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Abstract: The citizen science landscape in Germany offers an enormous range for participation.
More than 170 projects currently present themselves on the national citizen science platform. In
2020, we conducted a survey among 140 projects (participation rate 56%), and they provided
information on the organisational framework and characteristics (disciplines, initiators, funding,
and project goals), as well as on the academic researchers and the volunteering citizen scientists
involved. A surprising result was that the level of knowledge about the volunteers is very low
overall. Many projects deliberately do not collect personal data (e.g., on socio-demographic
variables, knowledge, and behaviour), partly for data-protection reasons and partly because they
are unsure about how to collect it due to a lack of instruments and standards. We aim to illustrate
the complexity of this issue and discuss various dilemmas arising between theoretical aspirations
and the pragmatic and procedural realities in practice. We conclude with suggestions for
developing project-specific strategies to increase diversity and inclusion. We argue that the task of
conducting accompanying research on participant diversity cannot be borne by individual projects
alone and consider the development and implementation of co-creative and qualitative approaches
suitable for this purpose.

Keywords: participation; citizen science; volunteering; inclusiveness; public engagement; volunteer
management; participant demographics

1. Introduction

Academic research opens up to the public through various forms of participation,
and very many people are willing to participate. This cooperation plays a key role in the
joint development of solutions to the major societal challenges of our time. According to
the ECSA “10 Principles of Citizen Science” [1] and the “Characteristics of Citizen
Science” [2,3] academic researchers, citizens, enablers, and other project participants may
take up different roles and responsibilities in citizen science projects. Various frameworks
have studied, in particular, the roles of citizens. Shirk et al. (2012), for example, propose
tiered models in which the level of involvement ranges from very low to very high [4]. In
participatory research projects, there are contexts in which academic researchers and
citizens act as equal partners and those in which the contribution of citizens is limited to
data collection or the provision of resources. It is an important concern to create
transparency regarding the different roles and expectations in the research process and to
create awareness among all participants that they are making—regardless of whether
their role is small or large—a contribution to the research and the creation of new
knowledge [2].
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1.1. Inclusiveness and Diversity in Citizen Science Projects

Increasingly, the citizen science community is formulating the demand and desire to
make the group of participants from science and society as diverse as possible, e.g., [5,6].
Cooper et al. (2020) have just brought the discussion about the claims to inclusiveness and
terminology of citizen science into focus [7]. This is backed by the United Nations
Sustainable Development Goals (SDGs) and the principle of “leaving no one behind”
(LNOB) [8]. The European Commission also strives to define research and sustainable
innovation mandates based on an “inclusive process” [9].

In academic research, there are many different understandings and different ways of
defining and operationalising inclusion [10]. In a German survey among 182 teachers, the
most frequently found categories related to participation and membership or
differentiation and individualisation. However, other categories were also found on
social, ethical, and educational aspects, as well as affective aspects and (negative)
evaluations [10]. While the topic of inclusion is discussed widely at the European level
[11], it is not yet explicitly addressed at the level of the citizen science community in
Germany [12]. To the best of our knowledge, there is not yet a single definition of inclusion
that the German citizen science community would refer to. There is, however, an
awareness of the importance of inclusion and diversity, but when it comes to
implementation, it is usually only addressed as “diversity” at the level of volunteer
management [12], pp. 25, 42, and 46. As a result, diversity on the part of the researchers
or other groups involved is rarely taken into account.

We therefore note a deficiency at this point. As mentioned above, inclusiveness is
often equated with the diversity of the volunteers. It can “be examined along different
axes such as gender, ethnicity, socio-economic and sociocultural status, location, and
educational level, alongside how these axes intersect to define hierarchies and power
relations [13]”, p. 262.

With our article, we would like to give an overview of the current status of
participant diversity in Germany. We analyse the pragmatic and not yet theorised way
citizen science projects deal with inclusiveness in practice. We focus mainly on the
volunteers in citizen science projects to better understand some of the specific challenges
and dilemmas related to key social issues, such as the knowledge of diversity and
inclusion in citizen science projects.

We will start with a short history of volunteering (Section 1.2.) followed by a recap
of two representative German surveys on volunteering (Section 1.3.) before we take a
closer look at the German citizen science platform (Section 1.4.).

1.2. Short History of Volunteering and Participation in Research in Germany

In Germany, the roots of voluntary scientific research go back some 275 years [14-
18], and their role only changed after the establishment of the empirical natural sciences
[17]. Daum (2002) provided a comprehensive compilation of the popularisation of science
in the 19th century [15] and highlighted the at times very close relationship between
academic science and “popular science” (e.g., the term he uses for the concept citizen
science).

In the natural sciences, for example, voluntary structures have been organised
locally, regionally, or even throughout the country since the late 19th century to support
state and academic researchers [16,17,19]. The “Nature Conservation and Landscape
Management Act” (Ger.: Bundesnaturschutzgesetz, BNatSchG) has formed the legal basis
since 1976. Since 1994, environmental protection has been enshrined in the Constitutional
Law and thus elevated to a state objective. The implementation of nature conservation has
thus become a task for German society as a whole. In 1992, the “Convention on Biological
Diversity” (CBD) was adopted at the “United Nations Conference on Environment and
Development” (UNCED) in Rio de Janeiro; Germany ratified it in 1993. In Germany, the
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“National Strategy on Biological Diversity” (NBS) was adopted by cabinet resolution on
7 November 2007; the action targets extend to the year 2050 [20], pp. 6-7.

An essential component of the NBS is a regular performance review or monitoring
based on a set of indicators, for which a report is to be submitted in each legislative period.
The federal states are responsible for collecting data on the status and development of
biological diversity. However, they are also dependent on the active assistance of many
volunteers for data collection and monitoring [20], p. 138, because the work is very time-
consuming and requires regular monitoring by knowledgeable experts at many different
locations. The “Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety” (BMUB) has been naming these activities as “citizen science” since 2007
[20]. Volunteering is an essential, required pillar of nature conservation in Germany, but
also other scientific disciplines, such as the work in museums, archives, and libraries can
largely only be carried out with the support of volunteers.

1.3. German Nationwide Surveys on Volunteering

Despite this long tradition of volunteering and participation in research in Germany,
there are no representative cross-sectional studies for citizen science. Nevertheless, there
is good knowledge about volunteering in Germany. Conducted for the first time in 1999
on behalf of the “Federal Ministry for Family Affairs, Senior Citizens, Women and Youth”,
the “German Survey on Volunteering” has been repeated every five years since then. The
4th German Volunteer Survey took place in 2014. In total, 28,689 people over 14 years
were interviewed for this representative study [21]. The 5th survey mapped volunteering
in 2019 and resulted in a sample size of 27,762 persons aged 14 and older [22]. The results
showed that volunteering in Germany is at a high level. In 2019, as in 2014, around 40%
of people in Germany engaged in voluntary work, the equivalent of around 28.8 million
people, compared to 30.9% in 1999. In 2014, it was stated that for some groups the
opportunities for participation were unequal. These groups were women, people of
higher age, people with a low education level, people with health limitations, and people
with a migration background [21]. For the first time since 1999, in 2019 no statistically
significant difference was measurable in volunteering among women (39.2%) and men
(40.2%). However, participation in volunteering still differs by age. While the proportion
of volunteers has increased in all age groups since 1999, the strongest increase can be
found in the group of people aged 65 and over. In this age group, the engagement rate has
increased from 18.0% in 1999 to 31.2% in 2019 [22]. The engagement rate for people with
a high school education is 51.1%; for people with a medium level of education, 37.4%; and
for people with a low level of education, 26.3%. Educational differences in volunteering
have increased between 1999 and 2019. While 44.4% of people without a migration
background are involved, only 27.0% of people with a migration background are
involved. However, the proportion of people with a migration background who were
born in Germany and have German citizenship who are involved in volunteering is 38.7%
in 2019 [22].

Involvement takes place in many different areas and benefits different target groups.
Most people are involved in the area of sport and exercise with 13.5%. This is followed by
culture and music with 8.6%, the social sector with 8.3%, and school and kindergarten
with 8.2%. In 2019, 3.5% of volunteers said they were involved in the protection of the
environment, nature, or animals. Today, volunteers spend proportionately less time on
their commitment than twenty years ago. Fifty-seven percent of volunteers use the
internet as part of their voluntary activities. A good half of these volunteers use the
internet in an active way for their voluntary work, for example, by participating in social
networks or blogs, creating newsletters and online reports, or maintaining the homepage
of their association or organisation [22].
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1.4. The German Citizen Science Platform “Biirger Schaffen Wissen”

The German-speaking countries of Germany, Austria, and Switzerland are among
the countries in Europe where citizen science is structurally well anchored with national
platforms and networks. In June 2021, each of these countries run their own platform to
present citizen science as a field, as well as projects, to a broad public. Such platforms help
to increase the visibility and outreach of citizen science projects to citizens, the media,
policy-makers, and funding bodies at the national level. They also offer project managers
a variety of opportunities for networking and professional exchange through annual con-
ferences and working groups [23-25].

The German citizen science platform “Biirger schaffen Wissen” (Eng.: Citizens Create
Knowledge) has been online since April 2014. It is jointly operated by the Museum fiir
Naturkunde Berlin (MfN) and Wissenschaft im Dialog gGmbH (WiD). The project has
been receiving funding from the Federal Ministry of Education and Research (BMBF)
since 2013. The platform is the result of an initiative by institutions of the Helmholtz and
Leibniz Associations with their university and non-university collaborates [24].

At the end of 2016, a study on the projects presented on the Austrian and German
national citizen science platforms was carried out by Pettibone et al. [24]. In a quantitative
desktop analysis, all 72 projects listed at that time were systematically examined for char-
acteristics such as the institutional ties of the project operators or scientific disciplines. For
this purpose, the authors assigned the respective projects to the scientific disciplines in
which they considered a scientific publication to be most likely. According to this analysis,
biology, including the research areas biodiversity, zoology, and botany, was the most rep-
resented discipline with 42%. Historical research accounted for 16.5%, non-biological nat-
ural sciences such as chemistry and astronomy 15.5%, geography 13.4%, health research
6.2%, other humanities and social sciences 3.1%, and other research disciplines 3.1%.
Taken as a whole, 40% of the projects were coordinated by societal actors such as non-
profit advocacy groups, independent scientific organisations, or engaged individuals. Pet-
tibone’s et al. focus was on the question of the scientific side; the study gives almost no
answers about who the acting citizen scientists are.

2. Theoretical Background

Following the pragmatic definition of diversity and inclusiveness, we first take a
closer look at some case studies referring to gender and educational level (Section 2.1.).
We summarise the level and quality of participation and relate it to the level of skills and
expertise, as well as to the volunteers’ degree of autonomy in carrying out the activities
(Section 2.2.). Finally, we present findings on hierarchies and power relations between
academic researchers and volunteers and discuss different terms for participatory re-
search (Section 2.3.).

2.1. Case Studies with Reference to the Diversity of the Participants

In our literature research, we found that today there are only a few published studies
in Germany that refer explicitly to the diversity of the volunteers. (However, we would
like to point out that we have not carried out a systematic evaluation of project reports or
documentation.) In the following, we present exemplarily four German case studies and
focus on gender and educational status: in the survey of the “German Mosquito Atlas”
project, 118 out of 150 people took part in a survey (78.6%), of which 67.9% were male and
32.1% female, and 50.90% with high school graduation [26]. In the accompanying research
for the citizen science scheme “Insects of Saxony”, the response rate in 2018 was 57.4% (N
=116), of which 71.6% were male and 26.7% female, with an average age of 52.3 years and
70% with an academic degree [27]. In the citizen science scheme “Wildcats in Germany”,
the response rate in 2016 was 27.1% (N =209), of which 66.6% were male and 33.3% female,
with an average age of 55.9 years and 71% with an academic degree [19]. For both pro-
jects— Insects of Saxony and Wildcats—very detailed descriptions of the participants are
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available, as well as on places of residence and city-country distribution; educational sta-
tus; prior knowledge; knowledge gain; and, above all, the motives for participation. In the
scheme “Wildlife Researchers”, no response rate was published, but the dropout rate be-
tween the first and the second survey was 43.7%. The datasets of 303 participants could
be analysed, of which were 41.3% male, 58.4% female, and 66.7% with an academic degree
[28]. Even though these response rates seem to be quite high overall, they are self-selected
samples and therefore they provide only a limited picture of the diversity of the partici-
pants. The data support the image of male and well-educated participants.

Because we do not have representative studies on citizen science in Germany, we
take briefly examine Great Britain and Switzerland. Pateman, Dyke, and West 2015 exam-
ined in a study representative of the United Kingdom which groups of people participate
in citizen science projects; 8220 people were surveyed, of whom 613 (i.e., 7.5% of the total
sample) reported having participated in a citizen science environmental project, and 321
participated in more than one project. People who identified themselves as belonging to
white ethnic groups were more likely to participate than those who identified themselves
as belonging to ethnic minority groups; participation by ethnic minority women was par-
ticularly low. Participation among members of white ethnic groups decreased with socio-
economic status, while this was not the case for members of ethnic minorities. Participa-
tion was highest among those in education (at school, college, or university) and lowest
among the unemployed [5]. A recent study, which is also representative, investigated the
willingness of the Swiss resident population aged 18 and over to participate in research.
For this purpose, 1394 interviews were conducted: 15% of the respondents were familiar
with the term “participatory research”, and 5% of them had already taken part in a par-
ticipatory research project. Overall, high potential can be seen, as 48% of the respondents
could imagine participating in participatory research projects. Younger people, people
with a higher education, and people with an openness to scientific topics are particularly
interested. There are no significant urban/rural differences [29].

2.2. Level and Quality of Participation in Citizen Science Projects

Shirk et al. (2012), with their qualitative, five-stage model “Public Participation in
Scientific Research” (PPSR), defined the level of participation as the extent to which indi-
viduals are involved in the process of scientific research [4]. They thus focused on the
process of scientific research and suggested possible roles and or activities for citizen sci-
entists, which are often used to name the respective project type. The development of the
ECSA characteristics of citizen science by Haklay et al. [3] shows a very promising new
approach. The characteristics were developed through the involvement of the interested
community in citizen science. The authors developed a vignette study to ask what kind of
activities people would call citizen science. For that purpose, they created a framework of
10 factors and 61 sub-factors that can influence the decision of what is considered citizen
science or not. More than 330 respondents from different parts of the world rated the vi-
gnette cases. The quantitative and qualitative results showed the complexities and range
of views on different case studies. A central element of “Doing It Together” Science (DI-
TOs) was “... the escalator model of engagement, in which people can enter at a level of
participation that matches their needs, interests, and abilities, while also encouraging
them to move beyond” [30]. The escalator model of participation, however, has also been
critically discussed in other contexts of application. For example, van de Gevel and col-
leagues noted that in agricultural projects that use participatory research, these categori-
sations are also used as a normative stance (“more is always better”). They stated that
participation often occurs on a “single axis of relative power or influence of researchers
versus farmers”. And they criticised a lack of reflexive research on participation itself [31].

In practice, the extent to which citizens can or want to move and develop between
different roles and activities, or even consciously or unconsciously remain at one of the
levels, is handled very differently by the individuals and/or the projects. This was under-
lined in a German longitudinal study in a project on urban wildlife ecology with the aim
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of unravelling the knowledge-attitude relationship [28]. On the other hand, we know,
especially from the many biodiversity monitoring projects, that they also rely on the vol-
untary cooperation of people who already have a high level of expertise. In some cases,
their expertise is even higher than on the “professional” side—or there are no longer any
employed, institutional professionals in the field at all, e.g., [19,32,33].

The qualitative level of volunteer participation can be analysed at the level of re-
search activities. A high degree of self-determination, or autonomy, is seen as an im-
portant component of successful volunteering. These activities are usually carried out for
their own sake, out of interest and pleasure on the part of the subject and are perceived as
intrinsically motivated [34-36]. This contrasts with paid employment for many people,
which can be characterised by a lack of self-determination (or an experience of being con-
trolled and externally determined). In such cases, extrinsic motives dominate, and the
maintenance of activities requires external (coming from outside) impulses [34]. With the
help of the self-determination theory (SDT), the quality of motivation to perform certain
activities can be described [37]. The core of the theory is the description of three central
human needs: the need for autonomy, for competence, and for relationships. The results
of various studies on citizen science projects in the biodiversity context support the as-
sumption that voluntary engagement is or can be associated with a high degree of expe-
rienced autonomy, e.g., [19].

Depending on the research question and the project, however, it may be useful and
necessary to supplement or even replace self-determined research with a task-led ap-
proach [38]. In this approach, which was, for example, used by “The Royal Society for the
Protection of Birds”, the project leaders first describe the future tasks and activities of the
citizen scientists as precisely as possible and then look for volunteers with corresponding
knowledge, relevant experience, existing skills, and individual motivation for these spe-
cific tasks. So, some projects offer further training, for example, for reading old German
manuscripts, identifying the species of rare algae, or carrying out environmental analyses.
Some projects also equip their volunteers with appropriate material and tools, for exam-
ple, wildlife cameras or detectors to convert ultrasonic sounds into frequencies audible to
humans and instruct them in their use.

2.3. Hierarchies and Power Relations between Academic Researchers and the Volunteers

In functionally differentiated societies, academics maintain a strict regime that is
closely linked to the professional role of the academic researcher. Membership of this
group is made possible by years of university education but is ultimately also dependent
on whether or not the person obtains affiliation in an academic institution. This creates a
potential conflict for academic researchers when people without these years of qualifica-
tion are suddenly integrated into the project on an equal footing, e.g., [39,40]. Therefore,
new terms had to be coined for “invited and non-invited participation” and the inclusion
of non-academic researchers in knowledge production [40]. The question of how to refer
to volunteer researchers has been debated for some time, e.g., [7] as well as the tensions
of cooperation [15,40]. The competitive relationship between academic researchers and
the citizen scientists manifests itself, for example, when citizen scientists withhold their
data and/or findings from the scientific communities or, conversely, commercially suc-
cessful or critical works by citizen scientists are possibly rejected by the academic world.

It thus becomes clear that the choice of a term can indeed both include and exclude
people and/or groups [7,40,41]. In fact, terms have also been coined by academic research-
ers that devalue the work of citizen scientists, in particular, autonomous and “uninvited”
researching citizens. These terms include (in parts depreciating) concepts such as the “am-
ateur”, “layman”, “hobby researchers”, or more specific names with a clear negative con-
notation such as the “Heimathirsch” (eng.: home stag, [42]) for hobby archaeologists. This
is to denote a lack of professional status and is the direct result of “boundary work” to
separate science from non-science (Gieryn 1983, cited after [41]).
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In Germany, today the English term “citizen science” is used almost equally along-
side the German translation “Biirgerwissenschaft” or “Biirgerforschung”. The English
term has the advantage of being gender-neutral. The German term, in the direct meaning,
refers only to the male part of the population. The use of the term citizen (Ger.: Biirger)
also resonates with “city” and with “Bildungsbiirgertum” [43]. This concept refers to a
social class of the intellectual and economic upper bourgeoisie living in cities that emerged
in mid-18th century in Germany sharing an educational ideal based on idealistic values
and classical antiquity. The ideals were inter-connected to Wilhelm von Humboldt and
the establishing of modern universities, including the Humboldt-University in Berlin (for
an overview see also Vohland et al. [44]. In Germany, the citizen science community is
currently discussing the term Biirgerwissenschaft, on the one hand because it is not gen-
der-neutral and on the other hand because it could also exclude people who do not have
legal status as citizens, in the sense of nationals, in Germany. This proportion is surpris-
ingly high. (Regarding voter eligibility, the following picture emerges for the capital Ber-
lin alone: 3.77 million people live in the city, but only 2.47 million are eligible to vote
(65.5%), including 789,000 people with non-German citizenship and the group of children
and young people under 18. Conversely, this could mean that a good third of the popula-
tion does not feel like citizens, but residents [45]). Other terms, mainly in the American
context, are “civic science”, “neighborhood science”, “community engaged research”,
“community-owned and managed research”, “street science”, and “community science”
[7]. Liebenberg and colleagues (2021) from different countries and backgrounds propose
“tracking science” as a new term that they understand as more inclusive than the term
citizen science. Their proposal is explicitly set against a postcolonial political backdrop
and major migrations in which “citizen” is becoming an increasingly contested term. They
consider the term to be all-inclusive, so that it could be embraced by anyone who partici-
pates in or contributes, regardless of socio-cultural background [46].

These terms do not translate easily into German. Moreover, Cooper et al. (2021) ex-
plicitly recommended “The term community science should be reserved for projects that
focus on local priorities and local perspectives and are able to maintain the locus of power
in the community.” [7], p. 2.

3. Materials and Methods
3.1. Guiding Questions of the Explorative Platform Survey

As outlined, to date, there is a lack of first-hand information on the citizen science
landscape and its actors in Germany.

As a scientific partner in the coordination of the German citizen science platform
“Blirger schaffen Wissen”, a team of researchers at Museum fiir Naturkunde Berlin (the
authors of this article) conducted the survey in order to collect additional features and
characteristics of the platform’s citizen science projects to optimise the consultation of the
projects, advance the development of the platform in terms of content and structure, and
identify further research questions and perspectives in the field of science of citizen sci-
ence.

In this article, we focus on the following overarching questions to better understand
diversity, representativeness, and inclusion of volunteers in German Citizen Science pro-
jects:

1. What does the current project landscape look like? Which scientific disciplines are
represented, who initiates the projects, and how are they funded?

2. How are citizen science projects staffed? Who comprises the scientific staff, and what
roles do volunteers take/are volunteers assigned? What do the projects know about
diversity and inclusiveness of the volunteers? What levels of participation are offered
for volunteers? How do projects organise and share the various scientific tasks?

3. Do projects conduct accompanying research and what methods do they use?
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3.2. Development and Structure of the Questionnaire

We developed a questionnaire in several steps between March and June 2020 to col-
lect features and characteristics.

The questionnaire was split into six thematic sections: project structure, research,
communication, participants, evaluation and, in summary, an assessment of satisfaction
on selected aspects such as staffing. Most of the questions could be addressed by selecting
pre-formulated answers (“single-item-measures” with single or multiple answer options).
The survey was not anonymous (see Section 2.2.). Therefore, we largely refrained from
asking questions about personal assessments and essentially asked for characteristics and
facts at the project level. The programming did not force participants to answer, so ques-
tions could also be skipped. For a few questions, there was a filter function that included
or excluded further questions depending on the answer behaviour. In addition, we offered
open text boxes in each section for additional answers and comments in an open text for-
mat.

3.3. Implementation of the Survey

The online questionnaire was designed using the programme SoSci Survey [47]. This
programme is especially designed for social science surveys and offers data storage on a
German server according to German law General Data Protection Regulation, GDPR; [48].

Our goal was a full cross-sectional survey study. We wanted to interview only one
responsible person for each project. Starting from 15 July 2020, we sent the invitation to
participate personally to the 140 project coordinators who act as contact persons on the
platform and whose projects were active at the time to our knowledge. Invitations were
sent out by email with a direct link to the survey. The survey was not anonymous as we
asked for project name information. We were therefore able to check the response rate and
send weekly personal reminders only to those who had not yet participated. Due to the
slow response, we extended the survey period up to and including 25 September and
contacted the projects by phone. At that time, Germany was in a Covid 19-related lock-
down and most people had to work from their home offices.

3.4. Supplementary Experiences

As part of our activities for the platform, the team of authors consults citizen science
projects in all phases. At the individual level, the most intensive contact takes place at the
beginning of the projects’ recruitment phase. During this time, many turn to us to discuss
issues of recruiting volunteers, communication, motivation, project organisation, etc. In
addition, we support capacity building through exchange of knowledge and experience
with various formats, including an annual conference, training workshops, and network-
ing groups [25]. Through this close collaboration, we complement the empirical data
based on broad experience but methodologically mostly at an anecdotal level.

4. Results

The questionnaire was accessed 125 times. Twice, consent to process the data were
not given, which led to the automated termination of the survey. In another 43 data sets,
participants did not provide any or no usable information. One project took part in the
survey twice but only completed one of the two surveys. These 46 data records were de-
leted from the data set and not included in the analysis. This results in a valid data set for
79 projects, which corresponds to a response rate of 56%. The data were largely analysed
on a descriptive level.

4.1. Characteristics of the Citizen Science Projects

Of the 79 participating projects, four projects were scheduled for less than one year
(5%). Twenty-four projects responded to participate for between one and four years
(30.4%). Seven projects have been running for more than five years (8.9%).
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Multiple answers were possible for the question about the location of the research.
78 projects gave 150 answers, so the following percentages add up to more than 100%.
44.9% of the projects take place nationwide, 37.2% internationally or globally, and a fur-
ther 37.2% virtually.

4.1.1. Scientific Disciplines

We asked the project managers to allocate their project to 44 disciplines and offered
multiple answers as many work inter- or transdisciplinary. Seventy-eight projects named
one hundred and eighty subjects. On average, each project assigned itself to 2.3 disci-
plines. In a second step, these disciplines were categorised (see Appendix A Table Al).
The natural sciences were selected most frequently (112), with biology being selected 67
times. Cultural sciences came second (24), followed by the social sciences and humanities
(22), engineering and planning (13), and mathematics and computer science (9). No pro-
ject selected economics or law.

4.1.2. Project Initiators and Funding

The majority of projects were started by one initiator (56 projects, 70.9%). Another 14
mention two (17.7%); six, three (7.6%); and two, four initiators (2.5%). One project made
no statement. In total, 96 initiators were named. In a second evaluation step, the initiators
named were categorised. Nine categories were derived. Thirty-three projects were initi-
ated by research institutions and another 30 by universities or colleges. Eighteen projects
(22.7%) were initiated by associations, interest groups, NGOs, or foundations; another ten
by public authorities (12.6%); three by private individuals; and one project each by the
media, schools, and companies. No project was started by an independent scientific group
(Ger: Fachgesellschaft).

Seventy projects provided information on funding. Of these, 26 (37.1%) are working
without external funding. Three projects were in an application phase for funding (4.3%).
Of the remaining 41 projects, 23 (32.9%) received funding from the German Federal Min-
istry of Education and Research (BMBF), ten projects (14.3%) received funding from Ger-
man foundations, five (7.1%) received EU funding, two (2.9%) received funding through
crowdfunding, and one project (1.4%) received funding through the German Federal
Agency for Nature Conservation (BfN). A supplementary evaluation was carried out sep-
arately for the scientific disciplines. This shows that the proportion of external funding
varies. 77.3% of social science and humanities projects receive external funding, but only
50% of cultural science and humanities projects do. In between are engineering and plan-
ning sciences (69.2%), mathematics and computer science (66.7%), and natural sciences
(63.4%).

4.1.3. Overarching Project Goals

When asked about the overarching project goals, “answering scientific research ques-
tions” was selected by thirty-six projects (46.2%) as the most important goal, thirteen pro-
jects named it as the second most important goal (16.6%), and another seven projects
named it as the third most important goal (8.9%; see Figure 1). This results in the first rank
in the overall weighting. These are followed, but already at a clear distance, by “open
science to society”, “communicate scientific findings”, and “promote understanding of
science”. These first four meta-goals can in turn be assigned to two core aspects of citizen

science: creating knowledge and sharing knowledge.
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Figure 1. Overarching project goals. N = 78. Quantities of rankings.

4.2. Researchers and Citizen Scientists in the Projects
4.2.1. Academic Staff

How many employees currently work in how many positions within German citizen
science projects? Table 1 gives an overview of the results. Sixty projects provided infor-
mation on their academic staff, of which four projects stated that they had none. On aver-
age, the projects employ three researchers, but they share just over one position (full-time
equivalent).

All seventy-nine projects provided information on the position of a volunteer coor-
dinator. The question was formulated in such a way that both employees and volunteers
could be named. Fifty-six of the projects did not explicitly assign this task. The majority
have assigned it to one person, some to several (on average 0.8 persons). The situation is
similar for the task of public relations, although only 41 projects provided information. Of
these, 20 did not assign any person to the task, with an average of 0.8 persons.

In view of the figures just presented, it is not surprising that the assessment of staffing
in the project is critical overall. Sixty-nine projects made statements on this, 41 projects
(52.6%) chose “inadequate for the number of tasks”, and 28 projects (35.9%) rated the sit-
uation as “adequate”.

Table 1. Staff in the projects .

# # Quantity of Persons Full-Time #
y Positions
# n 0 1 2 3 4 max mean Do not mean (SD) Do not
Know Know
Researchers 60 4 19 17 10 2 30 3.0 3 1.04 0.19 11
Volunt
OWMEEr 79 5 15 4 1 0 25 0.8 4 0.18 0.31 7

coordinator
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Public 4 2 16 1 30 6 0.8 4 0.18 0.33 8
relations

IN = 41-79. Number of persons, max, and mean value of persons. Number, mean value, and standard deviation of full-

time positions.

4.2.2. Citizen Scientists

In an open response format, the number of participating citizen scientists could be
provided for the year 2019. Sixty-five projects answered the question. Taken together, they
documented the participation of 63,339 citizen scientists in total. The range of numbers
varied from two to 30,000 people (see Table 2 and Appendix A Table A2). Fifty projects
(77%) reported up to 300 participants.

Projects could additionally specify whether their volunteers were “short”- (defined
as once or for a very short time), “medium”- (defined as multiple participation but rather
infrequently or irregularly), and/or “long“-term (defined as more often and/or regular
participation) in terms of the length of their activity. Between 45 and 49 projects answered
these questions. Here, too, the range was wide.

Table 2. Number of participating citizen scientists in 2019 in 78 responding projects.

# n mean SD min max sum
Quantity
citizen scientists in 65 976.0 3861.9 2 30,000 63,439
2019
“short-term” 49 230.5 476.3 3 3000
“medium-term” 45 104.5 243.6 1 1500
“long-term” 49 105.1 361.1 1 2500

These figures do not yet say anything about whether the projects succeed in recruit-
ing the necessary number of citizen scientists for their tasks. Therefore, an assessment in
three categories was requested for the years 2019 (i.e., retrospectively) and 2020 (prospec-
tively, with reference to the consideration of possible limitations due to the Corona pan-
demic). If the two assessments on overall participation (marked as “all” in Table 3) are
compared, there are hardly any differences. For 2019 and 2020, 15.4% of projects rated
participation as “lower than expected/needed”, and 16.7% and 17.9%, respectively, rated
it as “higher than expected/needed”. Participation was as expected for 50% of projects in
2019 and for 35.9% in 2020. We found that for 2020, 14.1% selected the option “I do not
know”, meaning that they were not yet able to give any concrete assessments at the time
of the survey.

Table 3. Rating of participating citizen scientists in 2019 and 2020 in percent in 78 responding projects.

Number in 2019 Less than As Greater than Not
. Expected/ Expected/ Expected/
(Retrospection) Answered
Necessary Necessary Necessary
all 154 50.0 16.7 17.9
“short term” 12.8 42.3 10.3 34.6
“medium” 154 41.0 3.8 39.7
“long” 17.9 35.9 10.3 35.9
Number 1n. 2020 Do Not Know
(Prospection)
all 154 359 17.9 14.1 16.7
“short term” 16.7 33.3 7.7 14.1 28.2
“medium” 11.5 38.5 3.8 154 30.8
“long” 14.1 30.8 12.8 16.7 25.6
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4.2.3. Knowledge about Demographics and Characteristics of Citizen Science
Participants in the Projects

We were interested in what information was collected about the citizen scientists in-
volved in the projects. Figure 2 shows the total of 17 presented options. The projects se-
lected between one and 14 options (on average 3.4). 61.5% of the projects collected per-
sonal data, including contact details. This was followed, at a great distance, by the record-
ing of satisfaction (for example, with the project, with participation, or with the results
(25.6%)). Just under a quarter of the projects recorded age, gender, or place of residence
(25.6%, 24.4%, and 24.4%, respectively) and even fewer projects asked for affiliation to
target groups (e.g., nationalities, ethnicities, income, or occupational groups, 14.1%).

With reference to the relevant overarching project goals reported in the Section 4.1.3.
it is interesting to see that practically no data are collected to somehow verify the objec-
tives “Expanding the competencies of citizen scientists” and “Promoting the understand-
ing of science”. This could be information on prior knowledge in relation to the topics of
the project (14.1%), levels of education, knowledge gain (each 12.8%), or competence lev-
els (10.3%), as well as “Expectations towards the project”, “Attitudes, opinions on aspects
relevant to the project” (each 15.4%), “Experiences” (e.g., during implementation; 16.7%),
or “Motivations for participating in the project” (17.9%).

Personal data (contact details, etc.) 61.5
Satisfaction (with the project, participation, results) 25.6
Age 25.6
Place of residence 244
Gender 244
Willingness for future (or further) involvement 20.5
Motivations for participating in the project 1729,
Experiences (e.g. during implementation) 16.7
Attitudes, opinions on aspects relevant to the project 154
Expectations towards the project 154
Prior knowledge in relation to the topics of the project 14.1

Affiliation to target groups (e.g. also nationalities, ethnicities, income or

occupational groups) 141
Topic-relevant behaviour 12.8
Knowledge gain 12.8
Levels of Education (formal schooling, qualification) 12.8
Competence levels in relation to the tasks in the project 10.3
Genetic data, health data = 5.1
0.0 100 20.0 30.0 40.0 50.0 60.0 70.0 80.0

Figure 2. Knowledge about the citizen science participants in the projects. N = 78. Percentages sorted in descending order.
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4.2.4. Levels of Participation Offered for Citizen Scientists

Multiple answers were possible. Thirty-nine projects responded to offer one specific
role. Twelve projects offered two different roles, fifteen projects three, seven projects four,
three projects five, and two projects all six possible roles.

Almost all projects (91.0%) work with their volunteers as “contributors”, 44.9% were
involved as “collaborators”, and 30.8% as “co-creators”. 20.5% of the volunteers were ac-
tive as “colleagues” [4], and 12.8% of the volunteers were involved as “hosts”, e.g., by
providing rooms, material, or technology. Nine percent were “project leaders”.

4.2.5. Organisation and Sharing of Various Scientific Tasks in the Projects

With this question, it should be clarified whether specific tasks were handled by both
academic researchers and citizen scientists or whether there was a clear division of activ-
ities. The presented tasks were only to be selected if the task was actually relevant in the
project. In the first step of the analysis, we checked which activities were taken on by
which group. According to this, the researchers took on 54.4% of the tasks alone, the citi-
zen scientists 18.5%, and in 23% both groups (26.9%) shared the tasks (Figure 3).

The percentages indicate the respective distribution in the projects. The left section
of the bars (in green) represents the tasks that are taken on by “both groups” (together or
separately). Handling data takes the top positions here: discussing results (implemented
in 47.4% of the projects); interpreting data (35.9%); evaluating data (30.8%); collecting
measurement data (26.9%); disseminating results (21.8%); and “sorting, categorising, de-
scribing, indexing” data (21.8%). In as many as one fifth of the projects, both groups
(20.5%) also carried out the quality check.

The middle section of the bars (in yellow) shows which tasks are carried out by the
“citizen scientists (alone)”. For the task “data collection”, two different answer options
were offered: observing (51.3%) and measuring (37.2%). In addition, the activity group
“sorting, categorising, describing, indexing” (25.6%) described a time-consuming analysis
of already collected data. It is noticeable that citizen scientists predominantly carried out
these three activities.

The right section of the bars (in blue) is reserved for the activities of the “researchers
(alone)”. According to the respondents, they take on the largest share of the work overall.
In 71.8% of the projects, they exclusively do administrative and organisational tasks. The
next most common tasks are closely related to research methodology: in 71.8% of the pro-
jects, the researchers are responsible for selecting the methods, as well as for developing
the methods and the scientific questions (65.4% in each case). Additionally, analysing data
(59.0%), interpreting data (52.6%), disseminating results (61.5%), and checking the quality
of the data (57.7%) are in the hands of the researchers in more than half of the projects.
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Discussing results

Data: Interpreting

Data: Evaluating/Analysing

Data collection: Measuring

Disseminating results

Data: Sorting, categorising, describing, indexing

Checking data for quality

Developing (scientific) questions

Developing methods

Data collection: Observing

Data: Digitising, scanning, archiving

Implementing measures

Evaluating effects

Playing

Administrative and organisational tasks

Selecting research methods
m both groups
w Citizen Scientists (alone)
Crating [SENNGATER
M Researchers (alone)
0.0 100 20.0 30.0 400 50.0 60.0 70.0 80.0 90.0 100.0

Figure 3. The organisation and allocation of various scientific tasks in the projects. N = 78. The percentages indicate the
respective distribution in the projects sorted in descending order according to the distribution in both groups (green bars),
citizen alone (orange), or researchers alone (blue).

4.2.6. Degree of Autonomy

The degree of autonomy of the citizen scientists was to be assessed with the help of
various aspects in the work organisation. For this purpose, ten items were presented, five
of which relate more to activities that give the volunteers a high degree of autonomy (in
Figure 4) and another five that are more representative of the task-oriented approach of
the projects. Multiple answers were possible.

The item “The citizen scientists ... can determine the start and duration of their in-
volvement in the project themselves” received the highest level of agreement (84.6%), and
only 12.8% of the projects stated that citizen scientists should commit themselves to work-
ing for a fixed period of time if possible. Registration was desired by 66.7% of the projects.
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...provide their own equipment (e.g. computers,
smartphones, cameras) to carry out the activities.

61.5% of the projects provided their volunteers with material or equipment to carry
out the activities. In 67.9% of the projects, the volunteers (also) provide their private equip-
ment such as computers, smartphones, Or cameras.

44.9% of the projects offered their volunteers a choice of different tasks and activities.
41.0% (32) of the projects left it up to their volunteers to decide when, where, how, and
with which method they carried out which tasks. 62.8% of the projects, on the other hand,
gave their volunteers concrete instructions on how to carry out the tasks.

37.2% of the projects stated that the volunteers train or educate themselves to carry
out the tasks. 33.3% of the projects offered such training as part of the project.

...train/educate themselves. 372

...decide for themselves when/where/how /with which

method they carry out which task.

41.0

...can choose from different tasks and actions. 449

...can determine the start and duration of their

...receive material (including apps, tools, sensors,
cameras, etc.) to carry out the activities.

...receive concrete instructions for the implementation of

...will be trained for their activities within the project.

...should commit themselves to work for a set period of

involvement in the project themselves.

the tasks.

time.

...should register to volunteer.

0.0 20.0 40.0 60.0 80.0 100.0

Figure 4. Assessing the degree of autonomy of the citizen scientists in the projects. N = 78. Green bars show aspects that
tend to speak for a high degree of autonomy, blue bars for a low level of autonomy.

For a further evaluation step, we divided the projects into two groups in order to
examine the extent to which autonomy plays a role. We selected only agreement or disa-
greement with the item “... to decide when, where, how and with which method they
carry out which tasks” as a distinguishing criterion. Thirty two projects agreed (41%),
while 59% (46) did not. We expected to find differences between these two groups, but all
tests failed to reach significance. When socio-demographic data were collected (see also
Section 4.2.3.), the mean for the selected options was 3.3 out of 17 (SD 3.76). In group 1
(“low autonomy”), the mean was 2.89 (SD 3.35), and in group 2 (“high autonomy”), the
mean was 3.88 (SD 4.33; Welch t=-1.0798, df = 55.523, p-value = 0.2849, CI 95: -2.808958 —
0.841567). This result contradicts our expectations; we would have assumed that the pro-
jects that follow the task-led approach and therefore grant their citizen scientists a low
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Interviews, surveys, knowledge tests (by paper-pencil-questionnaire or

degree of autonomy would have required more information about their volunteers. There
was also no difference in the project coordinators’ satisfaction with the quality of the sci-
entific results. In group 1 (“low autonomy”), the mean was 4.07 (out of 5 = very satisfied;
SD 0.79), and in group 2 (“high autonomy”) it was 3.96 (SD 0.65; Welch t = 0.60973, df =
63.142, p-value = 0.5442, CI 95: -0.2396130 0.4500507).

4.3. Research on the Impact of the Projects

Forty-eight projects (61.5%) reported that they conducted impactful research on spe-
cific project objectives with their own staff, while two projects (2.6%) outsourced this to
third parties. Twenty-three projects (29.5%) did not carry out any impact research.

For the area of evaluated effects, there were three choices with multiple answer op-
tions. The “effect on participants” was researched by forty-three projects (43.6%), an eco-
logical evaluation (effect on biodiversity, plants, animals, habitats, etc.) was carried out
by 13 projects (16.7%), and an economic evaluation (economic effects of the project or cost-
benefit analysis of individual measures) was carried out by five projects (6.4%).

Projects responded to collect the majority of the research impact data through inter-
views, surveys, and knowledge tests (32.9%), followed by interviews (22.8%) and rarely
through analyses of web statistics and before-and-after comparisons (each 15.2%, see Fig-
ure 5).

online) S

Interviews (face-to-face, in person, with or without a guide) 228

Web statistics and analyses (number of clicks, page visits, length of stay ...) 15.2

Before and after comparisons (for surveys, interviews, observations or

similar) 2
Observations (live or through recordings, also participant observations) 114
Comparison of experimental and- control groups (in surveys, interviews, 114
observations or similar) :
Content aualyses of news coverage, social media comments etc. 114

Short feedback methods (e.g. with cards, bean polls) 8.9
Focus group discussions 7.6
Narrative methods (e.g. project diaries of participants) 6.3

Tracking methods (e.g. time tracking or path tracking) 2.5

0.0 50 100 150 200 250 300 350 400

Figure 5. Survey methods used in impact research. N = 78. Percentages sorted in descending order.

450

50.0



Sustainability 2021, 13, 11553

17 of 26

5. Discussion

Our study contributes to the understanding of the citizen science landscape in Ger-
many based on data provided by 79 citizen science projects (56% of all projects) presented
on the German citizen science platform in 2020. Due to the response rate, we explicitly do
not aim to generalise our analyses to all citizen science projects in Germany. Our results
provide good insight into the practice of the participating projects, but not beyond. In the
following, we would like to discuss some aspects first on the basis of the results. Further
on, we will present interpretations and possible explanations as well as challenges and
ways forward based on our extensive experience in project consultation.

Like in the previous study by Pettibone et al. [24] on German citizen science platform
projects in 2016, it is once more evident that the focus of most citizen science projects is
still on the natural sciences. Due to different approaches to data collection, we cannot di-
rectly compare the data sets. Pettibone et al. had assigned only one discipline per project
(which they assumed would result in a scientific publication during the course of the pro-
ject). In our study, querying several possible disciplines proved to be very informative as
many schemes work inter- or transdisciplinary. However, we also learned that we still
have a lack of projects from disciplines such as cultural sciences, social sciences and hu-
manities, engineering and planning, mathematics and computer science, economics, and
law. The proportions of disciplines have hardly changed since 2016. However, we are
aware that not all citizen science projects in Germany are presented on the national citizen
science platform. One of the possible reasons is that not all disciplines identify with the
term “citizen science” for their participatory research activities. We experience this espe-
cially in the field of historical research. In far more than 600 associations in Germany (own
estimate, e.g., [48]), participatory as well as autonomous research is conducted on regional
studies, local dialects, historical personalities and events, architectural and soil monu-
ments, landscape use, crafts, and many other topics.

Two thirds of the projects were initiated by research institutions, universities, or col-
leges, and one third by associations, interest groups, NGOs or foundations, public author-
ities, or private persons. Slightly more than one third work were without external funding,
and almost two thirds received funding from various sources. The funding was closely
related to staffing, and we were surprised to learn that while on average three researchers
per project were employed, they shared a total of just over one post (full-time equivalent).
This means that many researchers only had a part-time position, which was probably also
limited to the project duration. Slightly more than half of the projects dis not have a lim-
ited duration, but one-third lasted between one and four years, some longer. Accordingly,
half of the respondents rated the staffing situation as inadequate for the number of tasks.

Two of the challenges we would like to highlight are: first, we have learned that as
few as 78 project coordinators (on average, only one academic employee per project) or-
ganised and coordinated the participation of 63,339 citizen scientists in 2019. Second, the
same researchers needed to fulfil key project objectives, namely, to answer scientific re-
search questions while promoting scientific literacy among volunteers and disseminating
science to society. This bundle of requirements for citizen science projects or their coordi-
nators has already been described many times, e.g., [49-51], and critically discussed with
regard to a possible overloading of the projects [51]. Our findings match those of other
researchers like Sorensen et al. [49], p. 6, who cited a project leader from the Baltimore
Mosquito Study: “The funding and publication demands of inter/transdisciplinary re-
search do not match those of federal granting or university level expectations both in
terms of time, resources, and with respect to project ownership”.

Since participating in research has a very long history in Germany for volunteers and
citizen science has been well established for about fifteen years [14-19,23-25], we, the au-
thors, were partly surprised that the projects recorded very little information about their
volunteers in a systematic way. About two-third of the projects asked for a registration
and therefore had contact data of their project participants. Very little is known about any
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other socio-demographic information or other characteristics that would allow for conclu-
sions to be drawn about the diversity, representativeness, and inclusiveness of the study
regarding the participants. To the best of our knowledge, the majority do not ask in ad-
vance what roles are accepted, what prior knowledge or skills citizens bring with them,
or want they want to learn. This is why we call them “The Known Unknowns”.

5.1. Lack of Accompanying Research and Representative Studies

We state an overall lack of data on diversity and inclusiveness in German citizen sci-
ence projects, and especially on the level of the citizen science projects a lack of methodo-
logical knowledge and of data protection issues. Our survey revealed that only two third
of the projects conduct accompanying research, but only with a very limited focus on con-
tent. There seems to be also uncertainty about appropriate methods for collecting infor-
mation on diversity.

This is true even for projects that explicitly address specific target groups. Here is an
example from one of our project partners who is already sensitive to the question and
seeking guidance: “We are in the planning stage of a project that will focus on the repre-
sentation and reception of history. We explicitly want to reach the greatest possible diver-
sity of participants. However, how can we sensitively query diversity criteria? Is it even
possible? Doesn’t this repel people who do not want to be reduced to their diversity as-
pects? How do we deal with the information, what do we do with it? It is still unclear to
us how this will be implemented in practice.” In addition, the General Data Protection
Regulation (GDPR, [52]) places very high demands on the storage of personal data, which
not all projects can ensure. To help educate people on the correct handling of this sensitive
data, the Museum fiir Naturkunde published a guide in 2020 [53]. In this, we recommend
that all personal data be collected as sparingly as possible. In addition, two different work-
ing groups were established in 2021 in cooperation with “Biirger schaffen Wissen”, with
regular open meetings, collegial consultations, and free training programs.

Some of the possible reasons discussed above can be circumvented by collecting in-
formation on participant structures through external monitoring research and evaluations
in anonymous form, often through online surveys. The advantages are the professional
use of standardised methods and a neutral and external consultant perspective. However,
we see two main difficulties: the representativeness and the time factor. Even though re-
sponse rates in accompanying research seem to be quite high overall [19,26-28], these data
represent self-selected samples and provide only a limited picture of the diversity of the
participants. The data support the image of male and well-educated participants.

However, perhaps these only represent those who are willing to participate in the
accompanying studies in addition to their voluntary work? The question of who partici-
pates in accompanying research was debated by Moczek [27] on the citizen science project
“Insects of Saxony”. During a focus group discussion with about sixty citizen scientists,
about half of the participants confessed that they “never take part in surveys as a matter
of principle”. A few of the participants explicitly regretted this in retrospect, as the presen-
tation and discussion of the findings had shown them how trustworthy and valuable such
studies can be for the project coordinators and also their own engagement. It is also con-
ceivable that people tend to take part in such a survey who were more likely to be driven
by pro-social motivations [27].

All of this can lead to a bias in the respondent pool and therefore also in the results.
It is likely that they do not represent the entirety of the participants. And even with pro-
ject-accompanying formative evaluations, the results are only available with a certain de-
lay. Subsequent adjustments in the course of the project, for example, in addressing spe-
cific target groups, may therefore also be delayed. This could cause major problems for
projects with a short duration.

One essential approach to answering these fundamental questions on participating
is to conduct nationwide, representative studies, such as the presented German Volunteer
Surveys [21,22] or the ones from Great Britain [5] and Switzerland [29].
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5.2. Particularities of the Trustful Cooperation between Academic Researchers and Citizen
Scientists

Against the backdrop of the often strongly limiting organisational framework condi-
tions for many projects, it is a great challenge to recruit and retain volunteers, e.g., [35,36].
In order to get started and find participants, projects often approach existing groups (such
as associations and civil organisations) that already have a connection or interest in the
issue for pragmatic reasons. This is where the likelihood of participation is considered to
be the highest. This results in a selection bias that must be compensated for by further
studies if the diversity of participants should be increased.

About one third of the projects we surveyed are coordinated by either an NGO, civic
organisation, or foundation. When working with volunteers, their offer to participate in
research is often designed specifically for their members, even though practically all of
them are open to other volunteers. In this relationship of trust, which has often grown
over many years, e.g., [17,19], it would be inconceivable to systematically collect and store
information on, for example, ethnicity, socio-economic and sociocultural status, educa-
tional status, or socio-political attitudes before taking up a volunteer activity; this could
discourage potential participants from taking part.

Almost all projects offer their volunteers the role of “contributor” [4]. Nevertheless,
we also see that almost half of the projects make specific offers of participation at different
levels and at all stages of the project or let the volunteers themselves define them in co-
creation processes. This matches well with the findings of an European survey, were
Hecker et al. stated that half of the estimated 1.2 million participants in 174 European
citizen science projects primarily collect data, and an additional 27 per cent are also in-
volved in project design and data analysis [54].

The project coordinators in our survey are, in most of the projects, responsible for the
coordination of the project overall, especially for administrative and organisational tasks,
as well as for deriving the scientific questions, developing the methods, checking the qual-
ity of the data, analysing and interpreting data, and disseminating results. In summary,
they take over alone more than half of the work to be done, but they get massive help by
the volunteers. The citizen scientists perform just under one fifth of the tasks alone, pre-
dominantly in the area of data collection, and in a further just under one quarter of the
tasks these were performed jointly (or separately) by both groups of actors. Additionally,
the volunteers not only contribute their working time and skills but apparently also pro-
vide equipment and material to a considerable extent. In almost two-third of the surveyed
projects, the possible tasks and requirements are described precisely, increasingly also for
different interests and competence levels of the citizen scientists. One-third of the schemes
offered special trainings for the volunteers. The dissemination of these “task descriptions”
takes place through various channels, with a very important role being played by the
presentation on the citizen science platform and volunteer portals.

In contrast to filling a position in an employment relationship, however, there is usu-
ally no systematic selection process. This is backed by the overall low level of information
that projects gather about their volunteers. This process is also related to the limited per-
manent employees. To the best of our knowledge, the matching with the activities or pre-
defined target groups is not checked on the basis of facts (such as certificates, attestations,
or other evidence) nor for the projects with high nor low autonomy but is usually based
on the volunteers’ self-assessment and thus presupposes a high level of trust between the
parties involved. As already discussed above, we would like to emphasize again the spe-
cial function of “informed trust” in this particular kind of social relationship and research
collaboration, which has been debated recently [55-57]. Next to trust, we consider experi-
encing autonomy and competence to be the three most important driving factors for con-
tributing to a citizen science project [19,34,37,57].
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6. Conclusions

Our findings illustrate the complexity of research on participant diversity in practice,
identifying dilemmas that arise from the tensions between the aspirations and hopes as-
sociated with citizen science and the pragmatic and procedural realities of “science of cit-
izen science” research in practice.

We must note with regret, but also with understanding, that, overall, we know very
little about citizen scientists, so that we cannot make any reliable statements about diver-
sity and representativeness in German projects. Any attempt to infer the totality from the
incomplete information must inevitably lead to misjudgements in one direction or the
other. We must further note that we still know much less about the other stakeholders in
citizen science projects, such as the academic researchers and the enablers [57,58].

We highly recommend that citizen science projects actively engage with these issues
and that they need to develop individual strategies to (further) increase the diversity
[7,31]. This will also lead to a broader dissemination and added benefit of these collabo-
rations: the transference of program impacts to individuals outside of the program as
highlighted by Lynch-O’Brian et al. [59].

However, we would also argue that the task of accompanying research and evalua-
tion [60] cannot be borne by the projects alone. It needs a national, overarching strategy
and funding is particularly important for representative, cross-sectional, e.g., [5,29] and
long-term, studies [21,22].

However, we would like to express the notion that, as science opens up, the willing-
ness of citizens to participate in accompanying research may decrease further. If citizens
experience that they are emancipating themselves from being a science object to becoming
a self-determined participant [2,3], they may increasingly want to question accompanying
research. Experimental studies that turn respondents back into mere objects and leave
them in the dark as to what the real research questions are will possibly be rejected. How-
ever,, if participants are fully informed about the underlying research questions, reactive
selfreport changes and Hawthorne-effects could become more apparent [61] and may un-
dermine the construct validity [62], pp. 100-101. In any case, the classical experimental
studies with repeated measures for testing change hypotheses will hardly be possible in
this context [62], p. 728ff.

This also could further increase multiple self-selections in the future and thus prevent
a valid answer to the true diversity of the participants. Crucial dynamics of change could
also arise from the further increase in digitalisation. Digital communication facilitates net-
working as well as public presentation, including of research outside professional science.
Finally, the means available to citizen scientists are expanding through the use and further
development of open source-based software and hardware, e.g., [40]. This can thus lead
to a new science “from below” that links excluded practices of citizen science with the
trend towards open science and open source, e.g., [50,63]. Yet, the increase in digital com-
munication and participation could also lead to personal contact between the different
actors becoming rarer and retreating to an at least partially anonymised form. This could
also obscure knowledge about the true identities and characteristics of the participants or
their diversity in the future.

The answer to this dilemma can therefore not only be the simple demand for quanti-
tatively more systemic accompanying research. Particularly for researching the structure,
diversity, and extent of participation in Citizen Science projects, co-creative and qualita-
tive approaches are also suitable, and we would like to see more use of these methods.
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Appendix A

Table Al. Categorised disciplines.

Discipline Frequencies Percent Category
Biology: Biodiversity 27 34.6 Natural Science
Biology: Zoology 17 21.8 Natural Science
Environmental Sciences 17 21.8 Natural Science
Geography 13 16.7 Natural Science

Computer Science
Biology: Botany
History

Biology
Medicine and Health Sciences
Pedagogy and
Educational Sciences

Information Sciences
Biology: Oceanography
Cultural Sciences

Physics
Sociology
Architecture and
Urban Planning

Mathematics and

11.
? > Computer Science
8 10.3 Natural Science
” 9.0 Cultural Stu.d.les and
Humanities
7 9.0 Natural Science
7 9.0 Social and Human Sciences
7 9.0 Social and Human Sciences
5 64 Englr.leermig and
Planning Sciences
5 6.4 Natural Science
4 51 Cultural Stu.d?es and
Humanities
4 5.1 Natural Science
4 5.1 Social and Human Sciences
3 38 Engineering and

Planning Sciences
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Engineering and

Engineering 3 38 Planning Sciences
Genealogy Cultural Studies and
. 3 3.8 -
(Genealogical Research) Humanities
Media and Cultural Studies and
L . 3 3.8 .
Communication Sciences Humanities
Agr%culturall and 3 3.8 Natural Science
Veterinary Sciences
Meteorology 3 3.8 Natural Science
Action Research 3 3.8 Social and Human Sciences
Engi i d
Design Research 2 2.6 NSINEErmg an
Planning Sciences
Itural Studi d
Archaeology 2 2.6 Cultural S u. .1es an
Humanities
Art (Painting, Performing Arts, Cultural Studies and
. 2 2.6 -
Music, etc.) Humanities
Astronomy 2 2.6 Natural Science
Chemistry 2 2.6 Natural Science
History of Art 1 13 Cultural Stu.d?es and
Humanities
Literature 1 13 Cultural Stu.d.les and
Humanities
Itural Studi d
Linguistics 1 1.3 Cultural S u. .1es an
Humanities
Biology: .
1 1. 1
Microbiology, Cell Biology 3 Natural Science
Biology: Phenology 1 1.3 Natural Science
Biology: Fungi 1 1.3 Natural science
Geology 1 1.3 Natural Science
Psychology 1 1.3 Social and Human Sciences
Cultural Studi d
Philosophy and Ethics 0 0.0 itural Stucies an
Humanities
Itural Studi d
Political Science 0 0.0 Cultural S u_ ,les an
Humanities
Cultural Studies and
Theol .
colosy 0 00 Humanities
Logic 0 0.0 Mathematics. and
Computer Science
Mathematics 0 0.0 Mathematlcs. and
Computer Science
Anthropology 0 0.0 Natural Sciences
Law 0 0.0 Law
Business Administration 0 0.0 Economics
Economics 0 0.0 Economics
180 230.8
Table A2. Number of participating citizen scientists in 2019.
Number of Participat-
ing Citizen Scientists in
2019 Frequencies
(Subsequently
Categorised)
<10 6
10 4
12-15 3 26 50
30 3
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