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Abstract: Many citizen science projects are in the thematic area of species observation and natural
environment monitoring but, in recent years, projects in other areas and disciplines have increasingly
been using citizen science approaches. It is assumed that citizen science could potentially contribute
to an increase in environmental awareness and to advancing knowledge about environmental change
and sustainability issues. In this article, we present a review of 127 citizen science projects listed on
the German platform, “Bürger schaffen Wissen”, with the aim of analysing whether the main focus of
most projects is on the scientific results or on educational aspects and how citizen science projects
are connected to the SDGs. The results show that many citizen science projects overlap with SDG
4 Quality Education. Of these projects, a larger proportion entail higher levels of involvement than
those projects with a stronger focus on the scientific results, in which the participation of the citizen
scientists is mainly standardised and at low levels. An even greater number of projects in the sample
are linked to SDG 15 Life on Land and, thereby, are in line with the traditional focus of citizen science.
Additionally, the analysis reveals that forms of education used in citizen science projects are much
more diverse than those included in SDG 4.
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1. Introduction

Many citizen science projects operate within the area of the natural sciences, especially biology, and
deal with topics such as the occurrence of species (e.g., the British Trust for Ornithology’s projects) [1].
The results from projects such as the study on the extinction of insects by the entomological association
Krefeld, Germany [2], have contributed both to scientific knowledge and to the public discussion
on anthropocentric environmental degradation. However, many citizen science projects focus on
environmental education, scientific communication and other areas (e.g., [3,4]). Studies in the fields of
social sciences and humanities are also increasingly adopting the citizen science approach (e.g., [5,6]).

In addition to the direct research results, citizen science can raise awareness about the environment
amongst the citizen scientists themselves through data collection, species observation and other
activities [7]. In addition, the practical outcomes of citizen science could possibly contribute to
sustainable development by protecting animals (e.g., project “Striped AmBASSador”) [8], removing
plastic waste from rivers (e.g., project “Plastikpiraten”) [9] or generating new knowledge about a
species and its protection (e.g., projects “TurtleSAT”,“MantaMatcher”) [10,11].

Many of these topics—biodiversity, the occurrence of certain species and education itself (often
environmental)—are the focus of the Sustainable Development Goals (SDGs), such as SDG 15 Life
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on Land, SDG 4 Quality Education or SDG 11 Sustainable Cities and Communities [12]. The 17 SDGs
are part of the United Nations “Agenda 2030 for Sustainable Development”, which superseded the
Millennium Development Goals. In September 2015, the member states of the United Nations agreed
on this agenda and the goals and, in doing so, pledged to promote inclusive sustainable development.
Sustainability as a goal had already been recognised at the Rio Earth Summit in 1992 and in the World
Commission of Environment and Development’s 1987 report, “Our Common Future”. In that report,
sustainable development was defined as an approach “to ensure that it meets the needs of the present
without compromising the ability of future generations to meet their needs” [13]. The role of the local
level and the participation of NGOs and citizen groups were highlighted at these early conventions
on environmental protection and sustainability (e.g., Agenda 21) [14]. Although at that time citizen
science was not overtly discussed at the conventions, it became a possible means of collecting the
necessary environmental data and a potential route for public participation. Since the adoption of
Agenda 2030 in 2015, the agenda itself and the 17 SDGs are frequently used as reference material for
sustainable development in the context of politics, civil society projects and research.

To identify to what extent citizen science projects currently relate to topics mentioned in the SDGs,
how the thematic foci are distributed over the 17 goals and which forms of citizen science are used, we
take an in-depth look at a sample of German citizen science projects.

This article aims to analyse how citizen science projects in Germany are connected to the SDGs
and which SDGs they mainly impact. Is the main focus of most citizen science projects the actual
scientific results or the educational aspects? Both focal points could help to achieve the SDGs by
creating new knowledge about species, as well as by increasing awareness of species protection and
education. In order to answer the research questions and to find out more about how citizen science
links to the SDGs, the article presents the results of an analysis and comparison of the 127 citizen
science projects listed on the German citizen science platform, “Bürger schaffen Wissen” [15] (“citizens
create knowledge”, own translation) to reveal their potential impact on the SDGs.

The following chapter gives an overview of common definitions and categorisations of citizen
science, as well as relevant findings about their advantages compared to other research approaches.
Section 3 gives a short overview of the connections and potential overlaps between citizen science and
sustainable development. The criteria for the analysis deduced from the citizen science literature and the
research approach and methodology of this article is then briefly explained in Section 4, before Section 5
presents the results of the analysis, followed by a summary and discussion of the results.

2. Citizen Science as a Participatory Research Approach

2.1. Origin and Characteristics of Citizen Science

The citizen science approach is characterised by the participation of citizens in research
processes [7,16]. In citizen science, the participants are not just the objects of investigation or
respondents to questionnaires; they perform scientific tasks. In other words, citizen science is “scientific
work undertaken by members of the general public, often in collaboration with or under the direction
of professional scientists and scientific institutions” [17]. In recent years, internet and new technologies
have made data collection and processing, as well as the communication between citizen scientists and
professional scientists, much easier [7,18–21]. Citizen science originates in the area of natural sciences
and originally described projects where citizens played a role in data collection, e.g., on the distribution
of species or by observing and identifying comets and asteroids [19,22]. In such cases, citizens support
science by collecting data, but citizen scientists can be involved more deeply than simply in terms of
data collection. The Greenbook for the German Citizen Science Strategy 2020 outlines the different
approaches and intensities of participation and defines citizen science as:

“[. . . ] the engagement of people in scientific processes who are not tied to institutions in that
field of science. Participation can range from the short-term collection of data to the intensive
use of leisure time in order to delve deeper into a research topic together with scientists
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and/or other volunteers. Although many volunteer scientists do have a university degree,
this is not a prerequisite for participating in research projects. However, it is important that
scientific standards are adhered to. This pertains especially to transparency with regard to
the data collection methodology and the open discussion of the results.” [23] (p. 13)

This highlights a number of important characteristics of citizen science, which will be considered
further in this article: the fact that citizen scientists use their leisure time to work as volunteers in
research projects; the prerequisites of the participants, especially educational background; and the
scientific quality criteria and communication of the research results. In the following paragraph, issues
surrounding the type and intensity of participation will be further discussed.

2.2. Types of Citizen Science and Forms of Participation

To distinguish between the different forms and intensities of involvement, Haklay [22] identifies
four levels of participation in citizen science projects: crowdsourcing, distributed intelligence,
participatory science and extreme citizen science. Crowdsourcing is at the lowest level of participation,
where participants provide the computational power of their personal computers or the sensors of their
smartphones for a research project but are not involved cognitively. In projects using the distributed
intelligence approach (the classic type of citizen science), volunteers collect or interpret data according
to a specified classification defined by the professional scientists. This type of citizen science is also
called contributory citizen science and is the most familiar [5]. Participatory science, the third level,
requires deeper engagement by the citizen scientists, as they are involved in the problem definition
and the choice of data collection method. The analysis and interpretation of the data are carried out
with the assistance of scientists. This approach is also called collaborative citizen science [5]. In the
case of extreme citizen science or co-created citizen science [5], the citizens are involved in all stages of
the research process from the problem definition to the publication of the results. This can sometimes
even take place without the involvement of professional scientists [22].

The higher the level of participation, the greater the levels of engagement and understanding
required from the participants [5]. The participants are often already interested in the issue, have prior
knowledge and want to learn more about the topic. According to Haklay [22], more men than women
participate in citizen science, most of them have a good educational level and a comparably high
income. Often, extreme citizen science and participatory science, which require deep involvement by
the participants, are easier to conduct in applied research and in areas close to the everyday experience
of participants as this motivates them to participate and develop research questions and solutions with
the professional scientists [22].

To identify whether a project qualifies as citizen science research, or is simply information collected
by citizens on a certain topic, Haklay [22] recommends that projects should be considered to be citizen
science where the participants themselves frame the research as citizen science and where they follow
established scientific methods. West and Pateman [5] define citizen science projects as those where the
focus lies on the collection or processing of scientific data through volunteers. In addition, depending
on the scientific community and the type and intensity of involvement of the citizens, the concept of
citizen science also has similarities, and in some cases overlaps with, other research approaches such
as transdisciplinarity [19,24].

2.3. Aims of Citizen Science and Critical Reflection of the Approach

The main goals of citizen science are described as the production of scientific knowledge,
positive outcomes for the participants (such as learning new skills and knowledge) and positive
effects on social and ecological systems (such as animal protection, influence on management or
political decision making) [7,25]. For each goal, a certain type of citizen involvement may be helpful;
for example, standardised contributions in term of data collection may be useful for setting up large
datasets [25]. Co-created approaches could empower citizens to address questions relevant to their
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communities and develop adequate solutions [20]. However, Chase and Levine [18] observe that in
many cases the different project goals of education, research and policy are difficult to combine and
may produce trade-offs.

Several authors note reservations and doubts concerning citizen science and the quality of the data
collected. However, they argue that by using standardised approaches to data collection, training the
participants and employing other methods of quality control, results from citizen science projects should
not be considered as less reliable than data collected without the involvement of non-professional
scientists [20,21,26,27].

Many citizen science projects also aim to create a positive effect on the public perception of science.
However, to date only a few studies have dealt with this issue. Brossard et al. [28] analysed the effect
of a bird observation project and were unable to find evidence of a positive impact on the perception of
science or scientific processes and, therefore, formulated recommendations about how to increase such
potential positive impacts of citizen science.

3. Citizen Science and Sustainable Development

In terms of the link between citizen science and sustainable development, Pettibone et al. [19]
assert that, “Although not explicitly oriented towards sustainability outcomes, citizen science takes
place in relevant areas, such as biodiversity and climate change”. In addition, according to the “White
paper on citizen science for Europe” [29], stronger connections between science, society and politics are
needed to deal with global challenges such as sustainability issues. Strengthening citizen science as a
type of science–society interaction could be one possible path. In this context, the authors of the white
paper emphasise that schools and pupils are an important target group for citizen science projects.

West and Pateman [5] also see the potential for citizen science to contribute to sustainability and
highlight three areas where citizen science could help to achieve the SDGs. Firstly, citizen science
could help to define national and subnational targets and metrics for each SDG. Secondly, with the
help of volunteers, citizen science could contribute by monitoring progress towards achieving the
goals. This aspect is also mentioned by other authors who argue that huge datasets are required to
accurately measure such progress, which is time intensive and costly. Citizen science approaches
make it possible to gather large datasets, which would otherwise be broadly unfeasible [7,20,26,27,30].
Thirdly, West and Pateman [5] expect that participation in citizen science projects would have a positive
effect on the environmental awareness and behaviour of the volunteers. Citizen science could help
to increase awareness and change behaviour concerning sustainability and to motivate citizens to
further engage in sustainability issues. The studies by Evans et al. [31] and Toomey and Domroese [32]
also show positive impacts on the civic engagement and environmental awareness of participants
in citizen science projects. In addition, Richter et al. [16] demonstrate that in many cases where
there is intense interaction between the citizen scientists and the researchers, the citizen scientists
show higher environmental awareness after participating in the projects. This raised awareness is
produced both through rational learning and through the emotional and personal experience with the
issue. Other studies (e.g., [28]), do not indicate significant changes in the environmental awareness
of participants.

This third area points to the educational aspect of many citizen science projects, especially
environmental education, which shows some overlap with SDG 4 Quality Education. The issue of
learning and education is also included in other goals. Target 12.8 in SDG 12 Ensure Sustainable
Consumption and Production Patterns demands that, “By 2030, ensure that people everywhere have
the relevant information and awareness for sustainable development and lifestyles in harmony with
nature [12].”

There is not a specific SDG that focuses on research itself; however, certain areas of applied
research are included in several of the SDGs as a way of enhancing knowledge about certain issues,
such as medical innovations, new power production techniques or improvements in educational
systems [12]. These and other research-related targets are mentioned in SDG 2 (agricultural research),
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SDG 3 (medical and pharmaceutical research), SDG 7 (renewable energy research and energy efficiency),
SDG 9 (increased research spending and support of research in the area of technology and innovation
in developing countries), SDG 12 (support scientific capacity of developing countries, research on
sustainable consumption and production, tools to monitor sustainability impacts of tourism) and SDG
14 (marine research).

4. Method and Sample for the Review of Citizen Science Projects

To establish how most citizen science projects are connected to the SDGs, which goals they impact
the most and if the focus of most citizen science projects is on the scientific results or on the educational
aspects, we reviewed the 127 citizen science projects listed on the German citizen science platform,
“Bürger schaffen Wissen” (see buergerschaffenwissen.de/projekte). Citizen science projects can be
added and project descriptions changed by the project coordinators continuously. The analysis is based
on the status on 6 June 2019 with 127 projects listed (for the full data, see Table S1). Our analysis was
oriented towards Schreier’s [33] description of qualitative content analysis (QCA) and involved looking
at a number of assumptions mentioned in the literature. We chose the platform “Bürger schaffen
Wissen” as our sample because it contains a large number of citizen science projects in Germany in
different research areas, scientific institutions and time frames with comparable project descriptions
formulated by the partner institutions themselves. Therefore, it provides a good overview of the
existing citizen science projects in Germany, their aims, target groups and possibilities for participation
by citizen scientists. The project descriptions are formulated by answering a number of questions,
which means they are standardised to a certain degree. In the analysis, these project descriptions were
reviewed and analysed deductively in terms of the following aspects: degree of involvement of the
citizens, openness/prior knowledge required of the citizen scientists, target group for the scientific
results, project focus, relation to one or several SDGs and type of research (see Table 1).

The degree of involvement was categorised following the four types described by Haklay [22] (see
Section 2), ranging from projects using distributed computing techniques (crowdsourcing), projects
where citizens collect or code data according to standardised and very detailed instructions (distributed
intelligence), participatory science (where citizens are involved in all or most steps of the research
process), to extreme citizen science (where professional researchers are not involved at all). If a project
incorporated several of these approaches, it was categorised according to the most intense level of
participation used.

To find out whether the observations of Haklay [22] and Bonney et al. [20] were applicable to our
sample—that forms of citizen science with a higher degree of involvement are easier to conduct in areas
of applied research than in fundamental research areas, while standardised forms of contribution are
seen to be more useful for setting up large datasets, and co-created approaches, such as participatory
or extreme citizen science are more adequate for solution-oriented research (see Section 2)—we
additionally categorised the projects in terms of fundamental and applied research. Based on the OECD
definitions [34], we understand applied research to mean scientific knowledge generation “directed
primarily towards a specific practical aim or objective”, while basic or fundamental research has no
specific intended use.

As many authors (e.g., [22,23]) observe that many citizen scientists have a high level of education
and are already interested in the project topic, we also looked further at the required prior knowledge
or assets of the citizen science projects to find out whether most of them address specific groups or
whether they are open to everyone. We categorised this into two groups: (a) projects open to all,
which do not require any specific knowledge or assets; and (b) projects addressing a specific group
with prior knowledge or assets. In addition, two other aspects mentioned in the literature were also
considered [5,7,23] (see Section 2). These were, firstly, the target groups of the scientific results, i.e., if the
results were shared with the public and the citizen scientists or only published in academic journals;
and, secondly, the focus of the research project. This aspect was included because several authors,
e.g., [7,18,25] mention both the scientific results and educational aspects as goals of citizen science,
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but Chase and Levine [18] specifically observe that these could produce trade-offs. We assume that
citizen science projects with an educational focus would tend to demand higher degrees of involvement
than projects with a strong focus on high quality scientific results. In order to analyse this aspect,
we categorised the projects in the sample into (1) projects with a focus on the research results and
(2) projects with the research process as a learning process and the capacity-building of its participants
as their main goal.

Table 1. Categories of analysis.

Category Subcategory Example

Overlap with, or
intended effects
on, SDGs

SDGs 1–17

Attribution to an SDG does not mean that the SDG is
explicitly mentioned, but that issues mentioned in this SDG
are also mentioned as project goals. For example:
SDG 4 Quality Education: research-based learning in the case
of “KölnErforschen” [35]
SDG 13 Climate Action: research on trees for cities in times of
climate change in “TreeChecker” [36]
SDG 15 Life on Land: collecting information on different
neophyte species in “Erforsche Neophyten mit!” [37]

Degree of
involvement of
the citizens [22]

Crowdsourcing Distributed computing in “Seti.Germany” [38]

Distributed intelligence Animal observation and recording in “Stadtwildtiere Berlin”
[39]

Participatory science
Joint development of research design, research question and
data collection in “Patient Science - Patienten schaffen
Wissen” [40]

Extreme citizen science Research conducted independently by non-professional
researchers as in “KölnErforschen” [41]

Type of research
[34]

Fundamental research Collecting information on insects in “Insektensommer” to
produce scientific knowledge on insects [42]

Applied research
Researching plastic waste on the coast to develop solutions
for the global plastic waste problem in “Dem Plastikmüll auf
der Spur” [43]

Openness in
terms of the
participants

Open—no required prior
knowledge or assets

Anybody with a smartphone living in Europe can participate
in “FotoQuest Go” [44]

Closed—specific assets
or knowledge required

Only people with bee colonies, up to three pollen traps,
colour vision and internet access can participate in “C.S.I.
Pollen” [45]

Target group for
the scientific
results

Narrow Scientific results are only used by researchers in
“Chimp&See” [46]

Medium Scientific results are available on the project homepage in
“Citclops” [47]

Large Scientific results are presented at an online conference and
published on a website in the case of “Jetzt ist Zähltag!” [48]

Focus of the
project

Research Research results are the focus and are used for further
scientific work in “Die Apfelblütenaktion” [49]

Education
Students develop solutions to social, economic or ecological
problems in “YES! Young Economic Summit”, with the aim
of increasing their competencies [50]

To code the 127 projects listed on the platform, one researcher read all the project descriptions and
coded the projects qualitatively according to the abovementioned criteria, which was later validated
by a second researcher. After starting the coding process, it was reviewed to adapt the codes and
the coding rules where necessary. Two modifications were implemented regarding the project focus
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and the type of research. After completing the qualitative coding process, the codes were quantified
and interpreted in order to see, e.g., the distribution of the projects to the SDGs and indications for
possible correlations between the categories, e.g., between the degree of involvement and the research
focus. However, as we conducted a QCA with a non-representative sample, we cannot claim proven
correlations. As the analysis revealed differences between the forms of education mentioned in the
SDGs and in papers such as the “White paper on citizen science for Europe” [29] and the forms used in
the projects of the sample, we further looked at this aspect in our data analysis.

The aim of the review was to analyse how the citizen science projects are connected explicitly or
implicitly to the SDGs and where potential contributions to meeting the SDGs lie. Are there any SDGs
which are addressed in most of the citizen science projects? Due to its origins in natural sciences and
especially biology, one of our hypotheses was that there is a focus on SDG 14 Life below Water and SDG
15 Life on Land. In addition, because learning through participation in citizen science projects (both
environmental education and a general increase in knowledge and skills) is often mentioned as a goal
of citizen science [7,25] (see Section 3), it was our aim to find out how citizen science projects link to
SDG 4 Quality Education and in which thematic areas such education takes place.

5. Results

5.1. Relation of the Citizen Science Projects to the SDGs

The analysis of 127 citizen science projects listed on the platform, “Bürger schaffen Wissen”,
showed that 12 of the 17 SDGs are addressed by at least one project (see Table 2). Issues relating to
SDG 7 Affordable and Clean Energy, SDG 8 Decent Work and Economic Growth, SDG 10 Reduced Inequalities
and SDG 16 Peace, Justice and Strong Institutions were not addressed in any of the project descriptions.
The two SDGs most commonly addressed by the citizen science projects were SDG 15 Life on Land (48
projects) and SDG 4 Quality Education (33 projects). Consequently, the results reflect both the origin of
the citizen science approach in areas such as biology and its strong connection to educational aspects.

Table 2. Number of projects dealing with issues relating to each SDG.

SDG Number of Associated Projects

1 No Poverty 0
2 Zero Hunger 3
3 Good Health and Well-being 11
4 Quality Education 33
5 Gender Equality 1
6 Clean Water and Sanitation 1
7 Affordable and Clean Energy 0
8 Decent Work and Economic Growth 0
9 Industry, Innovation and Infrastructure 7

10 Reduced Inequalities 0
11 Sustainable Cities and Communities 10
12 Responsible Consumption and Production 5
13 Climate Action 21
14 Life below Water 7
15 Life on Land 48
16 Peace, Justice and Strong Institutions 0
17 Partnerships for the Goals 1

Note: A single project could be a linked to several SDGs. For categorisation see Section 4.

5.2. Sustainability Education and Scientific Results

Looking in more detail at the projects in the sample, most of those with a focus on education
are in the area of education for sustainable development, such as “Plastikpiraten” [9]. Education for
sustainable development is mentioned in target 4.7 in the Agenda 2030. The other targets of SDG 4 focus
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on institutionalised education in schools and universities and, as mentioned above, the European white
paper on citizen science calls for a focus on schools as a target group for citizen science projects [29].
However, the citizen science projects in our sample generally focus on less structured forms of learning;
only 11 of the 127 projects in the sample are specifically designed as school projects.

In the SDGs, these other forms of education (such as lifelong learning and upskilling) are only
mentioned in the context of education for sustainable development but, in our sample, a few projects
focus on topics such as learning about local history or culture. Overall, the analysis shows some
overlap between the education focus of the citizen science projects with the SDGs; however, the areas
and forms of education are more diverse in the citizen science projects than in the SDG 4 targets.

According to their project descriptions, most of the citizen science projects in the sample seem to
focus on scientific results rather than on education and learning through participation. In terms of the
research focus and the goal of producing new knowledge through citizen science, the analysis showed
that most citizen science projects are in the area of applied research (118 of 127 projects). Only a few
can be categorised as fundamental research. This also fits with the Agenda 2030, as research per se
is not included in the SDGs, but an increase in—and the support of—applied research in the areas
of agriculture (target 2.a), medicine and pharmaceuticals (target 3.b), renewable energy (target 7.a),
technology and innovation (targets 9.5 and 9.b), sustainable lifestyles (target 12.8) and the marine
environment (target 14.a) are included. Another target of the Agenda 2030 is the support of research in
developing countries. This aspect, however, is not addressed in any of the citizen science projects in
the sample.

5.3. Levels of Participation

The analysis shows that most projects with a higher degree of participation are applied research
projects, while the few projects in the area of fundamental research use only low levels of citizen
participation, i.e., crowdsourcing and distributed intelligence. This observation is in line with the
assumption formulated by Haklay [22] that applied research and topics close to the everyday life of
participants provide more straightforward opportunities for participatory science and extreme citizen
science than topics that are more abstract and distant from participants’ experiences. Concerning the
potential contribution of citizen science to the SDGs by either defining specific targets or by monitoring
progress [5], there was no clear evidence of this in any of the projects. It is, nevertheless, possible
that some projects could indirectly contribute in this area by species observation and the collection of
large datasets.

Looking at the sample, many more projects are categorised as crowdsourcing and distributed
intelligence projects than as participatory or extreme citizen science projects with the associated higher
levels of involvement (see Table 3). This means that the classic form of citizen science, where participants
help with simple but cognitive activities such as bird observation, is still representative of the majority
of projects in the sample. However, we assume that crowdsourcing will become easier and more
common because of new technologies and the increasing use of computers and smartphones.

Table 3. Levels of participation in the citizen science projects.

Level of Participation Number of Associated Projects

Crowdsourcing 42
Distributed intelligence 68
Participatory science 15
Extreme citizen science 2

Levels of participation: Haklay [22]. For categorisation see Section 4.

In addition, the analysis indicated a connection between low levels of citizen scientist involvement
(e.g., distributed intelligence) and a strong focus on high quality scientific results. In contrast, it also
showed that many of the projects with high levels of involvement (e.g., participative science) focus on
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educational aspects. Overall, of the projects in the sample, more have low levels of involvement than
high levels. In projects with high expectations of reliable scientific results, researchers appear to choose
low levels of participant involvement.

One possible explanation why projects focusing on high quality research results avoid a high level
of involvement and only allow the participation of non-scientists in clearly structured data collection is
because the researchers fear that an open co-design process could reduce scientific quality. On the other
hand, in terms of educational goals, researchers appear to assume that these may be better reached
with higher intensities of citizen scientist involvement. This question is beyond the scope of this article
but offers fruitful opportunities for further research.

A further reason for choosing low levels of involvement could lie in the fact that higher levels
require a greater investment of time by the citizen scientists and also, in many cases, higher levels
of prior knowledge and skills. In some cases there are also other preconditions for participation;
such conditions could include a limited number of citizen scientists or specific requirements, such as
being a beekeeper or having access to a garden. These preconditions can limit participation for some
but, at the same time, serve as an incentive for participation for those who already spend their leisure
time involved in the issue in question.

In addition, looking further at the openness of the citizen science projects in our sample, we
observed that low-level participant involvement in the research process, or using only a narrow group
of volunteers, did not always correspond to low involvement of non-scientists in the presentation of
the research results. In 93 of 127 cases, the research results were available to a wide audience including
the citizen scientists; the results were not limited to publication in academic papers for the narrow
research community.

6. Conclusions

The analysis indicated that the largest group of citizen science projects focuses on issues relating to
SDG 15 Life on Land, which reflects the original research area of citizen science. The second largest group
of projects deals with aspects linked to SDG 4 Quality Education. However, we observed differences in
the forms and understanding of education between the citizen science projects and SDG 4. While SDG
4 focuses on institutionalised education in universities and schools, citizen science projects that directly
address schools are rare in our sample (only 11 of 127). Target 4.7 in the SDGs refers to education in
the broader concept, in the context of education for sustainable development, and here there is some
overlap with citizen science projects that aim for lifelong learning and general upskilling also in other
than sustainability related issues.

Research is not a goal in itself in the SDGs. However, certain areas of applied research are included
in several of the SDGs as a means of enhancing knowledge, some of which are also referred to in
the citizen science projects. The vast majority of the projects in our sample are in the area of applied
science. Deep involvement of the participants appeared to be easier and more frequent in applied
research than in fundamental research. In addition, it was striking that projects with a high level of
involvement, such as those using a participatory science approach, seemed to have a tendency to focus
more on educational aspects.

In addition, the analysis showed that to date few projects have dealt with two aspects mentioned
by West and Pateman [5]: monitoring the progress made in achieving the SDGs and defining specific
regional or national targets. However, our research only covers the 127 projects listed on “Bürger
schaffen Wissen” at the time of conducting this study; results could differ for other samples. The analysis
did not aim to unravel the impact of the citizen science projects on specific targets of the SDGs or on
the monitoring process, but to see which thematic areas were addressed by the projects and which
research approaches they use. Following our research results, we suggest that greater attention should
be paid to aspects such as monitoring progress and defining targets, which are promising areas where
citizen science could contribute to sustainable development in future projects. Moreover, we advocate
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for future research projects to focus on other SDGs that have not yet been addressed, such as SDG 7
Affordable and Clean Energy.
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Table S1: Sample of citizen science projects.

Author Contributions: Conceptualization: K.S.; methodology: K.S.; formal analysis and investigation, K.S. and
C.S.; writing—original draft preparation, K.S. and C.S.; writing—review and editing, K.S. and C.S.; visualization,
K.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the German Federal Ministry of Education and Research (BMBF), grant
number 01BF1703A.

Acknowledgments: We would like to thank our colleague Miriam Venn, who contributed to fruitful discussions on
the design of the study, as well as intern Nagi Ahmad, who supported us in the data collection and coding process.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study, in the collection, analyses or interpretation of the data, in the writing of the manuscript or in the decision to
publish the results.

References

1. British Trust for Ornithology. Take Part in a Project. Available online: https://www.bto.org/how-you-can-
help/take-part-project (accessed on 1 October 2019).

2. Hallmann, C.A.; Sorg, M.; Jongejans, E.; Siepel, H.; Hofland, N.; Schwan, H.; Stenmans, W.; Müller, A.;
Sumser, H.; Hörren, T.; et al. More than 75 percent decline over 27 years in total flying insect biomass in
protected areas. PLoS ONE 2017, 12. [CrossRef]

3. Delaware River Steamboat Floating Classroom. SPLASH Steamboat Floating Classroom. Available online:
http://www.steamboatclassroom.org/ (accessed on 14 October 2019).

4. Sea Change Consortium. Sea Change Project. Available online: http://www.seachangeproject.eu/ (accessed
on 1 October 2019).

5. West, S.; Pateman, R. How Could Citizen Science Support the Sustainable Development Goals? Stockholm
Environment Institute: York, UK, 2017.

6. AdME Research Group. Facepolitics. Available online: https://facepolitics.wordpress.com/ (accessed on
1 October 2019).

7. McKinley, D.C.; Miller-Rushing, A.J.; Ballard, H.L.; Bonney, R.; Brown, H.; Evans, D.M.; French, R.A.;
Parrish, J.K.; Phillips, T.B.; Ryan, S.F.; et al. Investing in Citizen Science Can Improve Natural Resource Management
and Environmental Protection; Issues in Ecology; Ecological Society of America: Washington, WA, USA, 2015.

8. Acadia University Citizen Science—Striped Bass Research Team. Striped AmBASSador. Available online:
http://stripedbass.ca/citizenscience.html (accessed on 27 January 2020).

9. Ecologic Institut; Kieler Forschungswerkstatt. Die Aktion – Plastik in der Umwelt. Available online:
https://bmbf-plastik.de/de/plastikpiraten (accessed on 27 January 2020).

10. University of Western Sydney. TurtleSAT Community Mapping—About This Project. Available online: https:
//www.turtlesat.org.au/turtlesat/pagecontent.aspx?page=turtle_aboutproject (accessed on 1 October 2019).

11. NGO WildMe. MantaMatcher—The Wild Book for Manta Rays. Available online: https://www.mantamatcher.
org/ (accessed on 14 October 2019).

12. United Nations General Assembly. Transforming Our World: The 2030 Agenda for Sustainable Development;
A/RES/70/1; United Nations Division for Sustainable Development: New York, NY, USA, 2015.

13. World Commission on Environment and Development. Report of the World Commission on Environment
and Development: Our Common Future; Transmitted to the General Assembly as an Annex to Document
A/42/427—Development and International Co-Operation: Environment; WCED: Geneva, Switzerland, 1987.

14. United Nations Division for Sustainable Development. United Nations Conference on Environment and
Development. Agenda 21; United Nations: Rio de Janeiro, Brazil, 1992.

15. Wissenschaft im Dialog gGmbH. Projekte – Buerger Schaffen Wissen. Available online: https://www.
buergerschaffenwissen.de/projekte (accessed on 23 March 2020).

16. Richter, A.; Bonn, A.; Ulbrich, K. Citizen Science – Perspektiven in der Umweltbildung. In Nachhaltigkeit
Erfahren: Engagement Als Schlüssel Einer Bildung Für Nachhaltige Entwicklung; DBU-Umweltkommunikation;
oekom: München, Germany, 2016; pp. 95–115.

http://www.mdpi.com/2071-1050/12/15/6044/s1
https://www.bto.org/how-you-can-help/take-part-project
https://www.bto.org/how-you-can-help/take-part-project
http://dx.doi.org/10.1371/journal.pone.0185809
http://www.steamboatclassroom.org/
http://www.seachangeproject.eu/
https://facepolitics.wordpress.com/
http://stripedbass.ca/citizenscience.html
https://bmbf-plastik.de/de/plastikpiraten
https://www.turtlesat.org.au/turtlesat/pagecontent.aspx?page=turtle_aboutproject
https://www.turtlesat.org.au/turtlesat/pagecontent.aspx?page=turtle_aboutproject
https://www.mantamatcher.org/
https://www.mantamatcher.org/
https://www.buergerschaffenwissen.de/projekte
https://www.buergerschaffenwissen.de/projekte


Sustainability 2020, 12, 6044 11 of 12

17. Online Oxford English Dictionary—“citizen, n. and adj.”. Available online: https://www.oed.com/view/

Entry/33513?redirectedFrom=citizen+science (accessed on 3 February 2020).
18. Chase, S.K.; Levine, A. A framework for evaluating and designing citizen science programs for natural

resources monitoring: Resource-Based Framework for Citizen Science. Conserv. Biol. 2016, 30, 456–466.
[CrossRef] [PubMed]

19. Pettibone, L.; Blättel-Mink, B.; Balázs, B.; Giulio, A.D.; Göbel, C.; Heubach, K.; Hummel, D.; Lundershausen, J.;
Lux, A.; Potthast, T.; et al. Transdisciplinary Sustainability Research and Citizen Science: Options for Mutual
Learning. GAIA Ecol. Perspect. Sci. Soc. 2018, 27, 222–225. [CrossRef]

20. Bonney, R.; Shirk, J.L.; Phillips, T.B.; Wiggins, A.; Ballard, H.L.; Miller-Rushing, A.J.; Parrish, J.K. Next Steps
for Citizen Science. Science 2014, 343, 1436–1437. [CrossRef]

21. Kosmala, M.; Wiggins, A.; Swanson, A.; Simmons, B. Assessing data quality in citizen science. Front. Ecol.
Environ. 2016, 14, 551–560. [CrossRef]

22. Haklay, M. Citizen Science and Volunteered Geographic Information: Overview and Typology of
Participation. In Crowdsourcing Geographic Knowledge; Sui, D., Elwood, S., Goodchild, M., Eds.; Springer:
Dordrecht, The Netherlands, 2013; pp. 105–122.

23. Bonn, A.; Richter, A.; Vohland, K.; Pettibone, L.; Brandt, M.; Feldmann, R.; Goebel, C.; Grefe, C.;
Hecker, S.; Hennen, L.; et al. Green Paper. Citizen Science Strategy 2020 for Germany; Helmholtz Centre for
Environmental Research (UFZ), German Centre for integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig,
Leipzig, Museum für Naturkunde Berlin, Leibniz Institute for Evolution and Biodiversity Science (MfN),
Berlin-Brandenburg Institute of Advanced Biodiversity Research (BBIB): Berlin, Germany, 2016.

24. Wechsler, D. Crowdsourcing as a method of transdisciplinary research—Tapping the full potential of
participants. Futures 2014, 60, 14–22. [CrossRef]

25. Shirk, J.L.; Ballard, H.L.; Wilderman, C.C.; Phillips, T.; Wiggins, A.; Jordan, R.; McCallie, E.; Minarchek, M.;
Lewenstein, B.V.; Krasny, M.E.; et al. Public Participation in Scientific Research: A Framework for Deliberate
Design. Ecol. Soc. 2012, 17. [CrossRef]

26. Bird, T.J.; Bates, A.E.; Lefcheck, J.S.; Hill, N.A.; Thomson, R.J.; Edgar, G.J.; Stuart-Smith, R.D.; Wotherspoon, S.;
Krkosek, M.; Stuart-Smith, J.F.; et al. Statistical solutions for error and bias in global citizen science datasets.
Biol. Conserv. 2014, 173, 144–154. [CrossRef]

27. Fritz, S.; See, L.; Carlson, T.; Haklay, M.; Oliver, J.L.; Fraisl, D.; Mondardini, R.; Brocklehurst, M.; Shanley, L.A.;
Schade, S.; et al. Citizen science and the United Nations Sustainable Development Goals. Nat. Sustain. 2019,
2, 922–930. [CrossRef]

28. Brossard, D.; Lewenstein, B.; Bonney, R. Scientific knowledge and attitude change: The impact of a citizen
science project. Int. J. Sci. Educ. 2005, 27, 1099–1121. [CrossRef]

29. Serrano Sanz, F.; Holocher-Ertl, T.; Kieslinger, B.; Sanz García, F.; Silva, C.G. White Paper on Citizen Science for
Europe; Socientize & European Commission: Zaragoza, Spain; Brussels, Belgium, 2015.

30. Cohn, J.P. Citizen Science: Can Volunteers Do Real Research? BioScience 2008, 58, 192–197. [CrossRef]
31. Evans, C.; Abrams, E.; Reitsma, R.; Roux, K.; Salmonsen, L.; Marra, P.P. The Neighborhood Nestwatch

Program: Participant Outcomes of a Citizen-Science Ecological Research Project. Conserv. Biol. 2005, 19,
589–594. [CrossRef]

32. Toomey, A.H.; Domroese, M.C. Can Citizen Science Lead to Positive Conservation Attitudes and Behaviors?
Soc. Hum. Ecol. 2013, 20, 50–62.

33. Schreier, M. Qualitative Content Analysis in Practice; SAGE: Los Angeles, CA, USA, 2012; ISBN
978-1-84920-592-4.

34. OECD Glossary of Statistical Terms—Basic Research Definition. Available online: https://stats.oecd.org/

glossary/detail.asp?ID=192 (accessed on 20 February 2020).
35. KölnErforschen. Available online: https://www.buergerschaffenwissen.de/projekt/koelnerforschen (accessed

on 20 February 2020).
36. Schulbiologiezentrum Hannover. TreeChecker—Welche Straßenbäume für Die Stadt der Zukunft?—Buerger

Schaffen Wissen. Available online: https://www.buergerschaffenwissen.de/projekt/treechecker-welche-
strassenbaeume-fuer-die-stadt-der-zukunft (accessed on 20 February 2020).

37. BUND-Kreisgruppe Bonn. Erforsche Neophyten Mit!—Buerger Schaffen Wissen. Available online: https:
//www.buergerschaffenwissen.de/projekt/erforsche-neophyten-mit (accessed on 20 February 2020).

https://www.oed.com/view/Entry/33513?redirectedFrom=citizen+science
https://www.oed.com/view/Entry/33513?redirectedFrom=citizen+science
http://dx.doi.org/10.1111/cobi.12697
http://www.ncbi.nlm.nih.gov/pubmed/27111860
http://dx.doi.org/10.14512/gaia.27.2.9
http://dx.doi.org/10.1126/science.1251554
http://dx.doi.org/10.1002/fee.1436
http://dx.doi.org/10.1016/j.futures.2014.02.005
http://dx.doi.org/10.5751/ES-04705-170229
http://dx.doi.org/10.1016/j.biocon.2013.07.037
http://dx.doi.org/10.1038/s41893-019-0390-3
http://dx.doi.org/10.1080/09500690500069483
http://dx.doi.org/10.1641/B580303
http://dx.doi.org/10.1111/j.1523-1739.2005.00s01.x
https://stats.oecd.org/glossary/detail.asp?ID=192
https://stats.oecd.org/glossary/detail.asp?ID=192
https://www.buergerschaffenwissen.de/projekt/koelnerforschen
https://www.buergerschaffenwissen.de/projekt/treechecker-welche-strassenbaeume-fuer-die-stadt-der-zukunft
https://www.buergerschaffenwissen.de/projekt/treechecker-welche-strassenbaeume-fuer-die-stadt-der-zukunft
https://www.buergerschaffenwissen.de/projekt/erforsche-neophyten-mit
https://www.buergerschaffenwissen.de/projekt/erforsche-neophyten-mit


Sustainability 2020, 12, 6044 12 of 12

38. Administratoren SETI.Germany. Willkommen bei SETI.Germany. Available online: https://www.seti-
germany.de/ (accessed on 21 October 2019).

39. Leibniz-Institut für Zoo- und Wildtierforschung (Leibniz-IZW). Im Forschungsverbund Berlin e.V.
StadtWildTiere Berlin—Natur in der Stadt. Available online: https://berlin.stadtwildtiere.de/ (accessed on
21 October 2019).

40. Fraunhofer-Institut für System- und Innovationsforschung ISI. Patient Science zur Erforschung Seltener
Erkrankungen—eine bürgerwissenschaftliche Studie am Beispiel der Mukoviszidose—Fraunhofer ISI.
Available online: https://www.isi.fraunhofer.de/de/competence-center/neue-technologien/projekte/patient-
science.html (accessed on 21 October 2019).

41. Koordinierungsstelle Wissenschaft und Öffentlichkeit. Gasthörer & Seniorenstudierende KölnErforschen.
Available online: https://gasthoerersenioren.uni-koeln.de/index.php?id=4131#c15983 (accessed on
8 April 2020).

42. NABU—Naturschutzbund Deutschland, e.V. Insektensommer 2020—Sechsbeiner Beobachten und
Kennenlernen—NABU. Available online: https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/

insektensommer/index.html (accessed on 3 February 2020).
43. IPN—Leibniz-Institut für die Pädagogik der Naturwissenschaften und Mathematik der Universität Kiel. Dem

Plastikmüll auf der Spur—Buerger schaffen Wissen. Available online: https://www.buergerschaffenwissen.
de/projekt/dem-plastikmuell-auf-der-spur (accessed on 20 February 2020).

44. International Institute for Applied Systems Analysis. FotoQuest Go. Available online: http://www.fotoquest-
go.org/en/ (accessed on 19 February 2020).

45. Brodschneider, R.C.S.I. Pollen—Bienenstand.at. Available online: http://bienenstand.at/c-s-i-pollen/ (accessed
on 3 February 2020).

46. Zooniverse Team. Chimp & See—About Research—Zooniverse. Available online: https://www.zooniverse.
org/projects/sassydumbledore/chimp-and-see/about/research (accessed on 3 February 2020).

47. Ceccaroni. Citclops—Citizens’ Observatory for Coast and Ocean Optical Monitoring. Available online:
http://www.citclops.eu/ (accessed on 20 February 2020).

48. Umweltbundesamt. Jetzt ist Zähltag! 2018—Buerger schaffen Wissen. Available online: https://www.
buergerschaffenwissen.de/projekt/jetzt-ist-zaehltag-2018 (accessed on 20 February 2020).

49. Südwestrundfunk. Apfelblüte—SWR Wissen. Available online: https://www.swr.de/wissen/apfelbluete/

uebersicht-apfelbluete-100.html (accessed on 3 February 2020).
50. Leibniz Informationszentrum Wirtschaft. YES!—Young Economic Summit. Available online: https:

//www.young-economic-summit.org (accessed on 3 February 2020).

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://www.seti-germany.de/
https://www.seti-germany.de/
https://berlin.stadtwildtiere.de/
https://www.isi.fraunhofer.de/de/competence-center/neue-technologien/projekte/patient-science.html
https://www.isi.fraunhofer.de/de/competence-center/neue-technologien/projekte/patient-science.html
https://gasthoerersenioren.uni-koeln.de/index.php?id=4131#c15983
https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/insektensommer/index.html
https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/insektensommer/index.html
https://www.buergerschaffenwissen.de/projekt/dem-plastikmuell-auf-der-spur
https://www.buergerschaffenwissen.de/projekt/dem-plastikmuell-auf-der-spur
http://www.fotoquest-go.org/en/
http://www.fotoquest-go.org/en/
http://bienenstand.at/c-s-i-pollen/
https://www.zooniverse.org/projects/sassydumbledore/chimp-and-see/about/research
https://www.zooniverse.org/projects/sassydumbledore/chimp-and-see/about/research
http://www.citclops.eu/
https://www.buergerschaffenwissen.de/projekt/jetzt-ist-zaehltag-2018
https://www.buergerschaffenwissen.de/projekt/jetzt-ist-zaehltag-2018
https://www.swr.de/wissen/apfelbluete/uebersicht-apfelbluete-100.html
https://www.swr.de/wissen/apfelbluete/uebersicht-apfelbluete-100.html
https://www.young-economic-summit.org
https://www.young-economic-summit.org
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Citizen Science as a Participatory Research Approach 
	Origin and Characteristics of Citizen Science 
	Types of Citizen Science and Forms of Participation 
	Aims of Citizen Science and Critical Reflection of the Approach 

	Citizen Science and Sustainable Development 
	Method and Sample for the Review of Citizen Science Projects 
	Results 
	Relation of the Citizen Science Projects to the SDGs 
	Sustainability Education and Scientific Results 
	Levels of Participation 

	Conclusions 
	References

