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Teaching epistemic integrity to 
promote reliable scientific 
communication
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In an age of mass communication, citizens need to learn how to detect 
and transmit reliable scientific information. This need is exacerbated by the 
transmission of news through social media, where any individual has the potential 
to reach thousands of other users. In this article, we  argue that fighting the 
uncontrolled transmission of unreliable information requires improved training 
in broad epistemic integrity. This subcategory of research integrity is relevant 
to students in all disciplines, and is often overlooked in integrity courses, in 
contrast to topics such as fraud, plagiarism, collaboration and respect for study 
subjects. Teaching epistemic integrity involves training epistemic skills (such as 
metacognitive competences, capacity to use helpful heuristics, basic statistical 
and methodological principles) and values (such as love of truth, intellectual 
humility, epistemic responsibility). We argue that this topic should be addressed 
in secondary school, and later constitute a fundamental component of any 
university curriculum.
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1 Introduction

The last few years have seen increased attention paid to fake news, or to the widespread 
transmission of scientific misinformation through social media and politicized media 
channels. Journalists and researchers have evoked the rise of “infodemics” (Gallotti et al., 
2020). These fears are probably exaggerated and there are ongoing debates about the extent to 
which misinformation is a problem (Guess et al., 2019; Adams et al., 2023). Nevertheless, they 
highlight the need for improved scientific education for all in order to reduce deliberately 
promoted or accidentally shared misinformation (Southwell et al., 2018). In an age of mass 
communication, all citizens are involved to some extent in the production and sharing of 
information. When people share news on Twitter, WhatsApp, or any social media, their 
actions can have far-reaching consequences in terms of the propagation of accurate or 
inaccurate news (Naeem et al., 2021).

In this paper, we argue that teaching epistemic integrity constitute a basis for improving 
our collective ability to evaluate and share scientific information. As future citizens, students 
need to learn how to recognize reliable information, and to become motivated to transmit it 
in the most accurate and informative way to other people. These competences involve the 
development of skills and virtues that are as crucial in daily life as they are for science.

While the need for improved epistemic skills is made most salient by the accelerated 
transmission of information via social media, the benefits that would accrue from such 
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training are much broader. All citizens evaluate information and 
reasons on a daily basis, whether they are online or offline. For 
instance, they receive health-related news, evaluate and transmit them 
to friends or family, and sometimes base their political decisions on 
that information (Vosoughi et al., 2018). Teaching citizens how to 
recognize reliable information, and how to be careful in transmitting 
it, are fundamental processes that remain crucial beyond the 
phenomenon of social media (Van Damme et al., 2022).

Recent research on the treatment of misinformation has stressed 
the need to improve digital or statistical literacy of students and 
citizens (Guess et al., 2020; Howell and Brossard, 2021). This is a 
necessary step, but we  worry that it may be  insufficient if not 
complemented by training further epistemic skills (e.g., metacognitive 
skills, awareness of cognitive biases, basic knowledge of scientific 
methods, or recognition of signs of scientific reliability), and epistemic 
virtues (e.g., intellectual humility and honesty, love of truth, or 
epistemic responsibility). This concern echoes recent work in applied 
virtue epistemology, where philosophers have criticized the traditional 
focus of critical thinking courses on teaching skills, such as logic and 
argumentation, at the expense of teaching epistemic virtues, such as 
open-mindedness or love of truth (Battaly, 2006; Baehr, 2013, 2017). 
People need to think and act like virtuous scholars when treating 
complex information. This is why training basic epistemic skills and 
complementary epistemic virtues should be part of dedicated classes. 
We call this double focus “broad epistemic integrity.”

2 Epistemic integrity: a crucial 
component of responsible conduct of 
research

Research integrity is mostly taught in disciplines specialized in 
human or animal research (medicine, psychology, or biology). It 
constitutes a very broad domain, and includes such diverse issues as 
plagiarism, fraud, collaboration in a research context, or the ethical 
treatment of research participants. Following philosopher Heather 
Schroeder-Heister et al. (2015), the requirements of responsible 
conduct of research can be  divided in three broad categories: (1) 
norms regulating the research ecosystem (i.e., norms regulating 
cooperation: authorship, plagiarism, etc.), (2) moral norms in the 
treatment of research participants (protecting subjects), and (3). 
norms promoting the proper function of science, i.e., the production 
of reliable knowledge.

The third set of norms regulates the collection of existing 
information (e.g., literature search), the collection of raw data about 
the world, the testing of hypotheses about the world, the interpretation 
of information, the evaluation of research results, and the transmission 
of this information to outside observers (Schroeder-Heister et al., 
2015). The aim is to secure rigour in data collection, impartiality in 
analysis, and promote an unbiased transmission of information, 
without distorting it by either hyping it or bending it toward some 
particular ideological stance.

Many aspects of this third category of norms (promoting the 
proper function of science) also serve to regulate the transmission of 
reliable knowledge in daily life. This indicates that some requirements 
of responsible conduct of research are relevant to a broader population 
than science students. Even though most citizens do not conduct 
original research, they must be able to dig through a confusing array 

of news and must be able to transmit reliable information. Activities 
central to the scientific process such as the evaluation and 
communication of information are thus played out in ordinary life in 
modern democracies. Since such activities have a societal impact, 
citizens have a duty to transmit reliable science. Since this is not easy 
to achieve, schools and universities have a duty to teach the necessary 
skills and virtues for “broad epistemic integrity”: student-citizens 
should realize that they have a duty to be honest communicators, and 
that this requires learning how to recognize reliable knowledge, which 
in turn requires understanding how reliable knowledge is created.

3 The cognitive and moral dimensions 
of broad epistemic integrity

As illustrated in Table 1, broad epistemic integrity involves two 
types of abilities: epistemic skills that facilitate the detection of reliable 
sources, and epistemic virtues, such as love of truth and epistemic 
responsibility. This partition echoes pioneering work of authors who 
argue that cognitive skills and affective dispositions are necessary 
dimensions of critical thinking (e.g., Facione, 2000; Andreucci-
Annunziata et al., 2023). In what follows, we describe what could 
be included in such a broad epistemic integrity course.

3.1 Epistemic skills

Non-specialists often have a hard time navigating the complexity 
of the scientific literature. It is nevertheless possible to improve 
students’ abilities in this regard. The epistemic skills students need to 
learn include at least fundamental metacognitive competences, 
awareness of cognitive biases, and the capacity to assess both the 
reliability of the source and the content of the information. Let us study 
each of these components in turn.

First, background metacognitive skills and knowledge need to 
be  acquired (Kuhn, 1999). It involves the capacity to make basic 
epistemological distinctions between beliefs which are generated by 
human minds (own assertions or claims made by others), and the 

TABLE 1 Summary of important content for teaching broad epistemic 
integrity.

Epistemic skills Metacognitive competences

Awareness of cognitive biases

Critical use of heuristics to identify reliable sources

Basic understanding of scientific methods (importance of 

randomization, blind testing, rigour in sampling and data 

collection, etc.) and statistics (importance of sample size, 

regression to the mean, etc.)

Understanding of the logical structure of arguments and 

vigilance regarding the link between evidence and 

conclusions

Epistemic virtues Love of truth

Intellectual humility

Open-mindedness and search for impartiality

Epistemic responsibility
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evidence in favour or contra those beliefs. Evidence may be provided 
by direct observation of the world, or by some form of investigations 
(correlational or theory-based observations). Further, students need 
to keep track of how they have obtained information, and to evaluate 
the epistemological status of the different sources of their beliefs. For 
instance, obtaining information reported by an unknown person 
does not bear the same epistemic value as direct observation. 
Moreover, students may be  taught that the process of learning is 
plagued by numerous of cognitive biases, such as social conformity 
bias (Whiten, 2019), preference for positive results (Allard and 
Clavien, 2023), or belief perseverance when a coherent causal story 
supports the belief (Green and Donahue, 2011). To sum up, students 
need to understand that not all opinions are equal, and that knowing 
is a process that entails judgment, evaluation, arguments, and 
critical scrutiny.

Based on these background metacognitive skills, students can 
be taught how to recognize whether a source is reliable. This is a 
complex task for outsiders to the academic field. Since most 
students lack the background knowledge learned during 
participation in the research activity itself and shared at lab 
meetings or other scientific events, they need to learn practical 
ways to crosscheck assertions and to conduct web-based inquiries 
on the reputation of actors (Wineburg and McGrew, 2017). First 
they can learn how to track conflicts of interest and how to evaluate 
when those conflicts are likely to bias the scientific quality and the 
results (Gorman, 2018). Second, they can learn to reconstruct the 
epistemic standing of actors based on a few rough heuristics 
(Origgi, 2017; Kim et al., 2019). Traditional signs of prestige, such 
as journal impact factor, an article citation count, or university 
rankings of authors have been widely criticized (Brembs et  al., 
2013; Brembs, 2018). They are not perfect predictors of quality. 
However, for someone who lacks specific competencies in the 
scientific field and who needs to make an evaluation in constrained 
circumstances (little time, no specialists available to answer 
questions), these signs of prestige can nevertheless be  used as 
useful heuristics (Bordons et al., 2002). Students need, however, to 
keep a critical view on these heuristics. For this, they need to get a 
rough idea of the structure of a scientific field and of how scientific 
evidence is produced, challenged, revised and refined in a step 
procedure characterized by organized scepticism (Merton, 1979). 
This will help them to understand why, in science, impact factors 
and rankings are indications of scientific reliability (they reflect 
systematic quality screening of peer review processes), although 
they should be used carefully. Notably, these signs of prestige are 
often unreliable in peripheral countries (whose researchers do not 
exclusively publish in English or whose national journals are 
insufficiently covered by ISI databases), or for making inter-field 
comparisons, and they do not immunize against wrong and 
sometimes fraudulent results, which may become pervasive and 
difficult to correct when they emanate from prestigious institutions 
(Bordons et al., 2002).

These heuristics are too rough to be blindly trusted, however. 
We also need to teach students how to evaluate the reliability of the 
content of articles. This implies learning the basics of scientific 
methods. For instance, some statistical knowledge needs to 
be acquired, such as the value of high sample sizes or the use of proper 
randomization. In a non-mathematical way, students should develop 
intuitions about common threats to statistical conclusions, such as the 

risk of confounding, selection bias, or the difference between 
correlation and causation. Psychological research has consistently 
shown that statistical training can improve judgments about everyday 
situations, and can even improve accuracy in predicting world events 
(Fong et al., 1986; Nisbett et al., 1987; Mellers et al., 2014; Chang et al., 
2016). Learning basic statistical skills should thus enable students to 
recognize not only fake news but also misleading news, as for instance 
reports of surveys or experiments that do not properly control for 
confounds. In an ideal world, real news about dubious research should 
be  evaluated severely by citizens. Basic aspects of scientific 
methodology are crucial for any student, even those who will not use 
such methods themselves (e.g., students in the humanities). In a 
context of growing interdisciplinarity (Buyalskaya et al., 2021), being 
able to recognize reliable theories in other fields should be   
considered priority.

Beyond strictly statistical topics, students should learn to carefully 
evaluate the evidential basis for any claim proposed in a study. This 
implies being able to recognize the articulation of arguments, and to 
evaluate whether a conclusion follows from its premises. If a new 
study makes counter-intuitive or bold claims, students must be able to 
systematically evaluate whether conclusions follow from the evidence 
offered (El Soufi and See, 2019).

3.2 Epistemic virtues

Teaching epistemic skills is not enough, because humans are 
prone to biases that can distort their treatment of information even in 
contexts where citizens possess in theory the necessary skills to process 
information. First, there is a substantial disconnect between what 
people believe and what they share on social media. Research on the 
psychology of fake news transmission has shown a gap between the 
ability to distinguish fake and real news and the tendency to share fake 
news (Bor et al., 2020; Sirlin et al., 2021). People sometimes share fake 
news even when they do not believe it. Second, and most importantly, 
students are likely to be influenced by political, religious or cultural 
biases. It is therefore crucial that our teaching also includes training 
in specific moral attitudes and values related to the objective 
assessment of information. Research integrity involves teaching 
students a specific mindset: learning to evaluate information not in 
terms of the promotion of specific goals (will it bolster my worldview?) 
but in terms of the trustworthiness of the information.

The love of truth for its own sake might seem an obvious virtue, 
and we might expect students to already possess it. In one sense or 
another, everybody values truth. But what we need to teach is that 
truth should be valued even when it goes against other dearly held 
commitments. Students need to learn how to overcome their own 
motivated reasoning and accept true propositions even when they 
contradict their political, religious or cultural beliefs. Without this love 
of truth, regardless of personal convictions and identity, it is difficult 
to address polarized debates in academic and civic contexts (Kahan 
et al., 2012).

A complementary epistemic virtue is intellectual humility (Marie 
and Petersen, 2022). We have in previous sections highlighted the 
importance of heuristics. However, heuristics can be  dangerous. 
Followed blindly, they can lead students to become overconfident in 
their judgment. For instance, while hearing about the importance of 
randomization, students should not learn to equate good methodology 
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with the use of Randomized Controlled Trials. There can be good 
reasons for using a different method (Smith and Pell, 2003). 
Conversely, randomized studies can be of poor quality if they do not 
fulfil other criteria of scientific validity (Shadish et al., 2001). This is 
one more reason to teach students that heuristics are useful but not 
fully reliable, and that there is no perfectly secure way to ensure that 
a specific claim is true. Beyond learning the drawbacks of simple 
heuristics, humility would help students to learn the limits of their 
own worldview. Indeed, recent psychological research has shown that 
people high in epistemic humility have a lower tendency to share fake 
news hostile to outgroup members (Marie and Petersen, 2022), and 
overconfidence has been linked to a higher tendency to share fake 
news (Lyons et  al., 2021). Students need to learn the intellectual 
humility necessary to acknowledge that, even though science can 
produce better-than-average claims, these claims will never be fully 
secure. But wielded with humility, heuristics for identifying reliable 
science can greatly help citizens and scientists to improve their 
judgments on complex debates, and to reinforce the complementary 
virtue of intellectual honesty.

Recent research in psychology has shown that actively open-
minded thinking, the tendency to evaluate arguments based on their 
evidence, was one of the best predictors of the accurate evaluation of 
information (Scherer and Pennycook, 2020; Newton et al., 2023). A 
possible strategy (yet to be investigated) for fostering a commitment 
to open-minded thinking and search for impartiality could be to show 
students the risks of adopting a systematic political worldview. 
Students probably do not realize that their political or cultural values 
may influence their valuation of truth. However, it should be possible 
to show them that such conflicts are widespread by debunking 
widespread myths in a variety of domains. For instance, instructors 
could show the gap between expert opinion and widespread beliefs 
on different sides of the political spectrum. For instance, the lack of 
negative impact of immigration on the economy or unemployment 
could be  contrasted with opposite common right-wing opinions 
(Banerjee and Duflo, 2019). On the other hand, instructors could also 
debate topics where common left-wing opinions are not aligned with 
expert opinion, such as the safety of nuclear power or the heritability 
of intelligence (Pew Research Center, 2015; Pennycook et al., 2023). 
If implemented in a fair and unbiased manner, such systematic 
debunking should lead students to realize the need to separate their 
cognitive beliefs from their political convictions.

In the context of the transmission of news on social media, an 
attachment to truth implies the virtue of epistemic responsibility. 
Epistemic responsibility involves transmitting information only if it 
seems plausible or reliable, and avoiding the promotion of unreliable 
research. People sometimes share fake news because the news flatters 
their own political worldview (Altay et al., 2021), even if they do not 
necessarily find the news particularly plausible (Sirlin et al., 2021). To 
be responsible agents, students need to understand the impact that 
their actions can have on other people’s beliefs. This implies teaching 
students that they are epistemic agents, and not simply epistemic 
recipients. Even when they are simply in a position of transmitting 
information (without producing it) they still can evaluate and select 
the information they transmit. In a teaching context, we need to 
make students realize that it is their duty to transmit accurate 
information, and that this is only possible if they pause before sharing 
news, and evaluate the accuracy of the source (Fazio, 2020).

4 Broad epistemic integrity in practice

Because it addresses skills and virtues highly relevant to all 
future citizens, the teaching of broad epistemic integrity should 
be  available (or mandatory) to all students, including in 
disciplines such as biology, engineering, medicine, law, 
economics, humanities, political and social sciences, informatics, 
etc. Our proposition does not come in a vacuum: in some 
countries, there is a long history of classes teaching critical 
thinking to undergraduate students, and the recent focus on fake 
news has led to the development of additional digital literacy 
classes. For instance, many US universities propose a core 
academic curriculum that includes critical thinking classes. 
Courses closely related to our proposal are already proposed in 
some universities. Examples include the recent Calling Bullshit 
class taught at the University of Washington by Carl Bergstrom 
and Jevin West (Bergstrom and West, 2021), and fact-checking 
classes promoted in journalism schools. However, despite these 
examples, in most universities and high school curricula around 
the world (including high income European countries like France 
or Switzerland), the teaching of broad epistemic integrity is not 
integrated in an explicitly structured way, nor available to 
all students.

Depending on existing educational context, our proposition could 
stimulate the creation of a new course, or complementary units to 
existing initiatives or teaching. In theory, broad epistemic integrity 
could be  integrated in methodological courses, such as scientific 
design, literature search, research integrity, critical thinking. However, 
to ensure sufficient content quality and time spent on the topic, 
we  recommend developing it as a standalone course with 
dedicated teachers.

Moreover, to highlight its relevance from students’ point of view, 
teaching of broad epistemic integrity should be  meaningfully 
embedded in each disciplinary curriculum. For instance, in scientific 
disciplines, it could be  linked to classes on scientific methods, 
scientific literacy or research integrity. Or within a humanities 
curriculum, broad epistemic integrity would chime well with classes 
devoted to argumentation, logic, or analysis of discourse. Overall, our 
proposition should be  seen as a complement rather than as a 
replacement of current teaching.

Proponents of virtue epistemology have proposed that students 
should learn epistemic virtues by modelling their attitudes on 
exemplars, i.e., individuals who are proper examples of epistemic 
virtues (Battaly, 2006; Baehr, 2013). In the context of a broad 
epistemic integrity class, two important categories of exemplars can 
be  involved: the teacher of the class (ideally a trained tutor 
representative of students’ discipline, capable of addressing a wide 
range of controversial topics, and of showing open-mindedness and 
attachment to truth), and invited scientists or other scholars 
(sociology, political science) that can provide exemplary experience 
on epistemic integrity issues with broad societal impact. While 
discussing real cases, students can take up the role of a scientist 
searching to identify sound sources of information, and thereby, train 
their epistemic skills and virtues in group works, joint learning, and 
interactive feedback processes (for more insights on the methods that 
could be  used to reach the pedagogical goals, see Andreucci-
Annunziata et al., 2023).
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Moreover, to increase transferability in the real world, and to 
bridge the gap between the academic world and the everyday 
transmission of information, we consider it crucial that students are 
trained to evaluate everyday content, including scientific news 
transmitted in social media and popular information vectors 
(newspaper articles, videos, etc.). Students should assess a wide range 
of information in a wide range of contexts, ranging from articles 
published in academic journals to politicized scientific messages 
transmitted in ordinary media (Atkinson, 1997; Dennen and Burner, 
2007). In this variety of situations with different levels of complexity, 
the same rules of rigour apply, and students need to understand it. 
Broad epistemic integrity includes content that may be  taught at 
different levels of complexity. It is already worthwhile to provide 
preliminary teaching at the stage of secondary school. Young students 
would benefit from learning about the importance of trustworthy 
information transmission and about how to evaluate the reliability of 
different sources of information. Nevertheless, we  believe that 
university students would benefit the most because it will be of direct 
practical use to them. Indeed, at university level, students are expected 
to do high-quality research, notably while writing their undergraduate 
theses. They will be expected to find their own way through research 
literature. It is therefore a timely moment to teach them how to 
evaluate new data and navigate through complex arrays of information.

5 Efficacy of teaching broad epistemic 
integrity

In recent years, some philosophers and social scientists have 
expressed doubts about the efficacy of education in improving 
reasoning skills, critical thinking, or moral virtues (Deresiewicz, 2015; 
Caplan, 2018; Brennan and Magness, 2019). Although empirical 
research in these domains is scarce (El Soufi and See, 2019; Tuononen 
et al., 2022), we are not convinced that this scepticism reflects the 
overall trends reported in the scientific literature.

For instance, a recent meta-analysis on the impact of education 
concludes that one additional year of education has an average positive 
impact on intelligence of 1 to 5 IQ points (Ritchie and Tucker-Drob, 
2018). This is an interesting indirect result since IQ is highly correlated 
with performance on the cognitive reflection test (CRT), which is 
associated with resistance to fake news (Bronstein et  al., 2019; 
Pennycook and Rand, 2020).

Further, interesting results on the impact of ethics teaching tend 
to confirm that moral behavior can be improved with teaching. In two 
recent randomized controlled trials (an original study and a direct 
replication), Schwitzgebel and colleagues showed that classes on 
animal ethics led to a decrease of meat-eating at the local restaurant 
(Schwitzgebel et  al., 2020, 2023). Due to the similarity of the 
pedagogical approach, there is reason to think that teaching open-
mindedness or attachment to truth could also produce positive results.

6 Conclusion

In this paper, we  have claimed that teaching broad epistemic 
integrity should constitute a fundamental aspect of any high school 

and university curriculum. Such teaching should target epistemic skills 
(mainly the training of metacognitive competencies and the 
application of helpful heuristics and basic methodological principles), 
and epistemic virtues, (including love of truth, intellectual humility, 
open-mindedness, and epistemic responsibility).

Our proposal should not be seen as an infallible solution to the 
problem of misinformation, but as an important element in a broader 
toolbox. In a recent article, Van Bavel and colleagues proposed four 
ways of fighting misinformation (Van Bavel et al., 2021): (1) fact-
checking, (2) providing psychological resources, (3) removing bad 
actors, and (4) providing incentives for accuracy. This makes it clear 
that our focus on developing epistemic skills and virtues should not 
blind us to the necessity of complementary interventions 
(Bak-Coleman et al., 2022; Roozenbeek et al., 2022).

Broad epistemic integrity teaching will not produce perfect 
evaluators and producers of information. Students will still 
be sometimes (legitimately) lost in the flow of scientific information 
that they will encounter in daily life. But we should be thinking about 
students simply as one node in a network of epistemic agents. 
Improving the average accuracy of each citizen can have large effects, 
as this reverberates and ultimately leads to a large decrease in the 
transmission of inaccurate news. By teaching students how to be better 
evaluators of scientific information and faithful transmitters of that 
information, we are building a public that will in the long run improve 
through collective intelligence.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

AA: Writing – review & editing, Writing – original draft. CC: 
Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by the European Union’s Horizon 2020 Research and 
Innovation Programme [grant no. 824586; https://european-union.
europa.eu]. Open access fees have been paid by the University of 
Geneva. These funders played no role in the preparation of 
the manuscript.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpsyg.2024.1308304
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://european-union.europa.eu
https://european-union.europa.eu


Allard and Clavien 10.3389/fpsyg.2024.1308304

Frontiers in Psychology 06 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Adams, Z., Osman, M., Bechlivanidis, C., and Meder, B. (2023). (why) is misinformation 

a problem? Perspect. Psychol. Sci. 18, 1436–1463. doi: 10.1177/17456916221141344

Allard, A., and Clavien, C. (2023). Nudging accurate scientific communication. PLoS 
One 18:e0290225. doi: 10.1371/journal.pone.0290225

Altay, S., de Araujo, E., and Mercier, H. (2021). “If this account is true, it is Most 
enormously wonderful”: interestingness-if-true and the sharing of true and false news. 
Digit. Journal. 10, 373–394. doi: 10.1080/21670811.2021.1941163

Andreucci-Annunziata, P., Riedemann, A., Cortés, S., Mellado, A., Del Río, M. T., and 
Vega-Muñoz, A. (2023). Conceptualizations and instructional strategies on critical 
thinking in higher education: a systematic review of systematic reviews. Front. Educ. 
8:1141686. doi: 10.3389/feduc.2023.1141686

Atkinson, D. (1997). A critical approach to critical thinking in TESOL. TESOL Q. 
31:71. doi: 10.2307/3587975

Baehr, J. (2013). Educating for intellectual virtues: from theory to practice. J. Philos. 
Educ. 47, 248–262. doi: 10.1111/1467-9752.12023

Baehr, J. (2017). Intellectual virtues and education: essays in applied virtue epistemology. 
1st Edn. New York, NY, London: Routledge.

Bak-Coleman, J. B., Kennedy, I., Wack, M., Beers, A., Schafer, J. S., Spiro, E. S., et al. 
(2022). Combining interventions to reduce the spread of viral misinformation. Nature 
human. Behaviour 6, 1372–1380. doi: 10.1038/s41562-022-01388-6

Banerjee, A. V., and Duflo, E. (2019). Good economics for hard times. New York: 
PublicAffairs.

Battaly, H. (2006). Teaching intellectual virtues: applying virtue epistemology in the 
classroom. Teach. Philos. 29, 191–222. doi: 10.5840/teachphil200629333

Bergstrom, C. T., and West, J. D. (2021). Calling bullshit: the art of skepticism in a data-
driven world. New York: Random House Trade Paperbacks.

Bor, A., Osmundsen, M., Rasmussen, S. H. R., Bechmann, A., and Petersen, M. B. 
(2020). “Fact-checking” videos reduce belief in but not the sharing of “fake news” on 
twitter. PsyArXiv. doi: 10.31234/osf.io/a7huq

Bordons, M., Fernández, M. T., and Gómez, I. (2002). Advantages and limitations in 
the use of impact factor measures for the assessment of research performance. 
Scientometrics 53, 195–206. doi: 10.1023/A:1014800407876

Brembs, B. (2018). Prestigious science journals struggle to reach even average 
reliability. Front. Hum. Neurosci. 12:37. doi: 10.3389/fnhum.2018.00037

Brembs, B., Button, K., and Munafò, M. (2013). Deep impact: unintended consequences 
of journal rank. Front. Hum. Neurosci. 7:291. doi: 10.3389/fnhum.2013.00291

Brennan, J., and Magness, P. (2019). Cracks in the ivory tower: the moral mess of higher 
education. 1st Edn. New York, NY: Oxford University Press.

Bronstein, M. V., Pennycook, G., Bear, A., Rand, D. G., and Cannon, T. D. (2019). 
Belief in fake news is associated with Delusionality, dogmatism, religious 
fundamentalism, and reduced analytic thinking. J. Appl. Res. Mem. Cogn. 8, 108–117. 
doi: 10.1016/j.jarmac.2018.09.005

Buyalskaya, A., Gallo, M., and Camerer, C. F. (2021). The golden age of social science. 
Proc. Natl. Acad. Sci. 118:e2002923118. doi: 10.1073/pnas.2002923118

Caplan, B. (2018). The case against education: why the education system is a waste of 
time and money. Illustrated Edn. Princeton, New Jersey: Princeton University Press.

Chang, W., Chen, E., Mellers, B., and Tetlock, P. (2016). Developing expert political 
judgment: the impact of training and practice on judgmental accuracy in geopolitical 
forecasting tournaments. Judgm. Decis. Mak. 11, 509–526. doi: 10.1017/S1930297500004599

Dennen, V. P., and Burner, K. J. (2007). The cognitive apprenticeship model in 
educational practice. In D. Jonassen and M. J. Spector (Éds.), Handbook of research on 
educational communications and technology. New York: Routledge.

Deresiewicz, W. (2015). Excellent sheep: the miseducation of the American elite and the 
way to a meaningful life. Reprint Edn. New York: Free Press.

El Soufi, N., and See, B. H. (2019). Does explicit teaching of critical thinking improve 
critical thinking skills of English language learners in higher education? A critical 
review of causal evidence. Stud. Educ. Eval. 60, 140–162. doi: 10.1016/j.
stueduc.2018.12.006

Facione, P. A. (2000). The disposition toward critical thinking: its character, 
measurement, and relationship to critical thinking skill. Informal Logic 20:2254. doi: 
10.22329/il.v20i1.2254

Fazio, L. (2020). Pausing to consider why a headline is true or false can help reduce 
the sharing of false news. Harvard Kennedy School Misinformation Review 1. doi: 
10.37016/mr-2020-009

Fong, G. T., Krantz, D. H., and Nisbett, R. E. (1986). The effects of statistical training 
on thinking about everyday problems. Cogn. Psychol. 18, 253–292. doi: 
10.1016/0010-0285(86)90001-0

Gallotti, R., Valle, F., Castaldo, N., Sacco, P., and De Domenico, M. (2020). Assessing 
the risks of ‘infodemics’ in response to COVID-19 epidemics. Nat. Hum. Behav. 4, 
1285–1293. doi: 10.1038/s41562-020-00994-6

Gorman, D. M. (2018). Can we trust positive findings of intervention research? 
The role of conflict of interest. Prev. Sci. 19, 295–305. doi: 10.1007/
s11121-016-0648-1

Green, M. C., and Donahue, J. K. (2011). Persistence of belief change in the face of 
deception: the effect of factual stories revealed to be false. Media Psychol. 14, 312–331. 
doi: 10.1080/15213269.2011.598050

Guess, A. M., Lerner, M., Lyons, B., Montgomery, J. M., Nyhan, B., Reifler, J., et al. 
(2020). A digital media literacy intervention increases discernment between mainstream 
and false news in the United States and India. Proc. Natl. Acad. Sci. 117, 15536–15545. 
doi: 10.1073/pnas.1920498117

Guess, A., Nagler, J., and Tucker, J. (2019). Less than you  think: prevalence and 
predictors of fake news dissemination on Facebook. Science. Advances 5:eaau4586. doi: 
10.1126/sciadv.aau4586

Howell, E. L., and Brossard, D. (2021). (Mis)informed about what? What it means to 
be a science-literate citizen in a digital world. Proc. Natl. Acad. Sci. 118:e1912436117. 
doi: 10.1073/pnas.1912436117

Kahan, D. M., Peters, E., Wittlin, M., Slovic, P., Ouellette, L. L., Braman, D., et al. 
(2012). The polarizing impact of science literacy and numeracy on perceived climate 
change risks. Nat. Clim. Chang. 2, 732–735. doi: 10.1038/nclimate1547

Kim, A., Moravec, P. L., and Dennis, A. R. (2019). Combating fake news on social 
media with source ratings: the effects of user and expert reputation ratings. J. Manag. 
Inf. Syst. 36, 931–968. doi: 10.1080/07421222.2019.1628921

Kuhn, D. (1999). A developmental model of critical thinking. Educ. Res. 28, 16–46. 
doi: 10.3102/0013189X028002016

Lyons, B. A., Montgomery, J. M., Guess, A. M., Nyhan, B., and Reifler, J. (2021). 
Overconfidence in news judgments is associated with false news susceptibility. Proc. 
Natl. Acad. Sci. 118:e2019527118. doi: 10.1073/pnas.2019527118

Marie, A., and Petersen, M. B. (2022). Moralization of rationality can stimulate, but 
intellectual humility inhibits, sharing of hostile political rumors. OSF Preprints. doi: 
10.31219/osf.io/k7u68

Mellers, B., Ungar, L., Baron, J., Ramos, J., Gurcay, B., Fincher, K., et al. (2014). 
Psychological strategies for winning a geopolitical forecasting tournament. Psychol. Sci. 
25, 1106–1115. doi: 10.1177/0956797614524255

Merton, R. K. (1979). The sociology of science: Theoretical and empirical investigations. 
Chicago: University of Chicago Press.

Naeem, S. B., Bhatti, R., and Khan, A. (2021). An exploration of how fake news is 
taking over social media and putting public health at risk. Health Inform. Libr. J. 38, 
143–149. doi: 10.1111/hir.12320

Newton, C., Feeney, J., and Pennycook, G. (2023). On the disposition to think 
analytically: four distinct intuitive-analytic thinking styles. Pers. Soc. Psychol. Bull. 
01461672231154886. doi: 10.1177/01461672231154886

Nisbett, R. E., Fong, G. T., Lehman, D. R., and Cheng, P. W. (1987). Teaching 
reasoning. Science 238, 625–631. doi: 10.1126/science.3672116

Origgi, G. (2017) in Reputation: What it is and why it matters. eds. S. Holmes and N. 
Arikha. Illustrated ed (Princeton: Princeton University Press).

Pennycook, G., Bago, B., and McPhetres, J. (2023). Science beliefs, political ideology, 
and cognitive sophistication. J. Exp. Psychol. Gen. 152, 80–97. doi: 10.1037/xge0001267

Pennycook, G., and Rand, D. G. (2020). Who falls for fake news? The roles of bullshit 
receptivity, overclaiming, familiarity, and analytic thinking. J. Pers. 88, 185–200. doi: 
10.1111/jopy.12476

Pew Research Center (2015). Public and scientists’ views on science and society Pew 
Research Center Science & Society Available at: https://www.pewresearch.org/
science/2015/01/29/public-and-scientists-views-on-science-and-society/.

Ritchie, S. J., and Tucker-Drob, E. M. (2018). How much does education improve 
intelligence? A meta-analysis. Psychol. Sci. 29, 1358–1369. doi: 10.1177/09567976 
18774253

Roozenbeek, J., van der Linden, S., Goldberg, B., Rathje, S., and Lewandowsky, S. 
(2022). Psychological inoculation improves resilience against misinformation on social 
media. Science. Advances 8:eabo6254. doi: 10.1126/sciadv.abo6254

https://doi.org/10.3389/fpsyg.2024.1308304
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/17456916221141344
https://doi.org/10.1371/journal.pone.0290225
https://doi.org/10.1080/21670811.2021.1941163
https://doi.org/10.3389/feduc.2023.1141686
https://doi.org/10.2307/3587975
https://doi.org/10.1111/1467-9752.12023
https://doi.org/10.1038/s41562-022-01388-6
https://doi.org/10.5840/teachphil200629333
https://doi.org/10.31234/osf.io/a7huq
https://doi.org/10.1023/A:1014800407876
https://doi.org/10.3389/fnhum.2018.00037
https://doi.org/10.3389/fnhum.2013.00291
https://doi.org/10.1016/j.jarmac.2018.09.005
https://doi.org/10.1073/pnas.2002923118
https://doi.org/10.1017/S1930297500004599
https://doi.org/10.1016/j.stueduc.2018.12.006
https://doi.org/10.1016/j.stueduc.2018.12.006
https://doi.org/10.22329/il.v20i1.2254
https://doi.org/10.37016/mr-2020-009
https://doi.org/10.1016/0010-0285(86)90001-0
https://doi.org/10.1038/s41562-020-00994-6
https://doi.org/10.1007/s11121-016-0648-1
https://doi.org/10.1007/s11121-016-0648-1
https://doi.org/10.1080/15213269.2011.598050
https://doi.org/10.1073/pnas.1920498117
https://doi.org/10.1126/sciadv.aau4586
https://doi.org/10.1073/pnas.1912436117
https://doi.org/10.1038/nclimate1547
https://doi.org/10.1080/07421222.2019.1628921
https://doi.org/10.3102/0013189X028002016
https://doi.org/10.1073/pnas.2019527118
https://doi.org/10.31219/osf.io/k7u68
https://doi.org/10.1177/0956797614524255
https://doi.org/10.1111/hir.12320
https://doi.org/10.1177/01461672231154886
https://doi.org/10.1126/science.3672116
https://doi.org/10.1037/xge0001267
https://doi.org/10.1111/jopy.12476
https://www.pewresearch.org/science/2015/01/29/public-and-scientists-views-on-science-and-society/
https://www.pewresearch.org/science/2015/01/29/public-and-scientists-views-on-science-and-society/
https://doi.org/10.1177/0956797618774253
https://doi.org/10.1177/0956797618774253
https://doi.org/10.1126/sciadv.abo6254


Allard and Clavien 10.3389/fpsyg.2024.1308304

Frontiers in Psychology 07 frontiersin.org

Scherer, L. D., and Pennycook, G. (2020). Who is susceptible to online health 
misinformation? Am. J. Public Health 110, S276–S277. doi: 10.2105/AJPH.2020.305908

Schroeder-Heister, P., Heinzmann, G., and Hodges, W. (Eds.). (2015). “Logic, 
methodology and philosophy of science,” in Logic and Science Facing the New 
Technologies. Milton Keynes, UK: College Publications.

Schwitzgebel, E., Cokelet, B., and Singer, P. (2020). Do ethics classes influence student 
behavior? Case study: teaching the ethics of eating meat. Cognition 203:104397. doi: 
10.1016/j.cognition.2020.104397

Schwitzgebel, E., Cokelet, B., and Singer, P. (2023). Students eat less meat after 
studying meat ethics. Rev. Philos. Psychol. 14, 113–138. doi: 10.1007/
s13164-021-00583-0

Shadish, W. R., Cook, T. D., and Campbell, D. T. (2001). Experimental and quasi-
experimental designs for generalized causal inference. 2nd Edn. Boston: 
Cengage Learning.

Sirlin, N., Epstein, Z., Arechar, A. A., and Rand, D. G. (2021). Digital literacy is 
associated with more discerning accuracy judgments but not sharing intentions. Harvard 
Kennedy School Misinformation Review.

Smith, G. C. S., and Pell, J. P. (2003). Parachute use to prevent death and major trauma 
related to gravitational challenge: systematic review of randomised controlled trials. BMJ 
327, 1459–1461. doi: 10.1136/bmj.327.7429.1459

Southwell, B. G., Thorson, E. A., and Sheble, L. (2018). Misinformation and mass 
audiences. Austin: University of Texas Press.

Tuononen, T., Hyytinen, H., Kleemola, K., Hailikari, T., Männikkö, I., and Toom, A. 
(2022). Systematic review of learning generic skills in higher education—enhancing and 
impeding factors. Front. Educ. 7:885917. doi: 10.3389/feduc.2022.885917

Van Bavel, J. J., Harris, E. A., Pärnamets, P., Rathje, S., Doell, K. C., and Tucker, J. A. 
(2021). Political psychology in the digital (mis)information age: a model of news belief 
and sharing. Soc. Issues Policy Rev. 15, 84–113. doi: 10.1111/sipr.12077

Van Damme, D., and Zahner, D. (ed.). (2022). Does higher education teach students to 
think critically? Paris: OCDE.

Vosoughi, S., Roy, D., and Aral, S. (2018). The spread of true and false news online. 
Science 359, 1146–1151. doi: 10.1126/science.aap9559

Whiten, A. (2019). “Conformity and over-imitation: An integrative review of variant 
forms of hyper-reliance on social learning,” in Advances in the study of behavior. Elsevier.  
51, 31–75.

Wineburg, S., and McGrew, S. (2017). Lateral reading: reading less and learning more 
when evaluating digital information. Soc. Sci. Res. Netw. doi: 10.2139/ssrn.3048994

https://doi.org/10.3389/fpsyg.2024.1308304
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.2105/AJPH.2020.305908
https://doi.org/10.1016/j.cognition.2020.104397
https://doi.org/10.1007/s13164-021-00583-0
https://doi.org/10.1007/s13164-021-00583-0
https://doi.org/10.1136/bmj.327.7429.1459
https://doi.org/10.3389/feduc.2022.885917
https://doi.org/10.1111/sipr.12077
https://doi.org/10.1126/science.aap9559
https://doi.org/10.2139/ssrn.3048994

	Teaching epistemic integrity to promote reliable scientific communication
	1 Introduction
	2 Epistemic integrity: a crucial component of responsible conduct of research
	3 The cognitive and moral dimensions of broad epistemic integrity
	3.1 Epistemic skills
	3.2 Epistemic virtues

	4 Broad epistemic integrity in practice
	5 Efficacy of teaching broad epistemic integrity
	6 Conclusion
	Data availability statement
	Author contributions

	References

