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Exploring scientists’ perceptions of citizen science for
public engagement with science

Stephanie A. Collins, Miriam Sullivan and Heather J. Bray

It is often assumed that citizen science is inherently participatory in nature.
However, citizen science projects exist along a continuum from data
contribution to full co-creation. We invited 19 biologists to explore their
conceptions of citizen science. Almost all participants defined citizen
science as involving non-scientists in data collection. This definition acted
as a barrier for scientists who did not see how citizen science could suit
their research objectives. While interviewees perceived many societal and
experiential benefits of contributory citizen science, deliberate design is
needed to realise the full potential of citizen science for public engagement.
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In addition to contributing to the production of scientific knowledge, Citizen
Science (CS) is viewed as a method for increasing public engagement with science
[Bonney, Phillips, Ballard & Enck, 2016]. Many CS projects either explicitly or
indirectly nominate goals for public engagement in their practice [Steven et al.,
2019] and public engagement underpins CS policy in many locations [Hecker,
Wicke, Haklay & Bonn, 2019] and best practice guidelines [Robinson, Cawthray,
West, Bonn & Ansine, 2018; Skarlatidou & Haklay, 2021]. However, within many
CS programs, the engagement is implied, with few studies describing how
engagement is managed within CS programs [Phillips, Ballard, Lewenstein &
Bonney, 2019]. Although Bonney et al. [2016] argue that not all CS projects should
have public engagement goals, they also suggest that further support is needed to
enable many projects to foster effective engagement.

Studies of scientists” attitudes to public engagement have shown that although
scientists generally are willing to engage in outreach activities such as giving public
talks or speaking with the media [Carr, Grand & Sullivan, 2017; Grand, Davies,
Holliman & Adams, 2015], they may not necessarily consider involving the public
in their own scientific research as a form of public engagement. In addition, some
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studies have shown that scientists’ perceptions of the public’s ability to understand
science, both within CS contexts [Golumbic, Orr, Baram-Tsabari & Fishbain, 2017],
and more broadly [Besley & Nisbet, 2013; Simis, Madden, Cacciatore & Yeo, 2016]
may limit their willingness to see participatory modes of public engagement as
desirable. Because the effectiveness of CS for public engagement relies on project
design and management [Bonney et al., 2016; Phillips et al., 2019], ascertaining the
perceptions and understandings of public engagement held by scientists involved
in CS projects is important. Hence this study aimed to explore Australian scientists’
perceptions of CS as a tool for public engagement with science.

1.1  Citizen science as a tool for public engagement with science

Citizen science can be viewed as contributing to the ‘participatory turn” in public
engagement with science and, as described by Strasser, Baudry, Mahr, Sanchez and
Tancoigne [2019], has emerged from two different concepts of public participation
in science. The first is arguably more aligned with public participation in science
policy and ideas of science citizenship [Irwin, 1995, 2001; Mejlgaard & Stares, 2010].
The second focuses more on non-scientists participating in research projects and is
more aligned with public understanding of science goals as well as enhancing
scientific research capacity [Bonney, 1996; Bonney, Cooper et al., 2009]. Although
numerous studies have demonstrated that non-scientist participants in CS projects
learn about science [e.g. Bonney, Cooper et al., 2009; Brossard, Lewenstein &
Bonney, 2005], and enjoy participating [e.g. Phillips et al., 2019], it is less clear
whether, as an enterprise, CS has significantly shifted public engagement with
science away from predominantly one-way engagement activities [Martin, 2017;
Metcalfe, 2019]. CS is often promoted as being open to ‘everyone’, however it is
likely that CS participants tend to resemble the demographics of mainstream
science (termed homophily) [Cooper et al., 2021], and the extent to which projects
are truly ‘participatory” or ‘empowering’ is open to critique [Strasser et al., 2019].
Understanding scientists” attitudes towards using CS for public engagement with
science is therefore important if CS is to be more inclusive and achieve public
engagement with science goals.

CS is frequently described as a participatory form of research [e.g. Dean, Church,
Loder, Fielding & Wilson, 2018; Dickinson et al., 2012; van de Gevel, van Etten &
Deterding, 2020]. However, the level of participation of citizens (henceforth
referred to as volunteers) is dependent on project design, objectives and resources.
The term ‘volunteers” has itself been critiqued as inherently implying that their
main purpose is free labour and creating a power imbalance with scientists [Eitzel
et al., 2017], but we use it here to distinguish participants in citizen science projects
from the participants in our study. Skarlatidou and Haklay [2021] describe levels of
engagement within CS projects, suggesting that the greater involvement volunteers
have in setting project objectives and project design, the greater the engagement.
While several typologies of CS projects have been suggested to map project
diversity in terms of scientific, social, and other goals as well as the contribution
and participation of volunteers [e.g. Bonney, Ballard et al., 2009; Hecker &
Taddicken, 2022; Shirk et al., 2012; Haklay, 2013; Wiggins & Crowston, 2011;
Strasser et al., 2019], we draw heavily on the three main types of projects described
by Bonney et al. [2016]:
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— Contribution, where volunteers primarily contribute data following a
scientist’s design;

— Collaboration, where volunteers contribute in other parts of the scientific
process mainly the design, analysis, and information dissemination stages;
and

— Co-creation, in which the volunteers and scientists work together to create a
project.

Shirk et al. [2012] adds to these ‘contractual” projects, where a community enlists a
scientist to investigate an issue, and ‘collegial” projects, where volunteers perform a
scientific investigation without a professional scientist. CS projects therefore exist
along a spectrum of the relative contributions of volunteers and scientists,
depending on the objectives and design (see Figure 1). Hence, because they
determine the level of participation of volunteers, CS project designers have a
direct impact on whether CS projects achieve engagement goals.

E— Co-creation
(including contractual and
collegial)
|

Collaboration
Contribution

Crowdsourced

Scientists

Figure 1. Diagram showing how typology determines the level of engagement for both
citizens and scientists.

“Engagement” has been understood in different ways within CS research.
Volunteer engagement is frequently explored using quantitative measures such as
number of participants, time spent on the project, and retention/attrition rates that
do not accurately reflect understandings of engagement more frequently used
within fields related to public engagement with science [Phillips et al., 2019]. On
the basis of qualitative work, Phillips et al. [2019] propose four “dimensions of
engagement”: behavioural activities, affective/feelings, learning/cognition, and
social/project connections. However, their work is based on interviews with CS
volunteers, and it is not clear whether these ideas of engagement are shared by CS
project managers, or how these aspects of engagement are actively designed into
projects.

Scientists” perceptions of using CS for engagement have received little scholarly
attention. Golumbic et al. [2017] suggested that scientists who are not involved in
CS may have negative perceptions of the public’s ability to contribute to science.
Scientists perceive that data from CS projects are of lower quality because of the
knowledge and training of volunteer participants [Riesch & Potter, 2014] despite
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analyses showing that the data can be as valid as traditional research methods [e.g.
Crall et al., 2011]. Hence volunteer training is considered a key part of CS
management [Gardiner et al., 2012]. The assumptions made by scientist-managers
about the capability of volunteers will ultimately be reflected in CS project design,
which in turn may limit opportunities for engagement.

1.2 Research aims and objectives

This study explores scientists” perceptions of how CS is utilised for public
engagement with science. We also explore what motivates scientists to use CS as a
research method and the barriers to using CS. Finally, we examine how the CS
volunteers are perceived by scientists. All these factors have the potential to affect
how a CS project is designed, so developing a nuanced understanding can improve
the design process and better support scientists considering using CS.

This research was approved by the University of Western Australia Human
Research Ethics Committee (reference number 2019/RA /4/20/6153).

This study used qualitative research methods [Denzin & Lincoln, 2011] grounded
in social constructivist approaches [Creswell, 2013] to explore scientists” subjective
understandings of CS and public engagement. Qualitative methods reveal
underlying motivations and attitudes that generally cannot be explored through
surveys [Malhotra, 2006].

Scientists within the field of biology in Australia were invited to participate in this
research via forty recruitment emails sent to professional associations and
university departments for distribution on behalf of the researchers. The field of
biology was chosen because of CS’s usefulness in ecological studies [Dickinson
et al., 2012]. Both scientists with experience with CS and no experience with CS
were invited to participate. Interested scientists then completed a preliminary
Qualtrics survey indicating their gender, research field, and career stage, to
facilitate purposeful sampling to ensure diversity across the target population.
Participants were not given any incentive to participate in the study, but were
encouraged to forward the recruitment email to other scientists they felt might be
interested.

Semi-structured interviews (see appendix A) were conducted between June 2020
and March 2021 using Zoom video conferencing software. The interview scripts
consisted of 20 questions for scientists with previous citizen science experience and
17 questions for those with nil experience. The scripted questions stood as a
guideline for the interviews, additional questions were asked or set questions were
not asked based on the responses given by the participants. The scripted questions
were piloted in five practise interviews performed between the first author and
local biologists with and without experience in citizen science. The interviews were
transcribed using a transcription app (otter.ai) and the first author to ensure
accuracy. Transcripts were analysed thematically using NVivo (QSR International)
using both deductive and inductive coding [Fereday & Muir-Cochrane, 2006;
Metcalfe, 2019]. Data was initially coded by the first author who created a
codebook. Inter-coder agreement (between first and second author) was 87%

https://doi.org/10.22323/2.21070201 JCOM 21(07)(2022)A01 = 4


https://doi.org/10.22323/2.21070201

Results

which is above the generally accepted threshold for reliability [Hruschka et al.,
2004; Lombard, Snyder-Duch & Bracken, 2004].

1. Participant demographics. We received 24 responses to the Qualtrics
preliminary survey, an additional 4 responses were emailed directly to the
researchers. Four participants did not reply to follow-up contact and one
participant did not progress to interview as we had already reached saturation for
participants with citizen science experience. Overall, 19 scientists working in the
field of biology in Australia took part in the interviews. Table 1 summarises
participant’s experience in CS and their self-defined career stage. Ten of the
participants were male, and nine were female.

Table 1. Demographics of participants including their citizen science experience, career
stage, field of study, and identifier number.

Identifier | Experience with | Career Stage | Field of Study
Citizen Science
1 Yes Late Conservation Biology
2 Yes Middle Marine Biology
3 Yes Early Botany
4 Yes Mid Marine Biology
5 No Early Conservation Biology
6 Yes Early Marine Biology
7 No Late Agriculture
8 No Early Entomology
9 Yes Middle Zoology
10 Yes Early Conservation Biology
11 No Early Botany
12 No Middle Conservation Biology
13 No Middle Agriculture
14 No Middle Agriculture
15 Yes Early Ecology
16 No Middle Ecology
17 Yes Middle Marine Biology
18 No Late Agriculture
19 Yes Late Genetics

2. Thematic analysis. The analysis of the interviews revealed several key themes.
Firstly, we present a summary of responses to questions asking the participant
scientists to define both citizen science and engagement. Secondly, we discuss key
themes regarding the participating scientists” motivations to participate in CS, and
how these relate to their perceptions of the goals for CS. Barriers and motivations
identified for not participating in CS are also presented here. Thirdly, we present
key themes related to the participating scientists’ perceptions of volunteers within
CS projects.

https://doi.org/10.22323/2.21070201 JCOM 21(07)(2022)A01 = 5


https://doi.org/10.22323/2.21070201

3.1 Defining CS and engagement
3.1.1 Participants’ understandings of “citizen science”

Eighteen of the participants defined CS as the involvement of non-scientists in
science, and eleven made a direct reference to data collection.

“I would define citizen science fairly broadly as a project that involves just
using the general population to collect data”. (18)

This suggests that most of the participants prioritise the research-related goals of
CS. One participant stated that they did not feel the need to define it at all.

“I think it’s [citizen science] actually really quite difficult to define. And I
actually feel there’s too much emphasis on defining it. And actually, maybe
better not to bother. .. I think it perhaps represents a range of phenomena” (4)

Only one gave a definition that expressed the values of driving scientific research
through collaboration with the community, which included CS’s role in promoting
public understanding of science.

“Teaming up with the community and for the purpose of driving forward
research. And at the same time, engaged with the community and to improve
awareness ... and generate enthusiasm and a better understanding of you
know, the topic project is on.” (19)

While some did acknowledge the co-creation or collaborative forms of CS later in
interviews, it rarely featured in their initial description. One participant suggested
that those types of CS were “overseas more so than in Australia.” (10). Another
noted the use of these categories for fulfilling local and specific needs.

“I think co design is especially important where a project has an incredibly
strong attachment to a place [or] a strong attachment to a local issue.” (4)

However, some did acknowledge that CS also included the ability to form
dialogues with the volunteers as a part of the CS process;

“it’s like science communication at the same time as producing science.” (13)

“That’s sort of partly why it’s used in terms of, you know, a collaborative
project, you're actually trying to give out information, but also open it up so
people can ask their specific questions.” (15)
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Scientists’
motivations,
barriers and
outcomes towards
using citizen
science

3.1.2 Participants” understanding of engagement

Half of the participants described engagement as “getting the public involved and
interested in science.” (8) Education was often included with this description, “to
get more people involved, to get more people interested, to educate people.” (5)
Participants also stated that engagement functions to allow “everyone to be able to
access that knowledge” (15), and “taking the time to think about other people’s
perspectives and views on the concept” (2) improved the effectiveness of
communication and accessibility of the science. Just over half of the participants
noted that engagement was useful to fight misinformation and to build trust in
science.

“I think we are in that phase where expert advice has been ignored for a long
time ... I think having people look to experts for that is a vital part of public
communication of science”. (17)

Half of the participants who were experienced in CS also stated that CS was
effective as engagement as it involved an active participation in the process,
especially compared to traditional forms of engagement where audiences are given
information with less chance for interaction.

“I feel very strongly that this is the way of education and engagement is to
actually say, to the community, you know, this is research we can do together,
and then have a conversation about it.” (19)

Interviewees articulated their primary motivation for using CS as the need to
collect data in large quantities or across large geographic regions. Another primary
motivation was the lack of funding for data collection (and hence the need to
recruit volunteers) and garnering public support to show value for publicly funded
research. A summary of themes is provided in Table 2.

Some participants acknowledged the public as stakeholders in scientific research,
e.g., “the community that really pays for science,” (18) and “a lot of the funds for
research in agriculture actually come from levies on farmers,” (13). One notably
stated that “I don’t think we should be worrying about whether the public is happy
with what we’re doing or not” (11) as they did not find public support to be a
strong motivator for performing engagement.

Participants with experience in CS expressed a need for support to run CS projects,
usually in the form of experienced personnel who could help in communication, or
other research adjacent factors like programming apps and websites.

Participants with no experience in CS stated that they did not pursue CS because
the process did not fit the type of research they conducted, for example, if specific
equipment or safety procedures were required and the data collection by
volunteers was deemed unachievable. Participants stated a primary outcome,
beyond the data collected which motivated them, is the connection to the
community outside of science. All participants with experience in CS stated that
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Table 2. Main themes present in interviews with scientists on their motivations, barriers,
and outcomes of using citizen science.

Category

Theme

Examples

Scientists’ motivation
and barriers towards
using citizen science

Ability to collect data
that otherwise would
be out of reach

“I think it's the part that would be most useful for scientists, because
that’s often very time consuming, and more people involved mean you
get more data quicker and easier.” — 11

“One is you can do projects, as I just mentioned, which are simply not
feasible with a normal budget process.” — 18

Scientists’ motivation
and barriers

Scientists need
support in citizen
science projects

“Having a little bit more support, so that we could grow it a little bit
quicker, I would have liked because a lot of the things that I wanted to
do felt too much of a distraction from my actual PhD to do instead.” —
10

“More support? I know I was one person with many hats. And it’s a lot
to manage.” — 12

Data collected fits its
intended use and may
be unfit for others

“I don’t see how it’d be useful for my own research.” — 11

“I would definitely view it differently than I would if the data were
collected by scientists, but also was designed differently for different
purposes, it has a different context.” —2

Funding and public
support

“So, the government understands that if you've got a small but noisy
component of the community that value participating in citizen science
programs that are supported by the government and the government is
happy to support those.” -1

“I think that’s been largely driven by the fact that something bright and
shiny and you can get funding for it.” — 1

“Your research is funded from taxpayer’s money, so you feel an obliga-
tion, you know, of interacting with the community and involving them
in the research.” - 19

Perceptions of citizen
science outcomes for
science and scientists

Citizen science is
enjoyable for the
scientist

“Sometimes you spend all your time surrounded by scientists, it can be
refreshing to talk to people with different perspectives.” — 8
“Interacting with people who are that keen to do something that they're
willing to give all this time, it made me also realise how lucky I was that
I could do this.” -6

Citizen science helps
connect science and
the community

“Citizen science plays a crucial role in that that nexus between science
and the community and helps to provide a bridge have that know-
ledge.” -3

“I think it helps to break down the barriers. This sort of ivory tower, if
you like, because I think the ivory towers is a prison for both parties,
you know, sort of keep science separated from most people.” — 4

“I feel like for a lot of us, especially with wildlife conservation side of
things, having a community that wants to encourage that wants to get
involved in that is really, really important.” — 5

Citizen science has a
positive impact on the
public image and
trust a of science

“I think it helps to establish a greater level of, of trust and also that that
local relevance.” - 13

“A very simple methodology that they at least understand how those
results came. And then maybe that will improve that trust.” — 14

“Just having people in the community that aren’t scientists doing sci-
ence, I guess that might do something for the public image of science
and just making people more aware of it.” -2

Citizen science is a

good way to recruit
people into science

careers

“Students who are studying marine biology at the university ... field
work will help them just learn more about their field of expertise.” -3
“Getting people involved, who are maybe considering going into sci-
ence in the future, but they might be 16, they might, you know, just be
finishing high school ... seeing if it’s something that they want to pur-
sue in the future as a job.” -8
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they personally found running CS projects enjoyable, mostly because of the social
interactions with citizens who are passionate about the topic, describing it as “great
to be with, like-minded people, and having good time and sharing experience.”
(15). The benefits of these vary from broadening the scientific “ivory tower,” (4),
contribute to community identities, and build relationships.

Another common response given as a benefit to both science and the volunteers
was that it provided an opportunity for the recruitment of people into science,
particularly young people, by providing a unique opportunity for budding
scientists or school-aged children to experience science and research and its
potential as a career. It was also reported that CS provided a valuable training tool
for students studying science to gain experience.

4.1 Trust in citizen science

Seventeen participants responded that they were trusting of CS data provided the
study addressed appropriate research questions and had sound experimental
design including quality control. Nearly all participants responded that they
trusted the data produced by CS but that trust was dependant on the design and fit
with the purpose of the project: “that depends on the question being asked.” (17)
Another interviewee suggested scepticism of all research data, rather than singling
out CS.

“I don’t trust any data, whether that be citizen science or scientist until I've
seen how they’ve done it.” (6)

Aspects of a trustworthy design given by participants were the quality control or
validation mechanisms included in the methods. Another concern was the
potential for dishonesty by volunteers, whether brought about by a lack of interest
or a lack of awareness for the importance of repeatability and null results in the
scientific method. Participants commented on the level of trust of traditional
science, “I think citizen science data is more trustworthy than data from scientists
alone.” (4). Another participant went as far as to say that “knowing certain people
are involved” (7) was enough to distrust it.

A perceived negative stigma is still apparent in the science community, with many
participants believing that other scientists would not be as trusting of the data.

“They think that the data is less trustworthy. Or that’s what the general
science, you know, field sort of view it as.” (11)

Some participants saw this as stemming from differences in industry cultures
across working environments,

“I think sort of straight up academia, like, universities have many-what I call
academic snobbery problems. So I think citizen science is only one of them.”
(17)
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Scientists’
perceptions of
volunteers

Others experienced differences in the standards to which the research methods are
held to within the science community as a manifestation of that negative stigma or
mistrust.

“I feel like it’s we're discriminated against. They find all kinds of problems
with what we’re doing that might not be questioned otherwise.” (6)

Interviewees perceived the two primary motivators for volunteers were
pre-established interest and the desire to contribute to efforts to resolve
environmental issues. Participants, especially those later in their careers, noted that
the volunteers are often already engaged (i.e. they had previous knowledge and an
active interest). Other respondents, predominantly early in their career, responded
that CS could be a way to engage people who are not already interested. However,
they did not cite specific examples of reaching new audiences in their own projects.
Others responded with the caveat that reaching the un-interested was difficult or
almost impossible and not worth the effort. Having volunteers with a
preestablished interest was seen as preferred by participants with CS experience as
they are seen as more invested and thus more likely to give honest answers.

“if you were encouraging people that we’re not so keen to do it, maybe there
will be more prone to errors because they wouldn’t be so genuine about it and
wouldn’t care so much.” (15)

The responses regarding the perceived benefit to the volunteers covered three main
categories, social, knowledge, and experiential (Table 3). The participants included
the facilitation of social interactions and community building as a positive outcome
for all parties. Knowledge uptake was described as both the research topic guided
by discussion with scientists, and the scientific process through exposure to the
process. Though this is often represented as a passive process, “just being involved
in a research project, you'll like, start thinking about research methodology.” (2)
Some participants perceived volunteers as uninterested in being involved in the
scientific process further then the data collection stage. Participants also perceived
that the volunteers may experience attitudinal and behavioural changes that align
with the conservation efforts of many of the projects. Finally, the experience of
volunteering provides the volunteers with a sense of contribution both to science
and to resolving environmental issues.

Table 3. Main themes present in interviews with scientists on their perceptions of the out-
comes for and motivations of citizen science volunteers.

Category

Theme

Examples

Perceived
volunteer
outcomes

Citizen science has beneficial
social impacts
(Societal)

“I think they are actually quite fundamental part of social activity,
and the sense of purpose and belonging and achievement amongst a
group.” —4

“You're actually working together, even if you don’t know it. And so
some of the community members have sort of connected as well.” — 17

Citizen science is enjoyable
for the volunteers
(Experiential)

“It’s usually like a nice day out. Like, people would enjoy it, it can help
bring, I don’t know, inspire passions to people, like if they go out and
have a really good day.” - 5

https://doi.org/10.22323/2.21070201
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Experiencing science
methodology increases the
volunteers understanding
(Knowledge-based)

Table 3. Continued from the previous page.

“They learn about how to do things very precisely and systematically;
they learn about the difference between good data and bad data.” — 8
“They’re effectively being trained in the philosophy of science and how
science works they probably will be trained as well almost by default in
the rigour involved in coming to a scientific conclusion.” — 18

Participating increases a
feeling of ownership and
responsibility in the
environment
(Experiential)

“They develop that ownership. And this is what citizen science can do.
They can get deeply involved in and say, well, that’s my creek.” -7
“That they should all be aware that as a community, they need to be
responsible as well for managing it.” -9

Volunteering can lead to
attitude and behavioural
changes
(Knowledge-based)

“I think it also could make them change the, their habits and ways they
might interact with the environment or know that they’re involved in a
citizen science project that’s talking about emissions, they might decide
to drive less.” — 11

Volunteers enjoyed
contributing to science and
efforts to resolve issues

“I think they enjoyed being able to contribute to science, and also to
conservation.” — 2
“Being able to contribute to, you know, feeling like they can have a role

(Experiential) to play in supporting the health of natural ecosystems.” —3
Volunteers learn about the “They also get more information about the natural world.” — 15
topic “They are thought that they increase their knowledge and increase their
(Knowledge-based) appreciation of the natural environment through this activity.” — 6
Perceived | Non-scientists do not care “I'm not sure whether the citizens would be liking to participate in the
volunteer | about science methodology part of science, it’s actually quite dry.” — 18
motivations “A lot of people couldn’t give two hoots about how the data is being
used and don’t care. And they’re not particularly interested and don’t
want to be bothered and fettered by that.” — 4
Motivation is interest-driven “So it appealed to people who are interested in this species.” — 11
“Someone who's really pursuing a passion, and has found citizen sci-
ence as a way of either organising and teaching themselves and learning
faster.” —4
Giving back and contributing “In general, have a strong passion for their local environment and want
to conservation efforts to participate in some way or form in the management and improve-
ment of their local waterways.” — 1
“Getting more active in providing, you know, making a difference, giv-
ing something back having a role to play in supporting management.”
-3
Citizen science helps to “I think it’s important to spread the word to get people that maybe they
engage people that are not wouldn’t have otherwise been engaged with it because they’re not sci-
already engaged entists.” — 5
“We get people that aren’t necessarily like science people really start to
get engaged, and we can capture that sort of audience.” — 10
Citizen science does not “They have to be interested enough to actually want to participate.” —
engage people who are not 17
already in engaged “It’s unlikely just your average citizen will just do it, I think it already
has to be somebody’s got a bit of a passion for the topic.” — 18
“I think a lot of it comes back to preaching to the converted.” —7
Perceived | Scientific research and new “They’re benefiting whatever research outcomes that they may have.”
wider knowledge -2
community “Society will probably benefit from citizen science project as a whole
outcomes because of the manpower the power that is brought by every single

person taking off.” — 6

Volunteers can disseminate
information

“I can definitely trickle all around, it can spread, and I think it can make
changes.” - 11

“These people are possibly amenable to explain to other people and
ripples in the community.” — 15
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Table 3. Continued from the previous page.

Influence’s policy and “It also gives people the power to then go to their MP or their local
decision making member and put the pressure on specific local environmental matters.”
-16

“There’s quite a few local government citizen science programmes.
And obviously that will feed back into like Policy and Governance, and
I guess more environmental management, etc.” —2

In addition to individual benefits, participants identified three positive outcomes of
CS for the wider community. Firstly, the information dissemination power of the
volunteers can help to spread the knowledge the volunteer’s uptake and influence
the attitudes of their social circles. Secondly, the support shown by the volunteers
for issues, particularly in environmental issues, can influence policy and decision
makers into adopting more evidence-based policies. Lastly, the most common
answer given, was that the knowledge and benefits achieved through the research
was benefit enough to the community. For example, new insights into the ecology
of areas being considered for conservation measures.

Discussion 6.1 Scientists” understandings of citizen science and engagement

Participants understanding of CS revealed an emphasis on volunteers participating
in data collection to achieve scientific research outcomes. The definitions given by
participants fit best with those described by Bonney et al. [2016] as
contribution-type projects. This definition maintains the scientists’ power and
control over the scientific process, but acknowledges that CS can be used to
educate and increase public understanding of science. Only one participant
reflected the sentiments in the definition by Irwin [2001], identifying collaboration
as a key aspect of CS.

Although engagement was not included in the initial definitions provided by
participants, they do see CS as a tool for public engagement with science. It is
unclear whether the participants see engagement as part of the CS process or an
end result, or by product of CS. The participants” definition of engagement with
science is similar to their definition of CS, however, their responses reveal that
scientists view the purpose of engagement as primarily educational, even though
they recognised volunteers had pre-existing knowledge of the topic already. While
this is not inherently wrong it fails to take into account the complexity of
knowledge uptake and attitudinal change and does not accurately reflect the
objectives of true engagement [Phillips et al., 2019] or recognize the potential of CS
for community empowerment [Eitzel et al., 2017]. CS is seen by the scientists in this
study as effective engagement because it provides the volunteers with an
opportunity to be actively involved with and therefore learn about the science.
Participants who had more experience with CS or public engagement recognised
that making citizens views heard is integral to effective engagement.

Participants also refer to CS as an active form of engagement, and while it is more

active than a lecture or piece of written communication, the action of the volunteers
is primarily based in data collection and many volunteers only collect a few points
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of data. This project structure fails to give volunteers any democracy or
decision-making power within the scientific process. The idea that CS is
participatory research is also prevalent in the literature [Dean et al., 2018;
Dickinson et al., 2012; English, Richardson & Garzén-Galvis, 2018; Metcalfe, 2019;
van de Gevel et al., 2020], however, the descriptions of engagement within CS
given by participants more closely resemble the knowledge exchange in dialogue
models of engagement [Reincke, Bredenoord & van Mil, 2020]. CS can only be
considered as participatory engagement if the volunteers are participating in the
generation of new information, and as such are active in some form of decision
making in the scientific process [Shirk et al., 2012]. Collecting a single point of data,
or even a few points, especially for those not already highly engaged with science,
does not fulfil the promise of public engagement with science offered by CS
[Martin, 2017], can leave volunteers disappointed with their experience [Roche,
Rickard, Huguenard & Spicer, n.d.] and is unlikely to promote the types of
engagement recommended by Phillips et al. [2019]. Volunteers have the capacity to
contribute intellectually, behaviourally, and socially in various ways that can
improve projects [Eitzel et al., 2017; Phillips et al., 2019]. It is important to note here
that the expertise of scientists is not diminished in these relationships, but the
citizens” own expertise of their community, environment, and needs are
acknowledged and can help drive research.

6.2 Trust in citizen science

Issues with data quality has been identified in the literature as a key concern for
scientists in CS projects and a barrier to participation for some. In this study,
well-designed CS project was described by participants as having simple and clear
volunteer instructions which are tested with volunteers beforehand, as well as a
system in which volunteers work in teams, as they can regulate themselves.
Participants’ suggestions for well-designed projects included adequate training
and clear, simple instructions along with quality control as a standard and are
aligned with recommendations in the literature [e.g. Isaac, van Strien, August, de
Zeeuw & Roy, 2014; Kosmala, Wiggins, Swanson & Simmons, 2016; Wiggins,
Newman, Stevenson & Crowston, 2011].

While no participants said that they did not trust CS research, there was a
perceived negative stigma around CS projects in the scientific community. This
disconnect can be explained by a higher standard being placed upon the CS
projects when compared to a more traditional research method, as experienced CS
participants reported their methods being questioned more. Previous studies
confirm that distrust amongst scientists can be a barrier to running CS projects
[Golumbic et al., 2017; Riesch & Potter, 2014; Alabri & Hunter, 2010; Gilfedder

et al., 2018]. As participants responses reflect what is established as trustworthy CS
design and show they can regard the CS research as trustworthy, focus should be
put on supporting project managers and methods of best practise. Designing for
engagement within the scientific community can be included to build trust if
deemed necessary.
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6.3 Motivations to participate in citizen science

The primary motivation reported by our participants to use CS was the ability to
collect data that would not be able to be collected using other methods, namely
data that covers large areas and ecological monitoring. Other motivators included
obtaining funding and increasing public support, especially in environmental and
conservation research. The participants in this study expressed support for public
engagement. No participants gave responses that showed reluctance in attempting
engagement because they felt it unimportant, but they did give examples of other
scientists they viewed as unwilling or reluctant to take part in engagement
attempts. All participants who had previous experience in CS found engaging with
the volunteers enjoyable and worthwhile.

Concerns regarding engagement stemmed from the reported lack of time and
resources or lack of support in the form of qualified professionals to help with
engagement and communication, or the funds to hire them, was a barrier for
extending existing projects. The main barrier that participants with no CS
experience reported was that CS did not fit with their research objectives. This
contradicts previous studies which found the two main factors in scientists’
disinterest in CS stems from either a lack of value given to using CS or a distrust of
the data [respectively Golumbic et al., 2017; Riesch & Potter, 2014]. While the
literature on scientists” perspectives is limited it does not reflect the beneficial
outcomes reported by the participants in this study. Aside from data collection and
personal enjoyment the participants also reported beneficial outcomes for the
science community, such as the recruitment of young volunteers into science
careers, the opportunity for scientists in training to get experience in the fieldwork,
and for early career scientists to gain experience while running projects.

The participants were able to recognise positive outcomes for both the volunteers
and the wider community. The participants observations on volunteer outcomes
fall into three categories: knowledge-based, societal, and experiential, which
correspond to three of the four areas of engagement identified by Phillips et al.
[2019]. The experiential outcomes include stewardship and the satisfaction from
contributing to efforts for environmental issues. The societal outcomes include
community building and overlap with the societal benefits for science and
scientists. Many of these outcomes are also found in the literature; studies show
that CS can increase knowledge of the topic, the scientific process and stewardship
of the volunteers [Brossard et al., 2005; Merenlender, Crall, Drill, Prysby & Ballard,
2016]. In addition to these individual outcomes the participants also consider new
research as the primary benefit to the wider community. Other benefits include
information dissemination and the potential to inform policy and decision making,
which also aligns with the literature [Newman et al., 2017; Warner, Lowell, Timme,
Shaftel & Hanner, 2019; Villasefior, Porter-Bolland, Escobar, Guariguata &
Moreno-Casasola, 2016].

The participants’ perceptions of volunteer motivations overlapped with the
outcomes, including interest in the topic and interest in environmental issues.
Participants disagreed on whether CS increases engagement among previously
unengaged individuals or only reaches people who are already engaged with
science outreach. The literature shows volunteers are motivated by their
pre-existing interest in the topic and concern for the environment [Domroese &
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Johnson, 2017; Rotman et al., 2014]. Martin [2017] found that individuals with high
levels of existing engagement in science are more likely to volunteer in CS projects.
The responses that aligned with the literature on motivations belonged
predominantly to participants in the later stages of their careers, who also thought
that pre-existing interest was beneficial for volunteer commitment and honest in
data collection. This argument is supported by Rosenblatt et al. [2022], who found
highly experienced recreational birdwatchers contributed more data and were
more likely to be retained in their citizen science project. For less experienced
interviewees who believed they could engage new audiences, their idealised reach
may be greater than their actual reach. There is a clear need for evaluative practises
in CS to determine the reach and impact on volunteers, such as Day et al.’s [2022]
analysis of 73 CS ‘expeditions” which showed that those designed with
collaboration between volunteers and scientists had the strongest impact on
conservation intentions.

CS is considered by the scientists that participated in the study primarily as a tool
for data collection, and then secondarily as a method for engagement with the
objective of education. Engagement is approached by the participants as a
discussion and a chance for the volunteers to ask questions, but volunteers have
limited influence beyond data collection. The scientists in this study do not include
activities such as defining research questions, designing procedures, data analysis,
and interpretation of results as aspect of their work that could or should involve
non-scientist volunteers. Participation in these stages, especially research question
development is an important part of participatory science as it allows the
volunteers power within the scientific process. It is also a missed opportunity to
fully utilise volunteers’ pre-existing knowledge and experience. Given this, it may
be inaccurate to categorise some types of CS as participatory and may better fit the
dialogue model of engagement [Metcalfe, 2019].

Participants expressed a willingness to participate in engagement practises and
while they did not see it as a barrier to using CS, they felt that more support was
needed to accomplish it. The most common barrier for biologists not using CS was
whether citizen data collection was fitting for their research question. When CS is
narrowly defined as citizens being involved in data collection it prevents efforts
being made to include the public in stages of research where the citizens have more
power, such as research question development.

The social aspect of CS was found to be a beneficial outcome to all parties involved,
as it is worthwhile to scientists; a major positive outcome for the volunteers; and
helps to open the scientific community to the wider community. CS can help in
contributing to the community identity and making science more accessible. The
participants of this study clearly understand, at least to some extent, the
complexities of volunteer motivations and outcomes. As the understanding of the
nuances of engagement appears to grow with experience level, it may be pertinent
for early-career scientists to train in public engagement strategies or take on
communication specialists to assist with project design.

While not all CS projects must have public engagement with science as an
objective, all CS projects rely on interactions with volunteers and their needs
should be clearly understood. Our results suggest that CS project managers see
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Appendix A.
Interview guide

engagement as something that ‘happens’, rather than something that needs
proactive design, management, and evaluation. For those projects with public
engagement as a goal, or where public engagement is crucial to achieving scientific
goals, for example the collection of data over the medium-to-long-term, specific
training for project managers in public engagement with science or collaboration
with those with expertise in this area is recommended. Ongoing evaluation against
engagement goals, for example surveying participants or informally collecting
feedback, in addition to monitoring the scientific aspects of CS projects should also
considered standard practice. In projects where funding is granted on the premise
of public engagement with science, engagement processes should be considered as
important as the scientific aspects of CS projects and managed appropriately.

The authors would like to thank the participants for their contribution to this
research.

Thank you for participating in this study. I will remind you that this interview is
recorded, but all data will be de-identified during analysis. Please answer all
questions as honestly as you can. Before we start do you have any questions for
me?

— How do you define citizen science?
— Have you conducted any form of citizen science during your career as a scientist?
(If yes go to part A, if no go to part B)

Part A

What type of citizen science projects have you been involved in?
What types of audiences were involved?
What scale was your project aiming for?
What role did you play in the citizen science project/s?
What level of interaction did you have with the citizen participants in your
project?
6. What did you most want to get out of your citizen science program? [Alt]
What was your objective?
7. What, if anything, would you change about your citizen science program? (or
how programs are run in general?)
8. Do you have any concerns regarding performing citizen science? If so what?
9. What did you find most beneficial about citizen science to you as a scientist?
10. Did you have any personal benefits to performing citizen science?
11. In your opinion, does citizen science have any benefits for the citizen
participants? If yes what are they?
12. In your opinion, does citizen science have any benefits to the community?
13. Do you trust the data generated through citizen science? Why or why not?
14. How do you define engagement and the role it plays in science?
15. Do you feel that your citizen science project engaged the participants?
16. How do you feel about transparency in science?
17. Do you have any final comments or thoughts you want to add?
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18. Was science communication included in your science education or training?
If so to what extent?

19. Are you encouraged to do public engagement at your workplace? If yes, are
you encouraged to do citizen science?

Part B

Is citizen science something that you have considered before?

What has prevented you from pursuing it?

What interests, or doesn’t interest, you about citizen science?

If something was to convince you to pursue citizen science what would it be?

Do you have any concerns regarding citizen science? If yes what are they?

What would you expect to get out of citizen science if you did use it?

Do you see any potential benefits of citizen science to you as a scientist? If yes

what?

In your opinion, does citizen science have any benefits for the citizen

participants? If yes what are they?

9. Do you trust the data generated through citizen science? Why or why not?

10. What, if anything, would you change about citizen science if you were to
conduct a program?

11. How do you define engagement and the role it plays in science?

12. Do you feel that your citizen science project engaged the participants?

13. How do you feel about transparency in science?

14. Do you have any final comments or thoughts you want to add?

15. Was science communication included in your science education or training?
If so to what extent?

16. Are you encouraged to do public engagement at your workplace? If yes, are

you encouraged to do citizen science?
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