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Abstract 

 

Epistemic beliefs influence how individuals process claims about world events or 

scientific studies by influencing what sources they find reliable, how they determine 

when something is knowable, what processes they rely on for investigation, etc. 

Interventions have successfully advanced epistemic beliefs in specific disciplines and 

academic populations, but few studies have examined the effect of a general intervention 

on claims emanating from a range of disciplines or investigated epistemic beliefs in non-

academic populations, e.g., adults without a college degree. Belief perseverance occurs 

when an individual holds a refuted belief, is exposed to evidence that that belief is 

refuted, but continues to hold the belief. This study uses a two-group repeated measure 

design with a one-week delay. Both groups reviewed a text aimed at reducing belief 

perseverance, but the experimental group was also given a brief intervention intended to 

advance general epistemic cognition. There was a large pre- to posttest decline in belief 

perseverance. The epistemic intervention also had a significant effect on belief 

perseverance, but there was no significant effect on epistemic cognition. This study opens 

a new line of research into interventions aimed at epistemic and refuted belief for adults 

without a 4-year college degree. 

Keywords: epistemic cognition, belief perseverance, general-approach intervention 
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Chapter I. 

Introduction 

 

The prevalence of climate change denial, evolution denial, vaccine skepticism, 

and false news propagation in today’s society calls into question whether current 

curricula, practices, and educational climates are sufficient to prepare students and 

citizens to engage with and analyze divergent and refuted claims. Historically, the task of 

verifying facts and culling information in news and science fell to trained editors. In 

principle, that task can be taken on today by anyone with access to an internet search 

engine (Mason & Boldrin, 2008). Abundant information that is so easily accessible is a 

benefit in many ways, but it is also a challenge for information-seekers, as some may lack 

the epistemic sophistication to evaluate multiple and often conflicting sources effectively 

and accurately. Processing evidence and claims requires epistemic cognition, thoughts 

and beliefs about knowing, the acquisition of knowledge, processes for obtaining 

knowledge, and standards of evidence because it has been repeatedly shown to affect how 

individuals deal with the crucial requirements of this modern knowledge-based society, 

notably acquiring and evaluating knowledge and justifying beliefs (Kerwer & Rosman, 

2018). A belief is a cognitive structure that may contain strong affective associations that 

may be linked to identity, which evaluates and generates a claim and may direct behavior 

(Hogan, 1999). When a belief, such as a belief about the origin of species, is refuted but 

continues to be held, the phenomenon is known as refuted belief perseverance.  



  

 2  

Although some unfounded or refuted beliefs may be relatively harmless or even 

serve as protective factors, others can lead to harmful political policy, the 

misunderstanding of medical options, and even destructive behavior. The perseverance of 

refuted beliefs and the application of naïve epistemic processes by professionals, 

scientists, and science journalists may lead to negligent treatment, research bias, and the 

dissemination of unfounded results that may damage the public perception of science. 

Among the consumers or recipients of scientific information, scientific evidence may be 

rejected for a variety of reasons: the persistence of outdated or misunderstood theories, a 

lack of content knowledge, various cognitive biases and heuristics (Kahneman & 

Tversky, 1982), belief-motivated reasoning (Klaczynksi, 2000), and misalignment 

between individuals’ personal epistemologies and the epistemology of science (Trevors et 

al., 2016).  

In principle, naïve, immature, or unsophisticated epistemic cognition might 

increase the tendency for refuted beliefs to persevere because the thinker has not 

developed or acquired the skills needed to process complicated and contradictory claims 

and reliably arrive at the best explanation. For example, a student may come to believe 

that vaccines are dangerous by relying on authorities such as parents rather than an 

examination of evidence. However, sophisticated epistemic cognition may not 

necessarily eliminate the perseverance of refuted beliefs. In some cases, the thinker may 

use more sophisticated beliefs or knowledge-processing skills to contrive elaborate 

defenses of beliefs, particularly beliefs with high personal relevance. For example, a 

person holding the belief that vaccines are dangerous may rely on relatively advanced 

standards of evidence such as correlations or articles published in disreputable journals or 
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on personal web blogs. There may also be contexts in which even thinkers who normally 

apply advanced epistemic principles do not have the time or interest to commit to 

thoroughly evaluating claims. For example, an overworked scientist may not have 

enough time to commit to a sophisticated investigation or may not value the outcome of 

such an investigation if it is not pertinent to their discipline or line of research. 

Although general epistemic beliefs and the acquisition of knowledge are 

putatively related and studied together, often as different points in the same process 

(Colman, 2015; Olen, 1976), the relation between general epistemic beliefs and 

miscellaneous declarative beliefs has rarely been discussed in the literature. General 

epistemic beliefs are beliefs about knowledge that are not domain- or discipline-specific, 

that guide inquiry and analysis across many domains that an individual encounters. By 

contrast, miscellaneous declarative beliefs refer to beliefs about claims from particular 

disciplines, such as biology, history, astronomy, etc. Individuals’ content knowledge may 

explain a substantial amount of variance in belief perseverance when a particular context 

is specified, especially in academic or professional contexts. However, content 

knowledge is too restrictive a consideration when the subject of inquiry involves general 

and miscellaneous beliefs. General beliefs, especially those acquired in non-academic 

settings, such as cultural or religious beliefs, are much less likely to be exposed to 

sufficient compelling evidence in the way that an academic or discipline-specific belief 

is. Most of the literature on belief change has studied domain-specific beliefs, such as 

beliefs within the domain of physics, nutrition, or ecology (Barzilai & Ka’adan, 2017; 

Hefter et al., 2015; Kalman et al., 2015; Nussbaum, 2008). However, if one of the goals 

of epistemic cognition research is to explain and design interventions to attenuate false 



  

 4  

beliefs in general, beyond any specific discipline-based beliefs, it seems critical to 

investigate the existence or strength of a relation between epistemic cognition and general 

beliefs and not just the relation between epistemic cognition and discipline-based beliefs. 

Next, it will be helpful to consider examples of persistent refuted beliefs. 

The claim “God created humans in their present form within the last 10,000 

years” is believed by 38% of Americans, 50% of those that identify as Protestant, and 

65% of those that attend church weekly (Swift, 2017). Belief in the Second Coming of 

Christ predicted a 12% reduction in support for policies aimed at reducing climate change 

(Barker & Bearce, 2012). Only 37% of Americans believe that it is safe to eat genetically 

modified foods, 24% believe that science funding is “not worth it,” 34% believe that 

private funding for science is “enough,” and 52% believe that scientists are divided on 

the Big Bang (Leshner, 2015).  

It is not just the average American who rejects evidence; refuted beliefs persist 

among professionals, scholars, and teachers at troubling rates as well. Ruthledge and 

Warden (2000) surveyed high school biology teachers and found that 21% of biology 

teachers reject the theory of evolution, 22% reject the claim of an earth-age of more than 

20,000 years, and 32% consider the evidence for evolution to be “ambiguous.” Nadelson 

and Sinatra (2009) conducted a study of 337 academic professionals from the American 

Psychological Association and the American Educational Researchers Association and 

found religiosity to be inversely correlated with the acceptance of evolution. Richard 

Dawkins (2001) lamented that paleontologist Kurt Wise, who completed a doctorate 

under the eminent Stephen Jay Gould at Harvard, but advocates for the young earth 

theory, demonstrated that “there is no sensible limit to what the human mind is capable of 
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believing, against any amount of contrary evidence… no evidence… no matter how 

devastatingly convincing, can ever make any difference” (p. 7). 

The present question is what amount of evidence or what strategies for processing 

evidence can make a difference by reducing the persistence of refuted beliefs. A growing 

field is exploring this question in various ways. The following literature review will focus 

on: (a) belief perseverance, (b) epistemic cognition, and (c) intervention studies.  

Belief Perseverance 

Perseverance of belief has been studied since 1956 when Festinger investigated a 

doomsday cult that persevered in their belief that the world was doomed to end even after 

the prophesized date had passed, reasoning that their faith had prevented the apocalypse, 

rather than accepting that the prophecy was unfounded. Thomas Kuhn hypothesized in 

1962 that difficulty in replacing or changing beliefs might be traced to difficulty in 

rearranging perceptual or cognitive fields. Guenther and Alicke (2007) declared that the 

tendency for humans to engage in belief perseverance is one of the most reliable 

phenomena in psychology and argued that the importance of negative feedback or of 

refutation of a belief to the individual’s self-concept is a predictor of the perseverance of 

that belief. 

One of the factors influencing the formation of beliefs is the epistemological 

views of an individual, their trust in sources, and their epistemic ideals (Sinatra & Hofer, 

2016). When the evidence supports the belief, it is accepted with little reasoning 

(Klaczynski & Lavallee, 2005). By contrast, people tend to reject information if it 

conflicts with their prior learning and belief systems (Lewandowsky & Oberauer, 2016). 
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Individuals strive for internal consistency, which leads to cognitive dissonance and 

increased demand for reasoning when information is encountered that is not consistent 

with prior knowledge or beliefs (Rodriguez et al., 2016). Cognitive dissonance may be 

resolved by changing the preexisting belief, minimizing or rationalizing the discrepancy, 

or by changing the perception of reality to accommodate the prior belief. 

A belief-motivated reasoning bias occurs when strongly held beliefs influence the 

analysis of evidence (Klaczynski & Lavallee, 2005). When the evidence contradicts the 

belief, sophisticated reasoning may be used to circumvent the explanatory power of the 

evidence, whereas lower-order reasoning is used when the evidence does not contradict a 

belief (Klaczynski, 2000). Some heuristics associated with belief-motivated reasoning 

include availability, attribution, and confirmation biases (Savion, 2009). Klaczynski and 

Lavallee (2005) found inconclusive evidence for whether general intelligence correlates 

in either direction with the usage of belief-motivated biases. On the other hand, epistemic 

cognition scores negatively correlate with reasoning biases (Klaczynski et al., 1997). 

Klaczynski and Lavallee (2005) found that epistemic development accounted for 10% of 

the variance in belief-motivated reasoning biases, suggesting that epistemic development 

may attenuate belief perseverance. 

Nissani and Hoefler-Nissani (1992) designed an experiment to test the ability of 

19 doctoral-level natural scientists to update their beliefs when those beliefs were 

empirically refuted. The scientists were given an incorrect formula for measuring liquid 

in the provided containers. Even after empirical measurements repeatedly conflicted with 

the theoretical formula provided, only one scientist concluded that the formula was 

incorrect, while the others persevered in the belief that the formula was correct. Middle-
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school students participated in a similar experiment conducted by Burbules and Linn 

(1988), where they were asked to guess how much liquid different objects would 

displace. When their empirical measurements did not match their guesses, the students 

had little difficulty in adjusting their beliefs, which may indicate that humans are more 

attached to beliefs given to them by trusted or authoritative sources, as in the study by 

Nissani and Hoefler-Nissani (1992), than to beliefs clearly based on a conscious guess. 

These two experiments highlight the impact of the source of a belief on its perseverance, 

as well as demonstrating that education level, even at the doctoral level, may not be a 

potent protective factor.  

Seymour (2020) found that 95% of in-service teachers believed that learning 

styles are important for learning and teaching. Of those teachers that believed visual, 

auditory, and kinesthetic (VAK) learning styles were important, 30% admitted that they 

were aware of research that suggests that VAK learning styles are myths. Of those that 

were aware of the research refuting their belief in the importance of learning styles, 80% 

justified their belief with classroom experience, and 30% justified their belief because 

they were taught about learning styles in their teacher preparatory courses.  

Morier and Keeports (1994) tested the effect of a scientific methods course, 

“Science and Pseudoscience,” taught to one class while a “Law and Psychology” course 

served as the control. The experimental course explicitly targeted paranormal beliefs with 

instruction on the scientific method, covering topics such as logic, epistemology, 

reasoning, standards of evidence, and the characteristics of pseudoscience. The course 

had a large effect on the reduction of paranormal beliefs. This study did not examine the 

effects of the course on any topics outside of paranormal beliefs, so it is not clear what 
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effect an intervention with this content would have on other disciplines, such as biology 

or physics, but it does suggest that an epistemic intervention might be effective in 

reducing belief perseverance. In the next section, epistemic cognition is considered more 

directly. 

Epistemic Cognition 

The study of knowledge, known as epistemology, was pioneered by Farrier 

(1854). Festinger (1957) developed the theory of cognitive dissonance. Kitchener (1983) 

presented the first modern conceptualization of epistemic cognition, which was built on 

John Dewey’s (1910) reflective thinking model. Kitchener (1983) developed a model of 

the processing of complex problems with contradictory opinions or evidence called the 

reflective judgment model. Kitchener’s first level of processing, where problems are 

perceived and studied, is defined as cognition. The second level of the model where 

cognition is self-monitored or critiqued is defined as metacognition. The third and final 

level, where criteria, limitations, and certainty of knowing are considered is epistemic 

cognition.  

Chinn et al. (2014) proposed a model of epistemic cognition with three factors: 

epistemic aims, epistemic ideals, and reliable processes. Epistemic aims are the goals that 

drive inquiry and understanding and could be implicit or explicit. In addition to the aim 

of seeking truth, other aims may include winning arguments, reducing cognitive 

dissonance, or protecting the identity from challenges. Epistemic ideals are standards that 

a person sets to determine the veracity of a claim or evidence, such as the fit of a claim to 

other relevant claims, the absence of substantial contradicting evidence, the explanatory 

value of a claim, or a statistically significant finding supporting the claim. Epistemic 
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ideals may be implicit or explicit but are likely to be more implicit when held by persons 

who have more experience in thinking about epistemology (Pasnau, 2017). A person’s 

reliable processes are investigatory plans that the person expects will lead to meeting 

their ideals and aims. Some examples of processes that may be considered reliable by 

particular groups of people include peer-review, randomized controlled trials, meta-

analyses, or scriptural analyses. 

Epistemic Development Models 

In the developmental stage theory of epistemic cognition, realism or egocentric 

subjectivity is the first stage during which learners show no understanding that others 

may have a different view of the world and do not understand false beliefs (Hofer et al., 

2011). The realist believes that knowledge is obtained by asking an authority figure 

(Greene & Yu, 2016). Absolutism or dualism is the second stage during which learners 

understand that others have differing views and can hold false beliefs but continue to 

believe that knowledge is concrete and obtained from authority figures (Hofer et al., 

2011; Greene & Yu, 2016). Multiplism is the third stage during which learners 

understand that claims may compete with each other but consider all claims to be equal in 

merit; these learners consider knowledge to be unobtainable because it is susceptible to 

change with further discovery and personal perspective (Greene & Yu, 2016). 

Evaluativism or scientific thinking is the fourth and final stage during which learners 

understand that although perfect knowledge may not be attainable, some claims can be 

shown to be more reliable than others by coordinating theory and evidence (Greene & 

Yu, 2016). Some evidence calls into question any strict hierarchical order between 

absolutism and multiplism. Rosman, Peter, Mayer, and Krampen found in 2016 that their 
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epistemic intervention was less effective for students with high-Multiplism. Kerwer and 

Rosman (2020a) found that an epistemic intervention was effective at advancing pretest 

absolutist beliefs toward evaluativist beliefs and that multiplistic beliefs predicted 

regression on the descriptive-level after the intervention.  

The development of epistemic cognition begins in childhood and continues 

throughout the lifespan (Ferguson et al., 2011). Epistemic ideals may appear as early as 6 

or 7 years of age (Samarapungavan, 1992), with some children displaying “sophisticated” 

epistemic beliefs under supportive conditions (e.g., Barzilai & Ka’adan, 2017; Burr & 

Hofer, 2002; Conley et al., 2004; Hofer & Bendixen, 2012;). Burr & Hofer (2002) found 

that the first stage of epistemic development, realism, coincided with and could be a 

prerequisite for the development of theory of mind. Barzilai and Ka’adan (2017) 

hypothesized that Bedouin-Arab-Israeli 9th graders had low rates of Absolutism and high 

rates of Multiplism for their age because they must juggle multiple cultures and identities. 

In a study by Pluta et al. (2011), 55% of the seventh-graders in the study were able to 

articulate the criteria for epistemic ideals, such as “a model should have explanatory 

power,” but only 19% said that a model should have supportive evidence. In a study by 

Solomon et al. (1994), it was rare, especially for the younger students, to think of 

scientific experimentation as a purposeful activity whose goal was to generate and test 

explanations. Epistemic development increases with education (Bendixen et al., 1998; 

Schommer, 1993), but Evaluativism is often not attained below college or graduate 

school (Hofer et al., 2011). A meta-analysis by Greene et al. (2018) concluded that 

epistemic development is more variable than a stage model predicts, with some studies 

showing advanced epistemic beliefs in teenagers (Elby & Hammer, 2010; Greene & Yu, 
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2016), and other studies showing unsophisticated epistemic beliefs in adults (Schommer, 

1990).  

Epistemic Domain Models 

Muis et al. (2006) proposed that interactions between an individual and their 

environment in different contexts result in epistemic domains, such that different 

epistemic beliefs are applied in different contexts. Their model, the Theory of Integrated 

Domains in Epistemology (TIDE), consists of three domains: general, academic, and 

domain-specific. General epistemic beliefs are beliefs developed and applied outside of 

the academic context, such as those derived from family, friends, coworkers, and 

personal experience. For example, epistemic beliefs about cultural norms, what 

authorities to trust, “common sense,” interpersonal relationships, and everyday physics 

are often general epistemic beliefs unless altered or acquired through academic study 

(e.g., in a sociology program). Academic epistemic beliefs are beliefs that developed or 

are applied in an educational setting, such as beliefs about the scientific method or 

sources. Domain-specific beliefs are specific to a domain in which the individual has 

received enough instruction to form specific epistemic beliefs for the domain, for 

example, beliefs about what historical sources to trust or what to look for when reviewing 

a scientific paper. 

Epistemic Cognition and Educational Achievement 

Greene et al. (2018) found that the positive correlation between epistemic 

cognition and academic achievement was stronger for assessments of conceptual 

knowledge and argumentation skills than for declarative knowledge. This indicates that 
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epistemic cognition has more of role in understanding or applying a theory such as 

natural selection or analyzing divergent texts than in recalling, for example, what epoch a 

species lived during. The Greene et al. (2018) meta-analysis of 151 non-experimental 

studies also found that epistemic development has a small to medium effect on academic 

achievement overall (d = 0.328), as measured by GPA, standardized tests, and researcher 

or teacher-developed assessments. This falls short of Hattie’s (2015) d = 0.400 standard 

for “practical significance” to be “essential” in curriculum, though epistemic 

development may be essential for inquiry, epistemic motivation, avoiding belief in 

refuted or conspiratorial theories, source appreciation, etc. that are not directly measured 

by GPA or standardized tests. The effect is large enough, however, that education level 

or, where possible, grades and test scores, should be considered in most epistemic 

cognition experiments. 

Epistemic Inventories 

 Several inventories have been developed to measure epistemic cognition 

following a component, developmental, or process approach. A meta-analysis by Leal-

Soto and Ferrer-Urbina (2017) found that the reliability and validity ratings for two of the 

most commonly used inventories, the Epistemological Questionnaire (Schommer, 1990) 

and the Epistemic Belief Inventory (Schraw et al., 1995), were underwhelming. A meta-

analysis of two of the other most common inventories, Hofer’s (2000) Discipline-

Focused Epistemic Belief Questionnaire (DFEBQ) and Krettenauer’s (2005) Fragebogen 

zur Erfassung des Entwicklungsniveaus epistemologischer Überzeugungenhas (FREE) 

has not been conducted. McGinnis’ (2016) Justified Conclusions Inventory (JCI) has not 

been used in any other studies to ascertain its validity or reliability across studies, but in 
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the inventories’ introductory study, Cronbach’s α was .86 for Absolutism, .77 for 

Multiplism, and .78 for Evaluativism.  

Epistemic Interventions 

Valanides and Angeli (2005) previously adapted Ennis’ (1992) taxonomy of 

critical thinking instruction approaches to epistemic interventions. Ennis separated 

epistemic instruction into three approaches: general, infusion, and immersion. Ennis 

defined a general approach as instruction that directly targets general critical thinking and 

epistemic principles without content or context. For example, a general epistemic 

principle is that an explanation is compelling if it is supported by evidence. The purpose 

of the general approach is to teach principles that can be applied across domains, 

especially in non-academic domains. The use of content examples does not in itself make 

an approach infusion or immersion if the aim of the instruction is to teach general 

epistemic principles. Siegel (1988) argues that the general approach allows the epistemic 

principles to stand out from discipline-specific content knowledge, but the approach has 

fallen out of favor because research has indicated that content knowledge is necessary for 

the application of epistemic principles (Tiruneh et al., 2018).  

An infusion approach is an intervention that teaches epistemic principles in the 

context of a specific discipline. This approach teaches epistemic principles within the 

context of, and for, a discipline, using explicit epistemic strategies. Context and content 

are addressed, and the purpose of the instruction is to advance the learner’s ability to 

analyze domain-specific problems. For example, a conclusion about the efficacy of a 

drug should be drawn from randomized controlled trials and meta-analyses. An infusion 
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approach to teaching the epistemology of pharmacology would not, however, address 

generalized principles that are irrelevant or contradictory to the discipline.  

An immersion approach does not teach epistemic principles explicitly. Immersion 

instruction focuses on content knowledge and the critical analysis of that knowledge. An 

immersion may use conflicting texts to teach the learner how to analyze and consider the 

conflict rather than explicitly teaching principles that may guide that analysis.  

 Kerwer and Rosman (2020b) examined the effect of prior topic-specific and 

domain-general epistemic beliefs on a resolvable-diverging-information intervention, 

unresolvable-diverging-information intervention, or non-diverging-information 

intervention. The participants were German-speaking college students recruited online. 

The diverging information condition promoted more epistemic advancement than non-

diverging information did for topic-specific beliefs. However, for domain-specific 

beliefs, diverging information did not have a significant effect. Participants with naïve 

epistemic beliefs prior to the study had greater belief change afterward, and this was the 

case for both topic-specific and domain-general beliefs. 

Valanides and Angeli (2005) compared the effectiveness of general, infusion, and 

immersion interventions. The contexts used for the study were “should drugs be 

legalized” and “how do American values shape mass media?” Valanides and Angeli 

conducted a short-duration intervention in which each group was assigned to either the 

general, infusion, or immersion conditions. The results of the study showed that while all 

groups showed a significant advancement from the pretest, the infusion group showed the 

greatest change in epistemic beliefs, followed by the immersion group, with the general 

condition being the least effective. Further research is needed to confirm that the infusion 
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approach is the most effective, that the general approach is the least effective, and to 

assess whether these findings hold across disciplines and study designs.  

General Approach. Rosman, Mayer, Peter, and Krampen (2016) conducted an 

experiment using a general epistemic intervention group, a learning strategies group, and 

a control group in order to investigate the effect of the intervention on attenuating 

Absolutism and Multiplism, as well as the effect that participant’s need for closure had 

on the effectiveness of the intervention. The epistemic intervention was moderately more 

effective than the control condition in reducing Absolutism and Multiplism. Also, the 

epistemic intervention was moderately more effective than the learning strategies 

intervention in reducing absolutist beliefs but not significantly more effective in reducing 

Multiplism. This study did not investigate the effect that epistemic beliefs have on 

general or specific content beliefs, but it is the only study other than Valanides and 

Angeli (2005) to explicitly utilize a general approach intervention. The proposed research 

will extend this study by investigating whether a general approach attenuates the 

perseverance of false, general-content beliefs. 

 In a study that is conceptually related to a general-approach epistemic 

intervention, Salovich and Rapp (2020) investigated the effect that reading inaccurate 

stories had on a judgment task and if this effect could be mediated by metacognitive 

prompts asking participants to reflect on occasions that they relied on inaccurate 

information and think of ways that they can evaluate information more accurately. 

Participants that read an inaccurate story performed significantly worse on the judgment 

task, but this effect was attenuated in the metacognitive-prompt condition. 
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Infusion Approach. Hefter et al. (2015) investigated the effects of an intervention in the 

discipline of ecology and the interaction of intellectual values. The 50-minute 

intervention had large effects on epistemic development and a very large effect in 

increasing Evaluativism. Nussbaum (2008) examined the effect of a short, online 

epistemic intervention on performance during a paired physics discussion. The 

intervention had significant effects on the number of thought experiments generated, the 

number of alternatives considered, argument quality, and correct conclusions. These 

interventions demonstrate that short-term interventions, at least using an infusion 

approach, can be effective. 

Schiefer (2019) instructed third and fourth graders during a semester-long 

extracurricular STEM program. The program delivered instruction on a broad range of 

science disciplines, with epistemic principles made explicit throughout. The intervention 

had significant positive effects on epistemic development, curiosity, certainty of 

knowledge, and justification. This study demonstrates the potential for epistemic change 

across scientific disciplines when time allows focused instruction on each.  

Porsch and Bromme (2011) investigated the effect of an epistemic introduction 

and contextual involvement on source appreciation, the number of sources evaluated, and 

time spent with more reputable sources. The researchers used a vignette on coastal tides, 

with an epistemic introduction that described knowledge of tides as being either concrete 

and certain or complex and controversial. They further primed the participants by placing 

them either in a low-involving context where they were researching tides for homework 

or in a high-involving context where the participants were researching tides because they 

were to guide a hiking tour through coastal tidelands and were responsible for their 
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safety. Contextual priming had a moderate effect on the number of sources consulted and 

a small effect on source appreciation. The epistemic introduction had a small effect on 

the number of sources consulted and large effects on source appreciation. The proposed 

study will adopt a similar design by preparing participants to reflect on epistemic 

principles with an epistemic intervention while engaging with a belief reading that states 

the most-evidence-based conclusion, which may refute the participant’s prior beliefs. 

Conclusion 

 The literature review has established that belief perseverance is more likely to 

occur when the refuted belief comes from an authority. However, it has also established 

that instruction in scientific thinking can dispel pseudoscientific claims. The review 

further demonstrated that both short- and long-term interventions are effective in 

promoting epistemic development and the comprehension of science content. The 

effectiveness of short-term interventions gives proof of concept for the use of a short-

term intervention, as in this study. Given the interaction between epistemic cognition and 

education level, this study restricted the sample to adults without a college education. 

Adults without a college education were also selected because of their lower likelihood of 

producing a ceiling effect on the measures, their more limited exposure to academic and 

discipline-specific beliefs and evidence for those beliefs, and also to fill a gap in research 

on both the epistemic processes and scientific beliefs of adults without a college 

education.  

The review provides modest support for the efficacy of a general-approach 

epistemic intervention. Thus, although Valanides and Angeli (2005) found that the 

general approach was the least effective, the effect sizes in the Rosman et al. (2016) study 
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that used a general approach were similar to the effect sizes seen in infusion and 

immersion studies. The general approach warrants further study to determine if it is a 

viable method.  

The review failed to identify a study examining the effect of general epistemic 

beliefs on general science beliefs or the effect that an epistemic intervention might have 

on general science beliefs. Although questions remain about the efficacy of a general-

approach intervention, the focus of this study on general beliefs rather than discipline-

specific beliefs made it appropriate to use the general approach rather than, for example, 

the infusion approach.  

This study investigates the relation between epistemic cognition and belief 

perseverance by comparing the effect of two different interventions on belief 

perseverance, notably (i) an intervention targeting epistemic cognition as well as 

miscellaneous declarative beliefs and (ii) a control intervention targeting miscellaneous 

beliefs only. The literature review did not identify any studies that have investigated the 

role of epistemic cognition in refuted belief perseverance or the effect of an epistemic 

intervention on such perseverance. This study aims to establish whether there is a relation 

between epistemic cognition and belief perseverance and assess whether that relation is 

strong enough to warrant continued investigation into epistemic cognition as part of the 

explanation of why beliefs persevere after reasonably convincing evidence has refuted 

them. 

The present study is a 2 X 2 experimental study that assesses the effect of an 

epistemic intervention intended to improve epistemic cognition on belief perseverance. 

The participants are adults without a college education recruited via Amazon’s 
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Mechanical Turk. Before and after the intervention, participants completed epistemic and 

belief inventories to assess their levels of epistemic cognition and the extent to which 

they endorse various widespread but false beliefs (e.g., ‘There is proof that vaccines 

cause autism’). During the intervention, all participants reviewed a series of summaries 

presenting the best available evidence that a claim is supported, unsupported, or refuted, 

for each belief listed on the Broad Belief Inventory (BBI) (Appendix C), in order to 

ensure that participants had been exposed to evidence contradicting their beliefs. The 

experimental group also reviewed an epistemic intervention, a three-page essay on 

epistemic principles that the control group did not receive until the debriefing. Higher 

scores on the Justified Conclusions Inventory (McGinnis, 2016) – or JCI – a 

questionnaire that assesses participant’s epistemic orientation or development, indicate 

advanced epistemic cognition. Higher scores on the BBI developed for this study, which 

prompts participants to indicate their agreement with claims from scientific and historical 

disciplines, indicate that an individual endorses fewer refuted beliefs or holds such 

refuted beliefs less intensely.  

The first hypothesis is that the intervention group that was exposed to the belief 

reading and epistemic intervention will have a significantly greater improvement from 

pre- to post-test scores on the BBI than the control group that was only exposed to the 

belief reading. The second hypothesis is that the intervention group will show a 

significantly greater improvement on post-test JCI scores, as measured by decreased 

Absolutism and Multiplism scores with increased Evaluativism scores, than the control 

group. The third hypothesis is that pretest Absolutism and Multiplism scores on the JCI 
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will negatively correlate with scores on the BBI, while Evaluativism scores will 

positively correlate with scores on the BBI. 
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Chapter II. 

Methodology 

 

 This chapter provides details of how the study was planned, set up, and conducted 

to answer the research questions and test the hypotheses. 

Participants 

The pretest included 325 participants between the ages of 18-60 with a high 

school diploma but no 4-year college degree. There were 185 high school graduates, 109 

participants with “some college,” and 31 participants with a 2-year degree. There were 

177 participants between the ages of 18-34 and 148 participants between the ages of 35-

60. There were 96 participants making less than $20k a year, 175 making $20-60k, 43 

making $60-100k, and 11 making more than $100k. There were 120 female participants, 

194 male participants, and 2 participants identifying as nonbinary or another gender. 

There were 78 agnostic, 72 atheist, 8 Buddhist, 140 Christian, 3 Hindu, 2 Muslim, 1 

Jewish, and 21 folk/pagan/other participants. There were 155 Democrats, 7 Greens, 85 

independents, 7 Libertarians, 16 apolitical, and 62 Republican participants. There were 

33 African-American, 20 Asian, 249 Caucasian, 22 Latine, 5 Native American, and 2 

Pacific Islander participants.  

Of the 325 participants, there were 161 who participated in the complete study, 

that is, the intervention or interventions and the posttest. Of the 161 participants, 94 had a 

high school diploma, 50 had some college, and 17 had a 2-year degree. There were 83 
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participants between the ages of 18-34 and 78 participants between the ages of 35-60. 

There were 50 participants earning less than $20k, 83 participants earning $20-60k, 23 

participants earning $60-100k, and 5 earning $100-150k. There were 72 females and 85 

males. There were 31 agnostic, 12 atheist, 6 Buddhist, 95 Christian, 13 folk/pagan/other, 

2 Hindu, 1 Muslim, and 1 Jewish participant. There were 64 Democrats, 4 Greens, 42 

independents, 4 Libertarians, 12 apolitical, and 37 Republicans. There were 27 African-

Americans, 8 Asians, 115 Caucasians, 10 Latines, and 4 Native Americans. 

Materials and Measures 

 The materials consisted of online surveys and readings. The measures included 

the Justified Conclusions Inventory and the Broad Belief Inventory.  

Materials 

Participants were recruited through Mechanical Turk and directed to Qualtrics to 

complete the study. Inventories and readings were delivered through Qualtrics. The 

readings were presented as timed slides to encourage participants to diligently read the 

materials. Participants were reminded by email of the posttest and provided with a link to 

complete the posttest.  

The belief reading was a series of brief summaries that presented a statement of 

the available evidence and prevailing theories for or against each claim on the Broad 

Belief Inventory (BBI; see Appendix C). The belief reading consisted of six pages with 

23 summaries and was presented as timed slides. In the interest of participants' time and 

to limit attrition, the summaries for each item were kept under a paragraph. The 

summaries were intended to be concise, not to serve as comprehensive arguments for or 
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against a particular claim. Participants were encouraged to review the materials in the one 

to two weeks before the posttest by printing or saving the provided document. 

Participants were asked at the beginning of the posttest to estimate how much time in the 

period of delay they had spent reviewing the material or related materials.  

The epistemic intervention consisted of a reading that addressed general epistemic 

principles and every item on the Justified Conclusions Inventory (McGinnis, 2016). The 

intervention discussed the most sophisticated or epistemically advanced response, to 

every item (see Appendix B). Given the conceptual similarity of many items, the 

intervention reading integrated the review of similar items into a clear and concise 

paragraph, where appropriate. For example, items 1, 4, 7, 10, 16, and 23 all measured 

beliefs about certainty. Items 1 and 4, “most debatable issues have one correct 

conclusion, even though it seems that they do not,” and “most debatable issues have one 

right conclusion,” respectively, are almost identical (see Appendix B). Because the group 

that received the epistemic intervention also reviewed the belief reading, the epistemic 

intervention was designed to be as concise as possible without reducing its potential 

efficacy.  

Assessments 

Participants in both groups were evaluated by means of the JCI and BBI. Both the 

experimental and control group completed the assessments before the administration of 

the belief reading and, for the experimental group, before the epistemic intervention. 

Both groups returned to the study website in 7 to 14 days to complete the JCI and BBI 

again.  



  

 24  

Epistemic cognition. The JCI is an inventory developed to measure Absolutism, 

Multiplism, and Evaluativism (McGinnis, 2016). The 23-item inventory uses six items to 

measure Absolutism, nine items to measure Multiplism, and eight items to measure 

Evaluativism. The questionnaire prompted participants to indicate with a 6-point Likert-

type response how much they agree or disagree with statements regarding the nature of 

knowledge, the nature of knowing, criteria for knowing, who has knowledge, etc.  

Belief Perseverance. The BBI (See Appendix C) is a 23-item questionnaire with eight-

point, Likert-type responses. The items on the inventory are claims from the disciplines 

of biology, history, astronomy, etc., that may be commonly misunderstood or considered 

controversial in public discourse despite relative agreement among researchers in the 

respective discipline. For example, whether vaccines cause autism, if humans only use 

10% of their brains, whether water has memory, and if humans share a common ancestor 

with apes. Half of the items on the BBI were randomly reverse-coded to limit 

participants’ ability to identify a pattern. The instructions directed the participant to 

indicate the degree to which they believed or disbelieved the claim, with the following 

options: “this is definitely false, this is very likely to be false, this is likely to be false, this 

may be false, this may be true, this is likely to be true, this is very likely to be true, and 

this is definitely true.” The items on the BBI were a mixture of claims with high personal 

relevance that were expected to be more resistant to change and claims that are common 

misconceptions that seemed unlikely to provoke much defensiveness. A higher score on 

the BBI indicates that the participant holds more beliefs that are in line with current 

evidence and theory, while a low score indicates the participant holds more beliefs that 

are refuted.  
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Data Collection 

All assessments were administered and scored by the researcher through 

Qualtrics. Mechanical Turk worker numbers were used to track assessment results; no 

participant names were used.  

Design 

The present study is an experimental, within and between-subjects study of the 

effect of an epistemic intervention on refuted belief perseverance.  

Procedure 

Participants were recruited online using Amazon’s Mechanical Turk research and 

recruiting service. Recruits had to meet the criteria of: (i) having a high school diploma 

and (ii) not having a college degree to participate in the study. After recruitment, the 

participants were directed to complete demographic information, the JCI, and the BBI. 

Due to an error in the setup of the Qualtrics survey branching mechanism, the first 101 

participants were assigned to the experimental group, and the last 60 to the control group, 

rather than using a random number generator. 

A flow diagram showing the successive steps in the procedure for both the control 

group and the intervention group is shown below (Figure 1). After completing the 

demographic information, the JCI, and the BBI, the control group reviewed the belief 

reading via timed slides and were asked to confirm that they intended to return to the 

website in 7 to 14 days to retake the JCI and BBI. When the control group returned for 

the posttest, they were asked to estimate how much total time they had spent 

independently researching the various claims on the BBI between the pretest and posttest. 
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The control group was then retested on the JCI and BBI. Upon completion of the posttest, 

the control group received the epistemic intervention during the debriefing. This was 

done to ensure that they received the same benefits from participation in the study as did 

the experimental group. 

After assignment to the experimental group, participants received the epistemic 

intervention followed by the belief reading. To increase the likelihood of comprehension 

and diligent review of the epistemic and beliefs readings, timed slides were used to 

present the material. Like the control group, the experimental group was then asked to 

confirm that they intended to return to the website in 7 to 14 days to retake the JCI and 

BBI. When the experimental group returned for the posttest, they were asked to estimate 

how much total time they had spent independently researching the various claims on the 

BBI between the pretest and the posttest. The experimental group then retook the JCI and 

BBI. Upon completion of the posttest, the experimental group received the debriefing.  

Figure 1 shows a flow of the successive steps for the Experimental and the 

Control Group. Note that these steps were equivalent for the two groups except that the 

Experimental group received the Epistemic Intervention as part of the pretest, whereas 

the Control Group received the Epistemic Intervention during the final Debriefing. 
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Figure 1 

Flow Diagram of the Procedure for the Experimental and Control Group. 
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Chapter III. 

Results 

  

The reporting of the results begins with a comparison of means for the two groups 

at the pretest, followed by an examination of the correlations between scores on the JCI 

(and its three sub-constructs) and responses on the Broad Belief Inventory (BBI) for the 

325 participants that completed the pretest. Responses on the various items of the BBI are 

then scrutinized. Next, descriptive statistics are reported for the 161 participants who met 

the selection criteria and completed the pretest and posttest. Two-way analyses of 

variance are then reported to examine the effects of time of testing (pre-test vs. post-test) 

and type of intervention (experimental vs. control). Finally, six constructs are identified 

within the BBI and analyzed by means of a three-way analysis of variance, and three 

constructs are identified within the Justified Conclusions Inventory (JCI) following 

McGinnis (2016). 

 There were 325 participants recruited for the pretest from Mechanical Turk. The 

cutoff point for inclusion in the posttest was set at a BBI score greater than 138. There 

were 145 participants that were screened out based on this criterion. Accordingly, the 

remaining 180 participants were invited to complete the posttest, but only 161 returned to 

do so; the 19 participants who did not return were excluded from the pre-test to post-test 

analysis. In order to assess the effect of the intervention, participants were divided into 

experimental and control groups. Due to an error in the Qualtrics setup, the first 101 
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participants were assigned to the experimental group and the last 60 to the control group, 

rather than being randomly assigned. As the experimental group is larger than the control 

group, Hedge’s g will be used with t-tests to calculate and report effects of group. The 

interpretation of effect size for Hedge’s g is similar to that of Cohen’s d (Hedges & 

Olkin, 1985). 

 Sample means, including those reported by McGinnis (2016), for the BBI, JCI-

Composite, and for the three constructs within the JCI are shown in Table 1. Note that 

McGinnis scored Absolutism and Multiplism such that a higher score reflects more 

Absolutist or Multiplist beliefs, which are viewed as more naïve than Evaluative beliefs. 

Inspection of Table 1 shows that the college students completing the JCI for the 

McGinnis study held fewer absolutist views than the participants without a degree who 

participated in this study, but they had slightly greater multiplist tendencies and similar 

Evaluativist scores. 

Justified Conclusions Inventory Composite Score 

 A composite JCI score was created for every participant by combining the 

Absolutist, Multiplist, and Evaluativist scores on the JCI into a single score for more 

clarity in the subsequent analysis. This composite score on the JCI was created by 

reverse-coding the Absolutist and Multiplist responses, such that a higher score indicates 

less Absolutism or Multiplism. These reverse-coded scores were then added up along 

with the Evaluativist scores to generate a composite score for the JCI. Inspection of Table 

1 reveals that the Experimental Group scored slightly higher on this composite measure 

than the Control Group. 
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Table 1 

Comparison of Group Means 

Source N BBI JCI Abso. Mult. Eval. 

McGinnis (2016) 475 N/A N/A 14.04 33.3 40 

Complete MTurk sample 325 133.2 95 20.1 30.2 40.5 

Screened-out participants 145 149.4 100.2 19.8 27.5 42.5 

Completed posttest 161 120.9 91.6 20.3 32.6 39.5 

Experimental group pretest 101 122.6 93.8 19.6 32.1 40.6 

Control group pretest 60 117.8 87.9 21.5 33.4 37.7 

*. Computed from values reported by McGinnis.  

 

Relationship Between Epistemic Cognition and Refuted Beliefs 

The hypothesis that there would be a correlation between epistemic orientation as 

measured by the JCI and the holding of refuted beliefs as measured by the BBI was tested 

by calculating Pearson correlations for the pretest scores of all 325 participants that 

completed the pretest. The results of the Pearson correlation are reported in Table 2.  

Inspection of Table 2 reveals that there was a significant positive correlation 

between the BBI and the JCI-Composite score.  Thus, participants who endorsed fewer 

refuted beliefs were likely to gain higher scores for advanced epistemic cognition, as 

indexed by the JCI-Composite score. Moreover, as expected, the JCI-Composite score 

was correlated with each of the three constructs of the JCI: negatively with Absolutism 

and Multiplism and very positively with Evaluativism. In addition, within the JCI, each 

of the three constructs were correlated with each other. Finally, the two demographic 

measures – Age and Income – were not correlated with scores on the BBI but were 
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positively correlated with scores on the JCI composite as well as the Evaluativism 

construct within the JCI. Finally, there was a (negative) correlation between Age and 

Multiplism but not between Income and Multiplism. 

In sum, analysis of the pretest scores for the entire sample of participants revealed 

a relationship between their beliefs and their epistemic orientation. Participants with a 

more sophisticated or advanced epistemic orientation, as indexed by the JCI and its three 

sub-constructs, were less likely to endorse commonly held but nonetheless refuted 

beliefs. 

Responses to Individual BBI Items 

The percentages of true and false responses to each of the BBI items is shown in 

Table 3 (with correct answers in bold). Inspection of Table 3 reveals that a majority of 

the participants selected the correct option for most items. There were, however, some 

notable exceptions to this pattern. Claims that may be characterized as common 

misconceptions had the lowest rate of correct responses, with the two claims representing 

misunderstandings of elementary astronomy being answered incorrectly the most often, 

with high degrees of conviction in each case. By contrast, claims that may be considered 

as some of the most well-supported and universally-known in science (e.g., that the Earth 

is not flat and that germs cause disease) had the highest percentage of correct answers, 

with high degrees of conviction. 
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Table 2 

Pearson Correlations 

Measure BBI JCI Absolutism Multiplism Evaluativism 

BBI score Correlation 1 .5** -.13* -.31** .4** 

Sig. (2-tailed)  <.001 <.05 <.001 <.001 

JCI score Correlation .5** 1 -.32** -.62** .75** 

Sig. (2-tailed) <.001  <.001 <.001 <.001 

Absolutism Correlation -.13* -.32** 1 -.44** -.14** 

Sig. (2-tailed) <.05 <.001  <.001 <.01 

Multiplism Correlation -.31** -.62** -.44** 1 -.26** 

Sig. (2-tailed) <.001 <.001 <.001  <.001 

Evaluativism Correlation .4** .75** -.14** -.26** 1 

Sig. (2-tailed) <.001 <.001 <.01 <.001  

Age Correlation -.04 .17** .02 -.17** .11* 

Sig. (2-tailed) .426 <.001 .728 <.001 <.05 

Income Correlation -.05 -.14** .09 .04 -.11* 

Sig. (2-tailed) .336 <.01 .092 .473 <.05 

**. Correlation is significant at the .01 level (2-tailed). 

*. Correlation is significant at the .05 level (2-tailed). 
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Table 3 

Responses to Broad Belief Inventory 

Claim False 

(Convinced) 

True 

(Convinced) 

Earth is flat.* 96.6% (95.1%) 3.4% (1.5%) 

Modern human activity speeds climate change. 8.3% (3.4%) 91.7% (64.6%) 

Germs do not cause disease.* 91.4% (75.1%) 8.6% (1.9%) 

The Holocaust was a hoax.* 91.4% (84.9%) 8.6% (2.5%) 

COVID19/Sars-Cov-2 is a hoax.* 90.8% (82.2%) 9.2% (2.1%) 

Earth is less than 10,000 years old.* 90.4% (84%) 9.5% (3.1%) 

You should take antibiotics every time you are 

sick.* 

86.2% (66.8%) 13.9% (4%) 

Water has memory.* 84.9% (73.8%) 15.1% (5.8%) 

Crystal healing is supported by evidence.* 82.8% (58.5%) 17.2% (3.1%) 

Humans and gorillas evolved from a common 

ancestor. 

17.2% (8.3%) 82.8% (48.3%) 

There is proof that vaccines cause autism.* 82.5% (64.3%) 17.5% (4.9%) 

Evolution is supported by substantial evidence. 18.8% (11.1%) 81.2% (60%) 

Humans and raptors did not exist at the same 

time. 

23.1% (8.9%) 76.9% (55.4%) 

Giving an infant vaccines does not overwhelm a 

healthy immune system. 

24.3% (8%) 75.7% (46.5%) 
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Table 3 (Continued) 

Claim False 

(Convinced) 

True 

(Convinced) 

There is verifiable evidence for meridians, the 

targets of acupuncture.* 

59.4% (25.9%) 40.6% (3.7%) 

Most humans only use 10% of their brains.* 59.1% (42.2%) 40.9% (12.9%) 

There is verifiable evidence that the Moon has an 

effect on human behavior.* 

57.8% (33.5%) 42.2% (9.2%) 

Bulls get angry when they see the color red.* 56.6% (33.5%) 43.4% (14.8%) 

Biological sex is determined by more than the 

23rd Chromosome (X or Y). 

53.5% (30.8%) 46.5% (11.1%) 

There is evidence of a global flood in the time of 

humans.* 

43.4% (24.9%) 56.6% (17.9%) 

The Bermuda Triangle has a higher rate of 

crashes and disappearances than any other part of 

the oceans.* 

40.6% (20%) 59.4% (19.4%) 

Lunar phases (full moon/new moon) are not 

caused by the Earth's shadow. 

74.5% (50.8%) 25.5% (11.1%) 

Seasons are not caused by the Earth varying in 

distance from the Sun. 

76.6% (63.7%) 23.4% (11.7%) 

*. Reverse coded items 

Correct answers are presented in bold. 
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Pretest  

The pretest scores for the Experimental group and the Control group on the BBI, 

the JCI-composite, and the three constructs of the JCI are shown in Table 4. An 

independent-samples t-test was conducted to investigate potential pretest differences 

between the two groups. BBI, JCI, and Evaluativism mean scores were significantly 

higher in the experimental group than in the control group, with no significant difference 

in Absolutism or Multiplism scores. There was homogeneity of variances, as assessed by 

Levene’s tests for equality of variances, for BBI scores, the JCI-Composite, as well as the 

three constructs of the JCI, Absolutism, Multiplism, and Evaluativism. 

Cronbach’s α was .41 for the BBI, .75 for the JCI, .9 for Absolutism, .89 for 

Multiplism, and .83 for Evaluativism. 

Posttest 

The boxplot in Figure 2 depicts the outliers at pretest and posttest for the 

Experimental and Control groups on the various measures. In the Experimental group at 

pretest, there were three BBI outliers, one JCI-Composite outlier, no Absolutist or 

Multiplist outliers, and one Evaluativist outlier. In the Control group at pretest, there were 

no BBI or JCI-Composite outliers, one Absolutist outlier, one Multiplist outlier, and two 

Evaluativist outliers. In the Experimental group at posttest, there were no BBI, JCI, 

Absolutist, or Multiplist outliers, but there was one Evaluativist outlier. In the Control 

group at posttest, there were no BBI, JCI, Absolutist, or Evaluativist outliers, but there 

was one Multiplist outlier.  
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Table 4 

Pretest Group Differences 

Measure Levene’s M diff. Sig. g Group M SD 

BBI .719 4.88 <.01 0.44** Experimental 122.71 11.24 

Control 117.83 11.07 

JCI .126 5.975 <.001 0.56** Experimental 93.84 9.972 

Control 87.87 11.77 

Absolutism .431 1.9 .096 0.27 Experimental 19.55 7.02 

Control 21.45 6.79 

Multiplism .177 1.25 .386 0.14 Experimental 32.14 9.37 

Control 33.38 7.72 

Evaluativism .08 2.84 <.001 0.55** Experimental 40.53 4.66 

Control 37.7 5.88 

**. Difference is significant at the .01 level (2-tailed). 

*. Difference is significant at the .05 level (2-tailed). 

 

The analysis of variance procedure was run with the outliers unchanged and then 

repeated with the data Winsorized. Transforming the data decreased the significance of 

the time-group interaction on BBI scores by p = .005 and the effect size by partial η2  = 

.001. Because these differences proved negligible, and low scores may represent real 

phenomena such that individuals hold an exceptional number or intensity of refuted 

beliefs, the data were left unchanged. Thus, subsequent analyses and reported results are 

based on the unchanged data that include the outliers. 
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Figure 2 

Outliers as a Function of Group, Test, and Type of Score 

 
 

Mean scores for the BBI, JCI, Absolutism, Multiplism, and Evaluativism are 

shown in Figure 3 as a function of Group (Experimental vs. Control) and Time (Pre vs. 

Post). Inspection of Figure 2 shows that the overall pattern of scores for the two groups 

was similar across the various measures both at pretest and at posttest. Nevertheless, 

scores on the BBI measure showed some improvement from pretest to posttest, especially 

in the Experimental group.  

Table 5 shows the group means, equality of variances, and reliability for the 

posttest. Granted that scores on the BBI measure showed an overall improvement from 

pretest to posttest, individual items on the BBI were scrutinized to better understand the 
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nature of this improvement. Table 6 shows the percentages of participants that selected 

the true and false options for each claim at pretest and posttest. As in Table 3, correct 

answers are shown in bold. Note that whereas Table 3 included all participants that 

completed the pretest, Table 6 includes only participants that completed both the pretest 

and posttest in order to identify potential shifts from pretest to posttest in responses for 

each item. Items are listed from top to bottom with respect to the degree of improvement 

in accuracy from pretest to posttest. 

Figure 3 

Mean Scores for BBI, JCI, Absolutism, Multiplism, and Evaluativism as a Function of 

Group (Experimental vs. control) and Time (Pre vs. Post) 
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Table 5 

Posttest Descriptive Statistics 

Measure Levene’s Cronbach’s 

α 

Group M SD 

BBI .226 .82 Experimental 139.95 18.58 

Control 130.0 20.37 

JCI .126 .73 Experimental 94.1 9.5 

Control 89.9 11.1 

Absolutism .239 .88 Experimental 20.18 6.85 

Control 21.68 5.91 

Multiplism .124 .9 Experimental 31.11 9.5 

Control 32.08 8.1 

Evaluativism .201 .82 Experimental 40.38 5.1 

Control 38.68 5.47 

 

Inspection of Table 6 suggests that common misconceptions and beliefs 

promulgated by popular media or the entertainment industry were subject to the largest 

improvements. Thus, the items regarding “Bulls,” “Bermuda Triangle,” “Brain use,” and 

“Moon effects” showed the greatest improvements from pretest to posttest. By contrast, 

the items regarding “the Holocaust,” “vaccine schedules,” “climate change,” “age of 

Earth,” and “flat Earth” showed the greatest belief perseverance. Note that several of the 

items that showed little improvement had few participants holding the refuted position on 



  

 40  

the pretest, so there was little room for change. Not surprisingly, this was especially true 

for the “flat Earth” item. 

Table 6 

Comparison of Pretest and Posttest Responses to the BBI 

Claim Pretest 

False 

(Certain) 

Posttest 

False 

(Certain) 

Pretest 

True 

(Certain) 

Posttest 

True 

(Certain) 

Bulls get angry when they see the color 

red.* 

42% 

(20%) 

75% 

(60%) 

58% 

(23%) 

26% 

(8%) 

Most humans only use 10% of their 

brains.* 

39% 

(19%) 

75% 

(57%) 

62% 

(17%) 

26% 

(10%) 

The Bermuda Triangle has a higher rate of 

crashes and disappearances than any other 

part of the oceans.* 

23% 

(7%) 

59% 

(37%) 

77% 

(28%) 

41% 

(11%) 

There is verifiable evidence that the Moon 

has an effect on human behavior.* 

33% 

(8%) 

74% 

(50%) 

67% 

(12%) 

26% 

(5%) 

There is evidence of a global flood in the 

time of humans.* 

24% 

(11%) 

52% 

(27%) 

76% 

(25%) 

48% 

(14%) 

Crystal healing is supported by evidence.* 71% 

(33%) 

81% 

(60%) 

29% 

(5%) 

19% 

(3%) 

There is verifiable evidence for meridians, 

the targets of acupuncture.* 

44% 

(12%) 

64% 

(34%) 

57% 

(6%) 

36% 

(4%) 

You should take antibiotics every time 

you are sick.* 

83% 

(58%) 

89% 

(78%) 

17% 

(3%) 

11% 

(3%) 
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Table 6 (Continued) 

Claim Pretest 

False 

(Certain) 

Posttest 

False 

(Certain) 

Pretest 

True 

(Certain) 

Posttest 

True 

(Certain) 

Seasons are not caused by the Earth 

varying in distance from the Sun. 

77% 

(62%) 

59% 

(40%) 

23% 

(5%) 

41% 

(15%) 

Water has memory.* 80% 

(68%) 

88% 

(77%) 

21% 

(10%) 

12% 

(3%) 

There is proof that vaccines cause 

autism.* 

71% 

(44%) 

76% 

(58%) 

29% 

(7%) 

24% 

(6%) 

Biological sex is determined by more than 

the 23rd Chromosome (X or Y). 

49% 

(24%) 

40% 

(22%) 

51% 

(9%) 

78% 

(19%) 

Lunar phases (full moon/new moon) are 

not caused by the Earth's shadow. 

75% 

(47%) 

59% 

(29%) 

25% 

(8%) 

41% 

(16%) 

Evolution is supported by substantial 

evidence. 

33% 

(20%) 

22% 

(13%) 

67% 

(41%) 

85% 

(37%) 

COVID19/Sars-Cov-2 is a hoax.* 86% 

(73%) 

89% 

(79%) 

14% 

(4%) 

11% 

(6%) 

Humans and gorillas evolved from a 

common ancestor. 

27% 

(14%) 

22% 

(13%) 

73% 

(29%) 

78% 

(39%) 

Humans and raptors did not exist at the 

same time. 

33% 

(13%) 

27% 

(14%) 

67% 

(37%) 

73% 

(45%) 

Earth is flat.* 95% 

(94%) 

98% 

(93%) 

5% 

(2%) 

3% 

(1%) 

Modern human activity speeds climate 

change. 

12% 

(6%) 

14% 

(5%) 

88% 

(52%) 

86% 

(50%) 
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Table 6 (Continued) 

Claim Pretest 

False 

(Certain) 

Posttest 

False 

(Certain) 

Pretest 

True 

(Certain) 

Posttest 

True 

(Certain) 

Earth is less than 10,000 years old.* 86% 

(76%) 

88% 

(77%) 

14% 

(6%) 

12% 

(6%) 

Giving an infant vaccines does not 

overwhelm a healthy immune system. 

40% 

(13%) 

35% 

(17%) 

60% 

(23%) 

64% 

(24%) 

Germs do not cause disease.* 89% 

(66%) 

87% 

(73%) 

11% 

(1%) 

13% 

(3%) 

The Holocaust was a hoax.* 89% 

(81%) 

91% 

(79%) 

11% 

(3%) 

9% 

(3%) 

*. Reverse coded items     

Correct answers are presented in bold     

 

Two-way Mixed Analysis of Variance 

 To gain insight into potential differences between the groups and the impact of 

the intervention, a two-way ANOVA of Group (Experimental vs. Control) and Time 

(Pretest vs. Posttest) was conducted for each of the five measures. Table 7 reports the 

results of these analyses. There was a significant effect of Group for BBI, JCI-Composite, 

and Evaluativism scores, but not for Absolutism or Multiplism scores. There was a 

significant and large positive effect of Time for BBI scores, a significant negative effect 

of Time for Multiplism, but no significant effect of Time for the JCI-Composite, 

Absolutism, or Evaluativism. Finally, there was a significant interaction of Group X 

Time for BBI scores.  
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The significant interaction of Group X Time for BBI score was further 

investigated by separate independent sample t-tests examining the simple effect of group 

at the pre-test and the post-test and by paired-samples t-tests examining the simple effect 

of time for the Experimental Group and the Control Group.. The results of these t-tests 

are reported in Table 8. Consistent with inspection of Figure 2, although both groups 

improved from pretest to posttest, this improvement was somewhat greater in the 

Experimental Group. On the other hand, it is important to note that there was no such 

differential improvement for JCI scores. Thus, inspection of Table 7 confirms that the 

interaction of Group X Time fell short of significance both for the JCI-composite and for 

the three sub-constructs of the JCI.  Thus, the differential improvement on the BBI was 

not paralleled by a differential improvement on the JCI. 
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Table 7 

Results of Two-Way ANOVAs of Group X Time for each of the Five Measures 

Measure Source F Sig. Partial η2 Power 

BBI score Group 11.12 <.001 .07** .91 

Time 131.71 <.001 .45** .99 

Group * Time 3.92 <.05 .02* .5 

JCI score Group 10.68 <.001 .06** .9 

Time 2.8 .096 .02 .38 

Group * Time 1.72 .191 .01 .26 

Absolutism Group 3 .085 .02 .41 

Time 0.77 .381 .01 .14 

Group * Time 0.16 .69 <.01 .07 

Multiplism Group 0.7 .404 <.01 .13 

Time 3.96 <.05 .02* .51 

Group * Time 0.05 .818 <.01 .06 

Evaluativism Group 8.45 <.001 .05** .82 

Time 1.55 .215 .01 .24 

Group * Time 2.97 .087 .02 .4 

**. Effect is significant at the 0.01 level (2-tailed). 

*. Effect is significant at the 0.05 level (2-tailed). 
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Table 8 

Simple Effects for BBI Score 

Effect of Group 

Measure Group M SD t Sig. g 

Pretest BBI Experimental 122.71 11.24 2.68 <.01 0.44** 

Control 117.83 11.07 

Posttest BBI Experimental 139.95 18.58 3.17 <.001 0.52** 

Control 130 20.37 

Effect of Time  

Measure Group M SD t Sig. g 

Experimental Pretest 122.71 11.24 11.28 <.001 1.12** 

Posttest 139.95 18.58 

Control Pretest 117.83 20.37 5.78 <.001 0.75** 

Posttest 130 11.07 

**. Effect is significant at the .01 level (2-tailed). 

*. Effect is significant at the .05 level (2-tailed). 

 

Constructs within the BBI scale 

The significant main effects of Group, Time, and the interaction of Group and 

Time for BBI scores were further explored by identifying and analyzing constructs within 

the BBI. There were six constructs identified after reliability testing from the BBI scale 

(See Appendix B): fundamentalist beliefs with six items, alternative medical beliefs with 
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seven items, common misconceptions with eleven items, media/entertainment beliefs 

with seven items, conspiratorial beliefs with six items, and family beliefs with nine items. 

The constructs were identified with respect to similarity in the content and likely 

provenance of the items. For example, “Earth is less than 10,000 years old” and “there is 

evidence of a global flood in the time of humans” are both items that measure beliefs that 

likely come from exposure to religious fundamentalism. Once items were tentatively 

assigned to a construct, the assignment was further investigated by reliability testing. 

Items that substantially lowered posttest reliability were removed from the construct.  

Note that some items were identified as fitting into only one construct, but most 

were included in two or three constructs. The validity of the six constructs is reported in 

Table 9 in terms of Cronbach’s alpha scores. No construct met the guidelines for 

reliability by exceeding an alpha of .7 on the pretest because the overall BBI had not 

done so, but all constructs came close to, or met, the guidelines for reliability on the 

posttest. Reliability was expected to be low on the pretest because asking participants 

questions to which they do not know the correct answer generally decreases reliability. 

Thus, posttest reliability scores were the basis for an item’s inclusion or exclusion from a 

construct. Table 9 also reports how removing items from a construct affects the reliability 

of that construct.  
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Table 9 

Reliability of Constructs and Reliability with Items Removed 

Construct Pretest α Posttest α 

Fundamentalism .42 .66 

Item Cronbach’s α if removed 

Earth is less than 10,000 years old. .31 .59 

Earth is flat. .42 .65 

Evolution is supported by substantial evidence. .42 .66 

Humans and raptors did not live at the same time. .47 .65 

Humans and gorillas evolved from a common ancestor. .21 .55 

There is evidence of a global flood in the time of humans. .52 .65 

Construct Pretest α Posttest α 

Alternative medicine .62 .75 

Item Cronbach’s α if removed 

There is proof that vaccines cause autism. .53 .69 

COVID19/Sars-Cov-2 is a hoax. .63 .73 

Water has memory. .59 .72 

There is verifiable evidence for meridians. .58 .71 

Crystal healing is supported by evidence. .54 .71 

Vaccines won’t overwhelm infant immune systems. .58 .74 

The moon has an effect on human behavior. .59 .7 
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Table 9 (Continued) 

Construct Pretest α Posttest α 

Common misconceptions .07 .66 

Item Cronbach’s α if removed 

Sex is determined by more than the 23rd Chromosome. .07 .66 

Human activity speeds climate change. .14 .64 

You should take antibiotics every time you are sick. .13 .64 

Most humans only use 10% of their brain. -.02 .62 

There is evidence of a global flood in the time of humans. .13 .61 

Vaccines won’t overwhelm infant immune systems. .02 .64 

Seasons are not caused by Earth’s distance from the Sun. .1 .66 

Bulls get angry when they see the color red. -.02 .61 

The Bermuda Triangle has a higher rate of crashes. -.06 .6 

The moon has an effect on human behavior. .06 .63 

Lunar phases are not caused by Earth’s shadow. .12 .69 

Construct Pretest α Posttest α 

Media beliefs .47 .77 

Item Cronbach’s α if removed 

Water has memory .46 .76 

There is verifiable evidence for meridians. .39 .74 

Most humans only use 10% of their brains. .47 .74 

Crystal healing is supported by evidence.  .41 .74 

Bulls get angry when they see the color red. .48 .75 

The Bermuda Triangle has a higher rate of crashes. .43 .74 

The moon has an effect on human behavior. .35 .73 
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Table 9 (Continued) 

Construct Pretest α Posttest α 

Conspiracy beliefs .63 .66 

Item Cronbach’s α if removed 

There is proof that vaccines cause autism. .61 .65 

COVID19/Sars-Cov-2 is a hoax. .49 .58 

Earth is flat. .59 .63 

Human activity speeds climate change. .61 .65 

Germs do not cause disease.  .67 .68 

The Holocaust was a hoax. .5 .52 

Construct Pretest α Posttest α 

Family beliefs .57 .74 

Item Cronbach’s α if removed 

Earth is less than 10,000 years old. .5 .7 

There is proof that vaccines cause autism. .5 .71 

Earth is flat. .57 .72 

Evolution is supported by substantial evidence.  .5 .71 

Humans and raptors did not live at the same time. .61 .73 

Humans and gorillas evolved from a common ancestor. .52 .69 

There is evidence of a global flood in the time of humans. .6 .72 

Vaccines won’t overwhelm infant immune systems. .53 .71 

The Holocaust was a hoax.  .47 .75 

 

Three-way Analysis of Variance for BBI Constructs 

To examine the impact of group and time for each construct, a three-way 

ANOVA of Group X Time X Construct (2 X 2 X 6) was conducted on scores for the six 

constructs of the BBI. For this analysis, the sums of the construct scores were converted 
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to a percentage of the maximum construct score and then transformed by arcsine 

transformation. Table 10 reports the results of this analysis.  

Pre- and posttest group differences are displayed in Figure 3. The assumptions of 

sphericity for Construct χ2(2) = 467.37, p = .579 and Time X Construct χ2(2) = 417.03, p 

= .555 were violated. There were significant main effects of Group, Time, and Construct, 

and two significant interactions, namely Group X Time, and Time X Construct. There 

was no significant three-way interaction between Time, Construct, and Group.  

Inspection of Figure 4 indicates that, consistent with the main effect of Group, the 

Experimental group scored higher overall than the Control group.  However, inspection 

of Figure 3 also indicates that this group difference was greater at the post-test than at the 

pre-test, consistent with the interaction of Group X Time. 

In addition, Figure 3 shows that participants scored higher on some constructs 

than others, consistent with the main effect of Construct and generally scored higher at 

the post-test than at the pre-test, consistent with the main effect of Time. Moreover, in 

line with the interaction of Time X Construct, the improvement from pre-test to post-test 

varied in magnitude across the six constructs. 

To interpret the two significant interactions with greater certainty, a series of t-tests were 

conducted.  First, the interaction of Group X Time was examined. More specifically, 

combining scores across the six constructs, the Experimental and Control groups were 

compared first at pre-test and then at post-test. The constructs were collapsed by 

converting the means of the constructs, which had different minimums and minimums 

and maximums, to percentages, and then corrected with an arcsine transformation. These 
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two tests showed that there was a small but significant difference between groups at the 

pretest t(159)= 2.43, p = <.05, g = 0.39, and a greater difference at the posttest t(159) = 

3.25, p = <.001, g = 0.53. To examine the interaction of Group X Time within-subjects a 

paired samples t-test was conducted. The results of these paired-samples t-tests are 

reported in Table 11.  

Table 10 

Three-way ANOVA of Time, Group, and Construct 

Effect F Sig. Partial η2 Power 

Time 96.06 <001 .38** .99 

Group*Time 6.31 <.01 .04** .7 

Construct 151.77 <001 .5**^ .99 

Group*Construct 2 .082 .06 .66 

Group 10.62 <.001 .06** .9 

Time*Construct 44.89 <.001 .3**^ .99 

Group*Time*Construct 1.44 .63 <.01^ .5 

**. Effect is significant at the .01 level (2-tailed). 

*. Effect is significant at the .05 level (2-tailed). 

^. Greenhouse-Geisser corrected. 

 

 

Next, the interaction of Time X Construct was examined. More specifically, 

combining scores across Groups, pre-test and post-test scores were compared for each of 

the six constructs. These six tests, reported in Table 12 showed that scores improved for 

all constructs, but the improvement was greatest for Media Beliefs and Common 

Misconceptions, while Conspiracy Beliefs and Family Beliefs underwent less change 

than the other constructs.  
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Figure 4 

Mean Scores Expressed as Percentage of Maximum Score for Fundamentalism, Medical, 

Misconceptions, Media, Conspiracy, and Family Beliefs as a Function of Group 

(Experimental vs. Control) and Time (Pre vs. Post)
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Table 11 

Paired-Samples T-Tests Comparing Pretest and Posttest Scores by Group 

Group Time M SD t Sig. d 

Experimental Pretest 1.96 .18 9.77 <.001 0.972** 

Posttest 2.22 .3 

Control Pretest 1.93 .17 4.88 <.001 0.63** 

Posttest 2.06 .29 

**. Effect is significant at the .01 level (2-tailed). 

*. Effect is significant at the .05 level (2-tailed). 

 

Table 12 

Paired-Samples T-Tests Comparing Pre and Posttest Scores for Each of the Constructs 

Source M SD t Sig. g 

Fundamentalism .05 .1 6.06 <.001 0.48** 

Medical .08 .12 8.63 <.001 0.68** 

Misconceptions .13 .13 12.67 <.001 1.0** 

Media .16 .15 13.81 <.001 1.09** 

Conspiracy .02 .09 2.52 <.01 0.2* 

Family .02 .09 2.12 <.05 0.17* 

**. Effect is significant at the .01 level (2-tailed). 

*. Effect is significant at the .05 level (2-tailed). 
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Chapter IV. 

 Discussion 

 

 The aim of the current study was to examine whether a general epistemic 

intervention could promote less perseverance of refuted beliefs across a range of 

disciplines after exposure to evidence challenging those beliefs. The hypothesis that 

pretest Absolutism and Multiplism scores would negatively correlate with BBI scores, 

while Evaluativism scores would positively correlate with BBI scores, was supported. 

The hypothesis that the intervention group would have significantly greater scores – i.e., 

display less belief perseverance – than the control group on the posttest was supported. 

However, the hypothesis that the intervention group would also have significantly greater 

JCI scores on the posttest was not supported. Thus, progress in abandoning refuted 

beliefs was not mirrored by progress in more advanced epistemic reflection, as indexed 

by the JCI, 

The strong positive correlation between JCI and BBI scores supports the 

hypothesis that epistemic sophistication can predict the number and intensity of refuted 

beliefs held by an individual. As expected, high Evaluativism scores predicted high BBI 

scores. Somewhat unexpectedly, given the status of absolutism as the most naïve of the 

three epistemic orientations measured on the JCI, Absolutism had only a weak relation to 

BBI scores. Rather, in contrast to current models of epistemic development that place 

multiplism above absolutism in the hierarchy of epistemic orientations, which the 
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findings by Kerwer and Rosman (2020b) call into question, a high Multiplism score was 

a stronger predictor of holding refuted beliefs than Absolutism.  

When considering the tendencies of absolutists vs. multiplists, the finding that 

multiplists did not score as high on the BBI may not be all that unexpected. This finding 

could be explained by the proclivity of absolutists to believe in certainty and the 

simplicity of knowledge, making them more prone to indicating that they were confident 

in their answers. In contrast, multiplists are more skeptical of certainty and regard 

knowledge as more subjective, so they would have been more likely to select neutral 

responses and avoid claiming confidence. Since confident correct answers result in higher 

scores, and most of the items were answered correctly by most participants, the absolutist 

tendency would likely result in a higher score than what an absolutist’s epistemic 

understanding of the evidence behind a claim might support. To speak in epistemological 

terms, absolutists may have benefited from “epistemic luck” or “unjustified true beliefs.”  

More research is needed to establish the hierarchical status of absolutism and 

multiplism, how multiplism resists intervention or is perhaps inaccurately measured, and 

if different approaches are needed for absolutists and multiplists. If multiplism should be 

considered more advanced than absolutism, it may still be the case that multiplists adopt 

beliefs that result in more resistance to further epistemic development and more 

unreasonable openness to giving refuted claims a platform.  

JCI and Evaluativism scores were positively correlated with Age, whereas 

Multiplism scores were negatively correlated with Age. There was no relationship 

between Absolutism and Age. The exact reason for this variation is unclear and should be 

further studied. The significant negative correlation between JCI scores and income and 
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between JCI scores and Evaluativism was unexpected and raises another line of inquiry. 

It would have been reasonable to expect that earning a high wage without a college 

degree would call for judgment and critical thinking skills in the acquisition of new 

knowledge. 

McGinnis’ (2016) third and fourth-year college student sample scored better on 

Absolutism than the present sample, but the two samples were remarkably similar on 

Multiplism and Evaluativism. The sample means for both studies may have been near the 

JCI’s ceiling for detecting Evaluativism scores, such that potential differences in 

evaluativist tendencies between the samples may have been undetectable. Alternatively, 

as Hofer et al. (2011) hypothesized, high-Evaluativism may be rare before graduate 

school. In any case, the difference in epistemological orientations between undergraduate 

students, graduate students, scientists, and philosophers of science may be too nuanced 

for a Likert-type questionnaire to reveal. 

Some of the trends in BBI responses were unexpected. Evolution denial (18.9%) 

for the whole pretest sample (18.9%) and the experimental sample (33%) were both 

lower than the 38% found in surveys of Americans (Swift, 2017), and the total sample 

performed slightly better than the 21% denial rate found among high school science 

teachers (Ruthledge & Warden, 2000). Although some of this variation may be explained 

by the continued decline in the popularity of evolution denial through the years (Miller et 

al. 2006), this study being more recent, some of this variation could also indicate that this 

MTurk sample is less likely to hold refuted beliefs than the general public, and perhaps 

even science teachers. When the cutoff for inclusion in the posttest study was set at a 

score of 138 on the BBI, it was estimated that no more than a few dozen participants 
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would exceed that score. Given that 145 participants eventually tested out of the posttest, 

with evolution denial being relatively infrequent, the MTurk sample may not be 

representative of the wider American public. 

 Two astronomy items (“Seasons are not caused by Earth varying in distance from 

the Sun” and “Lunar phases are not caused by Earth’s shadow,” which are both true) 

yielded unexpectedly poor results. About three-quarters of participants were wrong on the 

pretest, even if they were overwhelmingly confident that their wrong answers were right. 

Moreover, these items saw some of the weakest posttest improvement among the 

Common Misconceptions, even though the evidence is relatively straightforward. A 

possible explanation for this lack of improvement is that the relevant evidence may lend 

itself better to a visual demonstration of the movement of the bodies rather than to a few 

lines of text. Future studies that challenge beliefs may benefit from utilizing delivery 

methods other than text, where appropriate.  

  An unexpected weakness of the experiment was that the experimental group had 

higher pretest scores than the control group. This difference may be a result of the 

assignment process. Because of a technical error, the experimental group was 

systematically recruited first rather than in a random order as planned. As a result, it is 

possible that the most active MTurkers were more likely to be assigned to the 

experimental group. These more active MTurkers might be better at taking 

questionnaires, might have more survey experience enabling them to guess the purpose of 

the study and alter their answers, or they might indeed be better informed than the 

MTurkers who came later in the control group. There was still a significant effect of the 

intervention on the posttest, in the sense that the difference between the experimental 
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group and the control group was even greater than at pretest, suggesting that the 

epistemic intervention was effective in promoting participants’ ability to benefit from the 

belief reading. However, an alternative explanation is that the experimental group’s 

higher pretest scores were associated with a greater ability to reevaluate the claims after 

the belief reading independent of their exposure to the epistemic intervention 

Turning to patterns of improvement across both groups, common misconceptions 

and beliefs that are promulgated by the entertainment industry showed the largest 

improvements. More specifically, the items regarding “Bulls,” “Bermuda Triangle,” 

“Humans only use 10% of their brains,” and “Moon effect on human behavior” showed 

the greatest improvements from pretest to posttest. The items regarding “the Holocaust,” 

“Vaccine schedules,” “Climate change,” “Age of Earth,” and “Flat Earth” had the 

greatest belief perseverance. Note that many of the items that showed little improvement 

had few holding the refuted position on the pretest, so there was little room for change. 

Of the items that had a more even distribution of correct and incorrect answers, “giving 

an infant vaccines does not overwhelm a healthy immune system” was the most resistant 

to change, even though almost half of the participants had room to improve on it.  

 In regards to the main hypothesis, the significant effect that the intervention had 

on BBI scores, though the effect was weak, indicates that epistemic interventions or 

curricula may have a positive effect on the acceptance of refuted beliefs. This study only 

used three pages of text. More elaborate presentations and interventions might produce 

larger gains. The effectiveness of this brief intervention suggests that a general epistemic 

intervention intended to address approaches to numerous disciplines may be effective at 

attenuating belief perseverance. This finding is additionally meaningful in that it 
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addresses the need for brief, general, and easy-to-disseminate materials for busy adults 

that will not return to a classroom setting to receive an infusion-approach intervention in 

any specific discipline.  

Although the epistemic intervention had an effect on BBI scores, it surprisingly 

did so without having a measurable effect on JCI scores, which it was designed to impact. 

One possible explanation is that epistemic beliefs may not be as quick to change as the 

declarative beliefs on the BBI because they can be more nebulous. Another explanation 

may be that, due to time considerations, the belief reading gave brief and somewhat 

absolutist explanations, whereas the epistemic reading cautioned against such 

oversimplifications. This tension may have undermined the impact of the epistemic 

reading or caused confusion. The finding that Multiplism was significantly reduced in 

both groups, whereas Absolutism changed little on the posttest lends support to this 

explanation. It is also possible that the repetitive nature of the items on the JCI and the 

complexity of the concepts resulted in some participants foregoing a reassessment of their 

answers on the posttest. The JCI was created for a college population, and so an 

assessment tool more appropriate for the high school graduate population might have 

better-captured changes in epistemic beliefs. Another alternative explanation is that in 

line with the findings of Valanides and Angeli (2005) regarding the relative weakness of 

general-approach interventions compared to other approaches and the Kerwer and 

Rosman (2020b) intervention showing no effect of condition on domain-general beliefs, 

short-term interventions may only show promise in epistemic belief change when 

narrowed to a topic, even if they can advance declarative beliefs.  
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The large effect of time on the BBI is difficult to interpret given the lack of a true 

control group. It may be that participants would have improved on the posttest without 

the epistemic intervention or belief reading by rethinking their answers or researching the 

answers on their own. Additionally, information on the effect of the belief reading, as 

would have been available had a true control group been used, might have given more 

context to the changes seen on the posttest.  

The strong effect of time may have swamped the effect of the epistemic 

intervention. For some items, the clarity of the evidence and the relative triviality of the 

claim may have rendered the need to engage epistemic principles moot. Further research 

should examine the effectiveness of interventions when a belief is more or less critical to 

the identity of the belief holder, and more generally, how the application of epistemic 

cognition is influenced by the relevance of a topic to identity.  

Several limitations of this study should be acknowledged. Mechanical Turk users 

are in many ways not comparable to the general population. Many MTurk workers have 

taken hundreds of surveys and participated in numerous experiments, making them 

unusually adept questionnaire navigators that may have seen enough studies to make 

inferences about the aims of a study. As MTurk users often complete numerous surveys a 

day for money, there is a motivation to complete questionnaires faster than would be 

possible for someone who is carefully considering their answers and the study materials. 

MTurk is one of the most convenient options for recruiting participants outside of 

academic settings, but future studies might benefit from other recruiting methods. 

There was an error in Qualtrics when setting up the survey flow. The branch that 

was meant to randomly direct participants to the experimental group page or to the 
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control group page was mistakenly set to send all participants to both pages, effectively 

resulting in every participant receiving the epistemic intervention. The error was not 

discovered until over 100 participants had been assigned to the experimental group. Due 

to this error, group assignment was based on which participants began the study first, 

rather than random assignment by a number generator. As noted earlier, this might 

explain why the two groups differed at pretest. A greater proportion of experienced 

MTurkers may have been assigned to the experimental group. 

The requirements for this study were a minimum education level of a high school 

diploma and a maximum education level of “some college” or a “2-year degree.” The 

reason for allowing participants with “some college” to participate was to allow 

participants who had attended college but dropped out to be included in the study, 

because two-thirds of Americans have attended college, but only one-third have a 4-year 

degree (U.S. Census Bureau, 2018). In that respect, the current sample is more 

representative of the US population as a whole than a sample of college graduates would 

be. However, this recruitment criterion also allowed current undergraduate students to 

participate in the study, which may have affected mean scores.  

The epistemic intervention consisted of three pages read on a computer screen. A 

more dynamic intervention of longer duration might have led to greater epistemic and 

declarative belief change. The belief reading was also kept brief in order to maintain the 

attention of participants and reduce the time needed to participate in the study. The belief 

reading also intentionally excluded any complex or in-depth discussion of the evidence. 

The reading aimed to only state the evidence-based conclusion, not to provide support for 

it, because this may have made the belief reading so compelling that the posttest 
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improvement could have washed out any measurable effect of the epistemic intervention. 

The brevity of the belief reading may have also had the unintended effect of presenting 

the conclusions in absolutist terms, which may be part of the explanation for why 

Absolutism showed an insignificant increase on the posttest rather than the expected 

decrease. Future studies should find ways to balance duration, simplicity, consistent 

messaging, and quality of research materials. One way to achieve this is to reduce the 

number of items on an inventory so that more time can be devoted to any given item.   

There is not an abundance of literature in this field or on this problem. The 

literature review uncovered no comparable studies examining how epistemic beliefs 

relate to broad, interdisciplinary declarative beliefs. Only two other studies were found 

that utilized a generalized epistemic intervention (Rosman et al., 2016; Valanides & 

Angeli, 2005). This limited background meant that this study was exploratory and will 

require further research to better understand the findings. Most of the experimental 

research on epistemic orientation and its development has been conducted with 

participants in an academic setting, often in grade school. As a result, there is little basic 

information available with respect to the epistemic beliefs of non-college-educated 

adults, what the ceilings for their scores could be, etc.  

Given the weak effect sizes found, the primary hypothesis of this study, that the 

epistemic intervention would have a significant effect on BBI scores, was underpowered. 

Based on the effect size, the study would have needed at least 200 participants to meet 

common standards of power. Future studies should aim for this sample size. 

This study did not include a second control group that received neither the 

epistemic intervention nor the belief reading. The decision to forego a second “true” 
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control group was made because it was seen as unnecessary. The reasoning was that for 

belief perseverance to be measured, it was necessary to ensure the participant’s refuted 

beliefs had been challenged by treating all participants with the belief reading. However, 

a second control group that did not receive the intervention or belief reading could have 

answered the problem presented by the results of whether the belief reading had a 

regressive or absolutism-promoting effect on epistemic beliefs. Indeed, an additional 

intervention group that received the epistemic intervention but not the belief reading 

could have clarified whether the epistemic intervention was sufficient in itself to reduce 

belief perseverance. Future studies should include these additional control groups to 

generate clearer results. 

Conceptually, epistemic inventories such as the BBI and JCI appear to have 

limited validity because of the dynamic, contextual, and ambiguous nature of beliefs 

about knowledge and claims. Self-report measures are inherently imperfect. People may 

not always be honest about what they believe, they may be unwilling to admit to others 

that they hold a belief they know to be in conflict with the consensus, their beliefs about 

how evidence should be processed may not match the way that they actually process 

evidence in their daily lives, or they may have a particular type of evidence in mind when 

answering the questionnaire. A short-answer response format might assess beliefs more 

effectively than a Likert-type response, although such a design would be very labor-

intensive. 

Individuals may apply different standards within their discipline versus outside 

their discipline, to problems where they have high versus low content knowledge, and to 

problems where they have a political or religious motivation to interpret the evidence 
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differently than they normally would. Other researchers have called for the field to 

prioritize the development of measures with greater reliability and validity before the 

continuation of research with the current measures (Greene et al., 2018; Leal-Soto & 

Ferrer-Urbina, 2017). Finally, this study did not take account of potential occupational, 

cultural, or religious influences on responses, but future research should examine those 

possible influences. 

The BBI was designed to include both controversial and anodyne items: items that 

were likely to be sensitive or identity-defining, items that would likely be seen as trivial, 

and items that were common misconceptions. The exploratory nature of this study 

required measuring beliefs across this heterogeneous set to establish baselines for future 

research. The mixing of contentious and peripheral items was also expected to alleviate 

participant tensions while completing the questionnaire or processing the belief reading. 

However, this blend complicates data analysis because there was enormous variance 

between items at pretest and also between items in terms of pretest to posttest gain. 

Future studies might focus on controversial or trivial beliefs exclusively and find other 

ways to relieve tension during the investigation of contentious beliefs.  

This study produced several problems for future research to investigate. In 

addition to the aforementioned suggestions, future studies could examine the negative 

correlation between income and Evaluativism, the positive correlation between age and 

Evaluativism, Evaluativism ceilings below the graduate school education level, and 

various other epistemic intervention delivery methods for post-education adults. 

This study found support for the hypotheses that epistemic orientation is related to 

the retention of refuted beliefs and that a brief and generic epistemic intervention may be 
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an effective means of attenuating belief perseverance across disciplines and fields of 

knowledge. These results and the challenges of the study generate several new questions 

to investigate. They also offer hope that effective interventions can be developed for 

those without a college degree in order to address the problems associated with the 

perseverance of refuted claims.   
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Appendix A. 

Participant Informed Letter of Consent 

 

HARVARD UNIVERSITY EXTENSION SCHOOL  

LETTER OF INFORMED CONSENT 

 

Study Title: Effect of a general epistemic intervention on belief perseverance 

Researcher: Jonathan M. Bauman 

Faculty Advisor: Prof. Paul L. Harris 

Version Date: 1 May 2020 

 
Key Information 
  

The following is a short summary of this study to help you decide whether or not to be a 
part of this study. More detailed information is listed later on in this form.  

Why am I being invited to take part in a research study?  
We have invited you to take part in a research study because we are looking for English-
speaking adults in the United States that have graduated high school but have not 
graduated college.  
What should I know about a research study?  

• Someone will explain this research study to you. 
• Whether or not you take part is up to you. 
• Your participation is completely voluntary. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you.   
• Your refusal to participate will not result in any consequences or any loss of 

benefits that you are otherwise entitled to receive. 
• You can ask all the questions you want before you decide. 

Why is this research being done?  
The purpose of this research is to investigate the effect that thoughts about knowledge 
and processes for drawing conclusions have on beliefs about the world. This research 
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aims to examine methods that may help adults make more informed decisions about 
what evidence justifies their beliefs.   
How long will the research last and what will I need to do?  
This study will have two phases. The first phase that you complete today will take 20-
40 minutes. The second phase will take place in 1-2 weeks, at your convenience, and 
will take 15-20 minutes.  
In the first phase, you will complete two questionnaires, both 23-items. Each 
questionnaire will take 5-7 minutes. You will then review materials that will discuss 
principles of drawing conclusions and forming knowledge, as well as a series of 
summaries of the best-available evidence for the claims included in the questionnaire. 
The material may take you 5-20 minutes to read through. 
 
In the second phase, 1-2 weeks after you complete the first phase, you will complete 
the same two questionnaires again, taking about 5-7 minutes each. You will then 
complete a 2-3-minute debriefing. 
Is there any way being in this study could be bad for me?  
You may find some of the materials provided in this study to be controversial and 
potentially upsetting. Your beliefs may be challenged in this study, though you will not 
be placed in a position where you will need to defend your beliefs. Please do not feel 
obligated to continue the study if you are feeling frustrated, as you are free to withdraw at 
any time. 
 
 
What happens if I say yes, but I change my mind later?  
You can leave the research at any time; it will not be held against you. If you choose to 
leave the study after completing any of the tasks, please indicate whether you want to 
withdraw your responses as well. 

 
If I take part in this research, how will my privacy be protected? 
 
Efforts will be made to limit the use and disclosure of these identifiers to people who 
have a need to review this information. We cannot promise complete secrecy. 
Organizations that may inspect and copy your information include the IRB and other 
representatives of this organization.  
 
If identifiers are removed from your responses that are collected during this research, the 
responses could be used for future research studies or distributed to another investigator 
for future research studies without your additional informed consent.  

What else do I need to know? 
Compensation – If you agree to take part in this research study, we will pay you $3 for 
completing the first phase of this study, and $4 for completing the second phase of this 
study.  
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Who can I talk to?  
If you have questions, concerns, or complaints, or think the research has hurt you, contact 
the research team at job4531@g.harvard.edu. 

This research has been reviewed and approved by the Harvard University Area 
Institutional Review Board (“IRB”). You may talk to them at (617) 496-2847 or 
cuhs@harvard.edu if:  

• Your questions, concerns, or complaints are not being answered by the research 
team. 

• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You have questions about your rights as a research subject. 
• You want to get information or provide input about this research. 
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Appendix B. 

Justified Conclusions Inventory 

 

Some issues are objective; that is, they can be studied, examined, measured, etc. Some 

issues are subjective; that is, they are a matter of personal preferences. For example, 

whether or not you can breathe underwater is objective. Whether you like swimming or 

not is subjective. When responding to the 23 items below, please consider how the 

statements apply to claims of fact, not how they may apply to preferences. That is, 

respond to these statements as if each applies to whether or not you can breathe 

underwater, not whether you like swimming. You have as long as you need to read each 

statement and to respond. Please take your time and read each statement carefully so that 

each response accurately reflects your thoughts. Please use this 1–6 scale to indicate how 

much you agree with each statement below. 

Disagree 

Absolutely 

Disagree 

Moderately 

Disagree 

Slightly 

Agree 

Slightly 

Agree 

Moderately 

Agree 

Absolutely 

1 2 3 4 5 6 

 

1. Most debatable issues have one correct conclusion, even though it seems that they do 

not. 

2. Evidence must be evaluated to determine if it is really relevant to the issue under 

consideration. 
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3. Usually, there is not a person who is right and one who is wrong. They each have their 

own truths, so their conclusions are equally valid. 

4. Most debatable issues have one right conclusion. 

5. Reasonable thinking about debatable issues requires that we are willing to evaluate our 

own reasoning processes relevant to the issue. 

6. If I have one conclusion and someone else holds a different conclusion, both 

conclusions are equally accurate. 

7. For most debatable issues, there is a right position and a wrong position. 

8. Understanding debatable issues is an ongoing process requiring the evaluation of new 

evidence. 

9. Because drawing conclusions is based on our own personal perceptions, it is not 

possible to determine if one conclusion is better than others. 

10. Debatable issues are associated with one correct conclusion, even though I may not 

know what that conclusion is. 

11. Conclusions are compelling if they are supported by solid reasoning about the most 

relevant evidence. 

12. Deciding among conclusions is unnecessary because everyone has a right to their 

opinion. 

13. Each person has his or her own truth and beliefs, so there can be more than one 

acceptable conclusion to a debatable issue. 
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14. Drawing a conclusion about a debatable issue involves reasoning about why one 

conclusion is well supported, and others are not. 

15. Disagreements about debatable issues are really unnecessary because every person’s 

opinion should be viewed as accurate. 

16. Most issues are not truly debatable: there is one correct answer. 

17. Determining the best conclusion requires the critical evaluation of all of the relevant 

evidence. 

18. Because people have a right to their opinion, there is more than one conclusion that is 

correct. 

19. Each person sees the issues in his or her own unique way, so there is often more than 

one acceptable conclusion to a debatable issue. 

20. Drawing a solid conclusion about a debatable issue involves determining which 

evidence provides the best support for that conclusion. 

21. If someone else has come to a conclusion that differs from my conclusion, and he or 

she can justify their conclusion, then we are both right. 

22. The best conclusion reflects the most compelling understanding of an issue given the 

relevant evidence. 

23. There is one correct conclusion to issues, and other conclusions are wrong. 

 

Scoring key: Absolutist = 1, 4, 7, 10, 16, 23. Multiplist = 3, 6, 9, 12, 13, 15, 18, 19, 21. 

Evaluativist = 2, 5, 8, 11, 14, 17, 20, 22. Participants will receive three separate scores 
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between 1-6 for each orientation. In addition, a JCI-Composite score will be calculated 

by reverse coding the Absolutist and Multiplist items, so that selecting “Disagree 

absolutely” will count for six points, rather than one point. 
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Appendix C. 

Broad Belief Inventory 

 

You have as long as you need to read each statement and to respond. Take your time and 

read each statement carefully so that each response accurately reflects your thoughts. 

Please do not consult any external sources (internet, books, friends, etc.) while 

completing this questionnaire. Use this 1–8 point scale to indicate how much you agree 

with each statement below. 

“I am 

extremely 

convinced 

that this is 

false” 

“I am very 

convinced 

that this is 

false” 

“I am 

convinced 

that this is 

false” 

“This 

may be 

false” 

“This 

may be 

true” 

“I am 

convinced 

that this is 

true” 

“I am 

very 

convinced 

that this is 

true” 

“I am 

extremely 

convinced 

that this is 

true” 

1 2 3 4 5 6 7 8 

 

1. The earth is less than 10,000 years old. 

2. There is proof that vaccines cause autism. 

3. COVID19/Sars-COV-2 is a hoax. 

4. The earth is flat. 

5. Evolution is supported by substantial evidence. 
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6. Biological sex in humans is determined by more than the 23rd Chromosome (X or 

Y). 

7. Human activity speeds climate change. 

8. Humans and non-avian dinosaurs with did not live at the same time. 

9. Humans and gorillas did not evolve from a common ancestor. 

10. You should take antibiotics every time you are sick. 

11. Water has memory. 

12. There is verifiable evidence for meridians, the targets of acupuncture.  

13. Humans only use 10% of their brains. 

14. Crystal healing is supported by evidence. 

15. There is evidence of a global flood in the time of humans. 

16. Giving an infant vaccines as scheduled does not overwhelm a healthy immune 

system. 

17. Seasons are not caused by the Earth varying in distance from the Sun.  

18. Germs do not cause disease. 

19. Bulls get angry when they see the color red. 

20. The Holocaust was not a hoax.  

21.  The Bermuda Triangle has a higher rate of crashes and disappearances than any 

other part of the ocean. 
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22. There is verifiable evidence that the Moon has an effect on human behavior. 

23. Lunar phases are not caused by the Earth’s shadow. 
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Appendix D. 

Epistemic Intervention 

 

 This intervention was developed by the researcher for this study. The intervention 

was not pilot tested before use in this study. The content was designed to be relatable and 

comprehensible for the average adult reader, to demonstrate the importance of applying 

epistemic principles, and to address the concepts presented by every item of the Justified 

Conclusions Inventory. The intervention is the result of an attempt to write in a manner 

accessible to an audience without a college degree in a way that retained as much of the 

difficult concepts and nuance of epistemology as possible. The intervention summarizes 

pertinent definitions, principles, concepts, and problems, before addressing the content of 

all 23 items on the Justified Conclusions Inventory.  

Imagine this scenario: you walk out of work, ready to go home, and your car 

won’t start. When you turn the key, you hear a “whirring” sound, but the engine does not 

try to turn. You don’t know a whole lot about cars, but you just want to get home, and 

there is a store next door that sells car batteries. You go and spend $100 on a battery, 

replace it yourself, and the car still won’t start. You end up getting it towed, and the 

mechanic tells you that the starter solenoid is stuck. You have just wasted $100 and no 

small amount of time because you were more motivated to resolve the problem than to 

understand it.  
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Jumping to conclusions and not taking the time to make sure our conclusions are 

justified can be costly, whether we do it while fixing a car or making medical decisions. 

Many things can influence our conclusions, and many of those things do not reliably lead 

to the best answer. Perhaps your decision to try the battery first was biased by a bad 

battery being the culprit the last time that your car didn’t start, or you sought advice from 

a trusted source that was incorrect, or you just wanted to try the easiest answer to make 

the problem go away. We can come to better conclusions when we critically analyze 

evidence, sources, processes, and our own biases. Epistemic cognitions are the thoughts 

that we have about knowledge, our processes for drawing conclusions, and our 

justifications for our beliefs. The good news is that with training, you can improve your 

epistemic cognition and draw better conclusions. 

Some words used in philosophy and science have different meanings than they do 

when used in everyday conversation. Words like opinion, belief, knowledge, hypothesis, 

and theory all take on more sophisticated meanings when used by professionals 

conducting science. An opinion in the context of epistemology is a preference, 

perspective, or interpretation formed about something that is not necessarily based on fact 

or knowledge. Opinions may often differ between individuals and are subjective. Because 

opinions are subjective, they cannot usually be wrong. An “expert opinion,” such as 

advice from a physician, generally involves the application of knowledge of a subject, so 

it is epistemically distinct from an opinion in the more general sense.  

A belief is an acceptance or rejection of a claim or a conviction regarding the 

truthfulness of something. A belief is usually objective and testable. A belief may be 

refuted, unfounded, founded, or justified. A person holding a refuted belief is a belief that 
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is maintained even though clear and compelling evidence is known that convincingly 

contradicts it. An unfounded belief is a strongly held conviction that the believer has 

based on no evidence. A founded belief is based on some evidence, but that evidence 

does not justify the belief. A belief that is justified is supported by clear and convincing 

evidence, which any reasonable person would accept. When a belief is justified and true, 

it is considered knowledge.  

A hypothesis is a prediction of possible outcomes based on reasoning about 

available evidence. A hypothesis is more than an unfounded guess. A scientific theory is 

a related set of hypotheses that have been tested and accepted through experimentation 

and replication, and the results critically analyzed to generate a conclusion with broad 

explanatory power. A tenable theory should be able to accommodate new evidence rather 

than conflict with it. The use of the word theory as a synonym for guessing or 

speculating, as in its more common usage, is different from when a scientist or 

philosopher talks about a theory.  

Statements such as “everyone’s opinion is valid” are accurate as long as opinion 

is understood to mean a subjective claim. For example, claiming that wings make birds 

the coolest animal is subjective, but claiming that birds have wings is an objective claim. 

When a claim is objective, only explanations that correspond to reality can be considered 

true. So, even if everyone sees an issue in their own way, in most cases where the issue is 

objective, it is unlikely that there is more than one correct conclusion about the issue, 

except in cases where different claims work together to accurately describe different parts 

of a problem. Differing views and approaches can still be positive and productive, as 

disagreements about debatable issues can generate new lines of inquiry. 
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Although some conclusions about objective claims may be seemingly very well 

supported or thoroughly refuted, it is impossible to achieve absolute certainty. The legal 

system uses the levels of certainty: no credible evidence, some credible evidence, a 

preponderance of evidence, clear and convincing evidence, beyond a reasonable doubt, 

and beyond any shadow of a doubt. This is a useful way of thinking about certainty, as 

there is not a level for “absolute certainty.” Instead, methods of rational inquiry like 

science seek to build models that seek to continuously improve the quality of a 

determination of certainty, whether that means strengthening or weakening the support 

for a finding. 

A conclusion is compelling if it supported by the critical evaluation of all of the 

relevant evidence. Reaching a conclusion is a process that requires gathering and 

evaluating evidence, reasoning about what evidence supports a conclusion, what evidence 

supports an alternate conclusion, and what evidence is irrelevant. The evaluation of 

evidence is not a wholly external process. Investigators must also evaluate their own 

reasoning processes to ensure that they are not introducing bias, taking shortcuts, or 

dismissing complicated evidence. Once a conclusion is reached, it is also important to 

continue to seek new evidence to strengthen or weaken that conclusion, as new evidence 

may generate new lines of inquiry that refute a previous conclusion or deepen the 

understanding of how the conclusion is the best available.  

Accepted scientific theories are generated from evidence that is robust, 

reproducible, and can be examined through experimentation. The results from these many 

experiments are reviewed by peers in the relevant academic discipline before being 

published, and the findings are then replicated, expanded on, and reconsidered 
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perpetually. The scientific process is rigorous and understanding the process and the 

results can be daunting. Some of the issues that you may struggle with are the media 

reporting flashy findings that have not been peer-reviewed, knowing what sources to 

trust, your underlying science concepts from high school being outdated or not well 

understood, and societal pressures to accept traditional beliefs.  

Understand your limits and accept that you don’t know what you don’t know. 

Researchers can spend nearly a decade of training to conduct research and decades more 

practicing. The more that a student learns about a topic, the more they realize how much 

more complex the topic is compared to what they thought of it in high school. You can 

train to critique, conduct, and consolidate research. Still, it is not something you will be 

able to learn to do quickly or easily. At this stage, the most important thing to learn is 

how to find reliable sources. Reliable sources include reputable academic journals (e.g., 

Science, Cell, Nature, New England Journal of Medicine, etc.) and reports from science 

organizations (e.g., CDC, NASA, World Health Organization, National Science 

Foundation, NOAA, etc.). Less reliable sources include popular science articles in 

newspapers or magazines. The least reliable sources are internet blogs and social media. 

Google will not always populate a reliable source first, and sometimes, certain wording 

will populate pages of unreliable sources. 

Don’t let your biases and emotions cloud your judgment. Sometimes, the 

evidence will support things that we do not want it to, things that shake our worldview, or 

things that mean we need to make sacrifices. Ignoring the facts because they are 

inconvenient is dangerous and counterproductive. Do not anchor yourself to the first 

claim that you encountered on a subject. This is especially important when that first piece 
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of evidence is being recalled from a grade school class from years ago. Gather as much 

evidence as you can before drawing conclusions. Overgeneralizing personal experience 

can lead to faulty reasoning. The plural of anecdote is not data, so a personal experience 

or what worked for you may not work or hold true for most. All-or-nothing thinking can 

interfere with acquiring knowledge and considering evidence, whether that means 

accepting claims uncritically or rejecting a claim altogether because there is some grey 

area.  

Holding the most accurate beliefs is hard work. It takes a lot of effort to 

understand an issue and stay informed about it. It is often easiest to accept the simplest or 

most accessible explanation without working hard to critique and analyze it. By working 

on your epistemic skills, you can better prepare yourself to draw conclusions about the 

world around you. 
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Appendix E. 

Belief Reading 

 

This report briefly summarizes the best available evidence for each claim that appeared 

on the Broad Belief Inventory. Out of respect for your time, this report was kept short and 

did not go into as much detail as would be necessary to present the evidence for each 

claim properly. You are encouraged to review and research these claims on your own. 

1. Earth is more than 10,000 years old. 

Radiocarbon dating has placed the age of Earth at least 4.6 billion years old. Theories that 

helium accumulation, changes in the magnetic field, and slowing of the Earth’s rotation 

as evidence of young-Earth have all been refuted.  

2. The MMR vaccine has never been proven to cause autism. 

Numerous studies have failed to find any correlation or causation between vaccines and 

autism. The popular study from Andrew Wakefield that stated otherwise has since been 

retracted by the journal, and Wakefield lost his medical license for falsifying research 

data. 

3. COVID19, the disease caused by SARS-COV-2, is not a hoax. 

There is overwhelming evidence that the new coronavirus is real and that it has caused 

many deaths. A hoax requiring millions of conspirators is not plausible. 
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4. Earth is an ellipsoid, a sphere that is wider at the equator than the poles. 

The Flat Earth Theory cannot explain seasons, sunrise and sunset, different constellations 

being visible at different latitudes, gravity, GPS, etc. Earth may also be considered a 

geoid due to the effect of gravitational imbalances. 

5. All animals have evolved through natural selection. 

Natural selection is a process where organisms that reproduce more than competitors pass 

on more genes, often the ones that helped them reproduce more and “fit” their 

environment better. Evidence for evolution includes DNA similarities between 

evolutionarily related organisms, fossil evidence of transitional species, similar 

embryonic development within classes of animal, evolution occurring in an observable 

period in rapidly evolving organisms (bacteria, insects, viruses, etc.), and observations of 

what changes organisms go through when placed in a new environment or their 

environment changes (climate change, island species, etc.).  

6. Biological sex is not determined by the 23rd Chromosome alone.  

Biological sex is more complex than X and Y. There are at least dozens of genes, such as 

the SRY gene, that determine sexual presentation, body plan, genitalia, and other 

characteristics that result in intersex individuals who cannot be classified as strictly male 

or female, or that have a body plan that always matches the physical and reproductive 

traits of their chromosomes.   
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7. Human activity contributes to climate change in a substantial and catastrophic 

way. 

Carbon dioxide traps heat, increasing the greenhouse gas effect of the atmosphere, which 

warms the globe. Carbon dioxide levels have been higher for the last fifty years than at 

any point in the last 5 million years, as evidenced by ice samples. Humans have been 

affecting carbon dioxide for thousands of years, beginning with deforestation for 

agriculture, and surging after the massive carbon dioxide outputs of the Industrial Era.  

8. Humans and non-avian dinosaurs did not coexist. 

Non-avian dinosaurs (modern birds are still considered dinosaurs) went extinct 66 million 

years ago. Apes did not evolve until about 25 million years ago, the Homo genus 2.5 

million years ago, and Homo Sapiens, our species, 300,000 years ago.  

9. Humans and gorillas evolved from a common ancestor. 

There is substantial evidence from the thousands of fossils of transitional species over the 

last millions of years and genetic testing that builds a model of slow evolution through 

adaptation to the environment that guided gorillas to fill one niche and humans to fill 

another. 

10. Antibiotics should not be taken for every illness. 

Antibiotics only treat bacterial infections like pneumonia and strep throat, not viral 

infections like the cold and flu. A third of antibiotic prescriptions are unnecessary. The 

more that antibiotics are used, the more that bacteria become resistant to them.  
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11. Water does not have memory. 

There is no known mechanism by which water may retain a “memory” of compounds 

that it was once in contact with after those compounds have been entirely diluted, nor 

does any currently accepted understanding of physics allow for such a possibility.  

12. The existence of meridians, the targets of acupuncture, is unsubstantiated. 

There is no evidence to support the existence of meridians, points through which life 

force, electrical, or biological energy is purported to flow. There is some evidence that 

the experience of needling or being punctured reduces pain, but the effect occurs even 

when needles are applied to sites not purported to host meridians, thus, it appears to be a 

placebo effect. 

13. Humans do not only use 10% of their brains. 

Humans do not only use 10% of their brains. If this were true, then 90% of the brain 

could be damaged without causing any deficits. It is also not true that humans can only 

use 10% of their brain at a time, as all regions of the brain are always active, though the 

intensity of blood flow and activity in an area differs.  

14. Crystal healing is not supported by evidence. 

There is no evidence that crystals relieve any symptoms better than a placebo. There is 

also no known or accepted mechanism by which crystals are purported to heal.  
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15. There is no evidence of a global flood in the time of humans. 

The impact on life and rock that would be caused by a global flood would be easily found 

in the geological record. There were numerous catastrophic but localized floods 

throughout the Holocene glacial retreat period, 7-12,000 years ago, when the glaciers 

melted.  

16. Giving an infant vaccines as does not overwhelm a healthy immune system. 

Children should be given vaccines as early as possible to reduce the risk of them coming 

in contact with a preventable disease before being protected by the vaccine. Children 

commonly receive 11 vaccines by the time they are two years old, a trivial amount for a 

healthy immune system.  

17. Seasons are not caused by the Earth varying in distance from the Sun.  

Although Earth’s distance from the Sun does vary, it is not enough to substantially affect 

the weather. In fact, the Earth is closest to the Sun during the Northern Hemisphere’s 

winter. The seasons are instead caused by the tilt of the Earth as it spins like a wobbly 

top. The wobble changes the angle at which the Sun’s rays illuminate and heat the 

hemispheres.  

18. Germs do cause disease.  

The causal relationship between disease and germs, such as bacteria and viruses, is one of 

the best supported and studied in all of science. Alternative theories that germs are 

merely signs of disease or that germs do not exist at all have been overwhelmingly 

refuted.  
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19. Bulls are not incited to aggression by the color red. 

Cattle cannot see the color red. Bulls in a bullfighting ring are agitated by the matador’s 

taunting motion of the cape and having already been stabbed numerous times by the time 

the red cape appears.  

20. The Holocaust was not a hoax.  

Evidence for the Holocaust is far too robust to merit debate. Evidence includes hundreds 

of thousands of eyewitnesses, photographic and film evidence from Germans and 

liberating Allies, evidence presented in trials that was sufficient to convict hundreds of 

Nazis and remains found in the death camps.  

21. The Bermuda Triangle does not have a higher rate of crashes or disappearances 

than any other parts of the ocean.  

The purported mystery of the Bermuda Triangle began with authors taking liberties with 

facts or fictionalizing accounts of disappearances entirely. The Bermuda Triangle is a 

very busy area, but the rate of incidents is no higher than any other part of the ocean.  

22. The Moon has no effect on human behavior. 

Meta-analyses of dozens of studies have never found a reliable or significant effect of the 

moon cycle, including the Full Moon, on human behavior.  
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23. Lunar phases are not caused by Earth’s shadow.  

Lunar phases, the appearance of a New, Crescent, Quarter, or Full Moon, are not caused 

by Earth blocking the light from the Sun and casting a shadow on the Moon. Rather, a 

Full Moon is on the opposite side of the Earth from the Sun, while a New or No moon is 

on the Sun’s side of Earth. The shadow on the Moon is not caused by the Earth, but by 

how it is illuminated by the Sun from Earth’s perspective.  
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Appendix F. 

Closing Statement of Pretest 

 

Thank you for completing the first of two phases of this study. Please return for 

the second phase of this study in one to two weeks. The second phase may be completed 

at your convenience in 7 to 14 days. You will receive an additional $4 in compensation 

after completing the second phase. You are encouraged to conduct your own research of 

the claims presented in the questionnaire before returning for the next phase. Please 

indicate whether you can commit to returning for the second phase in 7 to 14 days.  
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Appendix G. 

Debriefing 

 

Study title: Effect of a general epistemic intervention on belief perseverance 

Researcher: Jonathan Bauman @ job4531@g.harvard.edu 

Thank you for taking the time to participate in this study! The purpose of this 

research is to investigate how training to advance epistemic cognition (the principles of 

knowledge and inquiry, beliefs about knowledge, justifications for belief, etc.) affects the 

perseverance of refuted beliefs when they are challenged. The aim of this study is to 

determine what materials and approaches may be effective for developing adult outreach 

programs to help adults process knowledge, evidence, and their beliefs.  

To examine how effective the training was, it was necessary to randomly split 

participants into two groups. You may have been in the group that received the epistemic 

intervention and the belief reading, or you may have only received the belief reading. If 

you were in the latter group, you will receive the epistemic intervention on the next page, 

which you may read if you choose.  

This study used the tactic of incomplete disclosure to ensure that the results are 

genuine. That is, you were told at the beginning that this study sought to investigate 

knowledge and beliefs. You were also informed your beliefs could be challenged. You 

were not informed that the specific purpose of this study was to test the effect of an 

epistemic intervention. This deception was necessary to ensure that no participant, for 

mailto:job4531@g.harvard.edu
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whatever reason, would answer inaccurately. For example, if a participant wanted to 

produce the effect that the study is investigating by knowingly answering incorrectly on 

the pretest. 

Pretest scores will be compared to posttest scores between the two groups. It is 

expected that posttest scores on the Broad Belief Inventory will be higher for everyone, 

as some of the items on the inventory are common misconceptions that are not likely to 

be very meaningful. However, if the difference in the posttest scores is greater for the 

group that received the epistemic intervention, it will demonstrate that the intervention 

was effective at reducing the perseverance of refuted beliefs.  

If you are interested in receiving the finished research paper, you may email 

Jonathan Bauman at job4531@g.harvard.edu. The finished manuscript will be sent to 

those that request it. If you experience any discomfort whatsoever in any aspect of your 

participation, please feel free to call the Harvard University Institutional Review Board, 

which has approved the project, but which has no formal connection to the research itself, 

at (617) 496-2847. If you wish to withdraw your responses from the study, you may 

email the researcher at job4531@g.harvard.edu. If you want to review the epistemic 

intervention for the first time or second time, it is available on the next page. 
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