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Citizen science is growing as a field of research with contributions from diverse disciplines, promoting
innovation in science, society, and policy. Inter- and transdisciplinary discussions and critical analyses are
needed to use the current momentum to evaluate, demonstrate, and build on the advances that have been
made in the past few years. This paper synthesizes results of discussions at the first international citizen
science conference of the European Citizen Science Association (ECSA) in 2016 in Berlin, Germany, and
distills major points of the discourse into key recommendations. To enhance innovation in science, citizen
science needs to clearly demonstrate its scientific benefit, branch out across disciplines, and foster active
networking and new formats of collaboration, including true co-design with participants. For foster-
ing policy advances, it is important to embrace opportunities for policy-relevant monitoring and policy
development and to work with science funders to find adequate avenues and evaluation tools to support
citizen science. From a society angle it is crucial to engage with societal actors in various formats that
suit participants and to evaluate two-way learning outcomes as well as to develop the transformative role
of science communication. We hope that these key perspectives will promote citizen science progress at
the science-society-policy interface.
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Introduction

The long tradition of volunteer engagement in science has
taken a big leap forward over the past two decades. Var-
ied approaches of public engagement in science, public
understanding of science, crowdsourcing, and community
science have come together under the umbrella of citizen
science. The result is a growing, global, citizen science
community devoted to working together to bridge the
science-society-policy interface. Citizen science is increas-
ingly recognized as a distinct field of research (Jordan

* UFZ - Helmholtz Centre for Environmental Research,
Department Ecosystem Services, Leipzig, DE

T German Centre for Integrative Biodiversity Research (iDiv)
Halle-Jena-Leipzig, DE

¥ Cornell Lab of Ornithology, Ithaca, New York, US
5 University College London (UCL), UK

I Leibniz Institute of Freshwater Ecology and Inland Fisheries,
Berlin, DE

1 Leibniz Institute for Zoo and Wildlife Research, Berlin, DE

Museum fUr Naturkunde Berlin, Leibniz Institute for Evolution
and Biodiversity Science (MfN), Berlin, DE

™ Natural History Museum London, UK

et al. 2015, Haklay 2016) informed by many scientific
disciplines and supported by numerous citizen science
projects and publications (Kullenberg and Kasperowski
2016).

Citizen science projects now number in the thousands
worldwide. In addition, citizen science platforms and
capacity-building programmes foster the visibility of
projects and establish networks for knowledge exchange
within and among members of the citizen science com-
munity. Examples include Germany (Biirger schaffen
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Wissen), Austria (Osterreich forscht), Switzerland (Schweiz
forscht), Scotland (Scottish Citizen Science Portal), the
US (e.g., SciStarter, Zooniverse, CitSci.org), and Australia
(Atlas of Living Australia). These platforms promote
networking of important citizen science actors and pro-
spective stakeholders. They also foster learning and
new developments (Richter et al. in press). Additionally,
a range of policy documents such as green and white
papers and practical resources, e.g., training materi-
als, video clips, and guides, have been produced to
facilitate the growth of citizen science in science, policy,
and society (e.g., Bonn et al. 2016, Phillips et al. 2014,
Pocock et al. 2014, Pettibone et al. 2016, Serrano Sanz
et al. 2014).

The concept of citizen science has been further pro-
fessionalized through the development of practitioner
organisations in Europe (European Citizen Science
Association—ECSA), the US (Citizen Science Association—
CSA), and Australia (Australian Citizen Science
Association—ACSA) as well as several national networks
(Gobel et al. 2016, Storksdieck et al. 2016). These groups
allow researchers, citizens, and supporters of citizen sci-
ence to work together on standards for the field and to
develop methods for collaboratively evaluating the effi-
cacy of the work (Jordan et al. 2015), both through ana-
logue and digital communication (Tancoigne 2017).

Also in the past few years, numerous special issues of dis-
ciplinary journals have focused on citizen science, includ-
ing Frontiers in Ecology and the Environment (Henderson
2012), Journal of Science Communication (Weitkamp 2016),
Conservation Biology (Lukyanenko et al. 2016), Biological
Conservation (Ellwood et al. 2017), Environmental Scientist
(Ashcroft 2016), Citizen Science and Earth Observation—
Remote Sensing 2016/17 (Fritz and Fonte 2016), Science &
Technology Studies (Kasperowski and Kullenberg in press),
Remote Sensing in Ecology and Conservation (Pettorelli
2017), and Human Computation (Ramanauskaite and
Haklay 2017). And 2016 saw the launch of the first scien-
tific journal dedicated specifically to citizen science, which
you are currently reading.

Several governments and policy organisations also are
starting to support citizen science. In the US, the federal
government established a website to provide a database
on citizen science projects, to share a toolkit for setting
up citizen science projects, and to aid in networking
with members of federal agencies (CitizenScience.gov).
The European Commission has supported and promoted
citizen science through several calls in its research and
innovation programme Horizon 2020. Currently, the EU
Commission is developing and supporting targeted citizen
science activities and capacity building programmes such
as Citizens’ Observatories, Collective Awareness Platforms
(CAPs), and the Science with and for Society programme.
The European Environment Agency is also actively engag-
ing with national environment protection agencies, such
as the Scottish Environment Protection Agency and the
Finnish Environment Institute, to advance citizen science
concepts for environmental monitoring (see also Owen
and Parker in press).
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To provide a forum for in-depth knowledge exchange
and development of new citizen science collabora-
tions and professional networks, we organised the First
International ECSA conference in Berlin, Germany, 19-21
May 2016. With more than 360 participants from over
240 organisations and 30 countries, the conference
spawned rich and fruitful discussions along the axes of
science, policy, and society. Sessions included plenums
with keynotes and discussion panels, parallel interactive
workshops, and a marketplace with nearly one hundred
posters and exhibitions. A range of open formats such as a
ThinkCamp facilitated collaborative development of new
projects, and the Berlin Citizen Science Fest, held in vari-
ous locations across the city, involved Berlin grassroots sci-
ence communities and the public (Gold and Ochu in press;
Figure 1).

This paper presents and discusses the main outcomes
and recommendations of the conference. We address
three main fields: (a) How to promote stronger collabora-
tions in science, (b) How to foster the impact of citizen
science in the policy arena, and (c) How to engage more
effectively with society. Further insights into the three-
day conference can be gained via a “Storify” of the social
media coverage (Gold 2016) as well as Muki Haklay's blog
“Po Ve Sham” (Haklay 2016).

Innovation and Inspiration for Science

“Scientific endeavour that generates new knowledge or
understanding” is the first of the ten principles of citizen
science (Robinson et al. in press; see box). The value that
citizen science brings to science, however, is a topic of hot
discussion both within and outside the citizen science
community (Dickinson et al. 2010, Dickinson et al. 2012,
Riesch and Potter 2014, Tulloch et al. 2013, Vann-Sander
et al. 2016). Key issues are when, how, and to what degree
citizens can be involved in the research process. Most
authors agree that citizen science can contribute substan-
tially to data collection (e.g., Kullenberg and Kasperowski
2016, Hochachka et al. 2012), but concerns are some-
times voiced regarding data quality (Kosmala et al. 2016,
Vantieghem et al. 2016, Kamp et al. 2016, Fowler et al.
2013). Several authors also point to the usefulness of citi-
zen science for increasing understanding about scientific
processes (Trumbull et al. 2000, Brossard et al. 2005, Shirk
etal. 2012, Jordan et al. 2011) and for building public trust
and acceptance for nature conservation (McKinley et al.
2017). In addition, citizen science is often claimed to con-
tribute to public understanding of science and scientific
literacy (Cronje et al. 2011, Bonney et al. 2009, Bonney et
al. 2016, Brossard et al. 2005), a concept that is currently
being evaluated (e.g., Merenlender et al. 2016; Phillips
2017).

At present, contributions of citizen science to the over-
all field of science arise in three main areas, which are
captured in the perspectives and recommendations of
the conference (Figure 2): Demonstrating scientific ben-
efits of citizen science; branching out across disciplines,
embracing new tools and technologies; and fostering
active networking and new formats of collaboration.


http://www.citsci.org
http://www.citizenscience.gov
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Figure 1: Participants of the first ECSA conference working together with Berlin grassroots science initiatives in the
ThinkCamp (Photo: UFZ/F. Pappert).

The ten principles of citizen science

The ECSA ten principles of citizen science (Robinson
et al. in press) provide guidance on best practices
for citizen science projects with regard to aims, pro-
cesses, and outcomes to enhance the credibility of
citizen science. These principles provide a flexible
concept that can be applied in diverse disciplines
and situations as a somewhat normative framework
of good practice. They apply to projects regardless of
their level of citizen engagement from contributory
to collegial (Shirk et al. 2012), and consider not only
scientific outcomes but also the fair and respectful
nature of collaboration among professional scientists
and other actors. By March 2017, the ten principles
had been translated into 26 languages by volunteer
members of ECSA. These principles should now be
tested, critically reflected upon and further developed

in this fast-moving field.

Demonstrate scientific benefits of citizen science:
Creating new knowledge

While some of the largest citizen science projects have
been operating for several decades and a few for more
than a century, over the past decade the number of pro-
jects has grown dramatically (Bonney et al. 2014). With
careful attention to scientific design, data quality, and par-

ticipant engagement, citizen science can promote signifi-
cant scientific discovery and findings (Shirk and Bonney
in press). Consider eBird, an online checklist program for
reporting and accessing information about birds that was
started by the Cornell Lab of Ornithology in 2002 and has
already produced more than 100 peer-reviewed papers
(Sullivan et al. 2014). A major factor contributing to the
scientific impact of eBird is the rich nature of the project’s
data across large temporal and spatial scales using a moni-
toring design that allows for rigorous data analysis. In
addition, because eBird data are open access, they are now
being downloaded and utilized by many different groups
and thereby amplify the scientific impact of the project
(Sullivan et al. 2017).

The scientific impact of citizen science can be maximized
when practitioners incorporate the growing number of
best practices from the field. The process begins with care-
fully designing citizen science programmes to adhere to
scientific standards in research design and data collection
such that analyses can be published in scientific journals
(McKinley et al. 2017, Ellwood et al. 2017). Also important
is ensuring diversity and inclusion among citizen science
participants to encourage broad participation that may
foster in-depth scientific learning-by-doing (Bela et al.
2016). Practitioners also must understand the range of sci-
entific outcomes that can be communicated to different
audiences (Riesch et al. 2013), and they should increase
and improve collaborations among citizen scientists and
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professional scientists, across disciplines, to enhance the
reach, innovation, and impact of citizen science projects
(Bonney et al. 2014).

In addition, the benefits and impacts of public partici-
pation in science will be better measured and understood
when projects label themselves under the umbrella term
of citizen science. While important debate has occurred
over use of the term and its relationship to traditions such
as volunteered science, crowd-sourced science, and par-
ticipatory science (Haklay 2015), momentum is growing
around use of the term as a focal point to better under-
stand and quantify the impacts of all initiatives where
public participants engage in scientific research (Eitzel et
al. 2017).

Branch out across disciplines and embrace tools and
technologies: Providing new opportunities for research
Many citizen science projects are founded in a long tra-
dition of environmental research (e.g., Kullenberg and
Kasperowski 2016), and citizen science will gain its full
potential from broadening across research arenas to
include social sciences and humanities, including health.
Emerging information and communication technologies
(ICT) have created a wide range of opportunities for inter-
active participation in scientific research by expanding the
scale and scope of data collection, information delivery,
the communication of ideas, modes of participant recruit-
ing, communication and data processing, and visualiza-
tion (Newman et al. 2012). In particular, widespread use
of mobile Internet together with increasing use of low-
cost sensors provides an opportunity for mass data col-
lection. Games and gamification also are gaining ground
as a design approach in citizen science (e.g., Bowser et al.
2013), as they encourage more participants to contribute
data for longer periods of time (e.g., Eveleigh et al. 2013)
and attract contributors with a range of interests and time
availability (e.g., Eveleigh et al. 2014). Furthermore, tech-
nological advances make citizen science data more easily
available and offer tools for visualizing and analyzing data,
allowing citizen scientists to take on active roles beyond
collecting data.

As examples, citizen science projects focused on anthro-
pogenic light pollution illustrate the wide range of tech-
nologies used for interactive participation (Schroer et al.
2016). These include mobile application-based projects
in which users classify sky brightness by reporting how
many stars they are able to see in specific constellations
with the naked eye (Kyba et al. 2013) or to make decisions
on whether individual stars are visible (Loss of the night
app). Some projects, such as DarkSkyMeter, use phone
cameras as photometers. In addition, web-based projects
offer citizen scientists interactive tools to visualize and
analyse light measurements (MySkyatNight) and thereby
to enhance participation beyond contribution of data.
As another example, STARS4ALL is a European collective
awareness platform about negative effects of artificial
light on human wellbeing, biodiversity, visibility of stars,
safety, and energy waste (Schroer et al. 2016, Schroer et al.
in press). All of these advances facilitate participation as
well as better collection and analyses of data.
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A high level of ICT in citizen science, however, does
not always guarantee high data quality and participant
engagement (Wiggins 2013), especially if resource limita-
tions result in suboptimal ICT with hidden costs due to
poor usability or lack of appropriate functionality. Often
low-fi technology (e.g., paper and pencil data sheets) may
be sufficient for some projects and may allow involvement
of younger citizen scientists (Mazumdar et al. in press). A
mix of high- and low-tech complementary approaches can
thus be advantageous for improving citizen science pro-
ject outcomes (Venturelli et al. 2016, Wiggins et al. 2013).

Citizen science is also an avenue for opening technologies
and promoting open access. Many citizen science applica-
tions and projects incorporate open-source software and
apps, open hardware, and open-access data and publica-
tions. This is a clear sign of maturity in the community: The
evolution from one-off applications for use by a specific
project toward applications that can be reused by many
different activities is a very positive development. Open
standards and common vocabularies are key to ensuring
interoperability between different applications and their
reusability by different communities (Schade and Tsiinaraki
2016). Open access further ensures scientific impact.

Foster active networking and new formats for
collaboration: Deepening public participation in the
scientific process

Tools and technologies, however, are not sufficient to ensure
successful projects without a strong base of motivated vol-
unteers. To help citizen science reach its fullest potential,
projects must welcome a diversity of participants from
various backgrounds to ensure innovation at all research
stages. This means engaging across the whole spectrum of
citizen science formats from contributory to co-created pro-
jects, which are jointly designed by citizen scientists with or
without academic researchers (Bonney et al. 2009).

Project co-design can increase the social relevance of cit-
izen science by addressing topics of societal interest and
enhancing in-depth participation and ownership (Shirk et
al. 2012, Ballard et al. in press, Haklay in press). However,
co-creation requires skills, time, and identification of spe-
cific stakeholders rather than trying to involve the “gen-
eral public.” Citizens often hold important knowledge and
can be highly motivated to participate when research is
closely aligned with their needs and interests. Involving all
relevant groups in citizen science increases the chances of
balancing interests and maximizing impact.

Reasons for the current paucity of co-created projects
include scientists having an “ivory tower mentality,” being
insecure in not knowing research questions before a pro-
ject is started, or simply lacking knowledge, creativity,
and confidence for project design. To make co-designed
projects more rewarding and feasible for scientists, the
overall field of science must widen its key performance
indicators, train scientists in principles of public partici-
pation, and provide evidence that co-designing projects is
worth the effort. Overall, it is important to recognize that
participants should be able to choose their level of par-
ticipation, and that project managers should not presume
levels of interests.
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Citizen science is increasingly recognised as part of
Open Science, which is one of the three themes of the
current EU Research and Innovation policy set out by the
European Commission (2016). The main objectives of
Open Science are to make science more efficient, transpar-
ent, and interdisciplinary and to enable broader societal
impact and innovation. In one of the five policy actions
leading to a future Open Science Policy Agenda, citizen
science is mentioned as a key tool to foster Open Science
by opening up the scientific process, promoting best prac-
tices, and increasing the input of knowledge. Within this
agenda, citizen science is understood to provide partici-
pants with multiple roles in the broad spectrum of scien-
tific activities, e.g., as scientist, consumer, decision maker,
funder, or observer, benefitting individuals, communities,
and researchers. Data quality, ownership, and curation are
major issues to be taken into account. One of the broad
policy action lines for Open Science is to remove any barri-
ers, e.g., legal, technical, or administrative, whilst protect-
ing individual rights. Embedding Open Science in society
through citizen science is a priority to make science more
responsive to societal and economic expectations.

Innovation at the Science-Policy Interface

Many national and international policy developments are
aiming for transparency and participation in creating the
evidence base and societal acceptance for policy decision
making, and these would benefit from a strong link to
citizen science. Indeed, examples show that policy takes
up scientifically acquired data through different forms of
citizen science as a cost-effective and reliable approach to
obtaining evidence to underpin policy (Hyder et al. 2015,
McKinley et al. 2017). However, the uptake of citizen sci-
ence data by policy makers is not yet common practice
(Hyder et al. 2015). Especially within the context of inno-
vation and policy use, citizen science must pay attention
to scientific standards and methods, as well as existing
policy or environmental standards, so that results will be
used in policy implementation and evaluation. The use-
ful and efficient incorporation of citizen science data and
processes into the cycle of policy development requires
high-quality data appropriate to the policy decision-mak-
ing process and a mutual understanding of expectations
(Young et al. 2014, Chapman and Hodges 2017).

In this respect, two themes emerge from our recom-
mendations (see Figure 2): The role of citizen science in
providing input to existing policy agendas and the oppor-
tunities to work with funders.

Embrace opportunities for policy monitoring and
development: Facilitating citizen science input for
policy implementation

Citizen science can offer effective ways to connect citizens
and policy. Citizens can become involved by playing an
active part in creating the evidence base for policy deci-
sions and by understanding and monitoring the changes
taking place around them. Such involvement has the
potential to significantly impact local and national deci-
sion making, empowering citizens, and leading to a better
and more transparent government. While citizen science
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is becoming a valued and useful source of information for
governments and the raising of awareness through citizen
science is highly appreciated by policy and decision mak-
ing bodies, the adoption of actual citizen science results in
policy development is still slow. Studies in the UK (Davies
etal. 2013) and Germany (Brdmer 2010) demonstrate vast
potential for engagement that remains largely untapped.
This may result in part because the specific nature of citi-
zen science data does not always fit policy demands or
established indicators or processes (Chapman and Hodges
2017). Interesting successful experiences are occurring
at the national, regional, and local levels (Haklay 2015),
and these can serve as inspiration for a more integrated
approach and more dialogue and knowledge exchange,
rather than a one-dimensional communication (Young et
al. 2014).

To investigate the potential and limitations of connect-
ing citizen science to environmental policy making, the
European Commission and the European Environment
Agency endorsed a citizen science Knowledge Innovation
Project (KIP)under the Environment Knowledge Community
(EKC). KIP is currently exploring how data gathered by
citizens can be used to complement environmental moni-
toring and reporting processes in a cost-effective manner
and is reviewing the potential of lay, local, and traditional
knowledge to fill knowledge gaps and to examine how the
involvement of citizens could foster behavioural changes.
The project includes a series of real-life demonstrators in
support of environmental legislation in the fields of pro-
tected areas and invasive alien species.

Early collaboration of citizen science projects with local
authorities can lead to meaningful policy implementation
and acceptance by the public. Community-led projects
can increase trust in the validity of their methods and
results by involving universities and other authoritative
organisations alongside local authorities and communi-
ties to facilitate successful policy impact. Systematically
exploring the challenges associated with building effec-
tive partnerships between policy makers and citizen scien-
tists is critical: The process will help to engage citizens and
to facilitate empowerment, especially in an era when the
bonds of trust between civil society, science, and policy-
making need to be strengthened.

Citizen science is already promoted by many European
Environmental Protection Agencies (EPAs), as demon-
strated by the current Interest Group on Citizen Science
of the EPA Network, which exchanges information on ini-
tiatives and recommends best practice in citizen science
for EPA members. For example, the Scottish Environment
Protection Agency (SEPA) offers support for citizen science
by providing data handling infrastructure, access to inno-
vative technology, advice on funding models, and access to
existing citizen science initiatives and design tools for new
projects (Scotland’s Environment — Get Involved). Through
various partnerships, the agency has produced best prac-
tice guidance on appropriate design of citizen science
projects relevant to public authorities (Pocock et al. 2014).
SEPA supports well-designed citizen science initiatives
because they can offer various benefits to regulatory agen-
cies: Assisting policy formulation by providing monitoring
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data, evidence, and intelligence; serving as early warn-
ing and screening systems; harnessing volunteer think-
ing and giving opportunities for public engagement;
helping EPA resource efficiency; and operating at useful
local, regional, national, and European scales (Owen et al.
in press).

Work with science funders: Promoting new and
adjusted funding formats

We have previously noted that the European Commis-
sion is already supporting different forms of citizen sci-
ence in its research funding programmes, such as the
Collective Awareness Platforms, Citizens’ Observatories,

Recommendations for citizen science

Demonstrate scientific benefits of citizen science

For broader acceptance of citizen science in the scientific community, the scientific
benefits and validity need to be demonstrated. Benefits and limitations can be shown
through best practice, common standards and critical evaluation.

Branch out across disciplines

Exchange with promoters of participatory approaches in other disciplines, such as so-
cial sciences and humanities, as well as of reflexive approaches, such as Science and
Technology Studies. Research fields without such traditions should be encouraged to
discover the potential of citizen science.

Foster active networking and new formats for collaboration

Provide opportunities for interactive networking, knowledge exchange across different
roles and disciplines to allow innovation development. Citizen science associations and
networks are well placed to support exchange and capacity building and should be
supported.

Embrace opportunities for policy monitoring and development

National and international policy developments are opening towards more transparen-
¢y and participatory modes of evidence creation. The useful and efficient incorporation
of citizen science data and processes in the cycle of policy development needs active
deliberation to align goals and better mutual understanding of expectations.

Work with science funders

Citizen science needs adequate funding similar to other scientific approaches. The chal-
lenges and benefits need to be clarified with funders and strong evaluation criteria
need to be developed to quide and foster funding processes.

Engage with society in various formats

Innovation can happen when all players involved in citizen science are open and fle-
xible to new ways of collaboration. A plurality of participatory approaches from con-
tributory to co-creative projects should be encouraged and further developed as well
as in-depth collaboration with players from other sectors of society, such as policy,
industry, education and arts.

Foster excellent citizen science communication

Citizen science provides significant opportunities to enhance and transform science
communication. At the same time communication is a key component for the success
of citizen science initiatives. Engaging successfully with the media as well as involving
science communicators can substantially increase participation of volunteers and fun-
ding opportunities as well as impact of projects.

Figure 2: Recommendations for the further development of citizen science.
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and Responsible Research and Innovation projects and
activities. In addition, many countries are now developing
explicit funding programmes, aided by different citizen
science networks. To adjust current funding structures to
the demands of citizen science, a joint understanding of
citizen science needs and requirements is needed. Often
the openness to co-creation and co-designing research
questions is implicitly discouraged through traditional
funding programmes that demand structured and defined
approaches to guarantee specified outcomes (Kieslinger
et al. in press). Co-designing research projects may be less
attractive to research funders, because goals might be
defined only during the research process, and outcomes
might be measured by unfamiliar metrics. To unleash the
innovative potential of co-created scientific knowledge
and societally meaningful outcomes, however, citizen
science funding programmes should allow for scoping
phases and openness to possible changes in direction or
alignments of scientific and societal goals.

Innovation for Society

The third major innovation avenue links to the innovative
potential of citizen science for society. Many citizens are
interested in and wish to be more engaged in setting the
research agenda as well as participating in actual scientific
investigation. Equally, many researchers aim for higher
societal relevance of their research and desire the uptake
of their research outcomes in solutions for societally
important questions. Successful citizen science projects
therefore call for inter- and transdisciplinary approaches
and adequate formats of interaction.

Here we highlight two main recommendations
(Figure 2): Engaging society in various formats, acknowl-
edging innovative approaches to civic involvement, learn-
ing, and education; and developing excellence in the role
of communication in citizen science.

Engage with society in various formats of citizen
science: Fostering innovative approaches to civic
involvement, learning, and education, and enhancing
the role of museums

Citizen science is seen as an avenue to facilitate more
inclusive societies and transformation to sustainability
(Buytaert et al. 2014, Hinchliffe et al. 2014) by generat-
ing new ideas and innovation to address pressing societal
problems. The collaborative arenas that citizen science
offers may open up new roles and possibilities for both
professional and volunteer partners (Peltola and Arpin in
press, Bela et al. 2016, Lawrence 2006). Citizen science
also can affect the identities and positions of partners as
they develop new sensibilities and framings of problems
(Peltola et al. 2017, Hinchliffe et al. 2014, Whatmore 2013,
Wilson 2011).

Some citizen science projects have the potential to create
new collaborative methods of working and intervening in
problems (Landstrém et al. 2011). These include the ability
to reflect the goals of knowledge production or to deal with
conflicts of interest. They also can support the exchange
of sensible ideas, knowledge sharing, and the formation
of new research problems and questions (Hinchliffe et al.
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2014). These are examples of the diverse learning outcomes
of extended research collectives as coined by Landstrom et
al. (2011). Social learning outcomes and transformations
are, however, much harder to document than factual and
instrumental learning outcomes, hence they often remain
invisible (Bela et al. 2016). According to Bull et al. (2008),
the notion of social learning broadens understanding of
learning processes. Social learning means that individuals
learn to collaborate, reflect on what they are doing, and
make collective judgments.

One overarching theme is the role of citizen science
in democratising science. No value judgments should be
made, however, about the degree of participation in citi-
zen science activities. Arnstein’s ladder of participation
(Arnstein 1969) assumes that the involvement of citizens in
co-creating projects is more significant than in crowdsourc-
ing. However, the model of a ladder is too simplistic to cap-
ture the nature of participation in citizen science (Haklay
2013). Examining current knowledge about citizen science
participation shows a high level of education for many citi-
zen scientists. Where participants contribute extensively
and over a long period of time, skills and credentials blur,
with experts both with and without credentials working
side by side. Yet meaningful participation also occurs when
occasional contributors have a significant encounter with
scientific activities, as through a bioblitz. We therefore see
consequential participation occurring across the spectrum,
in activities that are suitable for the individual, their inter-
ests, commitments, responsibilities, and access to technol-
ogy (see also Lawrence 2006, Arpin in press).

Citizen science initiatives have been categorized based
on their degree of openness (Franzoni and Sauermann
2014) and on the type of interaction they allow (Buytaert
et al. 2016). Typologies should not be interpreted as nor-
mative, however: Not every citizen science project needs
to address all kinds of citizen groups to maximize interac-
tion and innovativeness. Involving masses of people—the
“‘crowd” or “data-drones” (Ellis 2014)—requires different
tools and approaches than working with groups who need
special skills for their tasks. The challenges of engaging
a specific interest group (see Peltola et al. 2017) differ in
situations where potential participants have high intrinsic
motivation and those in which participants are not inter-
ested in science or the subject matter per se. Groups with
limited skills, level of education, or resources need spe-
cial attention and means of engaging (Peltola and Arpin
in press). The tools used for some projects may exclude
groups who feel ill-at-ease using them, thus strengthening
existing power relations, marginalizing relevant informa-
tion, and suppressing ideas. “Full inclusion at the deep
level” should therefore not be seen as the only focus for
participation in citizen science. Important societal ben-
efits accrue for participation in different types of projects
including combinations of high to low skills with high to
low engagement in science—a joint activity of creating
knowledge that is shared.

In considering partnerships, museums form important
gatekeepers between science and society by providing
meeting spaces and stepping stones for the active engage-
ment of society in scientific discourse and advancement
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(Sforzi 2017). The majority of natural history museums
were founded on the personal collections of amateur
collectors, accounting for a long history of amateur and
professional collaboration. Today, institutions can play an
important role in fostering citizen science activities and
expertise, because the dual goals of citizen science—pro-
moting scientific knowledge and education—place muse-
ums at an ideal interface with the public in the process of
boosting the potential of participatory research. The con-
cept extends from science to the fields of history, archae-
ology, health, and technology. Over recent years a growing
number of museums have developed and promoted inno-
vative citizen science projects, including bioblitzes and
other forms of concerted, time-constrained assessment
events, ongoing field-based monitoring programmes,
and data processing of digitised collections (Ballard et al.
2017). The role of modern museums in citizen science can
be embraced even more strongly to move towards inclu-
sion and impact.

Foster excellent citizen science communication:
Promoting transformational change

Professional and high-quality communication is one key
factor for project success and for engaging and keeping
citizens in the project. Citizen science is attested to con-
tribute to a dramatic change in science communication
(Lewenstein 2016) as it takes place in an era of paradigm
change (Kuhn 2012) with a move away from a knowledge
deficit model to a philosophy of engagement (Schiele
2008). To date, however, the role of science communica-
tion in citizen science has only started to be systematically
assessed. Citizen science and science communication are
both relatively young and highly inter- and transdisci-
plinary fields of research (Gascoigne et al. 2010, Jordan
et al. 2015) that could be more intertwined for mutual
exchange and benefit. There is need for changing the
reference frame that leads people’s understanding from
a passive knowledge transfer to active two-way knowl-
edge exchange. Effective communication and collabora-
tion requires an understanding of the motivation of both
scientists and citizens who want to make an impact and
become actively involved in societally relevant science
(Geoghegan et al. 2016, Raddick et al. 2013).

Considering the outreach perspective of science com-
munication, aligning the citizen science research process
with the programming schedule of a broadcast station or
the print schedule of a popular magazine can be challeng-
ing, because science and media work at different speeds
and place emphasis on different processes and content.
Different needs and communication systems must be
clarified to tap into the potential of realizing the role of
media as a strong mediator for citizen science without
compromising research goals or overstretching avail-
able capacities. Moving through the phases of a citizen
science project from start to end, early and continuous
contact with the media and use of social media can be
seen as crucial to raise awareness, facilitate participation,
and provide reward and recognition to participants (van
Vliet et al. 2014). Talking and interacting with the media
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enables scientists to reach a large audience and thereby
helps to increase public awareness of scientific projects or
issues of societal relevance, e.g., the phenology networks
in the Netherlands or tick radar and Lyme disease moni-
toring (van der Kolk et al. 2016, Garcia-Marti et al. 2016).
Scaling-up citizen science can be difficult, because scien-
tists must be able to meet the demands of communities
in terms of equipment and platform support, but also in
terms of communication and interaction. Visualisation
and storytelling can be engaging ways to evoke emotions
and create identity (Hecker et al. in press), and these skills
should be fostered in the citizen science community. We
have compiled several recommendations for communica-
tion in citizen science projects (Figure 3).

Citizen science projects should produce high-quality
scientific data and findings. These need to be communi-
cated through journal publications and scientific publica-
tions. They also need to be communicated with project
participants, who have spent their time and resources in
producing outcomes. Participants themselves could share
experiences of successful participation and project out-
comes with their communities and through their own
communication channels.

Demonstrating success in citizen science

To address the pressing issues of global change on the
natural world and society, involving broad publics in the
process of producing new scientific knowledge is becom-
ing increasingly important. Citizen science offers innova-
tive potential in the fields of science, policy, and society
to tackle complex challenges (Hecker et al. in press), and
we hope the seven recommendations distilled from the
ECSA conference outcomes offer vision and concrete call
for action to advance the field.

We now need to demonstrate success in all these arenas.
Evaluating outcomes and learning points will improve
guidance and recommendations for the field and develop
good practice (Kieslinger et al. in press). Importantly,
thoughtful evaluation needs to be embedded into a pro-
ject’s design from the start and not as an afterthought.
Careful design and definition of desired project outcomes,
ongoing monitoring of outcomes and adaptive manage-
ment, and publishing lessons learned will move the field
of citizen science forward.

To document scientific success, peer reviewed and other
scholarly publications in different disciplines offer an
important indicator, while broad metrics could also include
quality-assurance programs, databases, and data visualiza-
tions (for a review see also Tredick et al. 2017). Here it will
be paramount to allow for different, meaningful formats
of citizen participation to add value to research. Success in
citizen science also can be manifested in a policy outcome
that may lead to a tangible change in people’s lives. For
example, if evidence from a citizen science project informs
urban planning such as a change of bus lines to reduce
noise or air pollution in a certain area (Maisonneuve et al.
2009), this is an important policy outcome. To document
innovation for society, evaluation of learning outcomes is
a growing subfield of citizen science that was launched by
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al. 2010).

Recommendations for communication

Websites and mobile apps that are easy to use and built with different user
groups in mind will attract wider participation.

New technologies such as social media networks and platforms can help
project managers to reach more potential participants, support a sense of camaraderie
and community amongst participants, provoke more discussion amongst participating
volunteers and scientists about the research question, and improve the flow of data
outcomes to the participants and the flow of feedback to the organisers (Newman et

Traditional mass media such as newspapers, television, and news presentations
have a particularly high audience reach, allowing projects to recruit a large potential
audience, motivate participants, and share findings, for example in the Dutch phenology
project “Nature’s Calendar” (van Vliet et al. 2014) and the German mosquito project
"Mueckenatlas” (Walther and Kampen 2017).

A good communication plan is crucial for the success of a citizen science project
and needs to be developed at the outset. Communicating with participants

throughout the research process and sharing progress and interim outcomes can in-
crease the engagement of participants and the learning of all involved significantly.

Providing for and encouraging participant feedback throughout the project can re-
veal new opportunities to share informative materials, improve the research and data
quality, and increase the educational potential of the project

(Druschke and Seltzer 2012).

Face-to-face meetings provide an invaluable opportunity to jointly
celebrate success and to show gratitude on behalf of project management and to
allow for social interaction and fun as a reward.

Figure 3: Recommendations for communication in citizen science.

the development of numerous scales for measuring varied
aspects of learning supported by the US National Science
Foundation. This effort included development of a User’s
Guide for Evaluating Learning Outcomes from Citizen
Science (Phillips et al. 2014), and formal and informal edu-
cators, including museums, play a major role in this area.
In addition, we need to demonstrate how citizen science
transforms effective science communication and offers
new avenues to engage across society.

Overall, the innovative potential of citizen science
should embrace the manifold expertise of participants
with different backgrounds across different disciplines,
and should incorporate opportunities to work at the
science-policy interface and thereby open new perspec-
tives. Citizen science needs to be considered as a suitable
approach to face global challenges.
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