'." frontiers

In Communication

ORIGINAL RESEARCH
published: 24 January 2022
doi: 10.3389/fcomm.2021.822757

OPEN ACCESS

Edited by:
Anabela Carvalho,
University of Minho, Portugal

Reviewed by:

Joanna K. Huxster,

Eckerd College, United States
Douglas Ashwell,

Massey University Business School,
New Zealand

*Correspondence:
Florian Wintterlin
florian.wintterlin@uni-muenster.de

TORCID:

Florian Wintterlin
orcid.org/0000-0002-1837-6079
Friederike Hendriks
orcid.org/0000-0003-1023-8103
Niels G. Mede
orcid.org/0000-0001-5707-7568
Rainer Bromme
orcid.org/0000-0002-6123-7269
Julia Metag
orcid.org/0000-0003-4328-6419
Mike S. Schéfer
orcid.org/0000-0002-0847-7503

Specialty section:

This article was submitted to
Science and Environmental
Communication,

a section of the journal
Frontiers in Communication

Received: 26 November 2021
Accepted: 21 December 2021
Published: 24 January 2022

Citation:

Wintterlin F, Hendriks F, Mede NG,
Bromme R, Metag J and Schéfer MS
(2022) Predicting Public Trust in
Science: The Role of Basic
Orientations Toward Science,
Perceived Trustworthiness of
Scientists, and Experiences

With Science.

Front. Commun. 6:822757.

doi: 10.3389/fcomm.2021.822757

®

Check for
updates

Predicting Public Trust in Science: The
Role of Basic Orientations Toward
Science, Perceived Trustworthiness of
Scientists, and Experiences With
Science

Florian Wintterlin'**, Friederike Hendriks??, Niels G. Mede ", Rainer Bromme*?, Julia Metag'"
and Mike S. Schéfer®’

"Department of Communication, University of Muenster, Muenster, Germany, 2Junior Research Group, Communicating
Scientists: Challenges, Competencies, Contexts (fourC), Technische Universitdt Braunschweig, Braunschweig, Germany,
3De;:)an‘mem‘ of Communication and Media Research, University of Zurich, Zurich, Switzerland, “Department of Psychology,
University of Muenster, Muenster, Germany

Scientists (and science as a whole) provide evidence and advice for societal problem
solving and collective decision-making. For this advice to be heard, the public must be
willing to trust science, where “trust” means that one can confidently expect science to
provide reliable knowledge and evidence, even if one’s understanding of science is
bounded. According to the sociological and psychological literature, citizens’ basic
attitudes toward, experiences with, and perceived trustworthiness of the trustee serve
as antecedents of trust. From this, we developed a model for the public’s trust in science,
and we tested this model in a nationally representative survey in Switzerland (N = 1,050).
The analysis reveals that trust in science was best predicted by positivistic attitudes toward
science (8 = 0.33) and to a lesser extent by trustworthiness assessments of scientists (3 =
0.24). Experiences with science did not predict trust in science (8 = 0.07). These results
suggest that stable basic attitudes toward science and its role in society are grounds on
which trust in science can be built.

Keywords: survey, structural equation model—SEM, populist attitudes, trust in science, attitudes towards science

INTRODUCTION

While today’s societies largely rest on innovations and technologies that have been developed
through scientific advances, they also face new and threatening challenges such as climate change and
pandemics. For such issues to be understood and potentially solved, societies must rely on and trust
scientific knowledge, alongside social, economic, and political knowledge. That is, trust in science
and scientists is required for the functioning of modern democracies. The importance of trust in
science for societal well-being became particularly evident during the COVID-19 pandemic, as
studies showed that acceptance of protective measures depended on trust in science (Dohle, Wingen,
and Schreiber 2020; Battiston, Kashyap, and Rotondi 2021).

Most of us lack a deep understanding not only of scientific concepts or theories but also of how
scientific knowledge is produced. Hence, due to the division of labor in our societies, we must rely on
scientists’ knowledge when using science-based technologies and making personal or civic decisions
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on issues that involve scientific knowledge. Citizens-who often
encounter science via communication in legacy and social media
(European Commission 2021)—especially need to trust science
despite their bounded understanding of science and about science
(Bromme and Goldman 2014; Keren 2018). Science communication
plays a fundamental role in cultivating trust in science among citizens
by providing scientific information about results as well as about
scientific methods and norms (Schifer 2016). As such, science
communication provides the public with opportunities to form
attitudes about the trustworthiness of scientists and the credibility
of scientific information-both of which can be conceived as key
determinants of trust in science (Fiske and Dupree 2014).

In our study, we build on literature on trust and science
communication to develop a theoretical model of trust in science.
The model conceptualizes experiences with science, trustworthiness
of scientists and basic orientations toward science as antecedents of
trust in science. The selection of these antecedents allows us to test
different psychological and sociological approaches to explain trust
in science. In the empirical part, we test the model using data from a
nationally representative survey in Switzerland to gain an
understanding of the relative impact of the predictors. By
theoretically embedding and empirically testing basic orientations
toward science and their relationship with trust in science, our study
contributes to a more nuanced understanding of how to
conceptualize long-term attitudes toward the performance of the
system of science, and their role for building trust in science.

TRUST IN SCIENCE

In various disciplines including sociology, political sciences, and
psychology, researchers agree that trust is an anticipatory mental
state in which positive expectations are held about the behavior and
intentions of another person (or person as role holder), institution, or
system, allowing one to rely on others despite a certain vulnerability or
risk (Rousseau et al., 1998; Schifer 2016; Blobaum 2021). Because of
their bounded understanding of science, citizens inevitably must trust
in science (or scientists as representatives of that system), even though
this might be risky: Scientific knowledge entails uncertainty, and
scientists might not always speak (or know) the “truth”. However,
trust is neither irrational nor blind, as it requires epistemic vigilance
(Sperber et al,, 2010), which may manifest in spontaneously formed or
stable expectations toward science and scientists (Gierth and Bromme
2020). We argue that these expectations address both science’s
epistemic and social function in society, and that such expectations
are generated through 1) judgements of scientists’ trustworthiness, 2)
long-term orientations toward science, and 3) experiences with
science and scientific information. Trustworthiness judgements
refer to an assessment of the representatives of the system, long-
term orientations refer to basic attitudes toward science as a system,
and experiences with science refer to mediated or direct contact with
science or scientific information.

Judgments of trustworthiness are central in most psychological
trust definitions, but especially in rational choice approaches
(Coleman 1994; Hardin 2004), most of which describe trust as a
simple reflection of the trustee’s trustworthiness (Kee and Knox 1970;
Sztompka 2000). In approaches focusing on trust in systems,
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trustworthiness plays a subordinate role. Nevertheless, following
Giddens (1990), we argue that judgments of scientists as
representatives of the system also play a role for trust in science
as a system. Representatives of systems serve as access points at which
citizens can get in contact with the system and build expectations that
are reflected in their trust in science. We will therefore consider
epistemic trustworthiness of scientists as one predictor of public trust
in science.

Research on trust in systems described long-term orientations
toward the system of interest as a further antecedent of trust, such as
satisfaction with democracy (Zmerli, Newton, and Montero 2007).
Accordingly, in the context of trust in science, we refer to antecedents
of trust as one’s basic orientations toward science (Brossard and Nisbet
2007). People hold expectations toward science’s role in society (Priest,
Bonfadelli, and Rusanen 2003; Gauchat 2011), which are often shaped
by people’s worldviews, socialization, and past experiences (Gauchat
2011; Howell et al., 2020). As we will detail below, these orientations
reflect both positivistic attitudes toward science (e.g., beliefs in its
problem-solving capacity) and critical attitudes toward it (such as
populist views criticizing the knowledge and power of allegedly
immoral academic elites; Mede and Schifer 2020).

Finally, trust research considers experiences with the trustee as
central for both interpersonal judgements of trustworthiness (e.g.
Mayer, Davis, and Schoorman 1995) and trust in systems (Giddens
1990). Following this, the frequency of experiences with science, often
enabled through science communication (Schifer 2016), may predict
how people form expectations toward science and scientists and, thus,
may also be important for generating trust. Therefore, we examine
how experiences with science in online and offline contexts
contributes to citizens’ evaluations of scientists’ trustworthiness
and their trust in science in general.

In sum, we define trust in science as one’s willingness to rely on
science and scientists (as representatives of the system) despite having
a bounded understanding of science and the risk of not getting to the
“truth” (that is, they accept dependency despite vulnerability and
risk). Thereby, individuals’ trust in science is based on the following
expectations: 1) that scientists make epistemically warranted claims
and 2) that science provides benefits for society. As we point out
below, these two sets of expectations may directly manifest in
epistemic trustworthiness ascriptions to scientists, but they may
also produce, on the more general level, either affirmative
perceptions (“positivistic beliefs”) or critical views of science
(“science-related populist attitudes”). We further argue that these
expectations are partly formed through experiences with science.
Therefore, in this paper, we develop theoretical arguments for a
model of trust in science and its predictors (Figure 1). In the
following, we describe the theoretical reasoning behind this model
and we provide a comprehensive empirical analysis of the model
using a representative sample from Switzerland.

Judgments of Scientists’ Epistemic

Trustworthiness

In the context of science, judgments of trustworthiness reflect
deliberate or spontaneous cognitive processes that help decide
whether to accept a scientist’s knowledge claims as true, hence,
they are directed at a scientists’ epistemic trustworthiness (Origgi
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FIGURE 1 | Theoretical model of trust in science.

2004). Epistemic trustworthiness judgments are based on inferences
from cues available and relevant in a certain situation (Landrum,
Eaves, and Shafto 2015); such as an author’s field of study, affiliation,
inferred communicative intentions, or language use in science
communication (Hendriks and Kienhues 2019 for a review).
Three dimensions have been found to be important (Hendriks,
Kienhues, and Bromme 2015): To be ascribed epistemic
trustworthiness, scientists should possess expertise on the topic of
interest; integrity, that is, adhere to the rules and conventions of the
scientific endeavor; and benevolence, that is, behave according to
commonly agreed upon moral or social values. Science as an
epistemic endeavor aims to produce claims about the (natural)
world that have been held against scientific scrutiny and can,
thus, be assumed to be “true” for the time being (Hendriks,
Kienhues, and Bromme 2015). Thus, scientists are expected to
possess pertinent and extensive knowledge about a problem to
guarantee for the veracity of knowledge claims; they are expected
to follow up on this using reliable scientific methods up to current
standards, and finally, they are expected to keep in mind the interests
of others when producing knowledge, that is, contribute to science’s
social role in society. As such, evaluations of scientists’
trustworthiness correspond closely to the epistemic requirements
that warrant (public) trust in science, as explained above. Empirically,
studies on trust in systems usually do not differentiate between trust
in the system and evaluations of the trustworthiness of representatives
of the system, nor do they consider the relationship of the two
constructs. We add this aspect to the literature and assume that:

HI: Judgments of scientists’ trustworthiness positively predict
trust in science.

BASIC ORIENTATIONS TOWARD SCIENCE
AS ANTECEDENTS OF PERCEIVED
TRUSTWORTHINESS OF SCIENTISTS AND
TRUST IN SCIENCE

In this paper, we focus on two-somewhat antagonistic-attitudinal
constructs that reflect people’s default stance when engaging with

science: positivistic attitudes about science and science-related
populist attitudes. Both of these basic orientations toward
science can be perceived as rather persistent dispositions
acquired throughout socialization and education and may
thus represent “a relatively stable tendency among citizens”
(Brossard and Nisbet 2007, 30), similar to pro-technology
cultural orientations (Kahan et al.,, 2009), deference to the
cultural authority of science (Gauchat 2011), technocratic
attitudes (Bertsou and Pastorella 2017), or political populist
attitudes (Pruysers 2021). Accordingly, both positivistic and
science-related populist attitudes can be understood as latent
drivers of more volatile and adaptable views of science, such as
those that we examine in this study, i.e., judgments of scientists’
epistemic trustworthiness. We therefore hypothesize that basic
orientations toward science influence 1) judgments of scientists’
trustworthiness and 2) trust in science.

Positivistic Attitudes Toward Science

Attitudes about science have long been investigated in research on the
public understanding of science, especially with a focus on long-term
developments and differences between countries (Bauer, Petkova,
and Boyadjieva 2000; Bauer, Allum, and Miller 2007; Castell et al.,
2014; National Science Board 2018; European Commission 2021),
and have been found to predict trust in science (Roberts et al., 2013).
In contrast to these general attitudes, the term “deference to scientific
authority” is often used to describe a value disposition or stable
worldview directed at the cultural authority of science (Brossard and
Nisbet 2007; Akin et al, 2021). In short, deference to scientific
authority encompasses the belief that science can deliver “true
facts” about the (natural) world (Brossard and Nisbet 2007;
Howell et al., 2020). That is, while attitudes toward science and
trust in science have been found to vary in accordance with the topic
or specific actors or institutions (possibly because of topic-specific
attitudes or situation-specific judgements of trustworthiness),
deference to scientific authority may reflect a more general belief
system that is rather stable (Howell et al., 2020). This notion fits well
with accounts of trust that include anticipatory positive emotions or
confidence (Engdahl and Lidskog 2014; Cummings 2020). In fact,
deference to scientific authority has been positively linked to
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evaluations of scientists as sources of information (A. A. Anderson
et al., 2012; Howell et al., 2020).

In consequence of these findings, it is reasonable to assume that
trust in science (as a system) should also reflect the trustor’s general
confidence in science as a way of knowing. However, the notion of
epistemic trust as outlined above does not imply that this trust
insinuates blind acceptance of scientific authority (even though
these two concepts might be related; Howell et al., 2020); rather,
positivistic beliefs should generally shift judgments of scientists’
trustworthiness and trust in science to the positive. Thus, to avoid
conceptual confusion (and to reflect that we used items that could be
assigned both to general attitudes toward science as well as to the belief
in and the deference to the authority of science), we refer to positivistic
attitudes toward science to reflect relatively stable attitudes pertaining
to individual views of science as a unique contributor of knowledge
about the (natural) world. Even though evidence is scarce, and
measurements of both concepts vary (Gauchat 2011; Xiao 2013;
Besley 2018; Howell et al, 2020), positivistic attitudes toward
science seem to be related to trust in science. From a theoretical
standpoint, positivistic attitudes toward science should have an overall
positive effect on trust in science and trustworthiness attributions to
scientists. Therefore, we test their capacity to predict people’s trust in
science as well as the trustworthiness of scientists.

H2: Positivistic attitudes toward science positively predict trust
in science.

H3: Positivistic attitudes toward science positively predict
judgements of scientists’ trustworthiness.

Science-Related Populism

Citizens may not only hold favorable but also critical attitudes
toward science and its merits for society. One distinct variant of
these sentiments has been conceptualized as “science-related
populism,” which describes a thin-centered ideology that
suggests a fundamental antagonism between the “ordinary
people” and “academic elites,” i.e., scientists, experts, and
scientific institutions (Mede and Schifer 2020). Science-related
populists assert that academic elites produce knowledge that is
useless because it allegedly employs unreliable methods; that the
academic elites are ideologically biased because they allegedly
follow multiculturalist, environmentalist, or other political
agendas; and that the academic elites allegedly ignore the
needs of ordinary people, such that their findings lack
practical relevance and fail to inform people’s daily life
decisions and offer solutions to societal problems (Saurette
and Gunster 2011; Forchtner, Kroneder, and Wetzel 2018;
Kramer and Klingler 2020). Accordingly, science-related
populism is at odds with key components of trust in science:
While science-related populists deny views suggesting that
scientists are knowledgeable experts and act in the interest of
the general population, trust is strongly dependent on these
beliefs. Similarly, science-related populism is also inherently
different from positivistic attitudes toward science: The former
challenges scientists’ knowledge and power claims, portraying
scholars as elitist and incompetent-whereas the latter support
these claims, emphasizing the societal merits of science and
demanding it to have unrestricted authority (Mede and
Schifer 2020).

Predicting Public Trust in Science

Individuals who endorse science-related populism can be
described as holding “science-related populist attitudes”
(Mede, Schifer, and Fiichslin 2021). Such attitudes have been
conceptualized as a multidimensional construct (similar to
political populist attitudes; Schulz et al., 2018), with each
dimension reflecting one of the four theoretical components of
science-related populism, i.e., (positive) conceptions of the
ordinary people, (negative) conceptions of the academic elite,
demands for science-related decision-making sovereignty, and
demands for truth-speaking sovereignty (Mede, Schifer, and
2021). Importantly, diagnosing science-related
populism requires that all these four components occur
simultaneously within a person: Individuals who only hold
negative conceptions of academic elites, for example, but reject
the three other components, may only be described as supporters
of anti-academic views but not as proponents of science-related
populism. This premise has been described as
compensatoriness (Wuttke, Schimpf, and Schoen 2020).

So far, empirical research on science-related populist attitudes
among the general public and how they relate to trust in science is
scarce. Some isolated aspects of science-related attitudes and related
phenomena have been investigated in several survey and
experimental studies; these studies suggest, for example, that trust
in societal institutions is lower among people who hold populist
attitudes (Geurkink et al., 2020), support anti-elite views (Silva et al,
2017), and endorse conspiracy theories (Miller, Saunders, and Farhart
2016). Similarly, trust in universities and university researchers tends
to be lower among voters of populist parties in countries like Finland
(Saarinen, Koivula, and Keipi 2020) and Israel (Filc and Lebel 2005).
Further research suggests that endorsement of pseudoscientific beliefs
is associated with lower perceived trustworthiness of scientists (Fasce
and Pico 2019), that disapproval of the scientific method is linked
with lower public trust in science (Gauchat 2011), and that people
who reject scientific authority have less trust in scientists to tell them
the truth about the risks and benefits of nanotechnology (Anderson
et al, 2012). Findings like these are in line with results from Mede
et al. (2021), which indicate that science-related populist attitudes are
negatively correlated with trust in science, trust in university
scientists—and, positivistic attitudes toward science suggesting that
it makes people’s lives better. Accordingly, we hypothesize the
following:

H4: Science-related populism negatively predicts trust in
science.

Hb5: Science-related populism negatively predicts judgements of
scientists’ trustworthiness.

Fiichslin

non-

Experiences With Science as an Antecedent

of Scientists’ Trustworthiness

In science communication research, the idea of engaging with
science is key for models such as the public engagement model
and the conversation model (Trench 2008), which propose that
science communication is more multi-directional rather than a
linear process and emphasize the role of citizens. Research on
public engagement with science has largely focused on how
people get in contact with science (e.g. Wissenschaft im
Dialog, 2018), how people contribute to science (Hargittai,
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Fichslin, and Schifer 2018), and how they process scientific
information (Bruine de Bruin and Bostrom 2013). Looking at the
effect of engaging with science, we argue that personal and
mediated communicative experiences with science in online
and offline channels contribute to building trust in science by
predicting judgements of scientists’ trustworthiness (also Akin
and Scheufele 2017).

Our argument is based on the idea put forth by Giddens (1990)
of “facework connections” (p.83), suggesting that communication
with representatives of a system is an important factor for
building trust in systems. In general, science is perceived by
most citizens as being disembedded from everyday life. Thus,
instances of science communication and outreach may help to re-
embed science and to bring citizens and science closer together
through direct or mediated communication with science and
scientists (Reif 2021). Based on this argument, communication
with individuals serve as access points, which potentially
influence peoples’ trust in the system and its representatives.

The relationship between experiences and trustworthiness is
long established in the literature. Following Sztompka (2000),
past experiences are the main foundation of trustworthiness,
and other popular trust models centrally locate the role of
experiences (Zucker 1986; Lewicki and Bunker 1995; Mayer,
Davis, and Schoorman 1995; Endref8 2002). Some authors argue
that the channel through which people communicate with
trustees is important, and they further argue that social
presence is an indispensable prerequisite of trustworthiness
(Cyr et al, 2007). Experiences with the trustee are often
obtained indirectly through reported experiences of others or
by imputation from outcomes of prior direct or mediated
exchange (Zucker 1986).

Science communication and outreach are therefore central for
people’s experiences with science and scientists. Experience with
science can be differentiated by their online- or offline-
occurrence, whether they reflect mass-mediated or non-mass-
mediated communication, and along their level of interaction.
Perceiving information about science in media coverage (e.g., in
newspapers, TV, or radio) or online (e.g., via social networks,
blogs, YouTube, or Wikipedia) represents the lowest level of
interaction. The level of interaction rises if the situation for
communicating with science allows active engagement.
Traditionally, people experience science interactively by
visiting museums, zoos, or talking with friends. In recent
years, these possibilities have been supplemented by online
channels, which are increasingly used for finding out about
science and to interact with science (Brossard 2013; Su et al.,
2015; National Science Board, 2018). In the online context, the
interactive features of social media allow people to communicate
with scientists directly; Reif et al. (2020) argue that this possibility
can positively influence people’s trust in scientists. Huber et al.
(2019) argue that social media increases trust in science because it
offers the possibility to interact with sources of similar mindsets
that the individual may trust. In the offline context, meeting
scientists in person at events or discussing science with friends
represent forms with high interactivity.

Nonetheless, some evidence also suggests that non-interactive
experiences with scientific information contribute to how people

Predicting Public Trust in Science

perceive scientists and judge their trustworthiness. Su et al. (2015)
showed that people who prefer online-only information sources
have higher scientific knowledge, which was similarly shown by
Dudo et al. (2011), who further found a positive relation between
Internet use and attitudes toward science. For offline forms such
as scientific information obtained through newspapers or

magazines, empirical evidence on their influence on
judgements of trustworthiness is relatively limited (for
exceptions see Hmielowski et al, 2014), but findings

nonetheless suggest that news media could play a role for
evaluating scientists’ trustworthiness. In sum, we argue that all
interactions with science (online or offline, interactive or non-
interactive) should positively predict trust in science and the
trustworthiness judgments of scientists.

H6: Communicative experiences with science positively
predict trust in science.

H7: Communicative experiences with science positively
predict judgements of scientists’ trustworthiness.

METHOD AND MEASUREMENT
Data

To test our hypotheses, we relied on the Science Barometer
Switzerland survey, a nationally representative population
survey in Switzerland, which was fielded from 17 June to July
20, 2019. The sample contained 1,050 respondents (age: M = 48.3,
SD = 17.3; 53.5% female; 47.8% attained tertiary education).
Respondents were recruited via public telephone listings (81%,
age and gender quotas) and random digit dialing (19%, no quota)
and surveyed in computer-assisted telephone interviews led by
professional interviewers of the Swiss polling company
Demoscope. 2.6% of all calls resulted in completed interviews,
whereas 21.7% were answered but interview requests were denied,
and 75.7% were not picked up in the first place or reached a dead
number.

Measurements

To measure trust in science, we used a single-item question
(Supplementary Appendix SA2 for all item wordings and
scales used), asking “On a scale of 1-5, where 1 means “very
low” and 5 means “very high”, how high would you say is your
trust in science in general?” Single-item measures like these have
been employed and tested in various large-scale survey studies on
public perceptions of science and research (e.g. National Science
Board 2018) and have been shown to correlate strongly with
multi-item measures of trust in science (Supplementary
Appendix SA1 in Wellcome Trust 2019).

To measure epistemic trustworthiness perceptions, we used the
Muenster Epistemic Trustworthiness Inventory (METI), a
reliable and well-established semantic differential scale for
measuring individuals’ trustworthiness evaluations of scientists
in opinion surveys and experiments (Hendriks, Kienhues, and
Bromme 2015). Due to questionnaire length restrictions, we
relied on a shortened nine-item version. To construct this
shortened METI, we ran a confirmatory factor analysis on the
original data from Hendriks et al. (2015) and selected the three
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best-performing items for each of the three trustworthiness
dimensions (x> = 66.539, df = 24, p = 0.004; CFI = 0.971, TLI
= 0.957, RMSEA = 0.072, SRMR = 0.056; all factor loadings p <
0.001). Our nine-item METI can thus be considered a
parsimonious yet reliable survey scale to measure epistemic
trustworthiness on three dimensions. For the analyses, we
computed unweighted mean values of each of the three METI
dimensions, with higher values indicating greater perceived
expertise, integrity, and benevolence, respectively.

Positivistic attitudes toward science were measured with five
items tapping into different aspects of optimistic views on science
and its merits for individuals and society (von Roten 2009; Pardo
and Calvo 2002; Prpi¢ 2011). These items have been tested and
validated in a range of large-scale survey studies in several
countries and are well-established measures in survey research
on science communication and public perceptions of science and
research (e.g. European Commission 2010; National Science
Board 2018). To examine if the items form one stable factor,
we performed an exploratory factor analysis using oblimin
rotation (Kaiser-Mayer Olkin = 0.75, Bartletts’ Xz [4] = 159.6,
p < 0.001) with data from a previous wave of the Science
Barometer Switzerland. The analysis resulted in one factor
with an eigenvalue of 2.17, explaining 43% of the variance.
Hence, we used a mean score of all five items in our analyses,
with higher values representing more positivistic attitudes toward
science (Cronbach’s Alpha = 0.70).

Science-related populist attitudes were measured with the
SciPop Scale, a robust eight-item survey scale, which quantifies
science-related populist attitudes along its four conceptual
components and has been tested and validated in different
languages and samples in Switzerland (Mede, Schifer, and
Fiichslin 2021; Mede and Schifer 2021). The components were
captured by four two-item subscales (Spearman-Brown
reliability coefficients: 0.75, 0.78, 0.73, 0.78, respectively)
following Mede, Schifer, and Fiichslin (2021). For our
hypothesis tests (H1-H5), we used a single aggregate score
to quantify science-related populist attitudes, which we
obtained by taking the smallest value of the four subscale
means (Mede, Schifer, and Fiichslin 2021). This approach
accounts for the conceptual premise that science-related
populism relies on the concurrent presence of all four
dimensions (whereas other approaches, such as averaging
all eight item values, would produce high populism scores
for respondents who endorse some dimensions fully but reject
others completely; Wuttke et al., 2020).

Communicative  experiences with science: We asked
respondents about their mass-mediated and non-mass-
mediated experiences with science.

Exploratory analyses of the mass-mediated experiences
with science using survey data from a previous wave of the
Science Barometer Switzerland corroborated what conceptual
considerations had suggested, namely that differentiated
investigations of people’s experiences with science and
research necessitate distinguishing between low-interactive
and high-interactive experiences. An exploratory factor
analysis using oblimin rotation (Kaiser-Mayer Olkin = 0.77,
Bartletts’ X2 [11] = 182.96, p < 0.001) resulted in three factors
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with an eigenvalue of 5.41, explaining 49% of the variance'.
The factors differentiate the level of activity needed to
encounter scientific information (high scores indicate more
frequent experiences). Factor 1 included items asking
respondents for their use of social networks, YouTube, and
blogs for getting scientific information (« = 0.62). The second
factor included using magazines, scientific websites, and
websites of newspapers and magazines for getting scientific
information (& = 0.55). The third factor included items asking
the respondents for their use of radio®, online media libraries,
and television for getting scientific information (« = 0.52).

Non-mass-mediated experiences with science were
measured with items asking respondents about ways to
engage with science in person. An exploratory factor
analysis using oblimin rotation (Kaiser-Mayer Olkin = 0.62,
Bartletts’ X2 [6] =593.21, p < 0.001) resulted in one factor with
an eigenvalue of 1.93, explaining 48% of the variance: The
factor included visiting events and museums, talking to peers,
visiting zoos, and using messengers to talk about science (a =
0.66, high scores indicate more frequent experiences).

Controls: Existing research indicates that people’s epistemic
trustworthiness perceptions, positivistic attitudes toward science,
science-related populist attitudes, and (mass-mediated)
experiences with science may depend on sociodemographic
characteristics and other attitudes toward science (Nisbet
et al,, 2002; Metag 2020; Besley, Lee, and Pressgrove 2021).
Therefore, we controlled for age (continuous), gender
(dichotomous), formal education (categorical), interest in
science, attention to media coverage on science and research,
scientific literacy, and proximity to science measuring personal
acquaintances with scientists.

Analysis Strategy

We followed the two-step approach recommended by Anderson and
Gerbing (1988). First, to test for convergent and discriminant validity
of the constructs, we performed a confirmatory factor analysis (CFA).
Second, we tested the structural model based on the measurement
model identified in the first stage. This approach makes it possible to
determine if misspecifications in the final model are grounded in the
measurement of the constructs or the theoretical specifications. In the
second stage, we tested not only our theoretical model but also the
next-best constrained and the next-best unconstrained model.
Comparing these three models makes it possible to judge if
adding or deleting paths changes the model fit.

All models were estimated using structural equation modeling
(Supplementary Appendix A1l for means, standard deviations, and
intercorrelations of the variables). We relied on the lavaan R-package
version 0.6-7, (Rosseel 2012) using maximum likelihood estimation
with robust standard errors and a mean- and variance-adjusted test

"The use of printed newspapers, movies and Wikipedia for scientific information
were excluded due to double loadings or low communality

*The items asking for radio and television use were slightly different between the
waves. In 2016, we asked for radio/television in general and in 2019 for radio/
television excluding the SRE. We nonetheless proceeded with the factor structure
found in the data from 2016 in the following analyses
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statistic (MLMVS) as the estimator. We used this estimator because
of high levels of kurtosis and moderate levels of skewness for several
variables in our sample. Missing data were imputed using case-wise
maximum likewise estimation because the overall percentage of
missing values was under the threshold of 5% (Kline 1998). We
used item parceling on the level of dimensions to achieve a
parsimonious model (Bandalos 2002). Experiences with science
and perceived trustworthiness of scientists were included as
second-order constructs measured by the dimensions indicated
above. Positivistic attitudes and science-related populist attitudes
were included as mean indices based on the description in the
methods section.

The model fit was assessed using the probability of the mean-
and variance-adjusted chi-square value (p > 0.05), root-mean
square error of approximation (RMSEA <0.06), Tucker Lewis
index (TLI >0.95), standardized root-mean square residual
(SRMR <0.08), and the comparative fit index (CFI >0.9) as
recommended by Hu and Bentler (1999).

RESULTS

Measurement Model

The CFA of the measurement model showed an overall good
model fit and met the limits proposed by Hu and Bentler
(1999) for three fit indices (x> p < 0.001, CFI = 0.95, RMSEA =
0.06, TLI = 0.92, SRMR = 0.04). An analysis of the correlation
matrix (Supplementary Appendix Al) showed initial
evidence for the convergent and discriminant validity of
the constructs’. To formally evaluate the discriminant
validity, we followed the procedure recommended by
Anderson and Gerbing (1988) and used chi-square
difference tests for constrained and unconstrained
models*. We run this test for every possible pairing of
constructs in our study (Supplementary Appendix A4).
All unconstrained models returned a significantly lower
chi-square value indicating a good discriminant validity of
our constructs.

Structural Model

A structural model (Figure 2) based on the theoretical model
(Figure 1) with the control variables included on the level of the
dimensions of the constructs showed an overall good goodness of fit

*The inter-factor correlations did not surpass the 0.44 level, which suggests good
discriminant validity. The correlations of trust with the dimensions of
trustworthiness range from 0.33 to 0.34 and were much lower than the intra-
factor correlations which range from 0.52 to 0.69. This suggests a very good
convergent and discriminant validity of the trustworthiness scale. The intra-factor
correlations for communicative experiences with science were very mixed (ranging
from 0.06 to 0.47), indicating a rather low convergent validity of the construct.
However, all factor loadings were highly significant (Supplementary Appendix
A3) and had the correct direction indicating an acceptable convergent validity
(Anderson and Gerbing, 1988).

“In the constrained model, the covariance between the constructs is set to one. If the
chi-square value for the unconstrained model is significantly lower, the
discriminant validity is supported

Predicting Public Trust in Science

and met the limits proposed by Hu and Bentler (1999) for three fit
indices ()(2 p <0.001, CFI = 0.99, RMSEA = 0.04, TLI = 0.94, SRMR =
0.02%). Following the recommendations of Anderson and Gerbing
(1988), we compared the theoretical model with a null model, a
saturated model, and the next most likely constrained and
unconstrained alternative models from a theoretical perspective’.
All models performed significantly worse or not significantly better
than the theoretical model (Supplementary Appendix A5).
Therefore, we conclude that our model fits the data and is
suitable for analyzing our hypotheses.

Looking at the hypothesized effects (Figure 3), we can already
reject H6 and H7. Experiences with science did not significantly
predict the perceived trustworthiness of scientists (8 = 0.01, p = 0.90)
and trust in science (8 = 0.07, p = 0.11). Additionally, all control
variables did not contribute relevant explanatory power for trust in
science, however, they influenced other constructs in the model
significantly’.

Focusing on the hypotheses referring to trust in science as
the dependent variable, H1, H2, and H4 were confirmed
according to our data. The perceived trustworthiness of
scientists positively predicted trust in science (f = 0.24, p <
0.001), as did positivistic attitudes (8 = 0.33, p < 0.001).
Science-related populist attitudes negatively predicted trust

*We constrained the error variance of the latent variable capturing mass-mediated
experiences with science to equal zero, because it was not significantly different
from zero. We tested this with z-tests and a likelihood-ratio test comparing the
constrained and unconstrained model

‘Specifications of the models: null model = all parameters relating the constructs
fixed at zero; saturated model = all parameters relating the constructs are estimated;
next most likely constrained model = paths from positivistic attitudes and science-
related populism to trust subtracted, thereby eliminating the direct influence of
orientations toward science on trust in science; unconstrained model = paths from
the dimensions of experiences to science-related populism and positivistic
attitudes added

’Scientific interest (8 = 0.10, p < 0.01) and attention to media coverage on science (f8
=0.08, p < 0.05) significantly predicted trust in science, but they showed very low
effect sizes. Science-related populist attitudes were significantly predicted by the
control variables age (8 = 0.14, p < 0.001), education ( = —0.16, p < 0.001), political
orientation (8 = 0.14, p < 0.001), and scientific literacy (8 = -0.17, p < 0.001).
Perceived expertise of scientists was significantly predicted by political orientation
(8=-0.10, p < 0.01), age (B = —0.09, p < 0.05), scientific literacy (8 = 0.07, p < 0.05),
and attention to media coverage (8 = 0.10, p < 0.05). Scientists’ perceived integrity
was significantly predicted by attention to media coverage (8 = 0.10, p < 0.05).
Attention to media coverage also predicted scientists’ perceived benevolence (8 =
0.12, p < 0.01). Non-mediated experiences with science were predicted by scientific
interest (8 = 0.23, p < 0.001), attention to media coverage (8 = 0.29, p < 0.001), age
(8 =-0.10, p < 0.01), and education (8 = 0.11, p < 0.01). Highly interactive mass-
mediated experiences were significantly predicted by age (8 = -0.34, p < 0.001),
scientific literacy (8 = —0.14, p < 0.001), scientific interest (8 = 0.11, p < 0.01),
attention to media coverage (8 = 0.12, p < 0.01), and education (f = -0.07, p <
0.05). Mediumly interactive mass-mediated experiences were significantly
predicted by scientific interest (f = 0.27, p < 0.001), attention to media
coverage (B = 0.40, p < 0.001), age (B = —0.10, p < 0.01), and education (S =
0.10, p < 0.01). Low interactive mass-mediated experiences were significantly
predicted by age (8 = 0.26, p < 0.001), attention to media coverage (8 = 0.17, p <
0.001), scientific literacy (8 = —0.11, p < 0.01), and proximity to science (§ = —0.10,
p <0.01). Positivistic attitudes were significantly predicted by scientific interest (8 =
0.16, p < 0.001), attention to media coverage (8 = 0.18, p < 0.001), and scientific
literacy (8 = -0.10, p < 0.01)
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FIGURE 2 | Structural equation model. Notes: scipop = science-related populism; trustworth = trustworthiness of scientists; pos = positivistic attitudes toward
science; exp = communicative experiences with science; non-med = non-mass-mediated experiences; med = mass-mediated experiences; hilnt = highly interactive
experiences; melnt = medium interactive experiences; lolnt = low interactive experiences.
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FIGURE 3 | Structural Model (N = 742); path coefficients are standardized estimates; *p < 0.01; **p < 0.001.
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in science (f = —0.11, p < 0.01). Positivistic attitudes toward
science were by far the best predictor of trust in science. In
addition to the direct effect, science-related populism and
positivistic attitudes also influenced trust in science indirectly
by contributing to the perceived trustworthiness of scientists
(Table 1).

H3 and H5 were also supported, indicating that positivistic
attitudes positively (8 = 0.29, p < 0.001) and populist attitudes
negatively (8 = -0.13, p < 0.01) predict the perceived
trustworthiness of scientists.

DISCUSSION

In this study, we tested a theoretical model of trust in science
(Figure 1) and found that positivistic attitudes are the strongest
predictor of the trustworthiness of scientists and trust in science,
while science-related populist attitudes negatively predict both to
a lesser degree. Communicative experiences with science (mass-
mediated and non-mass-mediated combined) neither predicted
judgments of the epistemic trustworthiness of scientists, nor trust
in science. Surprisingly, the epistemic trustworthiness ascribed to
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TABLE 1 | Standardized path coefficients of the predictors on trust in science.

Total effect Direct effect Indirect effect
- B (SE) B (SE) B (SE)
Science-related populism -0.14 (0.04)**  -0.11 (0.03)** -0.08 (0.01)*
Positivistic attitudes 0.40 (0.04)* 0.33 (0.04)* 0.07 (0.02)**
Scientists’ trustworthiness — 0.24 (0.08)** —
Experiences with science 0.07 (0.05) 0.07 (0.09) 0.00 (0.03)

Note: Sample size = 793. *p < 0.05, **p < 0.01, **p < 0.001.

scientists as representatives of science as a system is not a very
strong predictor of trust in science.

Psychological conceptualizations, especially rational choice-
based concepts on interpersonal trust put the perceived
trustworthiness of the trustee as the central influencing variable;
some authors even speak of trust as “reflected trustworthiness”
(Sztompka, 2000). Overall, the consensus is that trustworthiness is
the most important predictor of trust and can be divided into
dimensions, of which expertise, benevolence, and integrity are the
most popular. Sociological conceptualizations of trust in systems
place prior experience at the center of their considerations and
frame trust as an expectation based on accumulated experience
with the trusted party. In this context, individuals serve as access
points to systems, which in turn are assessed against the
dimensions of trustworthiness mentioned above and contribute
to one’s overall impression of the system. In summary, and
applying these arguments to the topical context of science, prior
experiences with scientists as representatives of the system and the
assessment of their trustworthiness should significantly determine
trust in science.

Our study takes these considerations as a starting point and goes
beyond them, asking how basic orientations toward the performance
of the system of science influence trust in science. This focus on
orientations toward the trustee has been largely omitted from
previous research, whereby such research has generally shown that
trust in science is linked to a general willingness to defer to scientific
knowledge. Similarly, our study found that basic orientations toward
science are the strongest predictor of trust in science. However, our
results unravel this relationship: Especially positivistic attitudes
positively predict trust in science, but science-related populist
attitudes negatively predict trust in science. Our hypothesis,
mainly derived from psychological trust research, that perceived
trustworthiness of scientists positively influences trust in science
was confirmed, but the effect size is comparatively small.
Therefore, interpreting trust as an expression of the
trustworthiness of representatives of the system would be an
inappropriate oversimplification.

Contrary to sociological conceptualizations of trust in systems,
encountering scientific information and potentially interacting with
scientists in traditional media, online settings, or non-mass-mediated
forms of science communication had no significant effect on trust in
science and perceived trustworthiness of scientists. Accordingly, the
influence of citizens' experiences with science via science
communication on trust in science seems rather modest,
compared to other factors involved in our study. However,
measuring people’s willingness to actively seek scientific
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information has also been conceptualized as science curiosity
(Kahan et al, 2017) instead of self-reported experiences. Future
research on the relation between people’s engagement or
experiences with science and trust in science should further
develop this concept and measurement.

According to our results, how people judge if a scientist is
trustworthy and if they trust science is primarily dependent on
general  attitudes  toward  science.  Yet  interestingly,
(communicative) ~experiences with science were positively
correlated to science-related populism as well as positivistic
attitudes toward science. This finding suggests that people with
both skeptical and very positive attitudes seem to have frequent
experiences with science, which resonates with findings in the context
of science communication on climate change (Leiserowitz et al,
2012). Going beyond the frequency of communicative experiences, it
is particularly important to examine the quality of experiences and
the kind of sources used by people with skeptical and positivistic
attitudes toward science. Our results support this endeavor, which is
particularly driven by research on motivated reasoning and selective
exposure (e.g. Maier et al, 2014; Druckman and McGrath 2019).
Future research could differentiate among different kinds of
experiences with science communication and evaluate their
influence on trust in science as well as the trustworthiness of
scientists.

A doser look at trustworthiness suggests that these perceptions
are predicted by positivistic and science-related populist attitudes.
Thus, when people hold positivistic attitudes and are less prone to
science-related populist attitudes, they are more likely to deem
scientists trustworthy—possibly because they think that scientists
live up to their expectations, making epistemically warranted
claims and providing benefits to society. These findings underline
the importance of basic orientations toward the system, which also
predict evaluative judgements about its representatives.

Taken together, our analysis highlights the importance of
including several antecedents to uncover how trust in science
manifests in and interacts with people’s belief system. However,
the factors included in our analysis apparently did not capture all
relevant factors needed to explain trust in science and the
perception of scientists’ trustworthiness. The model fit suggests
that there might be additional explanatory variables. One promising
path for finding these may be to include measures of experiences
with science that go beyond asking respondents about points of
contact with science and scientists. Instead, future studies could
focus on the quality of experiences with science, asking respondents,
for example, whether they have had positive or even personally
meaningful (communicative) experiences with science, scientists, or
scientific communication because they received valuable
information on an issue they did not previously understand or
important information for individual decision-making. This is
especially relevant considering that further results (Figure 3)
indicate a positive correlation between (communicative)
experiences with science and science-related populism,
suggesting that it is not the quantity of experiences with science
that shapes attitudes, but the specific sources people use to inform
themselves and how those sources portray science and scientists.
Furthermore, future studies could examine whether access points to
science could be topic dependent and whether differences exist for
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citizens accessing scientific information in online vs offline channels.
Results of our and further studies should then be scrutinized in terms
of their implications for science communication practice: For
example, science communicators may facilitate long-term
positivistic attitudes toward science by providing citizens with
further “access points” to science (e.g., via participatory science
communication formats), and alleviate science-related populist
attitudes by targeting dis- and misinformation spread by populist
actors (e.g., via inoculation campaigns).

Furthermore, our model only addresses expectations toward
science and scientists that reflect more stable views of and
attitudes toward science and scientists. However, it might be
the case that people often do not access a coherent and
comprehensive representation of the scientific system when
making these types of judgments on such surveys; instead,
they might give more accurate evaluations of how they view
science when they are given the context of specific scientific
issues (Liu and Priest 2009; Hendriks, Kienhues, and Bromme
2016). As such, it would also be worthwhile to test the stability of
the model identified in this paper for issues or scientific
disciplines that involve more or less societal relevance (such
as research on climate change vs black holes). Furthermore,
experimental research has shown that trustworthiness
judgments regarding scientists are based on inferential cues.
Thus, trust in science may also depend on parameters in a given
situation. For example, trust in science may fundamentally
depend on the risks that scientific innovations have for a
person or society (e.g. Cummings 2020). Furthermore, a study
by Besley et al. (2017) showed that the willingness to see science
as a legitimate source of knowledge decreased in the presence of
industry-science connections. In sum, we must acknowledge that
trust in science might often be more adaptive to a specific topic
or information present at a certain point and accessible to the
trustor than can be grasped by survey measures or statistically
embedded in the present model.

Limitations

The study had several limitations that should be considered when
interpreting the results. First, the results of the study may not be
generalizable to other countries due to the specific context of
Switzerland. Overall, Switzerland’s population has been shown to
have rather positive conceptions of science and research
(European Commission 2010) and trusts scientists (Wellcome
Trust 2019). Our findings may thus not generalize to other
countries where more critical, hostile, or divisive views prevail
in society or in public debate (Rutjens et al., 2018).

Second, due to the cross-sectional approach, we were not able
to detect causal relationships empirically. Especially for the
relationship between trustworthiness, science-related populist
attitudes, and positivistic attitudes, long-term examinations or
experimental research would be a valuable supplement to the
existing literature.

Third, we recognize a limitation in the one-item measurement
of trust in science. As arguments about the conceptualization and
measurement of trust in other contexts exist (Hamm et al., 2019),
a definite measurement for trust in science (as a system) still
needs to be validated (Reif and Guenther 2019).
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Fourth, our measurement of experiences with science captured
a very broad range of communicative experiences, which showed
only an acceptable convergent validity. Future studies could focus
on more specific communicative experiences and examine their
influence on trust in science.

CONCLUSION

Taken together, our study contributes important findings to the
literature on trust as well as to science communication. For science
communication, we showed that a person’s frequency of
communicative experiences with science did not significantly predict
trust in science. The high explanatory value of basic orientations toward
science suggests that future studies should focus more on these kinds of
attitudes when explaining trust in systems. Hence, some promising
ways to indirectly increase trust in science might be to communicate
how scientific processes are able to produce epistemically reliable
knowledge, and to highlight the function that science holds for
providing information and solutions to problems on the societal scale.
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