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Abstract

Despite the fact that citizen engagement in research is widely practised and regarded as one of the keys to
maximizing the impact of research and innovation, empirical evidence on the value, potential and possibilities
of engaging a broad diversity of citizens in practice is scant. The purpose of our article is twofold: (I) to
provide more insight into the value and opportunities of engaging audiences that typically are not engaged
with science and (2) to explore the effect of a targeted recruitment strategy versus a generic recruitment
strategy on the profile, motivation and retainment of citizen science volunteers. Our empirical research is
based on five citizen science projects in the domain of surface and drinking water research in the Netherlands.
This article finds that using a targeted recruitment strategy, it is possible and worth to recruit a diverse
sample of citizen science volunteers.
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I. Introduction

In the European Union (EU)-wide efforts to create more societal value from scientific knowledge,
also known as valorisation, the participation of a diverse range of actors in the production of
knowledge is considered crucial. Besides the collaboration with businesses, public authorities and
other stakeholders, increasing attention is being paid to the interaction with the broader public in
the form of citizen science (CS). Following a steep growth of CS projects in number, scale and
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scope (Bonney et al., 2016; McKinley et al., 2017), influential international institutions have
started advocating the idea of public participation in research as a source of inspiration for engag-
ing and empowering citizens and a mechanism to improve science-society-policy interactions
(European-Commission, 2016).

The promising discourse surrounding CS, and the generally recognized importance of public
participation in research, are of considerable importance. The idea of responsible research and
innovation (RRI), including public engagement, is defined as a “cross-cutting issue’ in the EU
Research and Innovation funding programme Horizon 2020 (European-Commission, 2016). An
independent High Level Group on maximizing the impact of EU Research & Innovation pro-
grammes recently identified CS as one of the key actions to strengthen the impact of European
research and innovation (Lamy Committee, 2017). The current proposal for the next European
Framework Programme suggests that the attention to citizen engagement in research is going to
increase.!

The number of studies on the value, potential and possibilities of CS is rapidly expanding.
However, to date, empirical studies on engaging a broad diversity of citizens in practice are scant.
As we will show in section 3, a representative sample of volunteers is key for CS to fulfil its prom-
ises in terms of valorisation. The aim of this article is to twofold: (1) to provide more insight into
the value, opportunities and means of engaging audiences that typically are not engaged with sci-
ence; and (2) to explore the effect of inviting specific households to participate in CS projects,
instead of using a generic invitation to the general public. Based on a rich dataset of five CS pro-
jects, our article analyses the influence of a targeted recruitment strategy versus a generic recruit-
ment strategy on the sample of participants in CS projects, explores how the activity of participants
relates to personal characteristics and looks at the question of how personal characteristics relate to
impacts on confidence and awareness.

2. Rationales for CS

Science policies across the world have shown a growing interest in increasing the societal value
from science over the past few decades. In relation to changing public and political expectations of
science, policies of governments and research organizations have shifted their attention from con-
cerns about quality and relevance to a focus on valorisation (Hessels et al., 2009), that is, to ‘the
process of creating value from knowledge by making knowledge suitable and/or available for
economic and/or societal use and translating that knowledge into products, services, processes and
entrepreneurial activity’ (De Jong et al., 2015). One driver for this focus is a pressure for account-
ability, which implies the need to show that public investments in science lead to economic com-
petitiveness, improved public policies or other forms of ‘social impacts’. Valorisation policy
interventions include challenge-driven research programmes (Bos et al., 2014), the inclusion of
impact assessment in university performance evaluations (Smith et al., 2011) and the stimulation
of public engagement with science (Stilgoe et al., 2014). This article deals with the promotion of
public engagement, particularly CS, as a strategy to stimulate valorisation, and accordingly does
not focus on grassroots CS.

Even if CS projects generally have overlapping goals, on a higher level of abstraction the
rationales for CS cited in the literature can roughly be classified as either substantive, instrumen-
tal or normative. The substantive rationale relates to the idea that CS might improve the quality
of research or the final product. Public participation in research might not only raise new research
questions that the scientific community had not yet considered, and generate more information
on the research topic itself, but it might also suggest additional alternative or more specific solu-
tions (Reed, 2008). The instrumental rationale for CS is rooted in the idea that the process of
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participation will increase the legitimacy and/or quality of the final product. Cooperation
between scientists and the public is believed to reinforce mutual trust (Backstrand, 2003;
Chandler et al., 2012). Another part of the instrumental rationale rests on the potential of citizen
scientists to make large contributions to the quantity of data available to research professionals
(Bonney et al., 2016; Cohn, 2008; Lidskog, 2008). The normative rationale for CS postulates
that there is intrinsic value to and strong moral ‘ought’ for participation (Stilgoe et al., 2014).
Indeed, scholars such as Buytaert et al. (2014) and Haywood (2016) argue that the engagement
of the public in research processes makes science more democratic and ‘legitimate’, regardless
of its effects on trust or the implementation of research results discussed in relation to the instru-
mental rationale.

We would argue that both the substantive and normative rationale for CS are almost by defini-
tion associated with knowledge valorisation. Projects initiated because of these rationales aim to
contribute to the social impacts of science. As for the instrumental rationale, there can be various
manifestations which are not necessarily linked with valorisation. Whereas projects that engage
with citizens to increase the legitimacy of results typically aim for valorisation, research projects
that invite citizens to participate in the collection of data from an efficiency perspective, will not
always be oriented at generating social impacts or improving science literacy. In light of the work
of Bonney et al. (2009), who made a classification of different CS projects, these will be primarily
‘contributory’ projects in which citizens merely collect data for scientists to use in their research.

3. Causal patterns between CS and the social impacts of science

Many CS projects are driven by a combination of substantive, instrumental and normative ration-
ales. We would argue that, in principle, a project driven by any of the rationales can contribute to
valorisation. When looking in more detail at the valorisation promises in relation to CS in the lit-
erature, one can distinguish at least seven different causal patterns assumed between CS and the
social impacts of science:

1. Citizens can help to gather or analyse more data, which increases the quality of science
(Bonney et al., 2016; Cohn, 2008; Lidskog, 2008), which can, in turn, enhance the social
impact of a given scientific project.

2. It is suggested that the engagement of citizens increases the significance of research
agendas for the broader society, and therefore enhances the societal relevance of science,
which, in turn, increases the possible impact of its outcomes (Lamy Committee, 2017).
This idea has also been framed in terms of a stronger contextualization of science, which
helps to connect knowledge production with people’s local understandings, and to take
the public understanding of a certain problem as the starting point for scientific enquiries
(Lidskog, 2008).

3. The participation of citizens can help to reverse skewed representation in the production of
knowledge (through the inclusion, for instance, of women, indigenous people and other
underrepresented groups). This is suggested to increase both the quality and legitimacy of
knowledge (Béckstrand, 2003).

4. Citizens may bring in more diverse perspectives (Béckstrand, 2003). These ‘new’ perspec-
tives may be of great value (Lidskog, 2008). This claim is also apparent in the notion of
public engagement in RRI, defined as ‘co-creating the future with citizens and civil society
organisations, and also bringing on board the widest possible diversity of actors that would
not normally interact with each other, on matters of science and technology’ (European-
Commission, 2016).



Brouwer and Hessels 609

5. CS can enrich the practices of quality control by extended peer review, which is considered
necessary in the age of ‘post-normal’ science (Béckstrand, 2003). The argument here is that
wicked problems require a range of difficult perspectives, which should not only be
included in the agenda setting of science but also in the assessment of scientific products
(Funtowicz and Ravetz, 1993).

6. CSisassumed to raise scientific literacy, meaning that the experience of collecting data for
use by professional scientists fosters scientific knowledge and provides learning opportuni-
ties (Ballard et al., 2017; Bonney et al., 2009; Strasser and Haklay, 2018). CS is expected
to enhance the public understanding of science, in the sense that it helps promote under-
standing of the potential and limitations of science, and enhances the public trust in science
(Béckstrand, 2003).

7. Citizen participation can enhance the public acceptance of scientific outcomes (McKinley
et al., 2017). In this regard, Chandler et al. (2012) maintain that ‘The inclusion of local
community members in the research teams [...] helps to build trust and leads to cultural
sharing and acceptance of scientific outcomes and recommendations’ (p. 331).

A critical look at these claims reveals that they rest on a couple of crucial assumptions, which
often remain rather implicit, both in policy documents and in scientific papers. In particular, the
causal patterns 2, 3, 4, 6 and 7 all depend on the condition that a diverse (representative) sample of
citizens participate in the research. If the (active) contributions of volunteers come mainly from a
highly skewed sample of citizens, these promises will not be fulfilled. A second crucial condition
to be noted is that the citizen scientists are affected by their participation in the project, in the sense
that it changes or enriches their relationship with the object of study or with science in general.
Only if this is the case, can CS enhance the public acceptance of scientific outcomes or increase the
scientific literacy of participants.

We would argue that many CS projects do not fulfil these conditions. When looking at the edu-
cational background of CS participants, we find again and again that people with higher education
are overrepresented in CS (Strasser and Haklay, 2018). Indeed, CS projects with over two-thirds of
the participants holding a university degree are by no means exceptional (Brossard et al., 2005;
Overdevest et al., 2004; Raddick et al., 2013). Furthermore, the empirical evidence with regard to
improved understanding of the scientific process remains inconclusive at best, nor does participa-
tion necessarily result in, for instance, the adoption of pro-environmental attitudes. Improvements
in content knowledge, however, seem to be better supported (Bonney et al., 2016; Brossard et al.,
2005; Crall et al., 2013; Cronje et al., 2011; Jollymore et al., 2017; Strasser and Haklay, 2018).

The fact that many CS projects do not to fulfil these conditions may relate to the fact that not all
projects are intended to improve the social impacts of science. Many projects, for instance, are
intentionally designed to primarily increase the quantity of data or to answer specific scientific
questions. We concur with Bonney et al. (2009) that such projects should not be held to standards
for broadening the impact of science that they never intended to achieve. However, an alternative
plausible explanation may relate to a lack of expertise or knowledge on how these conditions trans-
late in design principles. Although recruiting participants is integral to the success of each indi-
vidual CS project, very little has been published about different CS recruitment strategies. An
exception is the paper by West and Pateman (2016), who, to this end, draw on the volunteering
literature. They distinguish between three recruitment strategies: (1) word-of-mouth; (2) the use of
third party organizations, such as volunteering agencies; and (3) the ‘scattergun approach’, that is,
advertising to large numbers of people using, for instance, mass and social media. Whereas the first
approach is likely to attract people who are already engaged in volunteering, the use of third party
organizations may well function to reach specific groups (Ockenden, 2007; Unell and Castle,
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2012). The ‘scattergun approach’ can be expected to create a bias towards people that are receptive
to the particular media employed.

From a diversity perspective, a tension exists between the need to establish a legitimate cross-sec-
tion of the population and the need to acknowledge and account for salient differences between groups
(Blue et al., 2012). In this article, we focus on diversity in the sense of a representative sample of the
population. In this light, this article presents a fourth strategy to recruit participants, which concerns
sending out personal invitations to a random sample of the population. We refer to this strategy as a
targeted strategy, as opposed to a non-targeted or generic invitation strategy, aligning well with the
scattergun approach (West and Pateman, 2016) directed at all citizens of a specific area, but no one in
particular. In section 5, we elaborate on the influence of recruitment strategy on the sample of partici-
pants and their motivation, followed by section 6 which evaluates the value of diversity from a research
impact perspective. In the next section, we first explain how we conducted our research.

4. Research design

Our empirical research is based on five unique CS projects in the domain of water research in the
Netherlands conducted in the period between 2016 and 2017, in cooperation with four different (drink-
ing) water companies and over 1000 volunteers: the ‘Freshness of Water’ (2016), the ‘Clean Water
Experiment’ (2017), ‘Citizen Science and Lime’ (2017), ‘Citizen Science and Lead’ (2017) and
‘Citizen Science and Hardness’ (2017-2018); see Table 1. The selection of these projects was guided
by two considerations: (1) project relevance and (2) the availability of data. First, the selection of pro-
jects covers all CS projects in the drinking water sector in the Netherlands, as well as the country’s
most comprehensive CS project related to surface water quality. Second, for all projects we have
detailed empirical knowledge and data concerning the actual process.? All five projects can be charac-
terized as primarily contributory CS projects, in which members of the public merely collect data for
scientists to use in their research (Bonney et al., 2009). Two of the projects used a generic recruitment
strategy, while the other three followed a targeted recruitment strategy by personally contacting a ran-
dom sample of specific households, using the client database of the cooperating water company.

The Freshness of Water

This CS project on the microbiological stability of drinking water was the first CS project in the
domain of drinking water in the Netherlands (Brouwer et al., 2018). Research was conducted with
citizen scientists in Amsterdam into the ‘freshness’ of their own drinking water, particularly its
bacterial composition. To this end, participants took water samples at their home and performed
analyses themselves. Samples were also transported to the KWR laboratory, where the latest DNA
techniques in the field of ‘Next Generation Sequencing’ were performed, making it possible to

Table 1. Overview of the recruitment strategies, number of invitations, participants and response rate.

Recruitment Number of Response rate Number of participants
strategy invitations  (positive completes) invited (and accepted)
The Freshness of Water Generic N/A N/A 43
The Clean Water Experiment Generic N/A N/A 667
CS-Lime Targeted 1500 8.9% 133
CS—Lead Targeted 1255 8.5% 91
CS—Hardness Targeted 2384 6.8% 163

CS: citizen science.
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classify millions of bacteria at the DNA level. The project resulted in a better understanding of how
the bacterial species community composition in drinking water changes during transportation in
the distribution system, after stagnation in the premises plumbing system and after water is stored
for several days in, for instance, a bottle. Participants were recruited by means of a generic invita-
tion via a Facebook campaign, providing a link to the project registration page and online registra-
tion survey. The project received 85 complete registrations, 50 citizens were selected and 43
participants confirmed their participation.

The Clean Water Experiment

A year after the Freshness of Water project, a new CS project was conducted in Amsterdam, now
focussing on the quality of the city’s surface water. Hundreds of participants received a special
toolbox, containing various instruments to carry out water quality measurements, including an
Escherichia coli (E. coli), colour, temperature and odour experiment. Citizens were invited to
research the quality of the water in the city over a period of 3 months, and asked to upload their
results to a dedicated website. Through the Clean Water Experiment, citizens learned more about
the quality of water in their surroundings, making it easier for them to make well-informed deci-
sions about how to use it. In addition, the project resulted in a larger spatial and temporal coverage
of water quality data. Participants were recruited by means of generic invitation to the general
public, both online and offline. A special feature of the recruitment process in this project was an
artistic installation, allowing the people passing by to see, taste, smell and feel water. Flyers were
distributed to all observers, inviting them to register online for the project. The installation was set
up at various locations in the city. The project received 667 complete registrations.

CS and lime

In this 2017 CS project, over 100 citizens participated in a scientific study of drinking water hard-
ness and lime-scaling. The research was conducted around the pumping station in Pey-Echt, in the
south of the Netherlands. The reason for looking at this area relates to the fact that the responsible
drinking water company had major issues with discoloured water in 2015, accompanied by regular
complaints about the water’s hardness and quality. To improve the water quality of this pumping
station, measures were taken in 2016. The CS project helped to get a better idea of the impact in
the clients’ home of the measures taken, while the participants gained more insight into the com-
position of their drinking water. Using a simplified boiled water test and a ‘drop test’, the partici-
pants determined the hardness and lime-scaling of their water. The drop tests were carried out
twice; once on water directly from the tap and once on water that had been boiled for 5 minutes.
Invitations from the drinking water company to participate in the project were sent by e-mail to
1500 randomly selected addresses, and 134 citizens replied with a positive response.

CS and lead

Guided by the goal to locate and remove the last residues of lead from the (in-house) drinking
water pipe network in the city of The Hague, this CS project involved citizens in research into lead
water pipes. In two measurement rounds, citizens were invited to participate in the research, which
included three variants with different research steps, ranging from taking pictures, taking samples
and measuring pipes to testing for the presence of lead using indicator strips. This project has
resulted in more insight about the presence of lead water pipes, and the effectiveness and signifi-
cance of the three variants of locating these pipes. In addition, it presented an opportunity to raise
the home owners’ awareness about lead, so they could take the appropriate measures. Invitations
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from the drinking water company to participate in the project were sent by e-mail to more than
randomly 1255 selected addresses with houses built before 1960, that is, to houses that may still
have in-house lead water pipes. In total, 107 citizens replied with a positive response.

CS and hardness

The CS project on the hardness of drinking water is in many respects the same as the above-mentioned
project on lime, yet differs from it in two ways. First, participants were invited to take measurements
on three different occasions over a period of 7months: before, during and after the work on a particular
transport pipeline. Second, participants were exclusively asked to carry out the ‘hardness drop test’
with water directly from the tap. This project was carried out in the region of the city of Oss, where
during the project a transport pipeline was replaced and customers were temporarily supplied with
harder water from another production site. Over the course of the research, participants could experi-
ence the variations in the drinking water’s hardness. Invitations from the drinking water company to
participate in the project were sent by e-mail to 2384 randomly selected addresses, and 163 citizens
replied with a positive response.

Data collection

All five projects had a similar set-up, and all included an extensive online registration survey, one
or more data sharing surveys and an evaluation survey.? In our analysis we focused on the follow-
ing: (1) the registration data, including age, educational background and motivation; (2) data on
active contribution versus dropout; (3) experiences with measurement; and (4) evaluation data.
Evaluation surveys also included questions about the degree to which participants were affected by
their participation in CS projects, in terms of water awareness, confidence in their water and con-
fidence in their water company. To maximize the validity of the survey questions, we shared the
questions with experts on communication and conducted a qualitative focus group discussion prior
to its administration. Both the comments of the experts and the focus group participants helped to
improve the design of the survey questions.

Statistical analysis

The relations among the outcomes of surveys and the characteristics of participants were statisti-
cally tested. First, the relation between motivation and age class was examined using the chi-square
test, with the null hypothesis that motivation is independent of age class. As a measure of the strength
of the difference between observed and expected values, standardized residuals were computed for
each frequency. When necessary, some of the categories were grouped, and the Fisher’s exact test
was used when more than 25% of the expected frequencies were less than five, even after the group-
ing procedure. Fisher’s exact test is a statistical significance test used in the analysis of contingency
tables. The same analysis was conducted for the following combinations of variables: motivation
versus education level, project versus education level and age class, project invitation type versus
education level and age class, participation activity versus education level and age class and evalu-
ation versus education level and age class. For nominal variables with more than two categories (e.g.
motivation), the chi-square test was also conducted for each of the categories separately. This was
done by converting the nominal variable into several binary variables (e.g. yes/no for motivation
‘A’, yes/no for motivation ‘B’ etc.). This extra analysis made it possible to identify which specific
category contributes to the dependency between the variables (on the entire table level, as tested in
the preceding chi-square test). When two ordinal variables were compared, we tested the direction
of the relation with Spearman’s rank correlation test, a non-parametric measure of rank correlation.
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This was applied for the following combinations of variables: evaluation versus education level and
evaluation versus age class. Finally, the relation between dropout and age class (or education level)
was further tested using the non-parametric Mann-Whitney’s U test to examine if there is difference
in central values of age (or education level) between active and dropout participants. The statistical
summary is shown in Supplementary Appendix 1.

5. The impact of two different recruitment strategies

The impact on the sample of participants

Analysis of the registration data of the five CS projects indicates a clear relationship between the
recruitment strategy and the sample composition.

Diversity in age. As depicted in Table 2, in both projects with a generic invitation strategy, that is, the
Freshness of Water and the Clean Water Experiment, relatively few seniors registered, and the share
of the people who registered over age 65 was, respectively, 4% and 6%. At the same time, we find
that the same projects resulted in, respectively, 15% and 10% registrations from citizens aged 24 or
younger. Also, the chi-square analysis showed that the age distribution of the registered people was
significantly dependent on the invitation strategy (p <0.001). A plausible explanation for the rela-
tively many young volunteers is that both projects recruited volunteers by means of social media.
Instead, the three CS projects using the targeted invitation strategy, in which specific households
were asked to participate, recruited no volunteers of 24 years old or younger, and relatively many
seniors; the percentage of the people who registered over age 65 ranges between 16% and 26%.

Diversity in education. Similar to most CS projects (Brossard et al., 2005; Overdevest et al., 2004;
Raddick et al., 2013), the two CS projects in this study that used a generic recruitment strategy are
characterized by a relatively high percentage of citizens with high education. Respectively, 47%
and 46% of the volunteers even had a graduate degree as their highest level of education; see
Table 2.# The share of people with a lower education is proportionately low, and for, respectively,
7% and 9% of the respondents, intermediate vocational education was the highest completed
education. The projects that used the targeted recruitment strategy show that the overrepresenta-
tion of highly educated citizens in research projects can be overcome. In fact, we find that the
distribution of education levels of the participants was significantly related to the type of invita-
tion strategy of the project (p <0.001 with chi-square test). Both the CS and Lime and the CS and
Hardness projects managed to recruit relatively many volunteers with an intermediate vocational
education as their highest level of education, 29% and 33%, respectively. In the same projects, the
percentage of respondents holding a graduate degree is merely 11% and 15%. As depicted in
Figure 1, this analysis shows that a targeted invitation strategy other than a generic invitation to
the general public has the potential to result in a higher sample diversity.

Next to diversity in age and education, also achieving gender diversity has long been a guiding
principle in EC policy (European-Commission, 2018). Table 2 depicts the diversity in gender,
demonstrating that the majority of respondents is male (57% versus 40% female, and 3% unknown).
The reason why projects with the targeted recruitment strategy attracted relatively more male par-
ticipants may relate to the fact that the invitations were sent to the drinking water companies con-
tact persons, which are the persons in charge of paying the bill. It is not unlikely that these are
relatively often men. However, as we have no reason to suppose that male volunteers respond
differently than female ones to the participation in CS projects, this study does not consider gender
as a variable in establishing meaningful connections. An analysis of ethnicity would also be
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Table 2. Diversity in age, gender and education compared between five CS projects.

Freshness Clean Water CS-Lime CS—Lead CS—-Hardness Total

of Water Experiment

Age 24 or younger 15% 10% 0% 0% 0% 7%
25-34 32% 16% 7% 17% 6% 15%
3544 19% 30% 13% 29% 12% 24%
45-54 19% 26% 28% 11% 26% 25%
55-64 12% 12% 25% 21% 32% 17%
65 or older 4% 6% 26% 16% 24% 11%
Sex Male 34% 54% 72% 62% 67% 57%
Female 66% 41% 28% 38% 33% 40%
Education Primary school 0% 6% 2% 1% 1% 4%
Lower secondary 5% 1% 10% 3% 10% 4%
professional education
Intermediate vocational 7% 9% 29% 9% 33% 15%
education
Pre-university education 6% 9% 13% 10% 10% 9%
Bachelor’s degree 35% 29% 35% 33% 33% 31%
Graduate degree 47% 46% 1% 37% 15% 37%
CS: citizen science.
The total sample is 1054.
Generic Targeted

(I

R

8 @000

Primary school

Lower secondary professional education
Intermediate vocational education
Pre-university education

Bachelor’s degree

Graduate degree

Figure 1. Diversity in education compared between the two different invitation strategies. The relative
share of each educational level is depicted on the y axis, the relative share of each invitation strategy is

depicted on the x axis.
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Figure 2. The motivation of participants compared across age groups. The relative share of each
motivation is depicted on the y axis, the relative share of each age class is depicted on the x axis. The
total sample is 1054. A box is marked with a plus (+) when standardized residuals are greater than 2, and
marked with a minus (-) when standardized residuals are smaller than 2.

interesting, but could not be included in this study because the respective data are unavailable. In
order to avoid putting off potential participants, more sensitive questions, such as those regarding
race/ethnicity and income level, were not included in the registration survey.

Motivation

The motivation of participants to engage in the five water CS projects shows a clear pattern across
age groups (p <0.001 with chi-square test; Figure 2). All motivation categories, except acquiring
new knowledge, were related to age class (p <<0.05 with chi-square test on each motivation cate-
gory). The interest in the particular topic of the project is more important for the older participants.
Younger participants are more strongly motivated by the fun element or the opportunity to carry
out measurements by themselves, and less often motivated by the special interest in the subject
(p <0.01 with chi-square test on this motivation).

The motivation of participants also showed significant patterns across education levels (p < 0.01
with chi-square test). People with the lowest and highest education levels tend to be motivated by
the fun element (p <0.001 with chi-square test on this motivation). One remarkable observation is
that participants with a low level of education (primary school only) perceive CS more often than
others as a learning opportunity.

6. The value of diversity

Participant activity

It is one thing to recruit a diverse group of volunteers, but it is quite another to retain them over the
course of the project. Therefore, we will now compare the active participation versus dropout of
citizen scientists, across age groups and education level, to determine to what extent the diversity
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resulting from the recruitment strategy will maintain during the course of CS projects. We observe
a clear trend in the active participation in relation to age (p <0.001 with chi-square test). Older
participants tend to remain involved throughout the various CS projects, and younger participants
show a greater probability to drop out (p <0.001 with Mann-Whitney’s U test). The correlation
between the frequency of dropout and education level was marginally significant (p <0.01 with
chi-square test), with people with intermediate vocational education having a lower dropout prob-
ability. However, education level was not significantly different between dropouts and active par-
ticipants, with Mann-Whitney’s U test (p=0.248) indicating that there is no monotonous pattern of
dropout along the gradient from low to high education level.

Effects of participation

In this section, we will investigate the effects of participation on confidence in institutions, con-
fidence in water quality, water awareness, CS motivation and learning. In the evaluation surveys
of the various projects, a vast majority of all respondents indicated that their confidence in the
(drinking) water company that organized the CS project had increased (52%) or remained stable
(43%). In this matter, we did not find a clear difference across age groups or education levels
(p > 0.05 with chi-square test). The few participants (2%) whose confidence decreased all relate
to occasions where lead was found in the drinking water system in the CS and lead project. The
confidence in the quality of (drinking) water had increased for about half of the participants
(51%), and for another 44% their level of confidence in the quality of (drinking) water remained
equal. The increase in the confidence level was significantly correlated with age class (rh0o=0.13,
p <0.05 with rank correlation test). We found marginal age dependency on confidence in water
quality (p=0.061 with Fisher’s exact test). Young people (<<35) tended to have decreased confi-
dence, whereas the strongest increase in confidence was found in the oldest participant group.
There was no clear relationship between the confidence in water and educational background
(p=0.512 with chi-square test). When asked about a change in water awareness, a majority of
participants (70%) indicated that this had increased; see Table 3. We did not find a clear pattern
in relation to educational background (p=0.563 with Fisher’s exact test) or age class (p=0.255
with chi-square test).

Most participants (87%) responded positively to the statement ‘I have experienced participation
in this project as a learning experience’. Again, the differences across age groups and educational
backgrounds are very small (p=0.257 and 0.156 with the chi-square and Fisher’s exact test, respec-
tively). This indicates that from an educational perspective, it is meaningful to attract a diverse
sample of participants. When asked whether they would consider participating again in a study in
the water domain, a vast majority (90%) of participants responded positively. Although not signifi-
cantly related to age class (p=0.428 with chi-square test), we observed a pattern in which younger
participants are relatively less eager to participate again (79% of the participants aged 24 or younger
stated a willingness to participate in a new CS study in the future). This observation is in line with
the larger share of dropouts in younger age groups. The willingness to participate again was higher
in individuals with intermediate education and up; compared with the other participants, we found
that participants with a lower secondary professional education less often say they would consider
future participation (p=0.034 with Fisher’s exact test).

7. Conclusions and implications

From a science policy standpoint, a powerful reason for investing in CS is the potential contribu-
tion of CS to the valorisation of knowledge, that is, to create more societal value from science. A
crucial condition for CS projects to deliver on this promise is the participation and active
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Table 3. The effect of participation on water awareness compared across education levels and age groups.

Fully  Agree Neutral Disagree Fully Do not
agree disagree know
Education Primary school 33% 17% 50% 0% 0% 0%
Lower secondary professional 30% 30% 30% 0% 0% 10%
education
Intermediate vocational education 4% 50% 24% 12% 0% 0%
Pre-university education 14% 52% 29% 5% 0% 0%
Bachelor’s degree 19% 49% 21% 9% 3% 0%
Graduate degree 23% 51% 18% 6% 1% 1%
Age 24 or younger 29% 57% 14% 0% 0% 0%
25-34 26% 57% 4% 9% 0% 4%
3544 1% 53% 29% 2% 4% 0%
45-54 25% 43% 25% 7% 0% 0%
55-64 15% 52% 25% 8% 0% 0%
65 or older 20% 43% 18% 14% 2% 2%

Depicted are the answers to the statement ‘As a result of participation, my awareness has increased’. The total sample
size is 250.

contribution of a diverse sample of citizens. Based on a meta-analysis of five recent CS projects in
the water domain, this article explores the possibilities of working with such a diverse sample, by
investigating the recruitment of citizens, their active participation and the effects of participation.

We conclude that, from a valorisation perspective, it is worth the effort to attract a diverse sam-
ple of participants in CS. The meta-analysis of five CS projects presented in this article suggests
that people across all age groups and education levels can participate meaningfully in CS projects,
in the sense that they are moved or affected by their participation. The current literature is ambiva-
lent about the possibilities of citizens acquiring knowledge about the research topic or about sci-
ence in general (Bonney et al., 2016; Jollymore et al., 2017). In this article, we did not analyse
scientific literacy as such, but we did find effects of participation on confidence and awareness in
participants of all ages and education levels. The majority of participants expressed increased con-
fidence in the water company and in water quality, as well as greater water awareness. This indi-
cates that their CS participation has changed the relationship with the object of study. Apart from a
relationship between age and the change in confidence in the quality of water, we did not find
significant variations between education levels or age groups. Our finding that lower educated
people can also participate meaningfully in CS resonates with Den Broeder et al.’s (2017) findings
that citizen scientists with lower education levels can benefit from their participation in terms of
self-confidence, social skills and cross-cultural network.

The second conclusion of this article is that it is possible to recruit a diverse sample of citizen
scientists, and that a homogeneous group, consisting primarily of highly educated CS volunteers,
should no longer be seen as inevitable. The three projects we have analysed, which used a targeted
recruitment strategy, managed to attract a significantly higher diversity in participation. Citizens of
older age and citizens with lower level education were much better represented than in the projects
with a generic recruitment strategy. This shows that sending out personal invitations to a random
sample of the population can help to attain a diverse sample of participants, as opposed to the
scattergun approach of advertising on mass media or social media (West and Pateman, 2016). This
is notable because CS projects are known to attract mainly highly educated participants (Brossard
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etal., 2005; Crall et al., 2013; Overdevest et al., 2004). It cannot be excluded that the specific focus
of the projects and the contribution required from the citizens have influenced the composition of
the sample of participants, which could be considered as a limitation in this study. We would argue,
however, that this influence is limited, as all five CS projects were conducted in the Netherlands,
around the same time, and all dealt with (drinking) water topics.

Although the recruitment of a diverse sample of volunteers indeed seems very possible, the
active participation of all participants remains a concern. In the younger participants, we found a
higher dropout during the projects, and also a lower willingness for a repeat participation. This
suggests that additional efforts are required during the project to prevent the loss of interest (Conrad
and Hilchey, 2011) and to keep these more volatile groups motivated.

Not all CS projects are aimed at valorisation. Particularly, instrumental CS projects of the ‘con-
tributory’ type may well be oriented at generating large datasets or increasing fundamental under-
standing, without generating social impacts. However, it seems more than reasonable to assume
that a large share of all CS efforts will be oriented at valorisation. For these projects, we derive
some practical recommendations from our analysis. First, we would encourage project designers to
consider a targeted recruitment strategy rather than an open call if they intend to attract a diverse
sample of participants. Second, in order to sustain the activity of younger participants, project
designers may explore possibilities to ask more commitment at the start and to invest more in face-
to-face contact with their (younger) participants. Third, given our finding that younger participants
tend to be motivated less by the specific topic of study and more by the possibility of contributing
to science in general or by the fun aspect of CS, project designers interested in valorisation may
consider strengthening these aspects (e.g. by site visits or social media activities), or stressing them
more in the communication with participants.

Furthermore, we would argue that the discourse about CS deserves to be refined, as many con-
tributions to the CS literature are insufficiently precise about the rationales for CS. We recommend
to policy-makers and subsidy-granting agencies working with CS to make the valorisation goals of
CS explicit, including the underlying goals and assumptions. In this manner, scholars and institu-
tions designing CS projects can purposefully choose whether to take measures to enhance diversity
of participation, and to make a contribution to the valorisation of knowledge.

As a final remark, it should be noted that in addition to diversity, certainly also a critical mass
is necessary to fully extend the social impacts of science. Although the number of CS partici-
pants is not explicitly covered in this article, it is interesting to note that from the targeted invita-
tion response rate data depicted in Table 1, it can be inferred that the potential of CS volunteers
nationwide may be in the millions. In sum, we believe that if some of the necessary steps out-
lined in this article are taken, the valorisation potential by involving citizens certainly shows
substantial promise.
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Notes

1. European-Commission (2018) proposal for a regulation of the European Parliament and of the Council
establishing Horizon Europe — the Framework Programme for Research and Innovation, in which the
Commission sets down its rules for participation and dissemination.

2. The ‘Freshness of Water’ project was an initiative of Kiwa Water Research (KWR) and Waternet;
the ‘Clean Water Experiment’ was an initiative of Deltares, Wageningen University, KWR, Waternet,
Regional Public Water Authority Amstel, Gooi en Vecht, AMS Institute and artist Pavel van Houten; the
‘Citizen Science and Lime’ was initiated by WML and KWR; ‘Citizen Science and Lead’ by Dunea and
KWR; and ‘Citizen Science and Hardness’ by Brabant Water and KWR.

3. Due to planning constraints, all but the citizen science (CS) and Hardness evaluation data are included in
this analysis.

4. Although the percentage of inhabitants with a graduate degree in Amsterdam — where the two CS
projects with the generic recruitment strategy were executed — is higher than the overall percent-
age for the Netherlands (21%—-11%), this difference alone cannot account for the observed educa-
tional background levels between the two recruitment strategies (Centraal Bureau voor de Statistiek
(CBS), 2018).
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