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Science knowledge and trust in science in biodiversity
citizen science projects
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Citizen science projects are valued for their impact on participants’
knowledge, attitude and behavior towards science. In this paper, we
explore how participation in biodiversity citizen science projects is
correlated to different dimensions of trust in science. We conduct a
quantitative study through an online survey of 1,199 individuals, 586 of
them being part of a biodiversity citizen science program in France.
Our results suggest that participation-related trust is more exhaustive
— it covers more dimensions of the scientific endeavor — than
education-related trust. This exploratory study calls for more empirical
research on the links between citizen science and the different dimensions
of public trust in science.
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Broadening citizen participation in knowledge production about biodiversity is
often presented as a priority by national and supra-national institutions and
research agencies [European Commission, 2013; Office of Science and Technology
Policy, 2022]. In particular, a growing amount of attention and resources is devoted
to citizen science” programs [see Eitzel et al., 2017, for a discussion on the meaning
of this term]. This expression refers to a large variety of forms of participation by
non-professional scientists (citizens, some NGOs members) in research, and mostly
in environmental research [Turrini, Dorler, Richter, Heigl & Bonn, 2018]. A majority
of these citizen science projects consists of involving the public in identifying and
surveying biodiversity [Peter, Diekotter & Kremer, 2019]. These programs have
largely demonstrated their efficiency to produce high-quality data that are useful
for biodiversity monitoring and management [Aceves-Bueno et al., 2017]. Besides
their scientific relevance, other kinds of virtues are associated to biodiversity
citizen science projects, such as helping participants to learn about ecology and
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and citizen
science

biodiversity [Phillips, Porticella, Constas & Bonney, 2018; Bonney, Phillips, Ballard
& Enck, 2016] or restoring a form of public trust in experts” advice regarding
environment-related problems [Ebel, Beitl, Runnebaum, Alden & Johnson, 2018].
In this context, a rich literature has emerged which explores the correlations of
citizen participation with science learning [Peter et al., 2019]. These studies are
generally motivated by the hypothesis that participation, by enabling citizens to
take part in real-life research processes, may foster their familiarity both with the
epistemological principles grounding knowledge production and their interest in
sciences as a body of theoretical knowledge [Aristeidou & Herodotou, 2020]. More
sparsely, some studies have tried to evaluate the correlation between participation
in biodiversity citizen science programs and the public trust placed in sciences
[Vitone et al., 2016]. However, there is still a glaring lack of evidence regarding the
way citizen science might have an influence on the kind of trust placed in scientists,
as well as in science in general and in specific disciplines such as ecology [Wynne,
2006]. Our research is a first exploration of the forms of trust towards scientists and
scientific results which characterize participants to biodiversity citizen science
programs. In particular, we investigate the specificity of this citizen science-related
trust compared to formal education regarding trust in science. Following the
approach developed by Phillips et al. [2018] for framing the empirical assessments
of citizen science’s learning outcomes, we first tried to distinguish different
dimensions of trust in science, as a function of the exact object they refer to. We
then considered five very similar biodiversity citizen science projects in France,
which are part of the Vigie-Nature network of participative observatories, managed
since 1989 by the Muséum National d’Histoire Naturelle (MNHN) in Paris, France.
These five citizen science projects (hereafter, observatories) are open to the general
public without prerequisite naturalist skills and are dedicated to surveying
different groups of common species. These Vigie-Nature’s observatories all share
the same general organization: amateur citizens collect data, on a regular basis and
with some form of standardized effort (specific protocol for each observatory),
about a given species or group (pollinating insects, butterflies, birds, plants among
others); they then share these data with scientists, who produce and publish
scientific results, and disseminate them among participants.

We conducted our study by means of a questionnaire fully completed by 1,199
adults living in France and having, to different extents, some links with
conservation NGOs associated with the observatories. Among them, 586 have
participated to at least one of the Vigie-Nature observatories we consider in this
study, the other 613 forming the non-participant group originating from a
population that is most likely aware of these observatories but do not participate.

Trust in governance has seen a steady and substantial decline across the world over
the last decade (see, for instance, the Edelman Trust Barometer,

https:/ /www.edelman.com/trust/2022-trust-barometer). Yet, in our “knowledge
societies”, knowledge is considered as a commons and a public good, and it
crucially informs policymaking processes and political action [McCombs, 2008];
trust in governance is then closely related to trust in science, that is “the trust that
society places in scientific research” [Resnik, 2011]. Public trust in science has
therefore become a key expression in science policy and ethics in recent years.
Notably, concerns were raised about the decrease of this public trust in science
[Arimoto & Sato, 2012].
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As formalized by Irzik and Kurtulmus [2019], an individual (M) placing its trust in
a (group of) 72 scientists (S) as providers of information (P) means that “(S)
believes that (P) honestly (that is, truthfully, accurately and wholly) communicates
it to (M), either directly or indirectly... [and that] (P) is the output of reliable
scientific research carried out by (S)” [Irzik & Kurtulmus, 2019, pp. 1149-1150]. To
put in more simply, an individual trusts S if she believes S is: a credible expert, that
she produced her results with integrity, and that S is honest in communicating these
results [see for instance Wintterlin et al., 2022, on this distinction between expertise,
integrity and honesty or benevolence as dimensions of trustworthiness]. An open
question here is that of the determinants of one’s beliefs that (a group) of scientists
is credible, honest and acts with integrity. Various criteria have been proposed in
literature. For instance, Stern and Coleman [2015, p. 122] distinguished four drivers
of trust: dispositional trust (“the general tendency of an individual to trust or
distrust another entity in a particular context”); rational trust (trust based on
“evaluations of information about the trustee’s prior performance”); affinitive trust
(based on the “cognitive or emotional assessment of the trustee’s integrity and/or
benevolence”); and procedural trust (“trust in procedures or other systems that
decrease the potential trustor’s vulnerability”). Given this general characterization,
the very concept of public trust in science, and its epistemological, political,
affective and psychological determinants remains quite ambiguous, basically
because “the public” and “science” might themselves refer to different things [Irzik
& Kurtulmus, 2021]. For instance, “science” can both refer to the scientific endeavor
and to the institutions leading scientific research: in this last case, it has been shown
that the (private or public) origin of the fund strongly influences the strength of the
trust placed in the generated scientific results [Master & Resnik, 2013].

Another approach to trust in science then consists in starting from the concrete
roles assigned to scientists and experts in our democratic societies: producing
reliable and objective knowledge which can (eventually) be used to improve our
lives (our health, comfort and security) and/or to solve collectively identified
problems by feeding into public policies and public debates. This mere (rather
consensual) claim already determines different objects to which trust can apply:

(i) the scientific results which are produced and diffused to the public; (ii) the
capacity of science to solve concrete problems we (as a society) face; (iii) the
capacity of science to foster social progress; (iv) the utility of scientific data to guide
public policies. Let us note here that these four dimensions of trust in science
constitute an abstract and simplified model to assess public trust in science, notably
because they do not take into account contextual factors, such the origin of the
funds or the way science is communicated to the public [Master & Resnik, 2013].
Independently of these contextual factors, our point here is that there is no reason
for these different dimensions of trust to be related: for instance, one can believe
scientific results are honest and credible, but be skeptical regarding the capacity of
science to foster social progress and well-being. In other words, empirical
evaluation of public trust in science and scientists should differentiate all these
different aspects — which are obviously not exhaustive. Yet, most of the existing
empirical works on that topic have tried to measure trust by building scales which
consider together different dimensions of trust in science. Nadelson et al. [2014]
have been precursors in developing and testing a “Trust in Science and Scientists
Inventory”. It consists of a 21-items test (such as “I trust scientists can find solutions
to our major technological problems” and reversed phrase items such as “we
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cannot trust scientists because they are biased in their perspectives”), with a
5-points scale ranking. Chinn, Lane and Hart [2018] have measured “overall trust
in science” by using a combined scale of three items: (1) “How much do you trust
science in general?”, (2) “How credible is science in general?”, (3) “Scientists know
what is good for the public”. This scale is supposed to capture together different
dimensions of trust in science: general trust in science [Gauchat, 2012], credibility
of scientific information [Liu & Priest, 2009], and deference to scientific actors
[Anderson, Scheufele, Brossard & Corley, 2012]. Finally, let us cite the Reliable short
Credibility of Science scale from Hartman, Dieckmann, Sprenger, Stastny and
DeMarree [2017]. It is a 6-item scale which aims to measure the “perceptions about

the credibility of science”.!

Among the factors that are expected to influence public trust in science, science
knowledge or public understanding of science is perhaps the most obvious one
[Miller, 2004]. The classical “deficit model of science communication” [Suldovsky,
2017] indeed postulates that attitudes of distrust or rejection of science are due to a
lack of public knowledge and/or understanding [see Bodmer, 1985, for a classical
expression of this position]. This “deficit model” has been strongly criticized
[Smallman, 2018], but it is still not clear what are the relationships between this
public knowledge or understanding of science, and the attitude towards scientific
results and expertise — trust being one specific kind of attitude. Allum, Sturgis,
Tabourazi and Brunton-Smith [2008] have reviewed a large number of works
studying the link between knowledge and attitude with respect to science, and
they find only “a small positive correlation between general attitudes towards
science and general knowledge of scientific facts”.

More recently, public engagement in scientific research (through the collection of
data and/or to their interpretation, to the setting of the research agenda, to the
formulation of research questions, to the design of protocols, etc.) was defended as
a way to improve the trust relationship between the public and scientists as
providers of information — in particular the perception of the credibility of the
scientists, and of their trustworthiness [Eleta, Galdon Clavell, Righi & Balestrini,
2019]. As noted by Aitken, Cunningham-Burley and Pagliari [2016], “public
engagement with science has now largely replaced public understanding as the key
mechanism for addressing the crisis of public trust”. A literature survey on Web of
Science and Scopus gives 138 articles that address citizen science and trust in either
title, abstract or keyword. An overview of the associated abstract indicates that all
of them deal with the trust relationships among the participants or between the
participants and the researchers managing the project. Only one of them adress
empirically the relationships between engagement in citizen science and trust in
science in general: Fiichslin, Schéfer and Metag [2019] reveal that people’s interest
in participating in citizen science is not correlated with a greater general trust in
science. Yet, this result relies on the answers to only one question (“How high is
your trust in science in general?”). Our contribution aims to start filling this gap by
exploring the correlations between citizen science, science knowledge and different
dimensions of trust in science.

1(1) “People trust scientists a lot more than they should”, (2) “People don’t realize just how flawed
a lot of scientific research really is”, (3) “A lot of scientific theories are dead wrong”, (4) “Sometimes
I think we put too much faith in science”, (5) “Our society places too much emphasis on science”,
(6) “T am concerned by the amount of influence that scientists have in society”.
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Materials and
methods

More precisely, our research question is then the following: which forms of trust
are placed in science and scientists by participants associated with biodiversity
observatories? In particular, what is the specificity (if any) of this
participation-related public trust in science, compared to the kind of public trust
related to more formal ways for citizens to approach sciences (namely, the
acquisition of university degrees)? One hypothesis is that participation, by
developing participants’ research skills and relationships with scientists, and by
giving them the opportunity to better understand how science and scientists work,
promotes a form of public trust similar to that acquired by university education

— that is, mediated by greater knowledge of (general and specific) science contents
and research processes. To test this hypothesis, our questionnaire simultaneously
explored the level and nature of trust and the degree of science knowledge (in
terms of general science knowledge, biodiversity knowledge, epistemological
beliefs and reasoning skills). To explore trust, we decided to distinguish between
five dimensions of trust in science, based on the previous definition of the roles of
science and expertise: (i) the credibility and perceived honesty of scientific
information as they are presented to the public; (ii) the capacity of science to foster
social progress; (iii) the capacity of science to solve concrete problems; (iv) the
utility of scientific data to guide public policies; (v) the integrity of scientists with
regards to non-scientific interests (that may be financial or related to power, or
linked to scientists” personal values). This approach is distinct from existing
empirical studies of trust in science, which generally aims to generate unified
scales to measure citizens’ perception of trust in science [Nadelson et al., 2014] or
scientific credibility [Hartman et al., 2017]. Let us note right now that some of the
dimensions of trust we consider in our study are considered elsewhere as
characterizing more generally “attitudes” towards science [see notably Wintterlin
et al., 2022]. This choice is cogent with the conceptual frame we adopt here [that of
Irzik & Kurtulmus, 2019].

3.1 Vigie-Nature observatories

Vigie-Nature started in 1989. It intends to support biodiversity conservation policies
by improving scientific knowledge of biodiversity. It engages a large diversity of
people (amateur naturalists, green areas managers, pupils, farmers and other
citizens) in the collection of field data across the whole French metropolitan
territory (for more information, please consult

http:/ /www.vigienature.fr/fr/presentation-2831). Our study’s empirical basis was
constituted by the five observatories specifically dedicated to non-professional
citizens without prerequisite skills.

The “Spipoll” (launched in 2010) is designed to survey pollinator species
assemblages. Participants apply the following standardized protocol. First, they
select a flowering plant species (possibly several individuals of the same species
within a ten-meter diameter circle) of their choice and take two pictures: one of the
plant itself and one of the surrounding environment. Then, they take pictures of
every insect visiting the flowers of the selected plant species during a 20-minute
period. Second, they identify insects and plants using a dedicated online
identification tool. Third, they upload their pictures and associated identification,
as well as date, time, location of observations — on the Spipoll’s website, where
data are shared among participants.
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The “Sauvage de ma rue” (launched in 2011) project aims at studying urban wild
vegetation. Whenever they want, participants choose a section of a street in their
city, they identify plants by using an identification key, and they upload their data
in the dedicated website.

“Birdlab” (launched in 2014) studies birds’ feeding behaviors. Participants install
two bird feeding tables in their garden or terrace and, in an online application,
register individual birds” movements — landing on and departing from the two
bird tables (over a 5-minute period). This may be repeated as often as desired by
participants, all along the winter season.

“Opération papillons” (launched in 2006) aims to improve our knowledge of
butterflies and their living environments. On a weekly basis, participants upload to
the dedicated website a report about the butterflies they observed in their private
gardens. These reports indicate, for every identified species, the largest number of
individuals observed simultaneously during the week.

“Oiseaux des jardins” (launched in 2012) studies the effects of climate change,
agriculture and urbanization on garden birds” biodiversity. Participants record the
number of individuals of every identified species who land in their gardens during
an observation session (duration defined by the participant). This may be repeated
as often as desired by the participants.

All these programs are designed on a free-contribution basis: participants collect
and send data whenever they want. Besides, these five observatories are related to
naturalist NGOs. These associations recruit participants through their own
communication channels: newsletters, websites, etc. One important point: these
associations also gather people who do not participate in Vigie-Nature citizen
science programs. Let us point out here that we decided to consider these five
programs as all together providing a unique sample of “participants”. Two reasons
may justify that choice. First, these programs function on a very similar basis, and
they all constitute typical instances of “contributory citizen science” in the sense of
Bonney et al. [2009]. However, contrary to other contributory citizen science
programs [see for example Jordan, Gray, Howe, Brooks & Ehrenfeld, 2011], there is
no dedicated participants training: only detailed protocols are available online, as
well as identification keys to help participants identify the species they report.
Participants’ training and learning about biodiversity and the research process is
then expected to develop gradually through participation itself.

Let us also say a word here about the content of the online resources posted by the
programs’ managers on the dedicated websites. New resources are posted every
two weeks in average under the form of “news” in both Vigie-Nature websites
(https:/ /www.vigienature.fr/fr/actualites), and in the different programs’ specific
websites (e.g., https:/ /www.vigienature.fr/fr/spipoll-0). Contents are as follows:
about 60% of the publications present scientific results or data (including
Vigie-Natures’) in an accessible, easy-to-read format (for instance, new findings
concerning the impact of pesticides on biodiversity, or interviews from experts on a
specific topic regarding biodiversity); about 30% are interviews and testimonies
from participants; and 10% present news about participative programs’ recent
developments (evolution of the protocols, hiring of new partners, new design of
the websites). The regular sharing of these resources, as well as the absence of
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formal training programs are Vigie-Nature observatories’ two main distinctive
characteristics.

3.2 Questionnaire

Our questionnaire was first tested on a panel of eight people from our research unit
(not belonging to the study, though) to collect their comments, and was corrected
accordingly in order to clarify and adapt items, when needed. We then conducted
the online survey (in French) from February to April 2021. This questionnaire was
presented as a scientific study aiming to evaluate people’s perceptions of science.

It was designed with LimeSurvey. All responses were completed online and were
completely anonymized (including IP address) in order to comply with the French
law on data privacy. Respondents were provided with a short text explaining the
study’s main objectives. Given the aims of our study, we targeted both participants
and non-participants to biodiversity conservation citizen science projects. To do so,
we used different communication channels. First, the questionnaire was
distributed through the main naturalist NGOs managing Vigie-Nature observatories
(associations’” newsletters and websites). As explained previously, these
associations also gather the details of people who — while being sympathetic to, or
concerned with — the environment and biodiversity, do not participate in
Vigie-Nature observatories. Second, it was posted on the Vigie-Nature website.
Third, it was also disseminated within participants” arenas of discussions, when
available (forums, Facebook pages, etc.). We obtained 1,199 complete responses in
total. Among them, 586 were part of (at least one of) the five Vigie-Nature
observatories we focus on. 613 respondents never took part to a Vigie-Nature
biodiversity citizen science project, while being linked to at least one of the
corresponding naturalist NGOs. As a consequence, we expected a majority of these
non-participants to feel relatively concerned with biodiversity issues compared to
the general population living in France. This element is interesting, since it allows
us to isolate the specificities of participation vis-a-vis mere interest towards
biodiversity and/or environment sciences.

The questionnaire was built to get three types of information, presented in distinct
sections: individual information and participation practices; general knowledge
about science, reasoning skills and knowledge about biodiversity; trust placed in
science and researchers.

3.2.1 Individual participation practices

An initial category of questions collected personal information: age, gender

(man =1, woman =0, and an option “other”, which was never chosen), education
(quantitative variable: 0 = Junior-high school; 1 = senior-high school; 2 = technical
school; 3 = Bachelor; 4 = Master; 5=Ph.D.), and participation to at least one of the
Vigie-Nature biodiversity observatories (Yes =1 or No =0). Vigie-Nature participants
were also asked about their participation practices:

— Duration of their involvement in the observatories (in years, Duration
explanatory variable)

— Intensity of their participation, measured as the average quantity of data
uploaded per year (as declared by respondents). Since each program differs
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in the frequency of data being sent, we scaled the related variable Intensity by
dividing it by the average value obtained in each program.

— Reading of scientific publications available on participation websites, written
based on these data (Yes or no, Publication variable).

— Frequency of consultation of the online resources posted by coordination
teams within the programs” websites (5-point Likert scale, Resources variable).

Please note we included age and gender in our correlation models in order to
control the influence of these variables; however, the specific discussion of their
effects exceeds the scope of the paper. As far as there is no interaction between
these variables and participation within the correlation models, we will not discuss
them in the interpretation of our results.

3.2.2 Knowledge about science and biodiversity

A set of eight questions (listed in appendix A) was proposed to assess the level of
general knowledge about science (Science content response variable). Questions
were all taken from the classical science literacy index, sometimes known as the
“Oxford scale” [Stocklmayer & Bryant, 2012]. This scale is used both in academic
studies [Miller, 1998] and in institutional surveys such as the Eurobarometers or
the U.S. science and engineering indicators [National Science Board, 2016].
Translations from English to French and from French to English (notably for
appendix A) was done in a collaborative way within the research team during a
meeting. A score of individuals” general knowledge of science was computed by
assigning 1 to correct answers, and 0 to false ones. We then sum the score obtained
by each participants. The Cronbach’s alpha for this set of questions is 0.9.
However, we would like to point out we do not claim to provide a score which
would measure “science knowledge” as a clear-cut concept. We envisioned our set
of questions more as a science knowledge test. Consequently, we did not perform
reliability analysis to select scale items. The same remark applies for the three
following variables (Biodiversity, Process, and Reasoning variables). In each case, we
then give the Cronbach’s alpha values as supplementary indicators, but do not
discuss them.

To assess knowledge about biodiversity (Biodiversity response variable), we asked
six questions (listed in appendix A) all derived from Prévot, Cheval, Raymond and
Cosquer [2018]. They were used together to test knowledge about biodiversity. We
also asked Vigie-Nature participants one self-evaluation question (that is, a question
where respondents are invited to evaluate by themselves the impact of their
participation) about their perception of the knowledge they have gained about
biodiversity by taking part in (at least) one of the participative observatories
(4-point Likert scale, Biodiversity evaluation response variable). Cronbach’s alpha for
these questions was 0.6.

Third, we assessed epistemological beliefs about the nature of the research process
(Processes response variable), with a list of four statements (Cronbach’s alpha = 0.7,
see appendix A for items) all taken or adapted from Liang et al. [2006]’s Student
Understanding of Science and Scientific Inquiry scale. This scale consists in
questions such as “Scientific theories based on accurate experimentation will not be
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changed” (5-point Likert-scale). This scale was used to test epistemological beliefs
about the research process.

Finally, we designed a 4-question scale (Cronbach’s alpha = 0.7, see appendix A for
items) to assess their respective levels of mastering scientific reasoning skills (e.g.,
the distinction between correlation and causality, Reasoning response variable,
4-point Likert scale). We also designed one self-evaluation question asking
Vigie-Nature participants whether their involvement had improved their
understanding of “the way science works” (4-point Likert scale, Processes evaluation
variable).

3.2.3 Trust in science

The last section of the questionnaire evaluates different dimensions of public trust
in science (5-question, 5-point Likert scale from “I strongly disagree” to “I strongly
agree”).

— Trust in researcher’s honesty: “We can trust researchers to honestly
communicate about their results” (Honesty response variable). Adapted from
Jensen and Hurley [2012].

— Trust in science as a factor of social progress: “Science and technology are
making our lives healthier, easier, and more comfortable” (Progress). Taken
from Ross, Struminger, Winking and Wedemeyer-Strombel [2018].

— Trust in technical solutions to environmental problem: “Technical progress
will allow us to mend environmental harm caused by our activities”
(Techniques). Taken from Prévot et al. [2018].

— Trust in science as providing data useful for science policy (hereafter, trust in
evidence-based policy): “Without scientific data, the government cannot
make responsible policies that are in people’s best interests” (Politics). Taken
from Ross et al. [2018].

— Trust in researcher’s integrity: “When researchers disagree, it is often because
they defend financial interests” (Integrity, reverse coding).

The Cronbach’s « for these items is 0.48, which confirms that they represent distinct
dimensions of trust that cannot be merge in one scale.

3.3 Statistical analysis

We performed all the statistical analysis in Matlab R2021a. To test the correlation
between our explanatory variables (demographic information and participation
practices) and science knowledge, we computed generalized linear models with
mean levels of knowledge (general knowledge, reasoning skills and knowledge
about biodiversity) as response variables. For each of these response variables, we
first used the glmfit Matlab function to find the regression coefficients and the
corresponding p-values associated to explanatory variables. The explanatory
models of trust in science were assessed by ordinal modeling, since the
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corresponding response variables take their values on 5- or 6-level Likert-scales.
Here, we used the fit/m Matlab function, which fits ordinal multinomial regression
models. We also used this method to assess correlation between demographic
information and individuals” participation features. In these models, we took into
account interaction terms between the Participation variable and the different
demographic variables. We then applied stepwise regression methods to identify
those variable which significantly improve the fit (we compared the regression
models by computing likelihood ratio tests). We finally checked for the
homoscedasticity of the residuals from the regression models by using archtest
Matlab function. This procedure (which is equivalent to a Type II Anova) enables
us to assess the effect of each variable by taking all the other ones into account.
Collinearity between demographic variables (gender, age, and diploma) were
found to be low enough to integrate them in the same models (between 0.06-0.14).

Results 4.1  Characteristics of the sample and participation practices
Table 1 gives respondents’ key-demographic features, both for Vigie-Nature

participants and non-participants. The “Participants” group was significantly older
than the “Non-participants” cohort (t-test statistics = 2.72, df = 1165, p = 0.007).

Table 1. Demographic features of the “Participants” and “Non-participants” groups of re-

spondents.
Participants Non-participants

Mean age 529 +15.77 50.43 £15.9

% Men 42.8% 36%

Number of respondents 586 613
Junior-high school 51 (8.7%) 31 (5.0%)
Senior-high school 111 (18.9%) 81 (13.2%)
Technical school 90 (15.3%) 94 (15.3%)
Bachelor 140 (23.8%) 143 (23.3%)
Master 148 (252%) 198 (32.3%)
Ph.D. 46 (7.8%) 63 (10.2%)

This result confirms the well-known finding that participants to contributory
projects are relatively older and then more likely to be retired than the general
population [Merenlender, Crall, Drill, Prysby & Ballard, 2016]. There were also
significantly more men in the “Participants” group (x statistic = 5.76, df = 1,

p = 0.01), and participants were less educated than non-participants

(x? statistic = 18.64, df = 5, p = 0.0009): 57% of participants and 66% of
non-participants hold a university degree. Even if a bias does exist regarding the
French population generally (40% of citizens have a university degree, see
https://www.insee.fr/fr/statistiques /2416872), these statistics suggest
Vigie-Nature observatories are rather inclusive regarding education, in that they do
not over-select educated people among the pool of individuals already interested in
environmental and biodiversity issues (notably, naturalist associations” members).

Participants were engaged in the different Vigie-Nature projects for 3.4 + 2.9 years,
on average. We did not find any correlation between demographic variables and
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participation intensity or duration. However, participants who declared reading
scientific publications were significantly more educated that the others (Beta
coefficient of the regression: 0.57 & 0.10, p-value < 10~°). Interestingly, we found a
significant negative correlation between education level and the Resources variable:
people with less diploma consult more frequently than others the news and
scientific results posted by researchers on the projects” websites (Beta coefficient:
—0.29 + 0.05, p-value < 107°).

4.2 Participation is not correlated with science knowledge

Table 2 presents the results of the correlation models for the Science content,
Reasoning, Processes and Biodiversity response variables. These different dimensions
of scientific knowledge are all correlated with education level (p < 10> for content,
reasoning and biodiversity; p = 0.02 for Processes), and not with participation.

Table 2. Correlation models for general knowledge, reasoning skills, knowledge about
biodiversity and epistemological beliefs about the research processes. We present the beta-
coefficients of the significant variables, and the p-value of the corresponding t-tests.

Science content Reasoning Biodiversity Processes
Age - —0.004 £0.0009 —0.007 £ 0.001 -
p=25%10"° p<1075
Gender (men) 0.05 + 0.009 - 0.18 £ 0.04 -
p<1075 p=18%10"°
Education 0.02 £0.0034 0.13£0.01 0.15+0.01 0.038+0.01
p<107° p<107° p<107° p =0.02

Participation — — — —

Regarding the self-evaluation questions (Biodiversity evaluation and Processes
evaluation variables), on a 0 to 3 scale, participants posted 1.6 &= 0.7 on average
when they were asked if being a citizen scientist helped them to better understand
“how science works” (between “I don’t think so” and “I think it did”). When they
were asked if being a citizen scientist helped them to improve their knowledge of
biodiversity, they posted 2.53 4= 0.64 on average (between “I think it did” and
“totally”). Even if these two questions measure different things and are not directly
comparable, it is still interesting to note that participation seems to be more
impactful regarding biodiversity theoretical knowledge than regarding the
knowledge of science process (when comparing the answers to the two
self-evaluation questions, the result is significantly higher for the
biodiversity-related one than for the science process-related one, with

p-value < 107° under a Student test).

4.3 Participation is positively correlated with trust in science, and this effect is reinforced
by the consultation of scientific information shared by projects’ managers

Table 3 presents the correlation models for the response variables related to

different dimensions of public trust in science: trust in research honesty, trust in
science as a factor of social progress, trust in technical solutions to environmental
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Table 3. Correlation models for responses variables related to public trust in science. We
present the beta-coefficients of the significant variables, the p-value of the corresponding t-
tests, and the non-adjusted R? coefficients. Empty cells means that the t-test is not significant
for the corresponding variable at the 5% level (p-value > 0.05). * indicates values calculated
with a modified scale for the Resource explanatory variable, which takes the following val-
ues: 1 for participants who “systematically” consult the resources posted by scientists and
projects’ managers, and 0 for those who “never” do so.

Honesty Progress Technics Politics Integrity
Mean age - 0.004 £ 0.001 — — —
p=0.01
Gender - - — — 0.20 4+ 0.06
p = 0.001
Education - - - 0.06 £0.01 0.18+0.02

p=00006 p<107°

Participation 0.11£0.05 - 0.40£0.14 0.1740.05 -
p =0.04 p = 0.004 p = 0.001
Education*Participation - - —0.14 £ 0.04 — —
p=0.01
Resources 025+£0.12* 0.39+0.13* 0.124+0.04  0.09 4 0.03 -
p =0.03 p = 0.003 p = 0.005 p = 0.009

problems, trust in science-based policy, and trust in research independence with
respect to financial interest.

Results show that participation was positively correlated with the Honesty,
Techniques and Politics variables, which indicates a greater trust along the
corresponding dimensions for citizen scientists. The Techniques variable was
negatively correlated with the interaction term EducationxParticipation,
suggesting that the positive effect of participation on trust in technical solutions
decreases with education level. Interestingly, the consultation of the resources
posted on the projects” websites (Resources variable) was also correlated positively
with these three dimensions of trust in science. Besides, participants consulting
these resources most frequently were also significantly more confident than
non-participants regarding science as a factor of social progress (Progress variable).
It is worth noting that regarding the Honesty and Progress variables, the correlation
with the consultation of resources was significant only between participants who
“Systematically” consult these resources and those who “Never” do so. Finally, we
did not find correlation between the different dimensions of trust and the duration
or intensity of the engagement in citizen science.

Figures 1, 2 and 3 illustrate the correlations between these dimensions of trust in
science, and the explanatory variables Participation, Resources, and Education. We
note that even if ordinal regression does not indicate a significant correlation
between trust in technical solutions and education level (5 ordinal degrees),
participants without a university degree have a higher degree of trust than citizens
holding one (p < 0.005, see Figure 2).

https://doi.org/10.22323/2.22010205 JCOM 22(01)(2023)A05 = 12


https://doi.org/10.22323/2.22010205

B |
|
i 2
|

Trust in scientists' honesty
*
o —
NJ
e
L

Total High school University
NP RO R NP RO R NP RO R

Figure 1. Trust in scientists” honesty according to education level and participative practices.
NP: non-participants, R: participants who “very often” consult the resources posted online
by projects’ managers, R0: other participants. Results are presented for the whole sample
(Total), for respondents graduated from high (and technical) school, and for respondents
having a university degree. * p < 0.05.
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Figure 2. Trust in technical solutions to environmental problems, according to education
level and participation practices. NP: non-participants, P: total of participants, R0: parti-
cipants who “Never” or “Rarely” consult the resources shared by projects’” managers, R:
participants who consult these resources at least “Occasionally”. * p < 0.05, ** p < 0.005.
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Figure 3. Trust in evidence-based policy, according to education level and participation
practices. NP: non-participants, R: participants who “(very) often”consult the resources
shared by projects” managers, RO: other participants. * p < 0.05, ** p < 0.005.

Discussion This study focuses on the forms of trust in science associated with participation in
biodiversity citizen science projects. To our knowledge, it is the first study which
directly targets this issue in an empirical way. An originality of our work is to
acknowledge the diversity of the objects to which trust in science might apply.
Contrary to existing studies which build scales of trust [e.g. Nadelson et al., 2014;
Hartman et al., 2017], we designed our survey so as to recognize this diversity (and
to take it as a matter of discussion in itself).

5.1 Participation and education are differently correlated with trust in science

Our main result is that participation and education are differently correlated with
trust in science. Participation is positively correlated with trust in researchers’
honesty when communicating results, with trust in science as providing data to be
used in public policies, and with trust in technical solutions to environmental
problems. In addition, there are also positive correlations between these three trust
variables and the consultation of the online resources shared by projects” managers.
Besides, participants who “systematically” consult these resources show a
significantly higher level of trust in science as a source of social progress. By
contrast, education is not correlated with trust in scientists” honesty and with trust
in science as a factor of social progress. Furthermore, the positive correlation of
participation with trust in technical solutions decreases with education level (more
precisely, there is no correlation with individuals with a university degree). Let us
note here that we conducted the same analysis by considering science knowledge
instead of the education level, with similar results: that is, we found the same
distinction between participation-related and knowledge-related trust (which was
totally predictable, since education and science knowledge are linearly related).

In order to make sense of these results, we note that participation (if we add the
consultation of online resources) is positively correlated with four out of our five
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dimensions of trust, whereas education is positively correlated only with two of
them, and seems to negatively impact one dimension (trust in technical solution).
This perspective goes in the direction of the now classical criticism of the “deficit
model” of public attitudes towards science — basically: the lack of support or trust
in science comes from a deficit in science knowledge [e.g., see Smallman, 2018].
This idea has been criticized notably because it has been shown that people with
more science knowledge or with more experience with science do not necessarily
have more positive attitudes towards science in general, or specific science topics
[Evans & Durant, 1995; Drummond & Fischhoff, 2017; Wintterlin et al., 2022]. Our
results confirm that education is not a direct predictor of all dimensions of trust in
science. More precisely, education is not correlated with (or even seems to have a
negative impact on) those dimensions of trust most related to a form of positivist
vision of science. We take the notion of positivism in the sense of Wintterlin et al.
[2022], which define and measure a “positivist attitude” towards science as the
belief that science will gradually foster social program by solving most of the
problem we (as a society) are facing. The authors measure this positivist attitude
with a set of five items, with two of them corresponding to our Technics and
Progress variables (“Science and research can solve any problem” and “Science and
research improve our lives”). By contrast, participation seems to go with a less
selective trust in science. An exception is for the belief that scientific controversies
are fuelled by financial interests: education has a strong negative impact on that
view, whereas we did not find any correlation with participation. Our hypothesis is
that this aspect of trust is mainly driven by the knowledge of the “nature of
science” [Phillips et al., 2018], that is, the idea that the research process often
generates disagreements which are epistemically grounded. This hypothesis of a
positivist form of trust as a characteristic of participants to citizen science programs
should now be investigated further. Different methodologies might be used. First,
new items could be developed to generate a scale which would investigate more
precisely each of the dimensions of trust we have shown to be relevant to
characterize participation-related trust. Second, qualitative studies could be done
to analyze more thoroughly attitudes towards science in the context of citizen
science. Finally, these studies should be done by following a “pre-post”
methodology [Peter et al., 2019] in order to assess the direction of the causal links
between participation and trust.

5.2 Limits of the study

To conclude, this exploratory study aim to identify which forms of trust are
susceptible to be specifically (that is, independently of other variables such as
education level) associated with engagement in citizen science. Because of its
exploratory nature, this work has various limits we should consider. First, our
study was not built to infer causal relationship between participation and trust: we
only assess correlations. However, it is worth noting that we considered the level of
engagement (intensity of participation and duration) as explanatory variables, and
we did not find any correlations with our tested variables. This result could be
interpreted as an indication that there might not be causal relationships between
participation and trust. By contrast, it seems reasonable to consider education as a
causal variable: that is, measured “effects” of education on outcome variables (trust
and science knowledge) will be interpreted as caused by the acquisition of a certain
education level. A second limit derives from the recruitment of the respondents:
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we sent the survey through the communication channels from naturalist
associations. Consequently, there is a bias towards individuals who are interested
in biodiversity and environment issues in the non-participant group. If this bias
might limit the generalization of our results to the whole population, it might also
be seen as a strength for the present study, since it reinforces the argument that the
measured features are specific to participation. A third limit comes from the survey
itself. We made the choice to assess each dimension of trust with only one item, to
limit the length of the questionnaire and reach a large sample of respondents. This
choice is justified by the exploratory nature of our study: our objective is to
propose a first pattern of participation-related trust by identifying differences
between participation-related and education-related trust. That said, we argue our
study is valuable as it opens a way for future researches. First, new studies could
verify our results by building robust scales addressing each of the relevant
dimensions of trust. Notably, new items could be developed to generate a scale
which would investigate more precisely each of the dimensions of trust we have
shown to be relevant to characterize participation-related trust. Second, qualitative
studies could be done to analyze more thoroughly attitudes towards science in the
context of citizen science. These studies could be done by following a “pre-post”
methodology [Peter et al., 2019] in order to assess the direction of the causal links
between participation and trust.

Appendix A. Knowledge of science content (1—yes; 0—no)
Scales used to

assess science The center of the earth is very hot
knowledge The oxygen that we breath comes from plants

Lasers work by focusing sound waves
Electrons are smaller than atoms

The continents are moving slowly on the surface of the Earth, and they will continue
to move in the future

It is the father’s gene which decides whether the baby is a girl or a boy
Antibiotics kills viruses as well as bacteria

All radioactivity is man-made

Knowledge about biodiversity (1—1 strongly disagree; 2—1 rather disagree; 3 —I moderately
agree; 4—1 rather agree; 5—1 totally agree)

Global warming only generates changes in biodiversity in North and South Pole
The presence of parasites is the signal of the bad functionnement of an ecosystem
Frogs and toads belong to the same species

An invasive species is an animal or a vegetal whose diffusion was not allowed by
the law

If we protect biodiversity now, we will have the same in 1000 years

There is not food chain in the cities
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