1). 
In addition, we received valid responses from 19 representa-
tives of CS funding organizations, 18 high school teachers 
and 58 other individuals interested in CS. The majority of 
the respondents were affiliated with CS projects in biology, 

environmental sciences, or agricultural sciences and geogra-
phy (Tables SI1.2–3). Our survey showed that CS is also fre-
quently practiced in other disciplines (e.g., medicine, history, 
social sciences and astronomy). Respondents were mostly 
based in Germany (84%, see Fig. SI1.1), with a smaller num-
ber based in Austria (7%) and Switzerland (8%). We used 
the same recruitment approach in all three countries, and 
we assume that participation rate was much higher in Ger-
many than in Austria and Switzerland because the German 
CS community in particular wanted to support the authors’ 
goal to collect evidence for the White Paper Citizen Science 
Strategy 2030 for Germany.

Most respondents had an academic background, with 
more than 80% holding a master’s or doctoral degree. Sev-
eral other studies have also shown that the majority of partic-
ipants in CS projects have an academic background (Chase 
and Levine 2018; West et al. 2021; Cooper et al. 2021) as 
CS projects often do not yet seem to effectively reach and 
mobilize people from non-academic backgrounds. In this 
respect, our respondent sample reflects the general composi-
tion of the CS community.

Most of the responding citizen scientists (67%) were 
active in contributory CS projects (i.e., projects that involve 
participants in data collection), while 33% were engaged in 
collaborative, co-creative or collegial projects [i.e., projects 
that enable citizen participation in several or all phases of 
the research process, see Shirk et al. (2012); Fig. SI3.1]. 
Respondents indicated a variety of motivations for engaging 
in CS (Fig. SI4.1). The respondents’ length of engagement 
in CS varied considerably from 0 to 63 years and, interest-
ingly, only 41% were active in CS networks (Fig. SI4.3). 
This shows that we reached a diverse spectrum of CS actors, 
many of whom were not connected to CS networks, as CS is 
often local and independent. Respondents took an average 
of 18 min to complete the survey, and response rates to dif-
ferent survey questions varied (also due to filter questions). 
Consequently, the analysis is based on the actual response 
rates (n) specified for each question.

2.3  Data analysis

Data analyses proceeded sequentially. First, we conducted 
an exhaustive descriptive analysis and summarized the 
results for all (group-specific and generic) single-choice, 
multiple-choice and Likert-type questions. Second, we 
examined potential differences between the four main 
stakeholder groups’ responses (citizen scientists, pro-
ject coordinators, researchers and NGO members) to the 
generic questions. We used Chi-square tests to compare 
the four groups’ response frequencies in single and mul-
tiple-choice questions, with subsequent Chi-square post 
hoc tests with Bonferroni correction to check significant 
results. For the multiple-choice questions, Chi-square tests 
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were computed separately for every item. We used Wil-
coxon rank-sum tests to check for differences in the four 
main stakeholder groups’ ratings of the ordinally scaled 
Likert-type data. The responses of respondents who had 
assigned themselves to two or three stakeholder groups 
(n = 66 and n = 24, respectively) were taken into account 
in each of the respective groups. To check whether double 
or triple group affiliations had a significant effect on the 
results, we repeated the analysis of the generic questions 
with adjusted group samples. For this analysis, we defined 
unique group affiliations for each respondent by prioritiz-
ing group affiliations in the following order: coordinator, 
researcher, NGO member and citizen scientist. Since this 
analysis did not reveal any relevant differences compared 
to the original results, this study reports the findings based 
on the original dataset.

Third, using ordinal logistic regression models, we inves-
tigated associations between the citizen scientists’ received 
forms of learning support as well as reported CS project 
types and their self-reported learning outcomes. We used 
the same approach to examine potential effects of the citizen 
scientists’ gender, age, educational attainment and length of 
CS engagement on their self-reported learning outcomes. 
Ordinal regression models for each learning outcome were 
fitted using a stepwise approach: Initially, we fitted models 
containing one potential predictor each. All predictors with 
p ≤ 0.1 were then carried forward to multiple regression 

models, which were reduced through backwards selection 
until the best fitting model was reached. We checked the 
independence of predictor variables for the ordinal regres-
sion models using Chi-square tests.

We checked the influence of missing data for example by 
comparing dropout numbers (i.e., number of respondents 
who didn’t complete the survey) between the four main CS 
stakeholder groups (see SI1, p. 2). Data analyses and visu-
alizations were conducted using R (Version 4.0.3).

To analyze the qualitative survey results, we mapped 
responses to the open-ended questions to general topics and 
subtopics in Table SI7.1.

3  Results

3.1  Citizen science impact on science: data quality 
control and scientific publications

With regard to scientific rigor and impact, almost all pro-
ject coordinators (94%, n = 77) and the majority of overall 
respondents (77%, n = 309) reported that their CS projects 
applied systematic measures for data quality assurance 
and control. These measures covered a wide spectrum and 
were applied slightly more frequently during and after data 
collection than prior to data collection (Table 2, χ2 = 7.17, 
df = 2, p < 0.05). Most respondents stated that their projects 

Table 2  Measures of data quality assurance and control in the surveyed CS projects

Percentages of respondents (n = 309) for the respective answers are shown in brackets. Items are based on Wiggins et al. (2011, p. 6). For details 
on differences between the four main stakeholder groups’ answers, see Table SI2.1A-B

Preparatory measures Accompanying measures Retrospective measures

Project specific data quality guidelines (21%) Standardized monitoring, e.g., through proto-
cols (24%)

Expert appraisal of CS data or samples (24%)

Training participants (21%) Collection of evidence, e.g., photos or samples 
for re-examination (24%)

Manual data filtering (18%)

Testing participants’ knowledge or skills (6%) Accompanying and supporting participants 
during data collection (23%)

Systematic data storage and archiving (16%)

Collection of metadata (14%) Comparison of CS and expert reference data 
(15%)

Manual data filtering (11%) Metadata examination (10%)
Standardization via calibrated measuring 

devices (10%)
Comparison of CS data with known (measured) 

current status (9%)
Repeated sampling or measuring (10%) Automatic data filtering (7%)
Automatic plausibility- or completeness con-

trol with data entry tool (8%)
Normalization of CS data with statistical meth-

ods (4%)
Self-assessment of data quality by participants 

(7%)
Triangulation of CS data, i.e., complementing 

with other sources such as remote sensing data 
(3%)

Automatic data filtering (4%) Automatic text, image or sound recognition 
(3%)

Automatic text, image or sound recognition 
(3%)

Ranking of the participants’ performance (3%)
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ensured data quality with manual techniques, e.g., through 
expert appraisal of CS data or samples (Table 2). A minority 
of respondents (8% or less) indicated that their CS project 
used automatic tools to ensure data quality (Table 2; Table 
SI7.1). Around a third of the researchers, NGO members and 
project participants did not know which data quality assur-
ance and control measures were used in their CS project 
(Table SI2.1A). While about half of the CS coordinators 
indicated that they used data management plans, only 28% 
of the researchers reported this about the CS projects they 
were involved in (χ2 = 38.17, df = 6, p < 0.001, Fig. SI2.2). A 
few of the CS data managers employed metadata standards 
(19%, n = 98).

Less than half of all respondents (39%, n = 309) declared 
that the data and results produced in their CS projects had 
already been published, while 26% said that publication 
was planned (see Fig. SI2.1 for group specific percentages). 
According to the respondents, CS data and results were pub-
lished more frequently on project websites than in scientific 
journals (Fig. 2, χ2 = 7.97, df = 1, p < 0.01). The majority of 
CS data managers reported archiving their data on university 
servers, scientific repositories or archives, libraries or col-
lections. Meanwhile, a third reported that data were stored 
on servers restricted to internal or private use, and another 

15% reported that the data were not systematically archived 
(Fig. SI2.4). Among the respondents who wished for more 
advice on CS project implementation, more support with 
and resources for data quality control and management was 
one of the most frequently expressed requests (Fig. SI2.5; 
Fig. SI5.5).

3.2  Citizen science impact on participant learning 
and empowerment

When asked what impact their CS engagement had on their 
personal development, most citizen scientists answered that 
they felt enabled to “make a difference together with oth-
ers” and to “personally achieve something” in the field of 
their CS project (Fig. 3). Feeling able to make a collective 
impact was reported significantly more often by citizen sci-
entists who received systematic feedback on their CS activi-
ties (coeff = 0.83, SE = 0.36, t = 2.28, p < 0.05) or who ben-
efited from personal mentoring by fellow citizen scientists 
(coeff = 0.97, SE = 0.43, t = 2.27, p < 0.05, Fig. 4). We also 
observed that citizen scientists active in collaborative, co-
creative or collegial projects were more often convinced of 
making a personal and collective impact than those engaged 
in contributory projects (see Table SI 3.2.5–6 for results of 
multiple ordinal regression models).

In addition, a majority of citizen scientists reported 
that their CS activities helped them to acquire project spe-
cific content knowledge and two thirds indicated having 
gained new scientific skills (Fig. 3). Again, citizen scien-
tists who had received systematic feedback on their CS 
activities rated their content knowledge gain (coeff = 0.90, 
SE = 0.38, t = 2.37, p < 0.05) and acquisition of scientific 
skills (coeff = 0.95, SE = 0.35, t = 2.68, p < 0.01) more posi-
tively than citizen scientists who had not received feedback 
(Fig. 4). Similarly, citizen scientists who benefited from per-
sonal mentoring (coeff = 1.14, SE = 0.41, t = 2.77, p < 0.01, 
Fig. 4, Table SI7.1), or had opportunities to take responsibil-
ity for challenging tasks in their CS projects (coeff = 1.30, 
SE = 0.44, t = 2.94, p < 0.01), reported significantly higher 
competence acquisition than citizen scientists who did not 
receive these learning support forms.

Opportunities for citizen scientists to take responsibility 
for challenging tasks and to engage in personal mentoring 
programs were significantly positively related to reported 
increases in science interest and in long-term project moti-
vation as well as changes in attitudes toward science among 
citizen scientists (Tables SI3.2.3–4; 2.7). The citizen sci-
entists’ age, gender, educational attainment and length of 
CS engagement were generally not associated with their 
self-reported learning outcomes (for exceptions, see Table 
SI3.2.1–8).

With regard to learning support tools offered in CS pro-
jects, a majority of project coordinators reported offering 

Fig. 2  Publication media of CS project data and results. Multiple-
choice question (n = 77 coordinators, 67 researchers, 81 NGO mem-
bers, 105 citizen scientists)
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written information material, e.g., booklets or websites, and 
two thirds offered on-site training (Table SI3.1). In con-
trast, only half of the citizen scientists reported that they 
benefited from written information material. In fact, fitting 
ordinal logistic regression models, we found no significant 
relationship between the two most frequently used forms of 
learning support, written information material and on-site 
training, and the citizen scientists’ self-reported learning 
outcomes (Table SI3.2.1–8, Fig. SI3.5C-D). Citizen scien-
tists indicated that training could be improved by addressing 
the analysis of CS data and use of the results as well as the 
principles of scientific work in more detail (Fig. SI3.6).

3.3  Citizen science impact on socio‑political 
processes

Survey respondents rated personal exchange with colleagues 
(from other organizations and their own organizations) as the 
most important tool for building their expertise in CS. Only 
about a quarter of all respondents chose conferences or sci-
entific articles about CS as important means to develop their 
CS expertise (Fig. 5). Most respondents indicated that CS 
advisory services should be organized as a decentralized net-
work or as contact points in local organizations (Fig. SI4.5).

With regard to the integration of CS in universities, less 
than 10% of the responding researchers stated that CS was 

currently offered in university courses, and only one third 
of the researchers stated that their colleagues were open to 
adopting CS as a research approach (Fig. SI4.6–7, Table 
SI7.1). Regarding collaboration with educational institu-
tions, 35% of the CS coordinators reported working with 
high schools.

As reasons for engaging in CS, 75% of the researchers 
stated increased visibility and societal acceptance of their 
research, and two thirds agreed that CS actually improved 
the societal relevance of their research. About half of the 
researchers indicated that CS led to more effective imple-
mentation of research results, and a third stated that CS 
currently contributed to filling data gaps to tackle urgent 
environmental or societal problems (Fig. SI4.8).

A majority of respondents (88%, n = 281) valued CS as 
an important tool for political and societal decision-mak-
ing processes, with no significant differences among the 
four main stakeholder groups (χ2 = 10.19, df = 9, p = 0.34, 
Fig. SI4.4). In contrast, less than 20% of all respondents 
agreed that policy-makers actually used CS data as evi-
dence for decision-making processes (Fig. SI5.1, Table 
SI7.1). Here, CS coordinators were more optimistic than 
researchers, citizen scientists and NGO members (p < 0.01, 
r = 0.22; Table SI5.1).

Fig. 3  Self-reported impacts of CS activities on citizen scientists’ learning and personal development. Percentages of agreement are indicated 
with green bars on the right side; percentages of disagreement are shown on the left side with bars colored in brown (n = 113 citizen scientists)
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Fig. 4  Self-assessment of learning outcomes among citizen scien-
tists in relation to different forms of learning support. Citizen scien-
tists (n = 113) were asked to rate their learning outcomes on a 6-point 
Likert scale (6 = strongly agree, 1 = strongly disagree). Differences 
in self-reported learning outcomes between citizen scientists who 
received feedback (a n = 51, green boxplots) or mentoring (b n = 29) 

and those who did not receive these support forms (n = 60 and n = 82, 
yellow boxplots) were examined using ordinal logistic regression 
models. Significance levels are indicated with asterisks (ns = not sig-
nificant; *p < 0.05; **p < 0.01). See Fig. SI 3.5.A-G for details on 
other forms of learning support
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3.4  Implementation of support mechanisms 
for citizen science: recognition, funding 
and evaluation

While half of all respondents rated recognition of CS in 
strategic papers and project calls positively, the majority of 
respondents reported a low level of external recognition for 
CS engagement (for group-specific answers, see Fig. SI5.1, 
Table SI5.1). Only a minority stated that the CS engage-
ment of researchers was adequately recognized and that CS 
contributions were indicated appropriately in scientific and 
non-scientific publications. For a ranking of important rec-
ognition tools for citizen scientists from the respondents’ 
perspective, see Fig. SI5.2.

A quarter of all CS project coordinators did not receive 
any external funding and reported working on a voluntary 
basis. Few respondents thought that there were enough CS 
funding programs, including funding for CS scoping studies, 
follow-up and low-threshold funding (i.e., programs with 
simple application procedures that are accessible to citizen 
initiatives and associations with little staff capacity) (Fig. 
SI5.3).

Regarding project evaluation, about 40% of the CS pro-
ject coordinators stated that their project was evaluated by 
internal (14%) or external (5%) evaluators or a combina-
tion of both (23%). A third of the CS project coordinators 
declared that their project was evaluated informally and 
another third reported not being evaluated at all. Stratified 
by the availability of external funding, project coordinators 

with external funding conducted systematic evaluations 
more often (49%; n = 51) than project coordinators without 
external funding (10%; n = 19, χ2 = 7.11, df = 1, p < 0.01).

4  Discussion and recommendations 
for action

By analyzing 340 survey responses from a broad range of 
CS stakeholder groups and research disciplines, our study 
provides detailed insights into the current status of CS 
in central Europe with a focus on Germany, Austria and 
Switzerland. Our findings provide evidence for all three 
outcome dimensions of the framework for public partici-
pation in scientific research (Shirk et al. 2012) that guided 
previous CS research in an international context. There-
fore, we expect our results to be inspiring and useful for 
practitioners and researchers around the world working in 
similar contexts, as other CS communities are likely to face 
similar challenges.

Key findings of our study for science outcomes are 
that data quality assurance and control is well estab-
lished in CS projects, while only about half of the 
responding CS project coordinators had already pub-
lished CS data and results. For the citizen scientists’ 
learning outcomes, opportunities for social learning, 
e.g., systematic feedback or personal mentoring, were 
essential. The CS potential to inf luence policy pro-
cesses was considered very high, while only a minority 

Fig. 5  Self-reported effective-
ness of support instruments 
for gaining expertise in citizen 
science. Multiple-choice ques-
tion with a maximum of 5 
answers (n = 79 coordinators, 75 
researchers, 91 NGO members 
and 113 citizen scientists)
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of respondents thought that CS data and results were 
actually used by decision-makers. Overall, our findings 
underscore the importance of close collaboration among 
citizen scientists, researchers and other stakeholders for 
community building and promoting individual empower-
ment or collective action.

Drawing upon these key findings, we derive recom-
mendations for action (Fig. 6) to strategically foster col-
laborations among different CS stakeholders and take CS 
to the next level of transformative impact in its scientific, 
participant and socio-political dimensions.

4.1  Science impact: established practices 
and professionalization needs in citizen science 
data management and publication

Regarding CS contributions to science, awareness for data 
quality assurance and control was very high in the surveyed 
CS community, and CS projects reported a broad range of 
project-specific data quality control measures. This shows 
that data quality control is a firmly established practice in CS 
that is considered essential by practitioners to generate valid 
CS data sources in different research disciplines (Bowser 

Fig. 6  Recommendations for action to strengthen the transforma-
tive impact of CS with corresponding target groups marked in the 
form of icons. The black boxes show recommendations for action in 
the scientific, participant and socio-political dimensions of CS. The 
gray box shows recommendations to strengthen support mechanisms 

for CS. Each of the recommendations for action is based on survey 
results for the corresponding CS indicators described in Table 1. The 
importance of each target group for implementing the recommenda-
tions is shown by the icon order (from left to right and from top to 
bottom)
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et al. 2020, p. 1; Kosmala et al. 2016, p. 551). Nonetheless, 
there is potential for further improvements to data manage-
ment, as currently, automatic data quality control tools are 
only used to a limited extent and knowledge is lacking about 
project specific data quality management strategies among 
researchers, NGO members and project participants. Com-
plementing manual techniques with automatic data quality 
control tools, e.g., through AI-based visual or acoustic signal 
pattern recognition (Mäder et al. 2021, p. 1335) or statis-
tical methods for data filtering and normalization (Lotfian 
et al. 2021, p. 7), can further improve data quality assurance 
and control, saving staff resources in the long term, espe-
cially in large-scale monitoring projects. As one respond-
ent described it, “data acquisition and generation is almost 
completely automated in our project through a digital data 
entry form and so it’s hardly possible to enter nonsense data. 
In addition, sampling is done repeatedly so that independent 
comparison data sets exist.”

To enhance transparency and trust in CS data quality (Bur-
gess et al. 2017, p. 6) and to raise awareness for potential 
errors during data collection among participants, project coor-
dinators need to clearly communicate data quality strategies to 
participants and project stakeholders (Fig. 6). Open discussion 
about CS data quality strategies is a valuable tool for CS pro-
jects to promote scientific literacy and to exchange ideas with 
project participants about data quality control.

Important data management practices, such as using data 
management plans and meta-data standards or systematically 
archiving CS data, are not yet established in the majority 
of CS projects (see also Bowser et al. 2020, pp. 11–12), 
but arguably also not yet in all other academic science pro-
jects. Therefore, systematic data management needs to be 
explicitly included and prioritized in CS project plans, so 
that project staff can allocate resources to implement this 
important task in day-to-day project work. Developing a 
data management plan at the very start of the project facili-
tates structured CS data collection and helps define quality 
control approaches to produce FAIR (Findable, Accessible, 
Interoperable, Reusable) CS data (see Wilkinson et al. 2016, 
p. 4) corresponding to the processing objective, e.g., fit for 
specific databases, GIS or modeling. The fact that metadata 
standards are only employed in a small proportion of CS 
projects limits data reusability and complicates data iden-
tification for potential data users. To document the exact 
context and purpose of data collection as well as measures 
for data quality control, CS projects could either apply meta-
data standards designed specifically for CS (Public Partici-
pation in Scientific Research Common Conceptual Model, 
see https:// core. citiz ensci ence. org) or use suitable domain-
specific metadata standards from established research disci-
plines (Lemmens et al. 2021, p. 165, Fig. 6).

Publication rates of CS data and results currently fall 
short of the scientific goals for CS. Similar to Turrini et al. 

(2018, p. 179), we found that only about half of the surveyed 
project coordinators had already published their CS data and 
results (other studies found even lower publication rates, 
e.g., Kullenberg and Kasperowski 2016, p. 12; Theobald 
et al. 2015, p. 236). Sharing new scientific knowledge by 
publishing data and results is a core element of any research 
and also applies to CS. Publications are an important out-
come for CS projects to gain recognition and credibility in 
the science system (Burgess et al. 2017, p. 6; Robinson et al. 
2018, p. 34). If CS data and results are not published in 
scientific journals, they are not subjected to scientific peer 
review and the efforts of project participants and stakehold-
ers may never be formally acknowledged by the scientific 
community. Therefore, project initiators, coordinators and 
researchers should allocate sufficient resources for project 
design to obtain publishable results and then assign respon-
sibilities for scientific publishing (Fig. 6). In addition, pub-
lishing data and results on project websites, in target group 
specific media or as preprints, is important to provide feed-
back on project results to participants and the public. To 
advance citizen participation in data analyses and archiving, 
citizens could be granted access to data from different CS 
projects and analysis tools (e.g., through open data portals 
including reuse metrics for indicating how often certain data 
have been used).

Sharing data via scientific archives and data repositories 
(such as the Global Biodiversity Information Facility-GBIF 
or the Fireball data repository of the International Meteor 
Organization) is not yet common practice in the CS com-
munity. Since CS is driven by the commitment of engaged 
citizens and systematic CS data archiving is crucial to make 
CS data accessible in the long term, collected CS data and 
results should be made easily available to the public (see Fig. 
SI2.6, Robinson et al. 2018, p. 29). As our survey showed, 
appropriate digital infrastructures, resources and support 
for CS data management, publishing and archiving are not 
always available or accessible for CS projects. Therefore, 
(inter)national research data management platforms such 
as the National Research Data Infrastructure in Germany 
(NFDI.de) should provide user-friendly interfaces and user 
training to facilitate the archiving of CS data. In addition, 
establishing a support network of data science experts and 
disseminating existing guidelines or tutorials on CS data 
management (see for example CSA Metadata Working 
Group 2021, Wiggins et al. 2013) are further important 
steps to promote FAIR CS data production and increase CS 
publication rates.

4.2  Participant impact: role of social interaction 
for participant outcomes in citizen science

Imparting content knowledge and scientific skills is an 
essential success factor for many CS projects (Bela et al. 

https://core.citizenscience.org
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2016, p. 996; Peter et al. 2021a, p. 7). Here, we found that 
CS already has a positive impact, as two thirds of the citi-
zen scientists reported having increased their scientific 
skills through participating in CS project activities. Still, 
CS projects often lack the capacity (or target objective) to 
explicitly engage participants in the principles of scientific 
research and rather focus instead on specific data collec-
tion skills development, such as species identification (Hay-
wood et al. 2016, p. 477; Stylinski et al. 2020, p. 1). For 
CS projects aiming to specifically strengthen participants’ 
scientific skills and literacy (especially in times of scien-
tific skepticism and conspiracy theories), it is important to 
explicitly address scientific principles during CS trainings 
and research activities (see Bonney et al. 2016, p. 5; Peter 
et al. 2021b, p. 25, see Fig. 6).

Social interaction among fellow citizen scientists and 
engagement with the CS project researchers and staff were 
key determinants for participants’ perceived gains in content 
knowledge and scientific skills (see also Peter et al. 2021b, 
pp. 19–21). For citizen scientists to become more confident 
in their abilities, systematic feedback on project activities 
as well as mentoring programs is particularly helpful (Pel-
tola and Arpin 2018, p. 376; Sforzi et al. 2018, p. 432). 
For example, van der Wal et al. (2016, p. 10) showed that 
beginners can quickly gain taxonomic and ecological skills 
if they receive detailed feedback on their species identifica-
tions. This was also evident in the responses to open-ended 
questions: “What helped me a lot in feeling competent as a 
citizen scientist was the practical field work together with 
experienced butterfly experts, and the exchange with fellow 
citizen scientists.”

In-person feedback from experts can also serve as a form 
of recognition and appreciation for engaging in CS and can 
motivate participants to commit more effort to acquire nec-
essary skills (Peter et al. 2021b, p. 21). Our findings also 
indicate that CS projects that enable active participation 
(e.g., by inviting participants to take responsibility and bring 
in their own expertise) increase their development of scien-
tific skills. In contrast, the most commonly employed sup-
port tools, written information material and on-site training, 
were rated as much less effective. As our results indicate, CS 
project coordinators could enhance the participants’ learning 
outcomes by organizing training in more interactive ways 
(Peter et al. 2021b, p. 19) and by addressing the scientific 
aspects of CS data analysis and use together with the citizen 
scientists.

The belief of being able to make a difference through 
one’s own or group-based actions (“self-efficacy” and “col-
lective efficacy”) was one of the most important impacts on 
the participants’ personal development and has been shown 
to be an important precursor of actual individual and collec-
tive environmental action (Fritsche et al. 2018, p. 28; Philips 
et al. 2018, p. 8). Importantly, this indicates that CS could 

serve as an important tool to generate insights for trans-
formative change. Our results suggest that collaborative, 
co-creative and collegial CS projects, which initiate social 
interaction and close collaboration between participants, 
researchers and other stakeholders, are particularly suitable 
for developing participants’ beliefs that they make individual 
or collective impacts in the field of their CS project.

One of the most frequent aims of environmental CS pro-
jects is to initiate pro-environmental behavior or community 
actions that contribute to environmental conservation or to 
sustainable transformation (e.g., Bela et al. 2016; Gross-
berndt et al. 2021; Haywood et al. 2016; Jordan et al. 2011). 
In our study, nearly 60% of the citizen scientists (many of 
whom participated in environment-related CS projects) 
declared planning to take action in the field of their CS pro-
ject. Previous research suggests that CS-related behavioral 
changes mainly concern communication activities (i.e., 
talking about the project with family, friends or even local 
politicians, Jordan et al. 2011, p. 1152; Lewandowski and 
Oberhauser 2017, p. 109; Peter et al. 2021a, p. 13). Partici-
pants often do not seem to perceive any direct link between 
their CS activities and the potential for more general civic 
engagement or lifestyle changes (Peter et al. 2021a, p. 13). 
Action-based CS research (e.g., Haywood et al. 2016; Chase 
and Levine 2018; Groulx et al. 2019; Jordan et al. 2019) has 
shown that initiating community building, e.g., by offering 
regular networking events for project participants and stake-
holders, can be an effective tool to foster pro-sustainable and 
pro-environmental behavioral changes (Fig. 6). Such events 
can incentivize CS participants and other stakeholders to 
develop and discuss concrete approaches for individual and 
collective action based on lessons learned through the pro-
ject (e.g., sowing insect-friendly plants in gardens and parks, 
collecting plastic rubbish or restoring riverbanks). Therefore, 
CS coordinators may actively seek opportunities to enable 
collective action based on CS project processes and results 
to realize expectations for community-based CS impacts.

In our survey, many CS projects successfully evoked the 
citizen scientists’ interest in science and long-term project 
motivation, which are key to success in many CS projects. 
An increase in participants’ interest in science through CS 
activities has so far been observed mainly in relation to spe-
cific CS research topics, e.g., certain species or environ-
mental issues, rather than in relation to science in general 
(Peter et al. 2021a, p. 12; Toomey and Domroese 2013, p. 
59). Motivation of participants depends on several factors, 
particularly on individual values, social networking oppor-
tunities, successful project coordination and participant rec-
ognition (Richter et al. 2018a, p. 741; Richter et al. 2021, p. 
10; West et al. 2021, p. 13).

An important goal of participatory research is to improve 
attitudes toward science, defined here as science-related 
beliefs and evaluative dispositions of science (Bruckermann 
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et al. 2021, p. 1181). Yet, research to date has shown that 
CS projects often seem to be able to improve the partici-
pants’ attitudes toward the specific project content, but not 
necessarily their attitudes toward science in general (Chase 
and Levine 2018, pp. 4–5; Bruckermann et al. 2021, pp. 
1192–1193). Similar to other studies (Crall et al. 2013, p. 
1; Druschke and Seltzer 2012, p. 182; Jordan et al. 2011, 
p. 1151), changes in attitudes toward science were only 
reported by a minority of citizen scientists in our study. This 
could partly be because some citizen scientists already had 
positive attitudes toward science before joining their CS pro-
ject (Table SI7.1, p. 2). Future studies might therefore aim to 
assess attitudes based on survey data collected both before 
and after citizen scientists engage in CS projects.

Overall, our survey findings illustrate that opportuni-
ties for social learning and active participation in research 
play an essential role in promoting participants’ learning 
outcomes. This finding points to a discrepancy between 
the supply and actual effectiveness of the most frequently 
offered learning support tools, i.e., written information mate-
rial and on-site training. We highlight the value of actively 
including social, interactive learning opportunities, such as 
personal feedback on project activities or structured men-
toring programs, into CS projects (see also Bell et al. 2008, 
pp. 3449–3451; Peter et al. 2021b, p. 19; Singh et al. 2014, 
p. 5; Unell and Castle 2012, p. 1). Likewise, social learn-
ing opportunities can be created by initiating data collection 
in teams, by asking participants to check each other’s data, 
or by providing face-to-face meetings between participants 
and researchers. These learning formats can be an avenue 
for project coordinators to strengthen participants’ science 
knowledge and competence gains, their feeling of being 
“part of a larger endeavor” (Peter et al. 2021b, p. 20) and 
their motivation to engage in conservation actions (Haywood 
et al. 2016, p. 485).

4.3  Socio‑political impact: vision‑reality gap 
for citizen science

Our results highlight the importance of in-person network-
ing and exchange within and beyond the CS community 
to develop CS competencies (Richter et al. 2018b, p. 275, 
278). Surprisingly, other formats of exchange were rated less 
important for capacity building. Consequently, project initia-
tors, coordinators and CS networks should actively schedule 
opportunities for personal exchange into everyday CS pro-
ject life (Fig. 6).

Although universities and high schools are important CS 
partner institutions for fostering societal transformation, our 
survey shows that CS is not yet sufficiently established in 
either of these institutions. Their huge potential for main-
streaming and anchoring CS among young learners could be 
realized by providing best practice examples for successful 

cooperation with schools (e.g., Kiessling et al. 2021; Schut-
tler et al. 2019), by soliciting the active support of university 
and high school administrators and by reinforcing capacity 
building activities (Fig. 6, see for example the Austrian CS 
funding program “Sparkling Science”, University of Vienna 
2019, 2022).

One of the main proclaimed benefits of CS to policy 
development is the improvement in political decision-mak-
ing and policy implementation, as evidenced by a qualita-
tive content analysis of 43 international policy documents 
(Hecker et al. 2019, p. 8). Our survey, however, points to a 
large gap between the CS community’s vision and perceived 
current socio-political CS impacts. Although CS data and 
results already contribute to the fulfillment of national and 
international reporting obligations in nature conservation, 
for example, through the European Farmland Bird Indicator 
(e.g., Butler et al. 2010) or the Grassland Butterfly Indica-
tor (e.g., Van Swaay and van Strien 2005), CS results have 
until now rarely been incorporated into political decision-
making processes outside this area (Hecker et al. 2018b, p. 
5; Hyder et al. 2015, p. 115; Nascimento et al. 2018, p. 220). 
The potential attributed to CS in political strategy papers 
(e.g., European Commission 2019; 2020) is in contrast to 
the lack of consideration and use of CS data and results in 
policy-making.

To enhance citizen-driven, participatory decision-mak-
ing processes at the municipal, state and federal level, CS 
practitioners could learn from best practice examples. These 
include CS projects that have already had a measurable 
impact on policy formation and implementation, like the air 
quality monitoring project “Curious Noses” (Van Brussel 
and Huyse 2019, p. 15). To achieve genuine political impact, 
CS project initiators and coordinators should clarify relevant 
policy fields early on and co-design projects together with 
citizens and decision-makers to contribute policy-relevant 
data and fill evidence gaps. Thus, CS can generate in-per-
son contacts to make CS projects visible to decision-makers 
and clarify data quality standards with authorities or agency 
members (Veeckman and Temmerman 2021, pp. 11–12).

Both in-person exchange among different CS actors, 
and the acknowledgement and use of CS data by political 
decision-makers could be further promoted by decentralized 
CS contact points (Fig. 6, Bonn et al. 2022, p. 98) stemming 
from universities, research institutes, NGOs, agencies or city 
administrations. Such CS contact points could harness CS 
expertise within organizations and provide information and 
advice for both CS practitioners and decision-makers on 
the integration of CS data and results into policy-making. 
They could also provide advice and training on adequate CS 
project design and networking strategies, as well as on the 
procedures and outcome planning for successful participa-
tion in political decision-making processes.
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4.4  Support mechanisms for citizen science: in need 
of development

To strengthen and to develop sustainable CS project design 
and implementation, CS support mechanisms need to be 
reinforced. These include formal and informal recognition 
of CS, enhanced and adequate funding programs as well as 
systematic CS evaluation.

CS projects require substantive personal commitment 
and communication effort from coordinators, researchers 
and citizens to integrate different aims and perspectives 
into a coherent joint research process (Bonn et al. 2022, 
p. 43; Cunha et al. 2017, pp. 7–8). Therefore, recognition 
is essential to motivate participants, project coordinators, 
involved researchers and other CS practitioners (Capdevila 
et al. 2020, p. 5; Richter et al. 2021, p. 10). To prevent a 
lack of recognition, as reported in our findings, from becom-
ing a barrier to CS engagement, project coordinators and 
CS networks should strengthen existing recognition instru-
ments and establish new, demand-oriented forms of recogni-
tion (Fig. 6). Based on our findings, valuable informal and 
social forms of recognition can be opportunities for per-
sonal exchange between CS participants and researchers 
or policy-makers; free interactive qualification or training; 
and fostering collective impact through joint development 
of management strategies with CS participants and decision-
makers. One respondent stated: “As a reward for my vol-
untary engagement, I would appreciate more insights and 
participation in the work of the research team. Currently it 
is a black box, I hand in the results and don't know how they 
proceed with it.”

Important formal recognition instruments for CS par-
ticipants may include a standardized format for indicating 
CS contributions in data repositories, reports and scientific 
publications, and possibly the provision of certificates for 
CS engagement. In addition, for researchers, CS expertise 
needs to become a valued part of academic reputation. In 
this context, establishing a social impact indicator could 
be an effective way for academic institutions to assess and 
reward the societal impact of CS research (Fig. 6, Bonn et al. 
2022, p. 59).

Despite efforts to strengthen CS in national and interna-
tional research funding in recent years (e.g., BMBF 2019), 
our results and the very low CS funding rates (3.3% in BMBF 
program 2019) indicate that existing funding is insufficient 
to successfully develop and implement CS projects. Actively 
engaging citizens in project conception, throughout the entire 
research process and also in the evaluation and processing of 
the data and results is often not feasible within a traditional 
3-year funding phase. Moreover, creating policy impacts via 
CS is a long-term objective that manifests gradually over 
time. Empirical results suggest that CS projects often reach 

their maximum policy uptake after 6–8 years (Chandler et al. 
2017b, p. 171). To enable adequate CS scoping and establish-
ment phases, especially if co-created, funding organizations 
should establish appropriate funding terms, as well as facili-
tate start-up and follow-up financing (Fig. 6). Importantly, 
funding needs to be diversified and application procedures 
need to be simplified to successfully transition to CS as a 
mainstream research approach and to allow diverse participa-
tion including bottom-up, citizen- and NGO-led projects (see 
Table SI7.1).

For effective management and improvement in CS pro-
cesses, evaluation is essential (e.g., Kieslinger et al. 2018). 
Less than half of the CS project coordinators in our survey, 
however, reported systematic internal or external evaluations. 
Supporting research on CS and systematic project evalua-
tion are core management instruments to refine CS activities 
(Groulx et al. 2017; Stylinski et al. 2020). Therefore, increas-
ing resources and introducing systematic project evaluations 
as a requirement for project funding could be useful avenues 
to strengthen evaluation activities according to existing CS 
evaluation frameworks (e.g., Kieslinger et al. 2018; Phillips 
et al. 2018; Fig. 6). An openly accessible and systematic docu-
mentation of CS evaluation best practices (e.g., Greving et al. 
2022) could promote mutual learning and facilitate greater 
implementation of CS evaluation frameworks.

5  Conclusion

Based on 340 survey responses from the German-speaking 
CS community in Germany, Austria and Switzerland, we 
provide a synthesis of the current status of CS and its scien-
tific, participant and socio-political impacts. For scientific 
impact, our findings show that data quality assurance and 
control are well established in CS projects. Both systematic 
data management and publishing of CS data and results, 
however, need to be enhanced to meet the CS core aim of 
jointly generating new scientific advances together with 
citizens.

Citizen empowerment in CS projects is achieved through 
enabling personal and collective efficacy and new knowledge 
gains, which were identified as key outcomes of CS engage-
ment by citizen scientists in our survey. Our results suggest 
that these participant outcomes can be developed further 
through social learning opportunities, such as systematic 
feedback on project activities or mentoring programs.

Regarding CS policy impact, our survey results point to a 
vision-reality gap. While several policy strategies attribute 
a high impact potential to CS, the broader uptake of CS 
results in policy and practice seems yet underdeveloped from 
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the CS community’s perspective, apart from a few excellent 
examples cited.

Based on these findings, we recommend specific actions 
for different CS actors to strategically advance the transforma-
tive impact of CS: (1) increasing capacities for systematic CS 
data management and scientific publications, (2) promoting 
in-person, social learning opportunities for CS participants to 
encourage collective action, (3) encouraging personal interac-
tion among CS actors to foster mutual learning and (4) strength-
ening pathways for uptake of CS produced evidence by policy 
and practice. The latter can be facilitated by joint engagement 
of CS project stakeholders to align project goals and methods 
with current decision-making processes and policy relevant 
indicators. To support these aims, (5) funding organizations 
will need to create and expand funding programs tailored to 
CS specific needs. In addition, to turn CS from an emerging to 
an established research approach, (6) CS expertise and success 
need to be integrated into the academic reputation system, and 
adequate recognition established for all participants.

These needs could be effectively achieved by establish-
ing local CS contact points in all major institutions, e.g., 
research institutes, NGOs, museums and government agen-
cies, who can build, secure and share CS expertise, and pro-
vide in-person advice at the regional and local level.

If CS practitioners and funders succeed in harness-
ing these opportunities, we envision that CS can play an 
increasingly important role in addressing the complex socio-
ecological problems of the climate, biodiversity and health 
crisis. By providing sound and community-led evidence for 
societal challenges, citizen science can unleash its impact 
potential as a transformative change agent for science, citi-
zen empowerment and socio-political processes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s42532- 022- 00136-4.

Acknowledgements We would like to sincerely thank all citizen scien-
tists, coordinators, researchers and other citizen science practitioners 
who took part in our online survey and in the development of the White 
Paper Citizen Science Strategy for Germany. Special thanks go to the 
experts of the Leibniz Institute for the Social Sciences (GESIS) who 
provided feedback for the development of the survey. We thank the four 
anonymous reviewers and the editor who helped improve this paper.

Author contributions All authors contributed to the study conception 
and the development of indicators and survey questions. Julia von Gön-
ner, Susanne Hecker and Aletta Bonn coordinated and led the survey 
conception. Julia von Gönner implemented the online survey, managed, 
analyzed and interpreted the data, drafted the manuscript, incorporated 
co-author feedback and led the submission of the manuscript. Thora 
M. Herrmann, Till Bruckermann, Michael Eichinger, Susanne Hecker, 
Friederike Klan, Julia Lorke, Anett Richter, Ulrike Sturm, Silke Voigt-
Heucke and Aletta Bonn contributed to writing and critically revising 
the manuscript. Till Bruckermann helped analyze the data and contrib-
uted to figure design. Aletta Bonn supervised the project. All authors 
read, commented and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This work was funded by Deutsche Bundesstiftung Umwelt 
(DBU, project grant 37579/01), by the German Federal Ministry of 
Education and Research (BMBF, project grant 01BF1906) and by the 
Deutsche Forschungsgemeinschaft for the German Center for Integra-
tive Biodiversity Research (iDiv; DFG-FZT 118, 202548816). Addi-
tional funding was provided by the Helmholtz Center for Environmen-
tal Research—UFZ. AR acknowledges support through the MonViA 
project funded by the German Federal Ministry of Food and Agricul-
ture (BMEL).

 Data availability The data supporting this study is available at https:// 
doi. org/ 10. 5281/ zenodo. 74766 27.

Declarations 

Conflict of interest On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

Ethics approval The questionnaire and methodology of this study were 
approved by the legal department of Helmholtz Center for Environmen-
tal Research (UFZ Leipzig, Germany), which reviewed ethical aspects 
of this study and confirmed that it was conducted in accordance with 
the ethical standards (file number RA-461/20).

Consent Informed consent was obtained from all individual partici-
pants included in the (anonymous) online survey study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Agnello G, Vercammen A, Knight AT (2022) Understanding citizen 
scientists’ willingness to invest in, and advocate for, conserva-
tion. Biol Conserv 265:109422. https:// doi. org/ 10. 1016/j. biocon. 
2021. 109422

Altmann CS, Brandt M, Kiefer S, Knapp V, Schumann A, van den 
Bogaert V (2022) Begleitforschung citizen science. In: Bonn 
A et  al (eds) Weißbuch citizen science-strategie 2030 für 
deutschland. Helmholtz Association, Leibniz Association, Fraun-
hofer Society, Universities and Non-academic Institutions, Ber-
lin, Berlin, pp 126–129

Asah ST, Blahna DJ (2013) Practical implications of understanding 
the influence of motivations on commitment to voluntary urban 
conservation stewardship. Conserv Biol 27:866–875. https:// doi. 
org/ 10. 1111/ cobi. 12058

Ballard HL, Dixon CGH, Harris EM (2017) Youth-focused citizen sci-
ence: examining the role of environmental science learning and 
agency for conservation. Biol Conserv 208:65–75. https:// doi. 
org/ 10. 1016/j. biocon. 2016. 05. 024

https://doi.org/10.1007/s42532-022-00136-4
https://doi.org/10.5281/zenodo.7476627
https://doi.org/10.5281/zenodo.7476627
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.biocon.2021.109422
https://doi.org/10.1016/j.biocon.2021.109422
https://doi.org/10.1111/cobi.12058
https://doi.org/10.1111/cobi.12058
https://doi.org/10.1016/j.biocon.2016.05.024
https://doi.org/10.1016/j.biocon.2016.05.024


Socio-Ecological Practice Research 

1 3

Bela G, Peltola T, Young JC, Balázs B, Arpin I, Pataki G, Hauck J, 
Kelemen E, Kopperoinen L, Van Herzele A, Keune H, Hecker S, 
Suškevičs M, Roy HE, Itkonen P, Külvik M, László M, Basnou 
C, Pino J, Bonn A (2016) Learning and the transformative poten-
tial of citizen science: lessons from the study of nature. Conserv 
Biol 30:990–999. https:// doi. org/ 10. 1111/ cobi. 12762

Bell S, Marzano M, Cent J, Kobierska H, Podjed D, Vandzinskaite 
D, Reinert H, Armaitiene A, Grodzińska-Jurczak M, Muršič R 
(2008) What counts? Volunteers and their organisations in the 
recording and monitoring of biodiversity. Biodivers Conserv 
17:3443–3454. https:// doi. org/ 10. 1007/ s10531- 008- 9357-9

BMBF, German Federal Ministry of Education and Research (2019) 
Richtlinie zur Förderung von bürgerwissenschaftlichen Vorha-
ben, Bundesanzeiger vom 17.10.2019. Available via https:// www. 
bmbf. de/ bmbf/ share ddocs/ bekan ntmac hungen/ de/ 2019/ 10/ 2668_ 
bekan ntmac hung. html. Accessed 28 Aug 2022

BMUV, German Federal Ministry for the Environment, Nature Con-
servation, Nuclear Safety and Consumer Protection (2019) Bun-
deskabinett beschließt umfangreiches Aktionsprogramm für den 
Insektenschutz. Press release 04.09.2019. Available via https:// 
www. bmuv. de/ press emitt eilung/ schul ze- wir- koenn en- das- insek 
tenst erben- stopp en/. Accessed 27 Nov 2022

Bonn A, Richter A, Vohland K, Pettibone L, Feldmann R, Goebel C, 
Grefe C, Hecker S, Hennen L, Hofer H, Kiefer S, Klotz S, Kluttig 
T, Krause J, Küsel K, Liedtke C, Mahla A, Neumeier V, Premke-
Kraus M, Rillig MC, Röller O, Schäffler L, Schmalzbauer B, 
Schneidewind U, Schumann A, Settele J, Tochtermann K, Tock-
ner K, Vogel J, Volkmann W, von Unger H, Walter D, Weisskopf 
M, Wirth C, Witt T, Wolst D, Ziegler D (2016) Grünbuch citizen 
science strategie 2020 für deutschland. Helmholtz Association, 
Leibniz Association, Fraunhofer Society, universities and non-
academic institutions, Berlin, Leipzig Available via https:// www. 
buerg ersch affen wissen. de/ sites/ defau lt/ files/ assets/ dokum ente/ 
gewiss- gruen buch_ citiz en_ scien ce_ strat egie. pdf. Accessed 28 
Aug 2022

Bonn A, Brink W, Hecker S, Herrmann TM, Liedtke C, Premke-Kraus 
M, Voigt-Heucke S, von Gönner J, Altmann CS, Bauhus W, 
Bengtsson L, Brandt M, Bruckermann T, Büermann A, Dietrich 
P, Dörler D, Eich-Brod R, Eichinger M, Ferschinger L, Frey-
berg L, Grützner A, Hammel G, Heigl F, Heyen NB, Hölker F, 
Johannsen C, Kiefer S, Klan F, Kluss T, Kluttig T, Knapp V, 
Knobloch J, Koop M, Lorke J, Munke M, Mortega K, Pathe C, 
Richter A, Schumann A, Soßdorf A, Stämpfli T, Sturm U, Thiel 
C, Tönsmann S, van den Bogaert V, Valentin A, Wagenknecht 
K, Wegener R, Woll S (2022) Weißbuch citizen science strategie 
2030 für Deutschland. Helmholtz Association, Leibniz Associa-
tion, Fraunhofer Society, universities and non-academic institu-
tions, Leipzig, Berlin. Available via https:// doi. org/ 10. 31235/ osf. 
io/ ew4uk. Accessed 28 Aug 2022

Bonney R, Cooper CB, Dickinson J, Kelling S, Phillips T, Rosen-
berg KV, Shirk J (2009) Citizen science: a developing tool for 
expanding science knowledge and scientific literacy. Bioscience 
59:977–984. https:// doi. org/ 10. 1525/ bio. 2009. 59. 11.9

Bonney R, Phillips TB, Ballard HL, Enck JW (2016) Can citizen sci-
ence enhance public understanding of science? Public Underst 
Sci 25:2–16. https:// doi. org/ 10. 1177/ 09636 62515 607406

Bowser A, Cooper C, de Sherbinin A, Wiggins A, Brenton P, Chuang 
T-R, Faustman E, Haklay M, Meloche M (2020) Still in need of 
norms: the state of the data in citizen science. Citiz Sci Theory 
Pract 5:18. https:// doi. org/ 10. 5334/ cstp. 303

Brossard D, Lewenstein B, Bonney R (2005) Scientific knowledge 
and attitude change: the impact of a citizen science project. Int 
J Sci Educ 27:1099–1121. https:// doi. org/ 10. 1080/ 09500 69050 
00694 83

Bruckermann T, Greving H, Schumann A, Stillfried M, Börner K, Kim-
mig SE, Hagen R, Brandt M, Harms U (2021) To know about 
science is to love it? Unraveling relationships between knowledge 
and attitudes toward science in citizen science on urban wildlife 
ecology. J Res Sci Teach 58:1179–1202. https:// doi. org/ 10. 1002/ 
tea. 21697

Burgess HK, DeBey LB, Froehlich HE, Schmidt N, Theobald EJ, 
Ettinger AK, HilleRisLambers J, Tewksbury J, Parrish JK (2017) 
The science of citizen science: exploring barriers to use as a 
primary research tool. Biol Conserv 208:113–120. https:// doi. 
org/ 10. 1016/j. biocon. 2016. 05. 014

Butler SJ, Boccaccio L, Gregory RD, Vorisek P, Norris K (2010) Quan-
tifying the impact of land-use change to European farmland bird 
populations. Agric Ecosyst Environ 137(3–4):348–357. https:// 
doi. org/ 10. 1016/j. agee. 2010. 03. 005

Capdevila A, Kokimova A, Sinha Ray S, Avellán T, Kim J, Kirschke 
S (2020) Success factors for citizen science projects in water 
quality monitoring. Sci Total Environ 728:137843. https:// doi. 
org/ 10. 1016/j. scito tenv. 2020. 137843

Chandler M, See L, Copas K, Bonde AMZ, López BC, Danielsen 
F, Legind JK, Masinde S, Miller-Rushing AJ, Newman G, 
Rosemartin A, Turak E (2017a) Contribution of citizen science 
towards international biodiversity monitoring. Biol Conserv 
213:280–294. https:// doi. org/ 10. 1016/j. biocon. 2016. 09. 004

Chandler M, Rullman S, Cousins J, Esmail N, Begin E, Venicx G, 
Eisenberg C, Studer M (2017b) Contributions to publications and 
management plans from 7 years of citizen science: use of a novel 
evaluation tool on earthwatch-supported projects. Biol Conserv 
208:163–173. https:// doi. org/ 10. 1016/j. biocon. 2016. 09. 024

Chase SK, Levine A (2018) Citizen science: exploring the potential of 
natural resource monitoring programs to influence environmental 
attitudes and behaviors. Conserv Lett 11:e12382. https:// doi. org/ 
10. 1111/ conl. 12382

Conrad CC, Hilchey KG (2011) A review of citizen science and com-
munity-based environmental monitoring: issues and opportu-
nities. Environ Monit Assess 176:273–291. https:// doi. org/ 10. 
1007/ s10661- 010- 1582-5

Cooper CB, Hawn CL, Larson LR, Parrish JK, Bowser G, Cavalier D, 
Dunn RR, Haklay M, Gupta KK, Jelks NO, Johnson VA, Katti 
M, Leggett Z, Wilson OR, Wilson S (2021) Inclusion in citizen 
science: the conundrum of rebranding. Science 372:1386–1388. 
https:// doi. org/ 10. 1126/ scien ce. abi64 87

Crall AW, Jordan R, Holfelder K, Newman GJ, Graham J, Waller DM 
(2013) The impacts of an invasive species citizen science training 
program on participant attitudes, behavior, and science literacy. 
Public Underst Sci 22:745–764. https:// doi. org/ 10. 1177/ 09636 
62511 434894

Cunha DGF, Marques JF, De Resende JC, De Falco PB, De Souza CM, 
Loiselle SA (2017) Citizen science participation in research in 
the environmental sciences: key factors related to projects’ suc-
cess and longevity. An Acad Bras Cienc 89:2229–2245. https:// 
doi. org/ 10. 1590/ 0001- 37652 01720 160548

Danielsen F, Burgess ND, Jensen PM, Pirhofer-Walzl K (2010) Envi-
ronmental monitoring: the scale and speed of implementation 
varies according to the degree of peoples involvement: Moni-
toring: participation boosts action. J Appl Ecol 47:1166–1168. 
https:// doi. org/ 10. 1111/j. 1365- 2664. 2010. 01874.x

Dickinson JL, Shirk J, Bonter D, Bonney R, Crain RL, Martin J, Phil-
lips T, Purcell K (2012) The current state of citizen science as a 
tool for ecological research and public engagement. Front Ecol 
Environ 10:291–297. https:// doi. org/ 10. 1890/ 110236

Dillon J, Stevenson RB, Wals AEJ (2016) Introduction to the special 
section: moving from citizen to civic science to address wicked 

https://doi.org/10.1111/cobi.12762
https://doi.org/10.1007/s10531-008-9357-9
https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2019/10/2668_bekanntmachung.html
https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2019/10/2668_bekanntmachung.html
https://www.bmbf.de/bmbf/shareddocs/bekanntmachungen/de/2019/10/2668_bekanntmachung.html
https://www.bmuv.de/pressemitteilung/schulze-wir-koennen-das-insektensterben-stoppen/
https://www.bmuv.de/pressemitteilung/schulze-wir-koennen-das-insektensterben-stoppen/
https://www.bmuv.de/pressemitteilung/schulze-wir-koennen-das-insektensterben-stoppen/
https://www.buergerschaffenwissen.de/sites/default/files/assets/dokumente/gewiss-gruenbuch_citizen_science_strategie.pdf
https://www.buergerschaffenwissen.de/sites/default/files/assets/dokumente/gewiss-gruenbuch_citizen_science_strategie.pdf
https://www.buergerschaffenwissen.de/sites/default/files/assets/dokumente/gewiss-gruenbuch_citizen_science_strategie.pdf
https://doi.org/10.31235/osf.io/ew4uk
https://doi.org/10.31235/osf.io/ew4uk
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.1177/0963662515607406
https://doi.org/10.5334/cstp.303
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1080/09500690500069483
https://doi.org/10.1002/tea.21697
https://doi.org/10.1002/tea.21697
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1016/j.agee.2010.03.005
https://doi.org/10.1016/j.agee.2010.03.005
https://doi.org/10.1016/j.scitotenv.2020.137843
https://doi.org/10.1016/j.scitotenv.2020.137843
https://doi.org/10.1016/j.biocon.2016.09.004
https://doi.org/10.1016/j.biocon.2016.09.024
https://doi.org/10.1111/conl.12382
https://doi.org/10.1111/conl.12382
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1126/science.abi6487
https://doi.org/10.1177/0963662511434894
https://doi.org/10.1177/0963662511434894
https://doi.org/10.1590/0001-3765201720160548
https://doi.org/10.1590/0001-3765201720160548
https://doi.org/10.1111/j.1365-2664.2010.01874.x
https://doi.org/10.1890/110236


 Socio-Ecological Practice Research

1 3

conservation problems. Corrected by erratum 12844. Conserv 
Biol 30:450–455. https:// doi. org/ 10. 1111/ cobi. 12689

Druschke CG, Seltzer CE (2012) Failures of engagement: lessons 
learned from a citizen science pilot study. Appl Environ Educ 
Commun 11:178–188. https:// doi. org/ 10. 1080/ 15330 15X. 2012. 
777224

European Commission (2013) Commission staff working document. 
EU shared environmental information system implementation 
outlook. Available via http:// ec. europa. eu/ envir onment/ archi ves/ 
seis/ pdf/ seis_ imple menta tion_ en. pdf. Accessed 28 Aug 2022

European Commission (2019) Factsheet open science. Available via 
https:// ec. europa. eu/ info/ sites/ info/ files/ resea rch_ and_ innov 
ation/ knowl edge_ publi catio ns_ tools_ and_ data/ docum ents/ ec_ 
rtd_ facts heet- open- scien ce_ 2019. pdf. Accessed 28 Aug 2022

European Commission (2020) Best practices in citizen science for 
environmental monitoring. Available via https:// ec. europa. eu/ jrc/ 
commu nities/ en/ commu nity/ exami ning- use- and- pract ices- citiz 
en- scien ce- eu- polic ies/ page/ best- pract ices- citiz en. Accessed 28 
Aug 2022

Fraisl D, Campbell J, See L, Wehn U, Wardlaw J, Gold M, Moorthy 
I, Arias R, Piera J, Oliver JL, Masó J, Penker M, Fritz S (2020) 
Mapping citizen science contributions to the UN sustainable 
development goals. Sustain Sci 15:1735–1751. https:// doi. org/ 
10. 1007/ s11625- 020- 00833-7

Fritsche I, Barth M, Jugert P, Masson T, Reese G (2018) A social 
identity model of pro-environmental action (SIMPEA). Psy-
chol Rev 125:245–269. https:// doi. org/ 10. 1037/ rev00 00090

Fritz S, See L, Carlson T, Haklay M, Oliver JL, Fraisl D, Mondardini 
R, Brocklehurst M, Shanley LA, Schade S, Wehn U, Abrate T, 
Anstee J, Arnold S, Billot M, Campbell J, Espey J, Gold M, 
Hager G, He S, Hepburn L, Hsu A, Long D, Masó J, McCallum 
I, Muniafu M, Moorthy I, Obersteiner M, Parker AJ, Weissp-
flug M, West S (2019) Citizen science and the United Nations 
sustainable development goals. Nat Sustain 2:922–930. https:// 
doi. org/ 10. 1038/ s41893- 019- 0390-3

German Coalition Contract (2021) Mehr Fortschritt wagen. Bündnis 
für Freiheit, Gerechtigkeit und Nachhaltigkeit. Koalitionsver-
trag zwischen SPD, Bündnis 90/Die Grünen und FDP. Avail-
able via https:// www. tages spieg el. de/ downl oads/ 27829 944/1/ 
koali tions vertr ag- ampel- 2021- 2025. pdf. Accessed 28 Aug 
2022

Greving H, Bruckermann T, Schumann A, Straka TM, Lewanzik D, 
Voigt-Heucke SL, Marggraf L, Lorenz J, Brandt M, Voigt CC, 
Harms U, Kimmerle J (2022) Improving attitudes and knowl-
edge in a citizen science project about urban bat ecology. Ecol 
Soc 27(2):24. https:// doi. org/ 10. 5751/ ES- 13272- 270224

Grossberndt S, Passani A, Di Lisio G, Janssen A, Castell N (2021) 
Transformative potential and learning outcomes of air quality 
citizen science projects in high schools using low-cost sensors. 
Atmosphere 12:736. https:// doi. org/ 10. 3390/ atmos 12060 736

Groulx M, Brisbois MC, Lemieux CJ, Winegardner A, Fishback L 
(2017) A role for nature-based citizen science in promoting 
individual and collective climate change action? A systematic 
review of learning outcomes. Sci Commun 39:45–76. https:// 
doi. org/ 10. 1177/ 10755 47016 688324

Groulx M, Fishback L, Winegardner A (2019) Citizen science and 
the public nature of climate action. Polar Geogr 42:176–195. 
https:// doi. org/ 10. 1080/ 10889 37X. 2019. 15973 96

Haase D, Larondelle N, Andersson E, Artmann M, Borgström 
S, Breuste J, Gomez-Baggethun E, Gren Å, Hamstead Z, 
Hansen R, Kabisch N, Kremer P, Langemeyer J, Rall EL, 
McPhearson T, Pauleit S, Qureshi S, Schwarz N, Voigt A, 
Wurster D, Elmqvist T (2014) A quantitative review of urban 

ecosystem service assessments: concepts, models, and imple-
mentation. Ambio 43:413–433. https:// doi. org/ 10. 1007/ 
s13280- 014- 0504-0

Hallmann CA, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan 
H, Stenmans W, Müller A, Sumser H, Hörren T, Goulson D, 
de Kroon H (2017) More than 75 percent decline over 27 years 
in total flying insect biomass in protected areas. PLoS ONE 
12:e0185809. https:// doi. org/ 10. 1371/ journ al. pone. 01858 09

Hansen JS, Gadegaard S, Hansen KK, Larsen AV, Møller S, Thom-
sen GS, Holmstrand KF (2021) Research data management 
challenges in citizen science projects and recommendations for 
library support services. A scoping review and case study. Data 
Sci J 20:25. https:// doi. org/ 10. 5334/ dsj- 2021- 025

Harlin J, Kloetzer L, Patton D, Leonhard C (2018) Turning students 
into citizen scientists. In: Hecker S, Haklay M, Bowser A, 
Makuch Z, Vogel J, Bonn A (eds) Citzen science. Innovation 
in open science, society and policy. UCL Press, London, pp 
410–428

Haywood BK (2016) Beyond data points and research contributions: 
the personal meaning and value associated with public partici-
pation in scientific research. Int J Sci Educ Part B 6:239–262. 
https:// doi. org/ 10. 1080/ 21548 455. 2015. 10436 59

Haywood BK, Parrish JK, Dolliver J (2016) Place-based and data-rich 
citizen science as a precursor for conservation action. Conserv 
Biol 30:476–486. https:// doi. org/ 10. 1111/ cobi. 12702

Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, Bonn A (eds) 
(2018a) Citizen science: innovation in open science, society and 
policy. UCL Press, London

Hecker S, Bonney R, Haklay M, Hölker F, Hofer H, Goebel C, Gold 
M, Makuch Z, Ponti M, Richter A, Robinson L, Iglesias JR, 
Owen R, Peltola T, Sforzi A, Shirk J, Vogel J, Vohland K, Witt 
T, Bonn A (2018b) Innovation in citizen science—perspectives 
on science-policy advances. Citiz Sci Theory Pract 3:4. https:// 
doi. org/ 10. 5334/ cstp. 114

Hecker S, Wicke N, Haklay M, Bonn A (2019) How does policy con-
ceptualise citizen science? A qualitative content analysis of inter-
national policy documents. Citiz Sci Theory Pract 4:32. https:// 
doi. org/ 10. 5334/ cstp. 230

Hyder K, Townhill B, Anderson LG, Delany J, Pinnegar JK (2015) Can 
citizen science contribute to the evidence-base that underpins 
marine policy? Mar Policy 59:112–120. https:// doi. org/ 10. 1016/j. 
marpol. 2015. 04. 022

Jordan R, Gray SA, Howe DV, Brooks WR, Ehrenfeld JG (2011) 
Knowledge gain and behavioral change in citizen-science pro-
grams. Conserv Biol 25:1148–1154. https:// doi. org/ 10. 1111/j. 
1523- 1739. 2011. 01745.x

Jordan R, Ballard HL, Phillips TB (2012) Key issues and new 
approaches for evaluating citizen-science learning outcomes. 
Front Ecol Environ 10:307–309. https:// doi. org/ 10. 1890/ 110280

Jordan R, Gray S, Sorensen A, Newman G, Mellor D, Newman G, 
Hmelo-Silver C, LaDeau S, Biehler D, Crall A (2016) Study-
ing citizen science through adaptive management and learning 
feedbacks as mechanisms for improving conservation. Conserv 
Biol 30:487–495. https:// doi. org/ 10. 1111/ cobi. 12659

Jordan R, Sorensen AE, Biehler D, Wilson S, LaDeau S (2019) 
Citizen science and civic ecology: merging paths to steward-
ship. J Environ Stud Sci 9:133–143. https:// doi. org/ 10. 1007/ 
s13412- 018- 0521-6

Jørgensen FA, Jørgensen D (2021) Citizen science for environmental 
citizenship. Conserv Biol J Soc Conserv Biol 35:1344–1347. 
https:// doi. org/ 10. 1111/ cobi. 13649

Kelly R, Fleming A, Pecl GT, Richter A, Bonn A (2019) Social license 
through citizen science: a tool for marine conservation. Ecol Soc 
24:art16. https:// doi. org/ 10. 5751/ ES- 10704- 240116

https://doi.org/10.1111/cobi.12689
https://doi.org/10.1080/1533015X.2012.777224
https://doi.org/10.1080/1533015X.2012.777224
http://ec.europa.eu/environment/archives/seis/pdf/seis_implementation_en.pdf
http://ec.europa.eu/environment/archives/seis/pdf/seis_implementation_en.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_factsheet-open-science_2019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_factsheet-open-science_2019.pdf
https://ec.europa.eu/info/sites/info/files/research_and_innovation/knowledge_publications_tools_and_data/documents/ec_rtd_factsheet-open-science_2019.pdf
https://ec.europa.eu/jrc/communities/en/community/examining-use-and-practices-citizen-science-eu-policies/page/best-practices-citizen
https://ec.europa.eu/jrc/communities/en/community/examining-use-and-practices-citizen-science-eu-policies/page/best-practices-citizen
https://ec.europa.eu/jrc/communities/en/community/examining-use-and-practices-citizen-science-eu-policies/page/best-practices-citizen
https://doi.org/10.1007/s11625-020-00833-7
https://doi.org/10.1007/s11625-020-00833-7
https://doi.org/10.1037/rev0000090
https://doi.org/10.1038/s41893-019-0390-3
https://doi.org/10.1038/s41893-019-0390-3
https://www.tagesspiegel.de/downloads/27829944/1/koalitionsvertrag-ampel-2021-2025.pdf
https://www.tagesspiegel.de/downloads/27829944/1/koalitionsvertrag-ampel-2021-2025.pdf
https://doi.org/10.5751/ES-13272-270224
https://doi.org/10.3390/atmos12060736
https://doi.org/10.1177/1075547016688324
https://doi.org/10.1177/1075547016688324
https://doi.org/10.1080/1088937X.2019.1597396
https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1007/s13280-014-0504-0
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.5334/dsj-2021-025
https://doi.org/10.1080/21548455.2015.1043659
https://doi.org/10.1111/cobi.12702
https://doi.org/10.5334/cstp.114
https://doi.org/10.5334/cstp.114
https://doi.org/10.5334/cstp.230
https://doi.org/10.5334/cstp.230
https://doi.org/10.1016/j.marpol.2015.04.022
https://doi.org/10.1016/j.marpol.2015.04.022
https://doi.org/10.1111/j.1523-1739.2011.01745.x
https://doi.org/10.1111/j.1523-1739.2011.01745.x
https://doi.org/10.1890/110280
https://doi.org/10.1111/cobi.12659
https://doi.org/10.1007/s13412-018-0521-6
https://doi.org/10.1007/s13412-018-0521-6
https://doi.org/10.1111/cobi.13649
https://doi.org/10.5751/ES-10704-240116


Socio-Ecological Practice Research 

1 3

Kieslinger B, Schaefer T, Heigl F, Dörler D, Richter A, Bonn A (2018) 
Evaluating citizen science—towards an open framework. In: 
Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, Bonn A 
(eds) Citizen science: innovation in open science, society and 
policy. UCL Press, London, pp 81–98

Kiessling T, Knickmeier K, Kruse K, Gatta-Rosemary M, Nauendorf 
A, Brennecke D, Thiel L, Wichels A, Parchmann I, Körtzinger 
A, Thiel M (2021) Schoolchildren discover hotspots of floating 
plastic litter in rivers using a large-scale collaborative approach. 
Sci Total Environ 789:147849. https:// doi. org/ 10. 1016/j. scito 
tenv. 2021. 147849

Kloetzer L, Lorke J, Roche J, Golumbic Y, Winter S, Jõgeva A (2021) 
Learning in citizen science. In: Vohland K, Land-Zandstra A, 
Ceccaroni L, Lemmens R, Perelló J, Ponti M, Samson R, Wagen-
knecht K (eds) The science of citizen science. Springer, Cham, 
pp 283–308

Kosmala M, Wiggins A, Swanson A, Simmons B (2016) Assessing 
data quality in citizen science. Front Ecol Environ 14:551–560. 
https:// doi. org/ 10. 1002/ fee. 1436

Kullenberg C, Kasperowski D (2016) What Is citizen science?—A 
scientometric meta-analysis. PLoS ONE 11:e0147152. https:// 
doi. org/ 10. 1371/ journ al. pone. 01471 52

Land-Zandstra A, Agnello G, Gültekin YS (2021) Participants in citi-
zen science. In: Vohland K, Land-Zandstra A, Ceccaroni L, Lem-
mens R, Perelló J, Ponti M, Samson R, Wagenknecht K (eds) The 
science of citizen science. Springer, Cham, pp 243–259

Lemmens R, Falquet G, Tsinaraki C, Klan F, Schade S, Bastin L, Piera 
J, Antoniou V, Trojan J, Ostermann F, Ceccaroni L (2021) A 
conceptual model for participants and activities in citizen science 
projects. In: Vohland K, Land-Zandstra A, Ceccaroni L, Lem-
mens R, Perelló J, Ponti M, Samson R, Wagenknecht K (eds) The 
science of citizen science. Springer, Cham, pp 159–182

Lepenies R, Zakari IS (2021) Citizen science for transformative air 
quality policy in Germany and Niger. Sustainability 13:3973. 
https:// doi. org/ 10. 3390/ su130 73973

Lewandowski EJ, Oberhauser KS (2017) Butterfly citizen scientists 
in the United States increase their engagement in conservation. 
Biol Conserv 208:106–112. https:// doi. org/ 10. 1016/j. biocon. 
2015. 07. 029

Lotfian M, Ingensand J, Brovelli MA (2021) The partnership of citizen 
science and machine learning: benefits, risks, and future chal-
lenges for engagement, data collection, and data quality. Sustain-
ability 13:8087. https:// doi. org/ 10. 3390/ su131 48087

Lukyanenko R, Parsons J, Wiersma YF (2016) Emerging problems of 
data quality in citizen science: editorial. Conserv Biol 30:447–
449. https:// doi. org/ 10. 1111/ cobi. 12706

Mäder P, Boho D, Rzanny M, Seeland M, Wittich HC, Deggelmann 
A, Wäldchen J (2021) The flora incognita app—interactive plant 
species identification. Methods Ecol Evol 12:1335–1342. https:// 
doi. org/ 10. 1111/ 2041- 210X. 13611

Manzoni M, Vohland K, Göbel C, Pruse B, Schade S (2019) Citizen 
science strategies in Europe—preliminary findings from the pan-
European Survey of citizen science strategies and initiatives in 
Europe as part of a joint initiative of the COST ACTION 15212 
and the Joint Research Centre (JRC) discussed in Cēsis. COST 
Action Rep. https:// doi. org/ 10. 7479/ myw2- 9584

Nascimento S, Iglesias JMR, Owen R, Schade S, Shanley L (2018) 
Citizen science for policy formulation and implementation. In: 
Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, Bonn A 
(eds) Citizen science: innovation in open science, society and 
policy. UCL Press, London, pp 219–2400

Owen AJ, Parker RP (2018) Citizen science in environmental protec-
tion agencies. In: Hecker S, Haklay M, Bowser A, Makuch Z, 

Vogel J, Bonn A (eds) Citizen science: innovation in open sci-
ence, society and policy. UCL Press, London, pp 284–300

Peltola T, Arpin I (2018) Science for everybody? Bridging the socio-
economic gap in urban biodiversity monitoring. In: Hecker S, 
Haklay M, Bowser A, Makuch Z, Vogel J, Bonn A (eds) Citizen 
science: innovation in open science, society and policy. UCL 
Press, London, pp 369–380

Peter M, Diekötter T, Höffler T, Kremer K (2021a) Biodiversity citi-
zen science: outcomes for the participating citizens. People Nat 
3:294–311. https:// doi. org/ 10. 1002/ pan3. 10193

Peter M, Diekötter T, Kremer K, Höffler T (2021b) Citizen science 
project characteristics: connection to participants’ gains in 
knowledge and skills. PLoS ONE 16:e0253692. https:// doi. org/ 
10. 1371/ journ al. pone. 02536 92

Phillips T, Porticella N, Constas M, Bonney R (2018) A framework 
for articulating and measuring individual learning outcomes 
from participation in citizen science. Citiz Sci Theory Pract 3:3. 
https:// doi. org/ 10. 5334/ cstp. 126

Richter A, Hauck J, Feldmann R, Kühn E, Harpke A, Hirneisen N, 
Mahla A, Settele J, Bonn A (2018a) The social fabric of citizen 
science—drivers for long-term engagement in the German but-
terfly monitoring scheme. J Insect Conserv 22:731–743. https:// 
doi. org/ 10. 1007/ s10841- 018- 0097-1

Richter A, Dörler D, Heigl F, Pettibone L, Serrano-Sanz F, Vohland 
K (2018b) Capacity building in citizen science. In: Hecker S, 
Haklay M, Bowser A, Makuch Z, Vogel J, Bonn A (eds) Citizen 
science: innovation in open science, society and policy. UCL 
Press, London, pp 269–283

Richter A, Comay O, Svenningsen CS, Larsen JC, Hecker S, Tøttrup 
AP, Pe’er G, Dunn RR, Bonn A, Marselle M (2021) Motiva-
tion and support services in citizen science insect monitoring: a 
cross-country study. Biol Conserv 263:109325. https:// doi. org/ 
10. 1016/j. biocon. 2021. 109325

Robinson LD, Cawthray JL, West SE, Bonn A, Ansine J (2018) Ten 
principles of citzen science. In: Hecker S, Haklay M, Bowser A, 
Makuch Z, Vogel J, Bonn A (eds) Citizen science: innovation in 
open science, society and policy. UCL Press, London, pp 27–40

Schade S, Pelacho M, van Noordwijk T, Vohland K, Hecker S, Manzoni 
M (2021) Citizen science and policy. In: Vohland K, Land-Zand-
stra A, Ceccaroni L, Lemmens R, Perelló J, Ponti M, Samson R, 
Wagenknecht K (eds) The science of citizen science. Springer, 
Cham, pp 351–371

Schaefer T, Kieslinger B, Brandt M, van den Bogaert V (2021) Evalu-
ation in citizen science: the art of tracing a moving target. In: 
Vohland K, Land-Zandstra A, Ceccaroni L, Lemmens R, Perelló 
J, Ponti M, Samson R, Wagenknecht K (eds) The science of citi-
zen science. Springer, Cham, pp 495–514

Schuttler SG, Sears RS, Orendain I, Khot R, Rubenstein D, Rubenstein 
N, Dunn RR, Baird E, Kandros K, O’Brien T, Kays R (2019) 
Citizen science in schools: students collect valuable mammal 
data for science, conservation, and community engagement. Bio-
science 69:69–79. https:// doi. org/ 10. 1093/ biosci/ biy141

Sforzi A, Tweddle JC, Vogel J, Lois G, Wägele W, Lakeman-Fraser 
P, Makuch Z, Vohland K (2018) Citizen science and the role 
of natural history museums. In: Hecker S, Haklay M, Bowser 
A, Makuch Z, Vogel J, Bonn A (eds) Citizen science: innova-
tion in open science, society and policy. UCL Press, London, 
pp 429–444

Shirk JL, Ballard HL, Wilderman CC, Phillips T, Wiggins A, Jordan 
R, McCallie E, Minarchek M, Lewenstein BV, Krasny ME, Bon-
ney R (2012) Public participation in scientific research: a frame-
work for deliberate design. Ecol Soc. https:// doi. org/ 10. 5751/ 
ES- 04705- 170229

https://doi.org/10.1016/j.scitotenv.2021.147849
https://doi.org/10.1016/j.scitotenv.2021.147849
https://doi.org/10.1002/fee.1436
https://doi.org/10.1371/journal.pone.0147152
https://doi.org/10.1371/journal.pone.0147152
https://doi.org/10.3390/su13073973
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.1016/j.biocon.2015.07.029
https://doi.org/10.3390/su13148087
https://doi.org/10.1111/cobi.12706
https://doi.org/10.1111/2041-210X.13611
https://doi.org/10.1111/2041-210X.13611
https://doi.org/10.7479/myw2-9584
https://doi.org/10.1002/pan3.10193
https://doi.org/10.1371/journal.pone.0253692
https://doi.org/10.1371/journal.pone.0253692
https://doi.org/10.5334/cstp.126
https://doi.org/10.1007/s10841-018-0097-1
https://doi.org/10.1007/s10841-018-0097-1
https://doi.org/10.1016/j.biocon.2021.109325
https://doi.org/10.1016/j.biocon.2021.109325
https://doi.org/10.1093/biosci/biy141
https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.5751/ES-04705-170229


 Socio-Ecological Practice Research

1 3

Singh NJ, Danell K, Edenius L, Ericsson G (2014) Tackling the moti-
vation to monitor: success and sustainability of a participatory 
monitoring program. Ecol Soc 19:7. https:// doi. org/ 10. 5751/ 
ES- 06665- 190407

Singletary L, Koebele E, Evans W, Copp CJ, Hockaday S, Rego 
JJ (2022) Evaluating stakeholder engagement in collabora-
tive research: co-producing knowledge for climate resilience. 
Socio Ecol Pract Res 4:235–249. https:// doi. org/ 10. 1007/ 
s42532- 022- 00124-8

Socientize (2015) White paper on citizen science for Europe. EU: 
report to European Commission. Available via https:// ec. 
europa. eu/ futur ium/ en/ conte nt/ white- paper- citiz en- scien ce. html. 
Accessed 28 Aug 2022

Strasser BJ, Baudry J, Mahr D, Sanchez G, Tancoigne E (2018) “Citi-
zen science”? Rethinking science and public participation. Sci 
Technol Stud 32:52–76. https:// doi. org/ 10. 23987/ sts. 60425

Stylinski CD, Peterman K, Phillips T, Linhart J, Becker-Klein R (2020) 
Assessing science inquiry skills of citizen science volunteers: a 
snapshot of the field. Int J Sci Educ Part B 10:77–92. https:// doi. 
org/ 10. 1080/ 21548 455. 2020. 17192 88

Theobald EJ, Ettinger AK, Burgess HK, DeBey LB, Schmidt NR, Froe-
hlich HE, Wagner C, HilleRisLambers J, Tewksbury J, Harsch 
MA, Parrish JK (2015) Global change and local solutions: tap-
ping the unrealized potential of citizen science for biodiversity 
research. Biol Conserv 181:236–244. https:// doi. org/ 10. 1016/j. 
biocon. 2014. 10. 021

Toomey AH, Domroese MC (2013) Can citizen science lead to positive 
conservation attitudes and behaviors? Hum Ecol Rev 20:50–62

Turbé A, Barba J, Pelacho M, Mugdal S, Robinson LD, Serrano-Sanz 
F, Sanz F, Tsinaraki C, Rubio J-M, Schade S (2019) Understand-
ing the citizen science landscape for European environmental 
policy: an assessment and recommendations. Citiz Sci Theory 
Pract 4:34. https:// doi. org/ 10. 5334/ cstp. 239

Turrini T, Dörler D, Richter A, Heigl F, Bonn A (2018) The threefold 
potential of environmental citizen science—generating knowl-
edge, creating learning opportunities and enabling civic partici-
pation. Biol Conserv 225:176–186. https:// doi. org/ 10. 1016/j. 
biocon. 2018. 03. 024

Unell J, Castle R (2012) Developing sustainable volunteering within 
the natural connections demonstration project: a review of evi-
dence. Natural England Commissioned Report NECR096. Avail-
able via http:// publi catio ns. natur aleng land. org. uk/ file/ 19955 37. 
Accessed 28 Aug 2022

University of Vienna (2019) Sparkling science. Available at https:// 
www. spark lings cience. at/ en. Accessed 28 Aug 2022

University of Vienna (2022) Ressourcen citizen science. Available at 
https:// boku. ac. at/ citiz en- scien ce/ resso urcen. Accessed 28 Aug 
2022

Van Brussel S, Huyse H (2019) Citizen science on speed? Realising the 
triple objective of scientific rigour, policy influence and deep citi-
zen engagement in a large-scale citizen science project on ambi-
ent air quality in Antwerp. J Environ Plan Manag 62:534–551. 
https:// doi. org/ 10. 1080/ 09640 568. 2018. 14281 83

Van Swaay CAM, van Strien A (2005) Using butterfly monitoring data 
to develop a European grassland butterfly indicator. In: Kühn 
E, Feldmann R, Thomas JA, Settele J (eds) Studies on the ecol-
ogy and conservation of butterflies in Europe. Pensoft, Sofia, 
pp 106–108

Van der Wal R, Sharma N, Mellish C, Robinson A, Siddharthan A 
(2016) The role of automated feedback in training and retaining 
biological recorders for citizen science. Conserv Biol 30:550–
561. https:// doi. org/ 10. 1111/ cobi. 12705

Veeckman C, Temmerman L (2021) Urban living labs and citizen sci-
ence: from innovation and science towards policy impacts. Sus-
tainability 13:526. https:// doi. org/ 10. 3390/ su130 20526

von Gönner J, Bowler DE, Gröning J, Klauer A-K, Liess M, Neuer L, 
Bonn A (2023) Citizen science for assessing pesticide impacts 
in agricultural streams. Sci Total Environ 857:159607. https:// 
doi. org/ 10. 1016/j. scito tenv. 2022. 159607

Wehn U, Almomani A (2019) Incentives and barriers for participation 
in community-based environmental monitoring and information 
systems: a critical analysis and integration of the literature. Envi-
ron Sci Policy 101:341–357. https:// doi. org/ 10. 1016/j. envsci. 
2019. 09. 002

West S, Dyke A, Pateman R (2021) Variations in the motivations of 
environmental citizen scientists. Citiz Sci Theory Pract 6:14. 
https:// doi. org/ 10. 5334/ cstp. 370

Wiggins A, Newman G, Stevenson RD, Crowston K (2011) Mecha-
nisms for data quality and validation in citizen science. In: Sev-
enth International conference on e-science workshops 05–08 
December 2011 in Stockholm, Sweden. IEEE, pp 14–19. https:// 
doi. org/ 10. 1109/ eScie nceW. 2011. 27

Wiggins A, Bonney R, Graham E, Henderson SA, Kelling S, LeBuhn 
G, Litauer R, Lots K, Michener WS, Newman G (2013) Data 
management guide for public participation in scientific research, 
DataOne Public Participation in Scientific Research (PPSR), 
Albuquerque, New Mexiko. Available at https:// www. resea 
rchga te. net/ publi cation/ 26038 9831_ Data_ manag ment_ guide_ 
for_ public_ parti cipat ion_ in_ scien tific_ resea rch. Accessed 28 
Aug 2022

Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, 
Baak A, Blomberg N, Boiten J-W, da Silva Santos LB, Bourne 
PE, Bouwman J, Brookes AJ, Clark T, Crosas M, Dillo I, Dumon 
O, Edmunds S, Evelo CT, Finkers R, Gonzalez-Beltran A, Gray 
AJG, Groth P, Goble C, Grethe JS, Heringa J, Hoen PAC, Hooft 
R, Kuhn T, Kok R, Kok J, Lusher SJ, Martone ME, Mons A, 
Packer AL, Persson B, Rocca-Serra P, Roos M, van Schaik R, 
Sansone S-A, Schultes E, Sengstag T, Slater T, Strawn G, Swertz 
MA, Thompson M, van der Lei J, van Mulligen E, Velterop J, 
Waagmeester A, Wittenburg P, Wolstencroft K, Zhao J, Mons 
B (2016) The FAIR guiding principles for scientific data man-
agement and stewardship. Sci Data 3:160018. https:// doi. org/ 10. 
1038/ sdata. 2016. 18

Wyler D, Haklay M (2018) Integrating citizen science into university. 
In: Hecker S, Haklay M, Bowser A, Makuch Z, Vogel J, Bonn 
A (eds) Citizen science: innovation in open science, society and 
policy. UCL Press, London, pp 168–218

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Julia von Gönner is a PhD candi-
date in the Department of Ecosys-
tem Services at the Helmholtz-
Centre for Environmental 
Research—UFZ, the Friedrich 
Schiller University Jena and the 
German Centre for Integrative 
Biodiversity Research (iDiv). Her 
research explores participant out-
comes of biodiversity-related citi-
zen science as well as community 
management and data quality in 
citizen science projects. She coor-
dinates a Germany-wide citizen 
science project for ecological 
stream monitoring.

https://doi.org/10.5751/ES-06665-190407
https://doi.org/10.5751/ES-06665-190407
https://doi.org/10.1007/s42532-022-00124-8
https://doi.org/10.1007/s42532-022-00124-8
https://ec.europa.eu/futurium/en/content/white-paper-citizen-science.html
https://ec.europa.eu/futurium/en/content/white-paper-citizen-science.html
https://doi.org/10.23987/sts.60425
https://doi.org/10.1080/21548455.2020.1719288
https://doi.org/10.1080/21548455.2020.1719288
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.1016/j.biocon.2014.10.021
https://doi.org/10.5334/cstp.239
https://doi.org/10.1016/j.biocon.2018.03.024
https://doi.org/10.1016/j.biocon.2018.03.024
http://publications.naturalengland.org.uk/file/1995537
https://www.sparklingscience.at/en
https://www.sparklingscience.at/en
https://boku.ac.at/citizen-science/ressourcen
https://doi.org/10.1080/09640568.2018.1428183
https://doi.org/10.1111/cobi.12705
https://doi.org/10.3390/su13020526
https://doi.org/10.1016/j.scitotenv.2022.159607
https://doi.org/10.1016/j.scitotenv.2022.159607
https://doi.org/10.1016/j.envsci.2019.09.002
https://doi.org/10.1016/j.envsci.2019.09.002
https://doi.org/10.5334/cstp.370
https://doi.org/10.1109/eScienceW.2011.27
https://doi.org/10.1109/eScienceW.2011.27
https://www.researchgate.net/publication/260389831_Data_managment_guide_for_public_participation_in_scientific_research
https://www.researchgate.net/publication/260389831_Data_managment_guide_for_public_participation_in_scientific_research
https://www.researchgate.net/publication/260389831_Data_managment_guide_for_public_participation_in_scientific_research
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1038/sdata.2016.18


Socio-Ecological Practice Research 

1 3

Thora M. Herrmann (DPhil in 
geography) is Professor at the 
University of Oulu, Finland. She 
collaborates with First Nations, 
Inuit and Sámi communities and 
organizations in action-research 
projects on human-nature rela-
tionships, and on place-based 
knowledge and identity, using 
visual art-based methodologies, 
such as filmmaking, photovoice, 
and also interactive mapping. 
She has a strong interest in Citi-
zen Science and co-led the Citi-
zen Science Strategy 2030 for 
Germany. She advocates for 

decolonial and co-creative research methodologies and for inclusive 
collaborations in research.

Till Bruckermann is an associate 
professor of teaching and learn-
ing research in non-formal edu-
cation in the Institute of Educa-
t ion ,  Leibniz  Univers i ty 
Hannover, Germany. He is 
researching digital technologies 
in non-formal and informal 
learning contexts with a focus on 
science education. In his 
research, he focuses on the 
extent to which digital technolo-
gies enable participation in sci-
entific research and thus promote 
individual learning and knowl-
edge construction. His most 

recent publications are on learning in citizen science projects.

Michael Eichinger a pediatrician 
and biostatistician, heads the 
research group Planetary Health 
at Heidelberg University, Center 
for Preventive Medicine and 
Digital Health. His research 
focuses on evaluating and imple-
menting climate change adapta-
tion and mitigation strategies in 
municipalities and healthcare 
institutions with co-benefits for 
health and wellbeing.  To foster 
societal relevance and uptake of 
research results in municipal 
planning and healthcare manage-
ment, he regularly applies trans-

disciplinary research approaches including citizen science.

Friederike Klan is heading the Data 
Acquisition and Mobilization 
Department at the DLR Institute 
of Data Science. She has a scien-
tific background in computer sci-
ence with a specialization on 
knowledge and data management. 
The focus of her work is on soft-
ware co-creation, mobile data col-
lection, data interoperability and 
data quality as well as data privacy 
aspects in Citizen Science pro-
jects. In her academic career she 
has initiated and managed + 20 
scientific projects and published + 
50 scientific papers.

Julia Lorke is a Professor of Biol-
ogy Education at RWTH Aachen 
University. Her research focuses 
on broadening participation in 
science in general and specifi-
cally on exploring identity work 
during citizen science participa-
tion. Julia is a qualified, experi-
enced science teacher, has also 
worked as a science communica-
tion lecturer, in outreach, and 
radio journalism. She earned a 
MEd in Chemistry and Biology 
and a Ph.D. in Chemistry from 
Ruhr-University Bochum as well 
as an MSc in Science Communi-
cation from Imperial College 
London.

Anett Richter is Head of Depart-
ment Environmental Protection 
at the City of Leipzig and citizen 
science specialist who has suc-
cessfully developed and estab-
lished citizen science in Ger-
many over the last ten years. In 
her role, she builds capacities for 
citizen science and investigates 
the research field of citizen sci-
ence applying multidisciplinary 
concepts and methodologies. 
Her main interests are under-
standing the diversity of actors in 
citizen science, the importance 
of quality assurance measures 
and competencies as well as the 
quality of collaborations in citi-
zen science.



 Socio-Ecological Practice Research

1 3

Ulrike Sturm is a researcher in the 
Science Programme Society and 
Nature at Museum für Naturkunde 
Berlin. Her research interests 
include human-nature interaction, 
nature experience, urban ecology, 
participatory research, human 
computer interaction, knowledge 
production and transformative 
research.

Silke Voigt‑Heucke is a biologist 
by training and the head of the 
Citizen Science Unit at the 
Museum für Naturkunde Berlin. 
She has worked in both aca-
demic research settings and con-
servation organizations before 
joining the Museum in 2018 to 
conduct research with and about 
citizen science. From 2020 to 
2022, she was the project coordi-
nator of the EU-Citizen.Science 
project. Since 2020, she leads 
the scientific development of the 
German Citizen Science Plat-
form and the Citizen Science 

Competition "On your marks!”. She was part of the steering committee 
for the development of the German Citizen Science White Paper.

Christin Liedtke is a communica-
tions scientist and works as an 
adviser science communication 
and citizen science at the Helm-
holtz Association's office. 
Together with colleagues, she 
manages the competence net-
work Citizen Science@Helm-
holtz and was part of the steering 
committee of the white paper 
“Citizen Science-Strategy for 
Germany 2030”. She is a co-
editor of the Springer “Citizen 
Science Handbook” to be pub-
lished in 2023.

Matthias Premke‑Kraus is a Sen-
ior Research Manager in the 
Headquarters of the Leibniz 
Association in Berlin. He has 
strong background in environ-
mental sciences and works since 
many years in the science-soci-
ety interface.

Regina Eich‑Brod is a Senior Sci-
entist at Forschungszentrum Jül-
ich in the Department of Corpo-
r a t e  D e ve l o p m e n t  a n d 
Sustainability Management. She 
holds a Ph.D. in Political Sci-
ence. Her main focus is the 
aspect of integrating the concept 
of sustainability in the research 
process and in research projects. 
In the last years she was also 
involved in Citizen Science pro-
jects with the focus of energy 
aspects and education for sus-
tainable development.

Nils B. Heyen is a Senior 
Researcher and a Project Man-
ager at the Fraunhofer Institute 
for Systems and Innovation 
Research (ISI) in Karlsruhe, 
Germany. He holds a PhD in 
sociology from Bielefeld Univer-
sity. His main research areas are 
emerging technologies and 
social innovations in medicine 
and health care, the science-soci-
ety relationship and citizen sci-
ence, concepts of technology 
assessment as well as the sociol-
ogy of knowledge, science, pro-
fessions and medicine.

Tiina Stämpfli is deputy Director 
of Science et Cité (Swiss Acad-
emies of Arts and Sciences) and 
Head of the Citizen Science Pro-
gram.  The Citizen Science Pro-
gram focuses on strengthening 
Citizen Science in Switzerland 
with different activities such as 
the first national Contextual 
Analysis including Recommen-
dations and a Roadmap as well 
as running the Swiss Platform 
for Citizen Science and commu-
nity activities (e.g. the Bi-annual 
conference CitSciHelvetia23).

Aletta Bonn is Professor and 
Head of Ecosystem Services at 
the Helmholtz-Centre for Envi-
ronmental Research—UFZ, the 
Friedrich Schiller University 
Jena and the German Centre for 
I n t e g ra t i ve  B i o d i ve r s i t y 
Research (iDiv). Her research 
focuses on the linkages of people 
and biodiversity, with citizen sci-
ence as means for doing science 
together. A cofounding director 
of the European Citizen Science 
Association (ECSA), she has led 
the development of the Green 
Paper and White Paper Citizen 

Science Strategy for Germany.



Socio-Ecological Practice Research 

1 3

Authors and Affiliations

Julia von Gönner1,2,3  · Thora M. Herrmann1,3,34  · Till Bruckermann4  · Michael Eichinger5,6 · Susanne Hecker7 · 
Friederike Klan8 · Julia Lorke9,11,35  · Anett Richter10,36 · Ulrike Sturm7  · Silke Voigt‑Heucke7  · Wiebke Brink11 · 
Christin Liedtke12 · Matthias Premke‑Kraus13 · Carolin Altmann8 · Wilhelm Bauhus14 · Luiza Bengtsson15 · 
Andrea Büermann1,2,3 · Peter Dietrich16 · Daniel Dörler17 · Regina Eich‑Brod18 · Laura Ferschinger19 · 
Linda Freyberg7 · Agnes Grützner20 · Gertrud Hammel21 · Florian Heigl17 · Nils B. Heyen22 · Franz Hölker23 · 
Carolin Johannsen24 · Thorsten Kluß24 · Thekla Kluttig25 · Jörn Knobloch7 · Martin Munke26 · Kim Mortega7 · 
Carsten Pathe27 · Anna Soßdorf19 · Tiina Stämpfli28 · Christian Thiel27 · Susanne Tönsmann29,30 · Anke Valentin31 · 
Katherin Wagenknecht32 · Robert Wegener18 · Silvia Woll33 · Aletta Bonn1,2,3 

1 Department of Ecosystem Services, Helmholtz Centre 
for Environmental Research - UFZ, Permoserstr. 15, 
04318 Leipzig, Germany

2 Institute of Biodiversity, Friedrich Schiller University Jena, 
Dornburgerstr. 159, 07743 Jena, Germany

3 German Centre for Integrative Biodiversity Research (iDiv) 
Halle-Jena-Leipzig, Puschstr. 4, 04103 Leipzig, Germany

4 Institute of Education, Leibniz University Hannover, 
Schloßwenderstr. 1, 30159 Hannover, Germany

5 Center for Preventive Medicine and Digital Health, 
Medical Faculty Mannheim, Heidelberg University, 
Ludolf-Krehl-Str. 7-11, 68167 Mannheim, Germany

6 Institute of Medical Biostatistics, Epidemiology 
and Informatics, University Medical Center of the Johannes 
Gutenberg University Mainz, Obere Zahlbacher Str. 69, 
55131 Mainz, Germany

7 Leibniz Institute for Evolution and Biodiversity Science, 
Museum Für Naturkunde Berlin, Invalidenstr. 43, 
10115 Berlin, Germany

8 Institute of Data Science, German Aerospace Center (DLR), 
Mälzerstr. 3-5, 07745 Jena, Germany

9 Leibniz Institute for Science and Mathematics Education, 
Olshausenstr. 62, 24118 Kiel, Germany

10 Thünen-Institute of Biodiversity, Bundesallee 65, 
38116 Brunswick, Germany

11 Wissenschaft Im Dialog, Charlottenstr. 80, 10117 Berlin, 
Germany

12 Helmholtz Association, Berlin Head Office, 
Anna-Louisa-Karsch-Str. 2, 10178 Berlin, Germany

13 Leibniz Association, Berlin Head Office, Chausseestr.111, 
10115 Berlin, Germany

14 Research Transfer Office, University of Münster, 
Robert-Koch-Str.40, 48149 Münster, Germany

15 Max-Delbrück-Center for Molecular Medicine 
in the Helmholtz Association, Robert-Rössle-Str.10, 
13125 Berlin, Germany

16 Department of Monitoring and Exploration Technologies, 
Helmholtz Centre for Environmental Research - UFZ, 
Permoserstr. 15, 04318 Leipzig, Germany

17 Institute of Zoology, University of Natural Resources 
and Life Sciences Vienna, Gregor-Mendel-Str. 33, 
1180 Vienna, Austria

18 Institute for Energy and Climate Research, IEK8, 
Forschungszentrum Jülich GmbH, 52425 Jülich, Germany

19 Heinrich Heine University Duesseldorf, Universitätsstr.1, 
40225 Düsseldorf, Germany

20 Fraunhofer Information Centre for Space and Construction, 
Nobelstr. 12, 70569 Stuttgart, Germany

21 Helmholtz Center Munich - German Research Center 
for Environmental Health, Ingolstädter Landstr. 1, 
85764 Munich, Germany

22 Fraunhofer Institute for Systems and Innovation Research 
ISI, Breslauerstr. 48, 76139 Karlsruhe, Germany

23 Leibniz Institute of Freshwater Ecology and Inland Fisheries 
(IGB), Müggelseedamm 310, 12587 Berlin, Germany

24 Cognitive Neuroinformatics, University of Bremen, 
Enrique-Schmidt-Str. 5, 28203 Bremen, Germany

25 Saxon State Archive, Leipzig State Archive, 
Schongauerstr. 1, 04328 Leipzig, Germany

26 Saxon State and University Library (SLUB), Zellescher Weg 
18, 01069 Dresden, Germany

27 Institute of Data Science, Friedrich Schiller University 
Jena/German Aerospace Center e. V. (DLR), Mälzerstr. 3-5, 
07745 Jena, Germany

28 Science et Cité/Schweiz Forscht, Swiss Academies of Arts 
and Sciences, Laupenstr.7, 3000 Bern 1, Switzerland

29 Participatory Science Academy, University of Zurich 
and ETH Zurich, Kurvenstr. 17, 8006 Zurich, Switzerland

30 University of St.Gallen, Dufourstr. 50, 9000 St. Gallen, 
Switzerland

31 Science Shop Bonn, Reuterstr. 157, 53113 Bonn, Germany
32 Federal Agency for the Safety of Nuclear Waste Management 

(BASE), Wegelystr. 8, 10623 Berlin, Germany
33 Karlsruhe Institute of Technology (KIT), Kaiserstr. 12, 

76131 Karlsruhe, Germany
34 Biodiverse Anthropocenes, History, Culture 

and Communications Unit, Faculty of Humanities, University 
of Oulu, P.O. Box 1000, 90014 Oulu, Finland

35 Biology Education, RWTH Aachen University, 
Worringerweg 1, 52074 Aachen, Germany

36 City of Leipzig, Office for Environmental Protection, Prager 
Straße 118 – 136, 04317 Leipzig, Germany

http://orcid.org/0000-0002-5901-9158
https://orcid.org/0000-0002-6485-6022
https://orcid.org/0000-0002-8789-8276
https://orcid.org/0000-0001-5064-1744
https://orcid.org/0000-0001-6446-6051
https://orcid.org/0000-0002-0960-8069
https://orcid.org/0000-0002-8345-4600

	Citizen science’s transformative impact on science, citizen empowerment and socio-political processes
	Abstract
	1 Introduction
	1.1 Citizen science impacts on science
	1.2 Citizen science impacts on participants
	1.3 Citizen science impacts on socio-political processes
	1.4 Citizen science support mechanisms

	2 Methods
	2.1 Study design, target groups and data collection
	2.2 Sample description
	2.3 Data analysis

	3 Results
	3.1 Citizen science impact on science: data quality control and scientific publications
	3.2 Citizen science impact on participant learning and empowerment
	3.3 Citizen science impact on socio-political processes
	3.4 Implementation of support mechanisms for citizen science: recognition, funding and evaluation

	4 Discussion and recommendations for action
	4.1 Science impact: established practices and professionalization needs in citizen science data management and publication
	4.2 Participant impact: role of social interaction for participant outcomes in citizen science
	4.3 Socio-political impact: vision-reality gap for citizen science
	4.4 Support mechanisms for citizen science: in need of development

	5 Conclusion
	Acknowledgements 
	References


