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ABSTRACT ARTICLE HISTORY

The current registered report investigated the effects of source cred- Received 6 August 2020
ibility in relation to one’s own worldviews (i.e. supernatural beliefs and Accepted 16 January 2022
belief in science) in a spiritual and scientific context. We asked people KEYWORDS

to rate the truthfulness of ambiguous auditory statements about the Source credibility;
cosmos attributed to a scientist or a spiritual guru and analyzed this spirituality; science;
using hierarchical Bayesian modeling. In line with our hypotheses, we supernatural beliefs; belief in
found that the scientist was seen as more credible than the spiritual science; worldviews
guru. The overall credibility of the statements was positively related to

supernatural beliefs. These beliefs also interacted with the source of

the statement, which was reflected in a tendency for supernatural

believers to rate statements from both the scientist and the guru as

credible. In contrast, with increasing belief in science, the credibility of

the sources diverged with higher ratings for the scientist compared to

the guru. The study involved a conceptual replication of previous

research and increased the confidence in the robustness of source

credibility effects and their interaction with people’s worldviews.

Introduction

Abstract entities like the space-time continuum, gravitational fields, and quantum energy
are fascinating topics but incomprehensible to most people. An expert’s story on these
invisible forces can make us feel overwhelmed and yet often we tend to trust the experts.
Some experts tend to draw on scientific evidence to interpret the invisible world for us,
while other experts rely on different sources. Spiritual gurus, for instance, can make
strikingly similar statements to those of astrophysicists about the universe, but their
conclusions rest mainly on experiential insight and intuition. Statements like “cosmic
entities absorb energy at all frequencies” could be found in both scientific and spiritual
discourse. Such statements appear meaningful, but they also are difficult to verify by the
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non-expert. Non-experts are therefore more likely to rely on their trust in the expert
source to infer if the statement makes sense. The trust in an expert, in turn, depends on
one’s personal beliefs and attitudes. Therefore, source credibility might interact with one’s
own worldview and thereby affect the interpretation of statements, which is the focus of
the present research.

Below, we first describe research on source credibility. We further elaborate on this
topic in relation to leaders in a religious context. Scientists also enjoy a highly credible
status in our society and their statements are often trusted and respected. However, one
often overlooked aspect in research on this topic is the role of individual differences, such
as one’s beliefs and attitudes. The current study investigated how people with different
beliefs and worldviews (i.e. supernatural beliefs and beliefs in science) rate ambiguous
statements from a spiritual and scientific source. If the statement is ambiguous, people
tend to rely more strongly on contextual information to make inferences and derive
meaning from the statement. Note that one can distinguish the ambiguity of the state-
ment (i.e. content) from the ambiguity of the source (i.e. the context). Accordingly, in the
present study, we used ambiguous statements (in content) that could be attributed to
either a spiritual or a scientific authority (ambiguous in context), as this allowed us to
study the top-down effects of source on the processing of statements. In short, content
ambiguity is achieved by using meaningless, though not obviously false, profound-
sounding statements, while context ambiguity is accomplished by selecting statements
that could be encountered in both a spiritual and a scientific context (see the sections
“Current research” below and “Pre-test” in the Online Supplemental Material).

We were also interested in elaborating how people’s supernatural worldviews interact
with source credibility effects. Whereas religion typically refers to the more institutiona-
lized aspects of supernatural beliefs, spirituality is more related to individual experiences.
Both religion and spirituality typically involve the belief in supernatural invisible agents
(Lindeman & Svedholm, 2012) that are characterized by minimally counterintuitive prop-
erties (i.e. they violate basic principles of the natural world and are therefore considered
supernatural). Despite the different definitions associated with both concepts (for more
extensive discussion, see: Maij et al. 2017) throughout this article we use the umbrella
term “supernatural beliefs,” to refer to both people’s religious and spiritual beliefs, but
when discussing the literature we adhere to the terms used in the respective articles.

Source credibility

We often ascribe meaning and significance to messages from presumed authorities on
a specific topic. Source credibility can be defined as the effect of the credibility of the
source on the perception of messages and stories from that source (Chaiken &
Maheswaran, 1994; Pornpitakpan, 2004; Umeogu, 2012) and it involves the interplay of
the message, the source and characteristics of the receiver (e.g. beliefs and worldviews;
Roberts, 2010). Research on source credibility has demonstrated that in general people
are more likely to perceive messages as credible if they believe in the trustworthiness and
expertise of the source (Pornpitakpan, 2004). Next to the effects of source credibility,
individual characteristics of the perceiver (e.g. initial disposition and personality) have
been shown to affect people’s tendency to accept messages (Pornpitakpan, 2004).
Research on the effects of source credibility has been framed in terms of the elaboration
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likelihood model (ELM), which proposes a dual-process model of attitude and belief
formation (Petty & Cacioppo, 1986). On this account, information from sources can be
processed through an intuitive and superficial route or through an analytical and reflec-
tive evaluation of the statements. When using the intuitive route, listeners are more likely
to be affected by peripheral cues associated with the message, such as the attractiveness
and the credibility of the source. Indeed, when reading ambiguous statements, the higher
the credibility of the source, the more participants seemed to use heuristics and the more
strongly they developed a positive attitude towards the described product (Chaiken &
Maheswaran, 1994). In contrast, when using the analytical route, listeners engage in
a more critical and reflective evaluation of the message, and they will be more likely to
detect potential ambiguities or errors in the message.

Beyond general source credibility effects

Most research on source credibility has focused on persuasion, such as in advertising or
health improvement. However, in the fields of science and religion, source credibility
effects may be even more pronounced. For example, charismatic religious and political
leaders often tend to use somewhat opaque language (e.g. jargon, non-falsifiable pro-
phecies), which further adds to their credibility as an authoritative source (Pornpitakpan,
2004).

A similar process may be at play when people listen to scientific authorities. For
example, scientific experts are typically consulted in the media as an important source
of information. People often refer to scientific evidence because it takes discussions
beyond subjective opinions (Faircloth, 2010). In general, the US population places
a high trust in scientists (Funk et al., 2019) and statements containing irrelevant scientific
jargon were judged to be more sound when trust in science was high (Weisberg et al.,
2008, 2015). In a recent cross-cultural study, we found that overall people tend to be less
skeptical towards meaningless statements attributed to a scientist compared to a spiritual
guru, further evidencing the widespread strong trust that people have in scientific
authorities (Hoogeveen et al., 2022).

Individual differences

The effects of source credibility on message acceptance are likely affected by individual
differences in beliefs, and could possibly be related to thinking style and receptivity to
pseudo-profound bullshit. The role of individual differences in source credibility is exem-
plified, for instance, in the domain of policy making, where people’s political worldviews
affected expert credibility (Lachapelle et al., 2014). Supernatural beliefs and belief in
science may be especially prominent in affecting source credibility effects. The relation-
ship between supernatural beliefs and belief in science, commonly described as in
conflict, is multifaceted and complicated (McPhetres & Nguyen, 2018). Religious beliefs
were shown to be negatively correlated with scientific knowledge, and this effect was
partially mediated by the attitude towards science (McPhetres & Zuckerman, 2018).
Attitude towards science was less positive for religious people, but only in some cultures
(McPhetres et al., 2020). Other research suggests that the overall belief in science corre-
lates negatively with spirituality (Farias et al., 2013; Rutjens & van der Lee, 2020). We
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previously showed that religiosity is more strongly predictive of credibility ratings for
meaningless statements from a guru, than of credibility ratings for meaningless state-
ments from a scientist (Hoogeveen et al., 2022). Furthermore, research has suggested that
religious people in general might be less skeptical in evaluating evidence in support of
both religious and scientific statements (McPhetres & Zuckerman, 2017). In another study,
it was reported that supernatural beliefs increased the likelihood of finding supernatural
stories credible and scientific (Garrett & Cutting, 2017).

Individuals tend to differ in their faith in science and in its superior status as a source of
knowledge; as such belief in science can even be considered a worldview, akin to religious
worldviews (A. Evans et al., 2020; Farias et al., 2013; Taves et al.,, 2018). For example, high
faith in science could lead to less scientific skepticism, thereby influencing message
acceptance (Mayo, 2019). Previous research has also shown that scientific statements
that conflict with one’s worldview are difficult to accept and people often interpret these
statements in favor of their own worldview (Kahan et al., 2011, 2012). Indeed, in a recent
study, participants’ belief in scientific statements was not influenced by their perception
of the credibility of the scientist but merely by their own views (Kobayashi, 2018). Still,
physical appearances of scientists (i.e. perception of the individual source) may influence
their rated quality as Gheorghiu et al. (2017) found that more competent looking scien-
tists are perceived as more credible. Thus, the general perception of the credibility of
scientists seems to be different from the individual perception of a scientist. The research
by Kobayashi (2018) also suggests that strong beliefs about a specific scientific topic (e.g.
vaccination, threat of COVID-19) might be less influenced by source credibility effects,
because these beliefs are already deeply ingrained (e.g. through the media and experi-
ences) and different from general attitudes towards science. The inconsistent results of
the relationship between supernatural beliefs and belief in science might be dependent
on the topic (e.g. a highly contested one like creationism vs. an uncontested one like
“electrons are smaller than atoms”; J. H. Evans, 2011; McPhetres & Nguyen, 2018).

Next to supernatural beliefs and belief in science, thinking style might affect source-
credibility effects. Science and atheism have often been associated to an analytical
thinking style (Pennycook et al., 2012; Pennycook, Fugelsang et al., 2015), whereas super-
natural beliefs have been associated to an intuitive thinking style (Pennycook, Cheyne
et al,, 2015). On the other hand, using latent class analysis to identify both skeptic and
religious groups, Lindeman and Lipsanen (2016) found that there were both low and high
analytical thinkers within each of these groups. Another article reported that across three
different studies there was no relationship between thinking style (i.e. analytical or
intuitive thinking) and supernatural beliefs (Farias et al., 2017). The proposed relationship
has been further contested based on cross-cultural research, showing that there is a large
cultural variability in the relation between religion and intuitive thinking (Gervais et al.,
2018). In sum, the relationship between a preference for an intuitive compared to an
analytical processing style and supernatural beliefs is strongly dependent on the cultural
context and might be less straightforward than previously thought. But so far, the effects
of thinking style on source credibility have not been investigated, even though the
elaboration likelihood model predicts that an intuitive thinking style should render
individuals more vulnerable to be affected by source credibility effects.
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A general gullibility and receptivity to pseudo-profound bullshit (i.e. meaningless
jargon that contains references to scientific entities, such as quantum theory or
photons) might also be a factor influencing the perceived profoundness of statements
(Pennycook, Cheyne et al., 2015). Belief in science was found to be slightly positively
correlated to receptivity to pseudo-profound bullshit and both were also correlated
with receptivity to scientific bullshit (A. Evans et al., 2020). Faith in intuition was also
correlated to receptivity to bullshit. However, susceptibility to bullshit might reflect
a general individual trait that is not influencing the effects that different sources have on
message processing.

Current research

In sum, individual differences exert a strong effect on how we evaluate statements from
a scientific or spiritual authority. It remains unclear how the source (irrespective of the
content) influences the credibility of statements and the relationship with supernatural
beliefs and belief in science. Therefore, in the present study, we asked people to rate
ambiguous statements that are attributed to a spiritual guru or a scientist. We did not use
media-covered topics (because of pre-existing opinions, as discussed above) but a topic
that could be discussed by both scientists and spiritual leaders alike. The statements were
ambiguous in terms of both their content and their inferred source, i.e. the statement
could be made both by a scientist or a guru. We manipulated ambiguity by creating
meaningless though profound-sounding statements on topics related to quantum
mechanics and the universe. We used pseudo-scientific jargon to make the statements
sound profound, to make it more difficult for participants to infer the meaning of the
statement and to directly verify whether the statement is true. In a pre-test, the state-
ments were matched in terms of their perceived spirituality and scientificity. We also
selected statements that were perceived to be somewhat truthful, and we excluded
statements that were clearly completely true or false. This way, we assessed to what
extent people would rely on source credibility cues and their own background beliefs to
infer the credibility of the statement. We included a question about the participant’s
astrophysics knowledge to account for personal background knowledge of the topic that
could play a role in processing the statements. We also included thinking style and
susceptibility to pseudo-profound bullshit in our exploratory analyses, as they may play
a role in source credibility effects.

This registered report study extends our previous cross-cultural work (Hoogeveen
et al,, 2022) in three ways. First, we assessed the effects of supernatural beliefs on source
credibility, in contrast to solely religious beliefs, and we included a well-validated measure
of belief in science to investigate its effect on source credibility as well. Second, instead of
using statements presented on screen, here we used auditory stimuli to ensure partici-
pants have the same amount of time to process a stimulus (as opposed to reading). Using
auditory stimuli also opens the path for future functional Magnetic Resonance Imaging
(fMRI) experiments to investigate the neural mechanisms underlying source credibility
effects. A key advantage of using auditory stimulus presentation is that it allows a passive
task design, thereby avoiding potential confounds related to overt eye movements. Thus,
our registered report study also provided a proof-of-concept by developing and making
available a new experimental paradigm that can be used in future studies. Third, by
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repeatedly presenting participants with statements from different sources (i.e. instead of
only presenting a statement once) we aimed to investigate the dynamics of source
credibility effects over time. This also allows future studies to focus on the neurocognitive
correlates of source credibility, e.g. by using a repeated-measurements electroencepha-
lography or fMRI designs, and to assess how source credibility effects might enhance or
decline over time (i.e. learning effects).

Hypotheses

The hypotheses listed below represent our general confirmatory hypotheses, which
were complemented with additional exploratory analyses, highlighted in the next
subsection.

First, we expected that a scientist is in general seen as more credible than a spiritual
guru (A. Evans et al., 2020; Funk et al., 2019):

‘H1: Ambiguous messages are rated as more credible when pronounced by a scientist
than by a spiritual guru (i.e. we expect a main effect of source)

It has been found that individuals with increased pseudo-profound bullshit receptivity
were more likely to believe in the supernatural (Pennycook, Cheyne et al., 2015) and belief
in the supernatural increased the likelihood of finding a statement credible (Garrett &
Cutting, 2017). Accordingly our second hypothesis was that:

‘H,: Supernatural beliefs are positively related to credibility ratings; participants that
score higher on supernatural beliefs will rate ambiguous statements as more credible (i.e.
we expect a main effect of supernatural beliefs)

Together, H; and H; indicate that people with higher supernatural beliefs would rate
statements from both the spiritual authority and scientific authority as high in credibility,
because scientists are generally considered credible, while supernatural believers may
also put much trust in the guru. On the other end, people with lower supernatural beliefs
would be more skeptical towards an authority with different worldviews than their own,
but at the same time rate a science authority as relatively high in credibility because of the
source credibility effect of science (H;) (cf. Hoogeveen et al., 2022). This idea is further
supported by the observation that religious people require a similar amount of evidence
for a scientific claim as non-religious people, whereas religious people were faster to
accept evidence for a religious claim than non-religious people (McPhetres & Zuckerman,
2017). These observations resulted in the following interaction hypothesis:

‘H3: Crucially, the effect of source on statement credibility will be stronger for partici-
pants scoring low compared to high on supernatural beliefs (i.e. there is a negative
interaction effect between source and supernatural beliefs)

Belief in science has been proposed as an alternative worldview (Farias et al., 2013;
Taves et al., 2018). People scoring high on belief in science will particularly rate the
scientist as more credible than the guru, while for people with lower belief in science,
the difference in credibility ratings between the scientist and the guru will be less
pronounced:

Hs4: The effect of source on statement credibility will be stronger for participants
scoring high compared to low on belief in science (i.e. there is a positive interaction effect
between source and belief in science).
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Variables for exploratory analyses

Thinking style, bullshit receptivity and knowledge of astrophysics have been introduced
as measures that relate to our topic of interest. We have not included these measures in
the main hypotheses above to keep a clear focus. Nonetheless, they could be related to
our dependent measure (the ratings) and therefore were analyzed subsequently in an
exploratory way.

Non-registered studies

We have performed a pre-test to select computerized-voices and ambiguous statements
that we describe in the Online Supplemental Material, followed by a pilot study that
provides the groundwork for the preregistered study. Data and scripts can be found on
https://osf.io/v92gy.

Methods

Participants and sampling plan

Participants were recruited through online advertisements. Due to the COVID-19 pan-
demic, advertising at venues with scientific and spiritual events, which was part of the
preregistered recruitment method, was not possible. To reach our planned sample size,
we also collected data through Prolific.com. Participants received 5 euro as compensation.
Individuals were included if they were between 18 and 70 years old.

The online survey was spread among participants without a fixed predetermined
number of observations. We adopted a Bayesian inference framework, which allowed us
to monitor evidence while data accumulated, without running into statistical problems
associated with optional stopping (i.e. inflated Type | error rates; Rouder, 2014;
Schonbrodt et al,, 2017; Wagenmakers et al., 2018). Initially, 60 participants were recruited
(that did not meet the exclusion criteria). Subsequently, we continued collecting data
until the Bayes factor for each of the critical tests (i.e. Hs: the source x supernatural
beliefs interaction and H,: the source x belief in science interaction) passed the thresh-
old for sufficient evidence, i.e. BFio > 6 or BF1o < 1/6, which means that the data are at
least 6 times more likely under the alternative model than under the null model, or vice
versa.' The online format and advertising did not permit to check the evidence after each
participant. Therefore, we checked the evidence approximately every 10 participants
offline. We preregistered to stop data collection when the criteria for evidence were
met or a maximum of n = 400 (due to monetary reasons) was reached. Importantly, we
checked whether our sample had a sufficient variability of supernatural beliefs scores, i.e.
including people with low scores and high scores. Specifically, we expected more diffi-
culties when recruiting people with higher scores, as this is a minority group in the
general population in the Netherlands. We aimed to achieve an approximately equal
division between mean supernatural beliefs scores above and below the scale midpoint
of 3.
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Design

Stimuli. The selection of ambiguous stimuli and computerized-voices is described in the
section “Pre-test” in the Online Supplemental Material. In total, we included 24 ambiguous
auditory stimuli in our paradigm on the topic of astrophysics. The full list of statements,
including a link to the recording, can be found on: https://osf.io/8gcrp/. Statements were
ordered based on ambiguity and split into two subsets of 12 stimuli. We compared both
sets on ambiguity (i.e. difference between applicability to science and spirituality;
BFip = 0.59). We also checked that truthfulness did not differ between the two sub-
sets (BFp = 0.56).

To increase voice naturalness, 500 ms silences were inserted between sentences. This
was also done at the stimulus end to prevent an abrupt ending. Compensation for the
speed difference between both voices on the same stimuli was achieved by slowing down
the fast voice and increasing the speed of the slow voice to their average speed on that
stimulus. The final stimuli lasted on average 18.82 seconds (std = 1.24 s, min = 16.81 s,
max = 20.68 s). The spoken text was preceded by a silence of 300 ms.

Task. The task consisted of a short introduction, the rating of auditory stimuli and a few
questions. First, participants were introduced to the goals and objectives of the study.
Specifically, participants were instructed that the study was aimed at uncovering their
worldviews. Second, a spiritual guru and scientist were introduced using a photo and
a descriptive text. Additionally, participants listened to a (fictional) quote of each source.
We presented the sources as an authority in their own field. The description was fictional
and photos were found online with re-use permission. However, participants were made
to believe that these were real people and that their statements were recorded from
documentaries, translated and again recorded with computerized-voices for the purpose
of this experiment. As a first step in this field, we chose to maximize our manipulation, by
manipulating both the cover story, the picture and the background. Thus, our manipula-
tion can be considered a package deal, while leaving it to follow-up studies to single out
which specific factors might be more crucial in driving source credibility effects. Then, the
participants were presented with the 24 statements. After each statement, they were
asked to what extent they think the statement is true of the world (the dependent
variable). This was evaluated on a 6-point Likert scale (1 = completely false, 6 = completely
true; see Figure 1.

29| o

Spiritual guru 8 \i
Spiritual guru 3
A 3
O0000O0 — ‘
Stimulus phase (+ 20 s) Sttt Scientist
Rating phase (self-paced) O00000O
Stimulus phase (£ 20 s)

Rating phase (self-paced)

Figure 1. Task paradigm.
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Randomization was achieved by making four sets of stimuli. Each participant was
randomly assigned to a set during the experiment. In two sets (A and B), voice one
belonged to the spiritual guru and voice two belonged to the scientist, in the other two (C
and D) this was reversed. An overview of the randomization can be seen in Online
Supplemental Table 4. During the experiment, statements of the spiritual guru and the
scientist were presented in random order. Following the 24 statements, participants were
asked to link the photo to the name of the corresponding authority in the experiment, as
an attention check. Next, the participants were asked to rate six questions on a 5-point
Likert scale about their trust in the spiritual guru and scientist, the perceived competence
of the spiritual guru and scientist, and their understanding of the statements from each
source. These six questions were used as descriptive measures. In addition, participants
had the opportunity to comment about the task in an open question.

Questionnaires

After the task, participants filled in several questionnaires. A 10-item supernatural beliefs
questionnaire was administered (first independent variable), assessing belief in super-
natural phenomena (e.g. spiritual healing, angels) on a 5-point Likert scale (as used in
previous studies; Van Elk & Snoek, 2020). Other studies asked mainly whether participants
viewed themselves as spiritual (e.g. Rutjens & van der Lee, 2020). Spirituality is a broad
concept and many people identify with (different) aspects of spirituality (Rutjens & van
der Lee, 2020); therefore, we used a supernatural beliefs questionnaire to address differ-
ent aspects and investigate a person’s worldview more directly. In addition, an attention
check was embedded in this questionnaire where participants were asked to select the
instructed pre-defined answer. A 5-item belief in science questionnaire was administered
to investigate this as an alternative worldview (second independent variable). This was an
adapted version based on Farias et al. (2013) and Rutjens et al. (2018) from which we
deleted items related to religiosity to solely assess belief in science and not their conflict-
ing worldviews. The order of the supernatural beliefs and the belief in science question-
naires was randomized.

For a first exploratory analysis, we also added the Cognitive Reflection Test (CRT), to
address thinking style, with a previously used selection of six out of seven original items
(Pennycook et al., 2020; Thomson & Oppenheimer, 2016). Questions similar to these items
are often used, which can harm the validity of the measure (see however Bialek &
Pennycook, 2018). This was circumvented by asking participants “Have you seen this
questionnaire before?” and removing all confirmatory responses from further analysis. For
a second exploratory analysis, we added the Bullshit Receptivity (BSR) scale to measure
the construct validity of our statements (Pennycook, Cheyne et al.,, 2015). The order of
these exploratory measures was not randomized. Subjects’ objective knowledge of astro-
physics was assessed using five knowledge questions after the task. This was used for the
third exploratory analysis.

Procedure

Participants got access to the survey on Qualtrics. They provided online informed consent
and were asked to fill in demographics (age, gender, religiosity, spirituality) and a question
about their subjective knowledge of the topic on a 10-point Likert scale, i.e. “How much
knowledge do you have about astrophysics/space/quantum mechanics? Topics include
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for example, the origin of the universe, black holes and the behavior of particles.”
Participants were then asked to listen to a test fragment after which they were prompted
by a question what the fragment was about. This was done in order to check whether
their sound worked and they were listening. Participants could listen multiple times and
only when they provided the correct answer (i.e. dog), they could proceed with the
experiment. Participants were randomly assigned to one of four sets and presented
with the task. Afterwards, they were asked to rate the sources on competence and
trustworthiness, complete the supernatural beliefs questionnaire, the belief in science
scale, the astrophysics knowledge questionnaire, the CRT and the BSR scale. Participants
were rewarded with 5 euro.

Descriptive statistics

We present descriptive statistics of our sample including age, gender, religiosity,
spirituality, scores on the belief in science, supernatural beliefs and astrophysics
knowledge questionnaire, the performance on the CRT, average BSR score, average
trust and competence of each of the sources and average understanding of the
statements. Additionally, we report correlations between the different measures that
we included in our study, e.g. the CRT with the BSR and the BSR with belief in science
scale.

Data analysis

We applied hierarchical Bayesian modeling to account for the nested structure of the data
(observations within participants), using the BayesFactor package (Morey & Rouder, 2018).
This method is based on the work by Haaf and Rouder (2017); Rouder et al. (2019). First,
we conducted preliminary analyses to check if there were any effects of voice, stimulus
subset, and trial sequence. If the Bayes factor for the presence of an effect was larger than
3 (i.e. BF19>3), we included the respective factor in the main analyses. If not, we left it
out - as is done for the analysis of the pilot data (see Online Supplemental Material).
Second, we tested to what extent the data provided evidence for the source effect on
statement credibility ratings (), using the models (i) to (iv) described below. Third, we
extended the hierarchical models by including the covariates gender and age (Legare
et al,, 2012; Randall & Desrosiers, 1980), as well as the second-level predictor supernatural
beliefs to test H,. For this analysis, the parameter for the main effect of supernatural
beliefs was restricted to be positive, as we expected higher supernatural beliefs to be
predictive of higher overall credibility ratings. As preregistered, we first checked the
correlation between supernatural beliefs and belief in science scores and used a cut-off
of p < — 0.5 to determine multicollinearity of the predictors. We would then proceed with
two models with their respective cross-level interactions with source, to test H3 (source
x supernatural beliefs) and H, (source x belief in science). If the predictors were not
strongly correlated, we would test both interactions in the same model. As we expected
the source effect to become weaker with increased supernatural beliefs and stronger with
increased belief in science, we restricted the source-by-supernatural beliefs interaction
parameter to be negative and the source-by belief in science interaction parameter to be
positive in this analysis. Analyses were carried out in R.2
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Statistical models

The multilevel Bayesian modeling approach allows us to systematically evaluate the
evidence in the data under different models: (i) for all participants the effect is truly
null; (ii) all participants share a common nonzero effect; (iii) participants differ, but all
effects are in the same direction; and (iv) for some participants the effect is positive
whereas for others the effect is negative. The models differ in the extent to which they
constrain their predictions, from the most constrained (i) to completely unconstrained (iv).
We refer to these models as the null model, the common effect model, the positive/
negative effects model, and the unconstrained model, respectively. Note that models (iii)
and (iv) solely apply to the first-level effect of source; for the second-level predictor
supernatural beliefs and the cross-level interaction between source and supernatural
beliefs, only models (i) and (ii) are relevant.

Prior Settings. The BayesFactor package applies the default priors for ANOVA and
regression designs described in Rouder et al. (2012), in which the researcher can deter-
mine the scale settings for each individual predictor in the model. We used the settings for
the critical priors in the multilevel models as proposed by Rouder et al. (2019), concerning
the scale settings on g and 03. The scale on pg reflects the expected size of the overall
source effect and is set to 0.4. The scale of o reflects the expected amount of variability in
effect size across participants. This scale is set to 60% of the overall effect, resulting in
a value of 0.24. For the effects that are not relevant for the specific hypotheses of interest,
uninformative priors were used. Specifically, we set the prior scale for the overall
between-subjects variance to 1. When testing the main effect of supernatural beliefs in
‘H,, we additionally used a prior scale of \/5/2 ~ 0.7072 for the source predictor. When
testing the interaction in H3, the prior scale of 0.707 was used for the parameters of
source and supernatural beliefs. In addition, we assessed the robustness of the results
under different priors. Specifically, we varied the priors for the effect of interest using the
following r scale settings, in decreasing order of informativeness: r=20.5,
r= \/5/2 ~ 0.707, and r = 1 (corresponding to the “medium,” “wide” and “ultrawide”
prior scale settings provided in the BayesFactor package (Morey & Rouder, 2018; Rouder
et al, 2012).

Inference criteria

We used model selection by means of Bayes factors to draw inferences. That is, we
calculated Bayes factors that reflect the relative evidence in the data for various con-
structed models, including models that correspond to the null hypotheses. A Bayes factor
of 6 in favor of the respective alternative models vs. the null model is required to consider
the hypothesis supported. We applied the sequential sampling design to our critical tests
(i.e. Hs: the source x supernatural beliefs interaction and H,: the source x belief in
science interaction) and continued collecting data until we reached sufficient evidence
BF10>6 or BFy; >6 or until a maximum of n = 400 was reached.

Data exclusions

We excluded data from participants who failed any of the following criteria:
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1. Participants should have completed the experiment in less than 1.5 hours (estimated
completion time is 30 minutes). Participants who spent more than 1.5 hours on the task
would have had too much time between listening to the statements and responding to the
questions, which compromises the validity of the responses.

2. Participants should have selected the instructed pre-defined answer for the attention check
item embedded in the supernatural beliefs questionnaire.

We preregistered to exclude participants who did not correctly link the name and photo
to the corresponding authority in the experiment, i.e. the person who appeared as the
scientist should have been identified as the scientist and the person who appeared as the
guru should have been identified as the guru. However, since various participants
indicated that they misunderstood this item or thought it was a trick question, we decided
to leave the n = 14 who failed this item in the analytic sample and report the results
excluding them as part of the robustness analysis.

Exploratory analyses

To investigate the underlying mechanism of source credibility effects, we used scores on
the CRT as a predictor for the ratings. Participants with a confirmatory response to the
question “Have you seen this questionnaire before?” were removed from this analysis. In
addition, we correlated scores on the BSR to overall credibility ratings, as a measure of
construct validity of our statements. Bullshit receptivity was not included as a predictor in
our model, because we are interested in effects of beliefs on the source effects and not the
general credibility ratings (i.e. intercept, which would reflect bullshit receptivity). Finally,
we added astrophysics knowledge as a predictor to the main model and tested whether
knowledge is predictive of overall credibility ratings and whether it interacts with the
source effect.

Results

Following the sequential sampling plan, we recruited participants until we obtained
strong evidence (BF > 6 or BF < 1/6) for or against the crucial interaction effects between
source and supernatural beliefs (H3) and between source and belief in science (H,), after
exclusions. This resulted in an analytic sample of 176 participants, from which 76 via direct
advertisement (email lists, online groups, snowballing) and 100 through Prolific. In total,
203 participants started the survey and 181 participants finished the survey. Of those, 4
participants failed one or two of the explicit attention checks and 1 participant reported
being older than 70, which was preregistered as an exclusion criterion. This resulted in 176
participants (Mean age = 37.2, SD = 14.8, range: [18, 69]; 48.3% females) in the analytic
sample.

A Bayesian reliability analysis using the Bayesrel package (Pfadt et al., 2021) indicated
good internal consistency of the supernatural beliefs scale, McDonald’s omega = 0.908
[0.889, 0.928], with no indication that any item should be removed. Similarly, we found
good reliability for the belief in science scale (McDonald’s omega = 0.863 [0.835, 0.897])
and for the bullshit receptivity scale (McDonald’s omega = 0.840 [0.805, 0.874]. Removing
any of the items would not improve the internal consistency of either scales.
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Descriptives

The descriptive statistics of the ratings per source are given in Table 1. The correlations
between the different variables are presented in Table 3 and Table 4.

Confirmatory analyses

Preliminary analyses

As preregistered, we first investigated to what extent the experimental effect could be
influenced by the specific voice and subset of stimuli that were used or the pairing of the
sources with the voice and the subset of stimuli. We also assessed the effect of time, i.e.
the evolution of the ratings over the sequence of trials. As can be seen in Online
Supplemental Table 5, there is (some) evidence for the absence of a main effect of
voice, a voice-by-source interaction, a stimulus set-by-source interaction, and a trial
sequence effect. For the main effect of stimulus set, the evidence in favor of an effect is
moderate (i.e. BF;p = 9.93), suggesting that the overall ratings for stimulus set 1 are
slightly higher than for stimulus set 2. Note that this main effect might thus influence the
intercepts, but not the crucial effects of source and the interactions between source and
supernatural beliefs or belief in science. Nevertheless, as preregistered, we added stimulus
set as a covariate in the main analyses (see also the robustness analyses for results without
covariates). Online Supplemental Figure 4 further illustrates the absence of these effects.

Effect of source
For the main effect of source, we compared between the model without an effect of
condition (i.e. the scientist and spiritual guru are judged equally credible), the model with
a common positive effect of condition across participants (i.e. the scientist is judged as
more credible than the spiritual guru, to an equal degree by everyone), the model with
a varying positive effect of source (i.e. the scientist is judged more credible than the
spiritual guru, but to varying degrees by different participants), and the model that allows
the source effect to be varying from positive to negative (i.e. some people consider the
scientist more credible than the spiritual guru, others consider the spiritual guru more
credible than the scientist).

The Bayes factor model comparison summarized in the top rows of Table 2 shows that
the data provide most evidence for the unconstrained model, which assumes variability
between people such that some people consider the scientist more credible than the

Table 1. Descriptives per source.

Guru Scientist
Mean SD Range Mean SD Range BF1o
Credibility ratings 3.78 1.43 [1-6] 4.16 1.38 [1-6] -
Trust 3.12 0.93 [1-5] 3.80 0.78 [2-5] 4.8 x 10"
Competence 3.42 0.98 [1-5] 3.87 0.85 [2-5] 1.3 x 106
Understanding 3.38 1.01 [1-5] 345 0.95 [1-5] 0.15

Note. Credibility ratings were measured per statement on a 6-point scale; trust, competence, and understanding were
measured with a single item on a 5-point scale. BFq gives the evidence for a difference between sources in reported
trust, competence, and understanding of the statements, respectively, using a Bayesian paired samples t-test. See the
main confirmatory analysis for the evidence regarding the source effect on credibility ratings.
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Table 2. Bayes factors of the different models.

Model Bayes factor p(M)
Effect 1: Source effect (H;)

Subject , + Sup. beliefs ,, 1-t0-7.3 x 10%° <.01
Subject , + Sup. beliefs , + Source 1-to-1.6 x 10" < .01
Subject , + Sup. beliefs , + Source 1-t0-563 <.01
Subject , + Sup. beliefs , + Source , * > .99
Effect 2: Source-by-supernatural beliefs (H, and Hs)

Subject , + Source ,, 1-to-744,675 <.01
Subject , + Source , + Sup. beliefs 4 1-t0-22.6 .04
Subject , + Source , + Source*Sup. beliefs ; 1-t0-33,917 <.01
Subject , + Source , + Sup. beliefs 1 + Source*Sup. beliefs 4 * .96
Effect 3: Source-by-belief in science (H,)

Subject , + Source , 1-to-22, 047 <.01
Subject , + Source , + Belief in science 4 1-t0-293 <.01
Subject , + Source , + Source*Belief in science 4 1-to-77.9 .01
Subject , + Source , + Belief in science ; + Source*Belief in science 4 * .98

Note. Asterisks mark the preferred model for each effect. The remaining values are the Bayes factors for respective
model vs. the preferred model for each effect. Subscripts reflect constraints on the critical parameter; o indicates
no effect, ; indicates a common (positive) effect, . indicates a varying positive effect, and , indicates an
unconstrained effect. Note that for H, — H,4, the comparison is between the null-model, the main-effect-only
model, the interaction-only model, and the full model.

Table 3. Correlation table measured variables.

1 2 3 4 5 6 7 M SD Range
1. Supernatural beliefs 292 105 [1-48]
2. Belief in science —.66*** 401 146 [1-6.8]
3.BSR 38***  _15 261 080 [1-4.5]
4. CRT —.25%** .16 -.15 339 144 [0-6]
5. Astrophys (obj) -.16 .07 —-.08 11 1.19 098 [0-4]
6. Astrophys (subj) -.10 .09 -17 .06 34 448 216 [1-10]
7. Spirituality JOX¥EE L — p*x** NA —22%*  -02 14 379 178 [1-7]
8. Religiosity S 18 11 .01 -.04 .01 31 1.31 0.46 [1-2]

Note. * BF > 3, ** BF > 10, *** BF > 30. Supernatural beliefs and BSR were measured on a 5-pt scale, belief in science and
spirituality on a 7-pt scale, the CRT involved a score between 0 and 6, objective astrophysics knowledge a score
between 0 and 5, subjective astrophysics knowledge was measured on a 10-pt scale, and religiosity was measured as
a dichotomous no/yes item.

guru, whereas others consider the guru more credible than the scientist. This effect is
visualized in Figure 2b. At the same time, we do find strong evidence for the source effect
over the null-model: BFjo = 4.5 x 10'® and for the varying positive effect: BF o =
1.3 x 10%3. This qualifies as strong evidence for a common source effect and strong
evidence for a varying source effect, respectively. These results indicate that, on average,
people consider the scientist more credible than the guru. The mean of the unstandar-
dized size of the source effect (i.e. the regression coefficient) is 0.37, 95% credible interval
[0.26, 0.49] and the standard deviation between participants is 0.46. Figure 2a additionally
shows the intercepts for the credibility ratings per subject (irrespective of the source).

Effect of supernatural beliefs

As preregistered, we first checked the correlation between supernatural beliefs and belief
in science. Since the observed correlation Pearson's p = —0.66 (Table 3) is smaller (i.e.
stronger) than the criterion of p = —0.5, we assessed the effects of supernatural beliefs
and belief in science separately.
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Table 4. Correlation table credibility per source.

Pearson’s p BF1o
Credibility scientist - Credibility guru ) 9.1 x 10°
- Supernatural beliefs 23%* 21.19
- Belief in science -.12 0.71
- BSR 30%** 722
- CRT -.12 0.67
- Astrophysics (obj.) .02 0.19
- Astrophysics (subj.) .02 0.18
- Spirituality 14 0.95
- Religiosity .02 0.12
Credibility guru - Supernatural beliefs A8FF 3.9 x 108
- Belief in science — 4] Fx* 1.5 x 10°
- BSR 39%*x 1.8 x10°
- CRT -.19% 4.50
- Astrophysics (obj.) -.13 0.81
- Astrophysics (subj.) -.01 0.18
- Spirituality 29%% 547
- Religiosity .06 0.14

Note. * BF > 3, ** BF > 10, *** BF > 30

First, we assessed the main effect of supernatural beliefs on overall credibility ratings,
i.e. are supernatural beliefs associated with higher credibility ratings for pseudo-profound
statements? As shown in the middle rows of Table 2, the Bayes factor model comparison
provided most evidence for the full model that included both a main effect of supernatural
beliefs and an interaction between source and supernatural beliefs. Specifically, we find
a Bayes factor of BFp = 32,895.49 (see Table 5), which qualifies as strong evidence for the
main effect of supernatural beliefs, indicating that higher supernatural beliefs are asso-
ciated with higher overall credibility ratings. The mean of the unstandardized size of the
effect of supernatural beliefs is 0.23, 95% credible interval [0.14, 0.32].

To assess the evidence for the interaction, we compared the null model to the model
that additionally included a common interaction term (i.e. model 3). The interaction term
was constrained to be negative, in the sense that the difference in credibility between
sources was hypothesized to become smaller with increased supernatural beliefs. The
critical Bayes factor for the source-by-supernatural beliefs interaction effect vs. the null
model is BF;p = 21.96 (see Table 5). This qualifies as strong evidence for a source-by-
supernatural beliefs interaction. Assuming a main effect of supernatural beliefs, we get
a Bayes factor of BFjg = 22.64 for the additional inclusion of the interaction term; strong
evidence for the interaction. As hypothesized, the interaction entails that the relatively
higher credibility for statements from the scientist vs. the spiritual guru decreases with
higher supernatural beliefs. The mean of the unstandardized size of the source-by-
supernatural beliefs effect is —0.18, 95% credible interval [-0.29, —0.07]. See also
Figure 2c that visualizes the interaction based on the predicted effect of supernatural
beliefs on credibility per source, derived from the posterior distributions of the
parameters.

Effect of belief in science

As shown in the bottom rows of Table 2, the Bayes factor model comparison again
provided most evidence for the full model that included a main effect of belief in science
and an interaction between source and belief in science. The investigation of the main
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Figure 2. Hierarchical model estimates for the source effect (H). The filled points are hierarchical
estimates (unconstrained model) with 95% credible intervals, ordered from largest to smallest and +'s
are the observed sample means. Red points and +'s denote negatively valued effects. The shaded
bands give the 95% credible interval for the estimated effects. The horizontal line indicates zero. A.
Individual variability in overall credibility ratings (individual intercepts) B. Credibility by source.
Positive values for the source effect indicate scientist > guru and negative values indicate guru >
scientist. C. Predicted credibility by source and supernatural beliefs (interaction effect). D. Predicted
credibility by source and belief in science (interaction effect).

Table 5. Summary of Bayes factor model comparisons.
Bayes Factors

Predictor BFmo BFo BFfo Preferred
Supernatural beliefs 32,895 21.96 7.4 x 10° Mg
Belief in science 75.37 283 22,047 Mg
Cognitive reflection task 0.58 0.1 0.06 Mo
Astrophysics knowledge 0.07 1.66 0.1 Mi

Note. The Bayes factors reflect evidence for the models with predictor of interest vs the null model. BF,o
gives the evidence for the main effect of the respective predictor (indicated by the subscript m) vs. the
null-model (indicated by the subscript 0). Subscript i refers to the interaction effects model (predictor-by-
source interaction), and subscript f refers to the full model (main effect + interaction). “Preferred” refers
to the best predicting model based on the data.
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effect of belief in science is exploratory and has not been preregistered. The evidence for
the main effect of belief in science on truth ratings is BF;g = 75.37 (Table 5), which
qualifies as strong evidence for a main effect of belief in science. This main effect indicates
that higher belief in science are associated with lower overall credibility ratings. The mean
of the unstandardized size of the effect of belief in science is —0.16, 95% credible interval
[-0.26, —0.071].

The critical Bayes factor for the source-by-belief in science interaction effect vs. the null
model is BFo = 283.13 (Table 5), which qualifies as strong evidence for a source-by-belief in
science interaction. Assuming the main effect of belief in science, the evidence for addi-
tionally including the interaction term is BFig = 292.53; again strong evidence for the
interaction. As hypothesized, the interaction effect entails that the relatively higher cred-
ibility for statements from the scientist vs. the spiritual guru increases with higher belief in
science. The mean of the unstandardized size of the source-by-belief in science effect is 0.22,
95% credible interval [0.11, 0.33]. See also Figure 2d for the predicted effect of belief in
science on credibility for both sources.

Exploratory analyses

Cognitive reflection task

In an exploratory fashion, we re-ran the models for H3 and H4 with CRT scores as the
predictor of interest. Specifically, we assessed whether there is a negative relation
between CRT scores and overall credibility ratings (i.e. a main effect), and whether there
is an interaction between source and CRT scores. As preregistered, we only included
participants who indicated that they were not familiar with the CRT items used in the
survey (N = 133). The evidence for the main effect of CRT on credibility ratings is BFo =
0.58; BFp; = 1.71, which qualifies as anecdotal evidence against a main effect of CRT. The
Bayes factor for the source-by-CRT interaction effect vs. the null model: BF;o = 0.11;
BFo1 = 9.17; moderate evidence against a source-by-CRT interaction.

Bullshit receptivity

To validate our statements, we correlated the scores on the 10-item Bullshit Receptivity
scale (BSR) to credibility ratings in our task. As expected, we found that the BSR score and
the credibility ratings were positively correlated for the guru: Pearson’s p = 0.38, 95%
credible interval [0.25, 0.50], BF ,; = 361,799.83 and for the scientist: Pearson’s p = 0.30,
95% credible interval [0.15, 0.50], BF,o = 1,443.05. Figure 3 shows this association in
a scatterplot, reflecting that higher bullshit receptivity is associated with higher overall
credibility ratings.

Astrophysics knowledge

Similar to the effect of CRT, we also assessed astrophysics knowledge as predictor in the
models. The evidence for the main effect of astrophysics knowledge on credibility ratings
is BF1o = 0.07; BFg; = 14.81, which qualifies as strong evidence against a main effect of
astrophysics knowledge. The Bayes factor for the source-by-astrophysics knowledge
interaction effect vs. the null model: BF; = 1.66; BFy; = 0.60; anecdotal evidence for
a source-by-astrophysics knowledge interaction.
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Figure 3. Scatterplot of credibility ratings per source and bullshit receptivity scale score per subject.

Robustness checks

We assessed the robustness of our results by conducting three additional analyses. First,
we removed the covariates age, gender, and stimulus set from the models for H,, H3, and
‘H,4 (note that H; only assessed a within-subjects effect, so no between-subjects covari-
ates were added in the first place). Second, we excluded participants who failed the
photo-source matching item, but this emerged as unclear based on participant reports
and is only reported here as part of the robustness analyses. Third, we used a different,
less informed prior setting for r scale; r = v/(2)/2 = 0.707 corresponding to the default wide
prior setting in the BayesFactor package (Morey & Rouder, 2018). As shown in Online
Supplemental Table 6, the results for the interaction effects are robust against these three
different analysis paths; the BF;, is consistently above 10 and the preferred model is
always the full model that includes the main effect as well as the interaction term.

Evolution of credibility over time

We estimated the effect of trial number in the experiment (i.e. time) per source per subject
to get insight into the evolution of the ratings over the course of the experiment (Online
Supplemental Figure 5). As already became apparent in the raw data visualized in Online
Supplemental Figure 4, there does not seem to be a trend upwards or downwards in the
evaluation of the statements. This is corroborated by the posterior samples for the slopes
of time, for which we estimated a slope per subject per source. Specifically, for 100% of
the subjects the 95% credible interval of the slope of time for the guru included 0 and for
97.73% of the subjects the 95% credible interval of the slope of time for the scientist
included O (for 1 subject the slope for the scientist was reliably negative, and for 3 subjects
it was reliably positive). Apparently, people determined an initial level of credibility for
each source (range guru: [2.44, 5.21]; range scientist: [2.35, 5.33]) and did not substantially
revise this assessment during the experiment.
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Discussion

The current study aimed to shed light on the influence of worldviews on source credibility
effects. In line with H;, our results showed that the scientist was on average seen as more
credible compared to the guru, which was also confirmed in ratings of trust and compe-
tence for both sources. The hypothesis stating a positive main effect of supernatural beliefs
on credibility ratings (H>), was also supported in our sample. Furthermore, there was strong
evidence for the interaction between supernatural beliefs and source (H3) such that
increasing supernatural beliefs were associated with a reduced difference between the
credibility of the scientist and guru. There was also a negative main effect of belief in science
on credibility ratings, i.e. higher belief in science was associated with lower credibility ratings
(note that this effect was not preregistered). More importantly, we found strong evidence
for a source-by-belief in science interaction effect (H,) reflecting that the credibility ratings
of the scientist and guru diverged with increasing belief in science. Based on these findings,
we conclude that scientific and supernatural worldviews influence source credibility effects
in predictable but opposing ways.

In line with previous studies, we found that the credibility of a message is affected by
the source delivering it (Chaiken & Maheswaran, 1994; Pornpitakpan, 2004; Umeogu,
2012), and that individual differences in worldviews have a moderating effect on source
credibility (Roberts, 2010). In addition, our supported hypotheses are in agreement with
previous findings, i.e. an increase in supernatural beliefs is generally associated with an
increase in perceived credibility, but more so for the guru than for the scientist
(Hoogeveen et al., 2022). This effect is reversed for belief in science (Garrett & Cutting,
2017; Kahan et al.,, 2011, 2012; Kobayashi, 2018).

Our data indicate that the credibility of the scientist is less affected by people’s world-
view, while the credibility of the spiritual guru differs strongly between people from
different backgrounds. From this observation, we hypothesize that worldviews mainly
affect the credibility of the guru, while the high trust in and credibility of a scientist is more
robust (Hoogeveen et al., 2022) and is less susceptible to one’s prior worldview. This is in
line with earlier research also indicating that people in general have a high trust in
scientists (Funk et al, 2019) and the observation that scientific evidence adds to the
importance of arguments in subjective discussions (Faircloth, 2010). On the other hand,
a guru is generally less visible in Western societies (e.g. in the news or media) which might
have reduced the familiarity and perceived trustworthiness of the guru compared to the
scientist. However, even in countries such as India and China, where a spiritual leader
might be more prominent in daily life, a scientist was seen as more credible overall
(Hoogeveen et al., 2022).

Our exploratory analyses demonstrated that the above results are robust to the
inclusion or exclusion of covariates, participants failing a sub-optimally designed atten-
tion check and to the use of a less informative prior. Moreover, in our exploratory analyses
we investigated several mechanisms possibly of influence on the hypothesized source
effects. We found moderate evidence against an interaction between thinking style (as
measured using the CRT) and source. It should be noted that the CRT may not be the
optimal tool for establishing intuitive vs. analytical thinking, as it relies solely on reflective
capabilities (Pennycook et al,, 2016) or possibly other hidden skills such as insight and
numeracy (Patel, 2017). Our study indicated that source credibility is affected by
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worldview but not by thinking style as measured by the CRT, although this leaves open
the possibility that other measures of intuitive thinking might have an effect on source
credibility. Interestingly, recent research showed that general trust in science makes
people vulnerable to belief in pseudoscience, but that methodological literacy could
protect against this (O'Brien et al., 2021). The ambiguous statements that were used in
our study were seldom rejected with the lowest credibility score, possibly indicative of
a general acceptance of pseudo-scientific statements. However, we did not find
a significant correlation between belief in science and the credibility ratings of the
scientist. In contrast, we found strong evidence against a main effect of astrophysics
knowledge on credibility ratings. Although this is different from methodological literacy,
it shows that general topical knowledge might not protect against accepting ambiguous
statements with scientific jargon. Our additional investigation of bullshit receptivity
showed positive correlations with the perceived credibility of the guru and the scientist,
which may reflect a general gullibility effect (Pennycook, Cheyne et al., 2015). In support
of this idea, both belief in science and faith in intuition were positively correlated to
receptivity to bullshit (A. Evans et al., 2020), while this correlation only replicates in our
sample between BSR and supernatural beliefs. The potential discrepancy between our
and previous studies could well be related to the sample characteristics and our study
may have been underpowered to detect these relatively small to moderate correlations
between the different variables that were included. Previous research has also shown that
high trust in science may lead to wrongful attribution of relevance to scientific jargon and
vice versa that irrelevant scientific content can lead to increased belief in science (O'Brien
et al, 2021; Weisberg et al., 2008, 2015). While our stimuli were not specifically designed
around scientific terms, the topic of astrophysics and quantum mechanics that was
featured in our statements, resulted in a lot of jargon being used. This observation
together with our results hint that although jargon may increase credibility, to whom
this jargon is attributed is more important in boosting perceived credibility.

The strong negative correlation between supernatural beliefs and belief in science was
expected based on previous research (Farias et al., 2013; McPhetres et al., 2020; McPhetres
& Zuckerman, 2018; Rutjens & van der Lee, 2020), but made it impossible to directly
compare these within the same model. Their relationship therefore remains difficult to
disentangle, and probably complex and multifaceted (McPhetres and Nguyen, 2018),
besides often being perceived as purely conflicting.

In the present research, we used a successful implementation of an experimental
paradigm evaluating the effect of scientific and supernatural beliefs on source credibility.
We also exposed several factors influencing source credibility, which are important for
current societal discussions (e.g. COVID-19, vaccines) and may improve our understanding
of the evaluation of statements.

Nevertheless, a limitation of the use of these ambiguous statements was that partici-
pants sometimes indicated that they felt unintelligent or unable to ground their rating in
relation to more contemporary theories and ideas. This might explain why participants
mostly used the middle part of the scale and why there was little variability in the ratings.
In addition, the lack of incentives (i.e. participants could freely rate without consequences)
could have contributed to the scores being centered around the middle of the scale, as
there was clearly nothing at stake with agreement or disagreement with the presented
statements. Further research could adapt the paradigm with the use of incentives to
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investigate whether the source credibility effect on the processing of statements holds up
when there is more at stake. Higher motivation and engagement generally lead to more
balanced decisions and less confirmation bias, which could prompt participants to
evaluate the statements more critically (Dawson et al., 2002). However, research on
climate change and confirmation bias has shown that people tend to stick to their prior
beliefs when processing new information (Myers et al., 2013; Sambrook et al., 2021).
Therefore, it is unsure whether adaptations to increase motivation will have any effect.
When these are implemented to improve upon our current design, it should be noted that
participants may have to be unfamiliar with the topic (as was the case here), otherwise
people’s reasoning will mainly depend on their prior beliefs and this might not lead to
more critical evaluation (Myers et al., 2013). In our context, the astrophysics topic of the
ambiguous statements fitted in nicely with the interests of scientific and spiritual-minded
people without drawing upon great familiarity with the topic. Because of this and their
ambiguous nature, the statements were acceptable and seemingly plausible to people
from both a spiritual and a scientific background. Therefore, in combination with the
stimuli being incomprehensible and not containing truly factually incorrect information,
they likely did not challenge people’s prior worldview. Hence, we could show here the
effect of worldviews on credibility ratings.

The current design, using repeated measures in combination with auditory stimuli, is
both feasible and valid to test our hypotheses. We found that the source credibility effects
were stable over time, indicating that people did not change their mind or became more
sceptical over the course of the experiment. Consistent with previous research, we did not
notice any issues using auditory stimuli (Stern et al., 2006). Furthermore, the use of
auditory stimuli allows setting up future research using fMRI. The main goal of such
a follow-up study would be to investigate whether the assignment of credibility to
a source is processed differently in participants with different worldviews and how
different brain areas might contribute to the evaluation of statements and credibility
ratings. For example, in an fMRI study, Schjoedt et al. (2011) used auditory stimuli to
explore the neural effects of source credibility on believers and non-believers. They found
that believers downregulate several prefrontal brain areas in response to statements
(prayers) by a trusted source (a charismatic healer). Inspired by predictive processing
accounts, they propose that trusted sources may reduce efforts to monitor incoming
statements for errors (Schjoedt et al., 2013). The fMRI study, however, was exploratory and
their interpretations rely heavily on reverse inference. A follow-up study should be care-
fully designed to both ensure enough power to detect these effects and to avoid reverse
inference problems (Poldrack, 2011).

Although the current research shows that worldviews influence credibility ratings, it is
likely that other factors also drive people to trust a source, which could limit general-
ization to different sources and situations. Previous research already mentioned for
instance, attractiveness (although here both sources were equally attractive; Gheorghiu
et al, 2017; Patzer, 1983) and religiosity (Hoogeveen et al.,, 2022) as factors that could
affect source credibility. In the current study, we checked whether astrophysics knowl-
edge, bullshit receptivity and CRT scores affected the credibility ratings, but other factors
could come into play as well. Advances towards generalization could be made by includ-
ing other sources, both with esteemed status in society as well as sources with lower
status (e.g. the president vs. a teacher or construction worker), and by using different
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sources within each group varying on other aspects such as attractiveness. The attribution
of credibility to a source may also be affected by the confidence in that attribution (e.g. in
Western societies people may be more confident judging the credibility of a scientist than
that of a guru). Therefore, the addition of confidence ratings on the rated credibility may
also be useful in its generalization. These additions could indicate whether the contribu-
tion of worldviews is specific for the currently investigated sources or related to a more
general tendency to take source credibility into account. A final step in generalizing to
daily life situations would naturally involve also real statements instead of ambiguous
statements. However, if people already have prior ideas about daily topics, it complicates
the study and design because it is hard to separate the effect of source on the statement
from a lifetime of experiences with a specific topic such as climate change (J. H. Evans,
2011; Kobayashi, 2018; McPhetres & Nguyen, 2018).

In conclusion, our findings replicate the Einstein-effect, by showing that information
from scientific sources is deemed more credible than from spiritual sources. Furthermore,
supernatural and scientific worldviews affect source-credibility effects, highlighting how
our prior beliefs shape the processing of information and our understanding of the world.
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Notes

1. The subscripts on the Bayes factor refer to the hypotheses or models being compared, with
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the null hypothesis/model, respectively.

2. For all analyses, we used R (Version 4.0.2; R Core Team, 2013) and the R-packages BayesFactor
(Version 0.9.12.4.2; Morey and Rouder 2018), Bayesrel (Version 0.7.0.3; Pfadt et al. 2021),
beeswarm (Version 0.2.3; Eklund 2016), coda (Version 0.19.4; Plummer et al. 2006), dplyr
(Version 1.0.5; Wickham et al. 2021), Matrix (Version 1.3.2; Bates and Maechler 2010), papaja
(Version 0.1.0.9997; Aust and Barth 2018), qualtRics (Version 3.1.4; Ginn and Silge 2021), report
(Version 0.3.0; Makowski et al. 2021), scales (Version 1.1.1; Wickham and Seidel 2020),
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3. This is the default “wide” prior scale in the BayesFactor package (Morey & Rouder, 2018).
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